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ABSRTACT 
In this study the photocatalytical degradation of propanil that used frequently in Iraq was investigated in different sources of water 

(distilled, tap and river waters) by using zinc oxide as a photocatalyst and mercury lamp as a source of light with intensity 2.66 x 

10
-4

 Ein.l
-1 

sec.
-1

. The rate of photo oxidation process is followed-up under optimum conditions at natural pH of solution, 10
-4 

M 

initial concentration of propanil, 0.4 g/lZnO loading and 20 ml/min oxygen flow rate. The photodegradation rate measurements 

were based on chloride ions liberation and the change in conductivity and pH. Kinetic study of photodegradation was found that 

the reaction is of the first order reaction and found equal to 0.0046, 0.0079 and 0.0086 min
-1 

for distilled, tap and river waters, 

respectively. Also the activation energy and quantum yields were calculated. UV-Visible spectrophotometric and PHLC were 

utilized to identify final species of the reaction products. 

 

Keywords: Propanil herbicide, Photocatlytical degradation, Different analytical methods 

 
INTRODUCTION 
Pesticides are grouped with large collection of toxic chemicals that can affect human health when found at certain 

specific concentration above maximum contaminate level in drinking water and the contamination of ground water 

with pesticides is a subject of international importance 
1 

.Propanil is an anilide and postemergence herbicide,C9H9 

Cl2NO, used for weed control on potatoes, rice and other crop plants 
2. 

Propanil absorbed into the body through 

ingestion, inhalation or dermal exposure, it cause central nervous system depression. The probable oral lethal dose 

(LD50) is 0.5 – 5.0 g/kg of body weight 
3
. One of the most common pesticide degradation reactions is the 

photodegradation which breakdown of pesticides by light particularly sun light; there are several parameters which are 

effect the rate of degradation discussed by Topalovet al.
4
. The photocatalytic oxidation of organic compounds 

including pesticides in water is the subject of a large body of researchers 
5
. Semiconductors has arisen out of the 

development of growth technologies for the fabrication of high quality single crystals and epilaxial layers, allowing 

for the realization of ZnO-based electronic and photoelectronic devices, with a wide band gab of 3.2 eV and large 

binding energy of 6 mV at room temperature 
6 

. Habibi et al.
7
studied photodegradation of several aniline derivatives 

using aqueous solutions containing ZnO in the range 6.46 x 10
-3 

min
-1 

to 2.59 x 10
-2 

min
-1 

. Several papers were 

published for measuring some pesticides by HPLC, Abdul-Kadir
8
was measured the degradation rate of the pesticides, 

propanil, carbaryl and behomyl by using HPLC method. Davis et al.
9 
used HPLC with reversed phase column and UV 

detection for degradation of organophosphate pesticides, dicrotophos and dichlorovos in natural and distilled waters. 

Sadiket al.
10

 studied Thephotodecolorization of neutral red dye. It has been carried out using a combination between 

ZnO and UV radiation (λ=254nm) at a pH of 6.It was observed that the dye decolorization was enhanced using 

UV/ZnO. First-order kinetics adequately described the disappearance of the dye. Ameta et al
11

used ZnO to study the 

photoelectrocatalytic degradation of picric acid which was experimentally investigated using a two electrode system. 

The decomposition of substrate was observed to be affected by photo catalytic characteristics. Kinetics of reaction was 

found to be affected by parameters like concentration of substrate, pH, amount of semiconductor, light intensity, cell 

voltage, radical quencher and band gap, etc. Probable mechanism for the photoelectro catalytic degradation of picric 

acid is proposed. The effect of ZnO loading has been studied by number of researchers, Parida and Parija
12

has shown 

the best ZnO loading on photocatalytic degradation of phenol was 0.8 g/l. Evgenidou et al. 
13

studied the increase of 

temperature from 30 to 35 ºC on the photocatalytic degradation of dichlorovos using TiO2 and ZnO as catalysts. They 

found that the enhancement of the photo oxidation with increase of temperature due to increasing collision frequency 

of molecules. In this work the photocatalytic degradation of propanil herbicide using zinc oxide as a catalyst. The 

photodegradation products were controlled by measuring chloride, carbonate and nitrate ions and the change in 

conductivity and pH. The rate of degradation, the kinetic and quantum yield were measured and also UV-Visible 

spectrophotometric and HPLC were used. 

 

2. Experimental 
1. Photolytic cylindrical pyrex cell volume 75 ml fitted with water jacked for temperature control. The cell 

window was made from quartz and the cell supplied with two opens of 0.5 cm in diameter used for gas 

purging and sampling processes. 

2. The ultraviolet light source was mercury lamp, 1Ampir, OSRAM from Germany, the light intensity 2.66 x 10
-

4 
Ein.L

-1 
S

-1
. 
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3. Chloride ion selective electrode type Orion model 94-17. 

4. Conductivity meter type WTW LF 191, Germany. 

5. pH meter type Philips PW 9420. 

6. Centrifuge type (REMI R&C Laboratory centrifuge), England. 

7. UV-Visible spectrophotometer type Shimadzu 1650, Japan. 

8. HPLC type Knaner, Germany. 

9. Dist TDS meter range 10 – 1990 type Hanna, Italy. 

10. Analytical balance type (sartorius BL 210 S) 

11. Multiparameter bench photometer (C99HANNA, Hungary) 

12. Gas Chromatography (GC, Packard 438 A, USA) 

 

2.1 Chemicals and reagents 
Propanil supplied from Iraqi See Company as aemulsifiable concentration (Stam F-34,360 g/l active ingredient with 

purity of 35%.Zinc oxide supplied from BDH company purity of 99%, the band gab of 3.4 eV at 0ºK
14

 with maximum 

absorption spectrum at 370 nm
15

.Oxygen gas with purity 99.99% was used. Standard solution of 10 
-4

 Molar (21.8 

ppm) propanil was prepared in different waters (tap, river and distilled).Stock solution of KCl was prepared by 

dissolving 1.8625 g in 250 ml water and by serial dilution, 10
-2 

to 10
-6 

M were prepared for calibration of chloride 

electrode. 

 

2.2 Water Samples  
Different water samples have been used in these investigation (distilled, tap, and river water) .Their physicochemical 

characteristics is given in Table-1. 

Table-1:Physicochemical Characteristics of Selected Water. 

River 

water 

Tap Water Distilled Water Water type 

8.3 8.3 6.9 PH 

577 749 2 Conductivity 

µs/cm 

190 180 0 TDS(mg/l) 

2 nd nd
*
 DOM

**
(mg/l) 

0.456 0.449 nd Salinity % 

524.8 549.8 nd
 

Cl
-
(mg/l) 

1.43 0.27 nd NO3
-
(mg/l) 

123 120 nd CO3
=-

(mg/l) 

168.7 87.8 nd SO4
=
(mg/l)

 

 
nd* not determined 

**dissolved organic matter/ determination by GC 

 

The natural water samples were obtained from Baghdad Al-Zaafarania city, Iraqi location. The collected water 

samples were stored in a poly ethylene bottles which cleaned with distilled water and 0.1M nitric acid and dried. All 

water samples were kept in refrigerated at 4 C
°
 prior to use.  

 

2.3 Procedures 
The photolysis experiments were carried out in a photolytic cylindrical Pyrex cell (volume 75ml) which is 

diagrammatically fitted with water jacket for temperature control. The cell is supplied with two openings of (0.5cm) in 

diameter and these were used for gas purging and sampling processes. 

Zinc Oxide powder was added to an aqueous solution of known concentration of propanil solution mixture, 

and then the solution was saturated with oxygen with a continuous flow prior the photolysis process. Magnetically 

stirred reaction mixture in photo reactor was irradiated with mercury lamp. Five milliliter samples were taken at 

various irradiation time intervals, The Zinc oxide was removed from the samples by using centrifuge .Photo 

degradation product were identified by different analytical technique and by comparing retention time with authentic 

samples by using chromatographic HPLC and UV. Visible spectrophotometer techniques. To minimize the possible 

dark reactions, all samples were kept in the refrigerator in the dark. The effect of temperature on photolytic reaction 

was monitored by adjusting the temperature of the circulating water between 25-45C
°
.The contents of reaction flask 

were continuously stirred by magnetic stirrer.  
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2.4 Calculations 
The rate constant of the decomposition of pesticides ( Kd) was determined by equation 1

16
. 

 

Ln ( At- Aα )  = Ln ( Ao- Aα ) - Kdt(1) 

 
Where At: the absorbance at time irradiation. 

A∞: the absorbance for infinite time of irradiation 

A°: the absorbance before irradiation 

kd: specific the rate constant 

t: time of irradiation. 

 

A titration method 
17

.was used to determine total carbonate ions in various sources of waters at the infinite times of 

photodegradation. 

Quantum yield (Ф) in photocatalysis may be defined as a number of moles of products formed or destroyed 

per mole of photons introduced in the system
18

 

 

Ф=rate of reaction / photon flux(2) 

 

In the present work, the quantum yield was determined for propanil degradation in distilled water after determined the 

intensity of light (I˚)
19,20

and determined the intensity of absorbent light according the following equations: 

 

Iabs. = I˚ (1-e
 - (ε.c.b)

)        (3) 

Ф= rate/Iabs =k [c] / Iabs(4) 

 

3. RESULTS AND DISCUSSION 
The photocatalytic degradation of propanil in different sources of water was studied by following up the concentration 

of the chloride ions released, conductivity and pH change during the irradiation time. The optimum conditions were 

measured for degradation of propanil including, initial concentration of propanil, quantity of zinc oxide loading, flow 

rate of oxygen gas and time of irradiation using distilled water. The effect of changing concentration of propanil in the 

range 10
-1 

– 10
-6 

M was studied for photodegradation, after 5 hours of irradiation in distilled water the results of 

chloride ions released ware measured by chloride selective electrode, conductivity and pH values are listed in Table 2. 

The maximum concentration of chloride ion, 1.836µg/ml was noticed at 10
-4 

M of propanil, conductivity at 93 µs/cm 

and pH was 6.8. Therefore, the concentration of propnanil at 10
-4 

M was fixed in this work. The influence of 

photocatalyst load on the photodegradation of propanil has been investigated by employing different quantities of zinc 

oxide ranged from 0.13 to 0.8 g/l at fixed concentration of propanil, 10
-4 

M in distilled water, the results are listed in 

Table-2.  

The optimum loading of zinc oxide gave maximum chloride concentration of 5.031 µg/ml and conductivity of 

181µs/cm at 0.4 g/l of zinc oxide. Above this loading, the decomposition percentage gradually decreases and this 

might be explained by the fact that ZnO suspension become more opaque to the incident light and therefore, the light 

absorption will be limited only to the first layer of the photocatalytic mixture and the rest of the solution can not be 

receive the light.  

Moreover, light scattering at high ZnO loading becomes more effective and decrease the photo intensity. These results 

are in a good agreement with several researchers when they using semiconductor for photocatalysis of the polluted 

molecules 
21,22

. 

Other important parameter studied was the effect of oxygen flow rate on the photodegradation of propanil in distilled 

water. Table 1 shows the values of oxygen flow rate varying from 10 to 50 ml/min in zinc oxide loading of 0.4 g/l and 

initial concentration of propanil 10
-4 

M. A maximum percentage of degradation of propanil at 90.12% was obtained at 

Table 2: The values of chloride concentration, conductivity and pH change after 5 hours of irradiation at optimum conditions of 

degradation. 

Study of propanil Concentration Study of ZnO loading Study of O2 flow rate 

Conc. of 

propanil 

(M) 

Cond. 

µs/cm 

Cl
-1

 

ion 

ppm 

pH 

change 

ZnO 

loading 

Cond. 

µs/cm 

Cl
-1 

ion 

Ppm 

pH 

change 

O2 flow 

rate 

ml/min 

Cond. 

µs/cm 

Cl
-1 

ion 

ppm 

pH  

change 

10
-1 

45 0.105 7.9 0.13 157 0.920 7.3 10 180 8.100 6.0 

10
-2 

53 0.213 7.8 0.26 170 2.805 6.5 20 202 6.390 5.8 

10
-3 

70 0.765 7.6 0.40 181 5.031 6.0 30 177 5.500 6.5 

10
-4 

93 1.836 6.8 0.53 167 1.840 6.7 40 165 4.030 6.9 

10
-5 

81 1.065 7.6 0.60 161 1.310 7.1 50 163 3.150 7.3 

10
-6 

58 0.390 7.5 0.80 153 0.780 7.8     
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20 ml/min flow rate of oxygen, at this flow rate a higher values of chloride ions and conductivity were noticed and 

lower values of pH was obtained. As the flow rate of oxygen increase the photodegradation was also increase due to 

the more adsorption on the surface of the catalyst (ZnO) by the species obtained from the photodegradation. Above 20 

ml/min flow rate the photodegradation start to decrease because many of molecules substrate accumulated on the 

adsorption sites and this cause a decrease in the adsorption on the surface of the catalyst. 

The effect of light on the degradation of propanil in different sources of waters (distilled, tap and river) under the fixed 

conditions , concentration of propanil at 10
-4 

M, loading of ZnO at 0.4 g/l and flow rate of oxygen at 20 ml/min was 

studied and the results of measuring chloride concentration, conductivity and pH change after degradation are listed in 

Table-3. 

 
Table-3: Values of chloride ion, conductivity and pH after irradiation times of propanil of 10

-4 
M and ZnO loading of 0.4 g/l. 

Irradiation 

time /min 

River water Tap water Distilled water 

Chloride 

ppm 

Cond, 

µs/cm 

pH 

change 

Chloride 

ppm 

Cond. 

µs/cm 

pH 

change 

Chloride 

ppm 

Cond. 

µs/cm 

pH 

change 

0 0 768 8.5 0 748 8.4 0 7.0 8.5 

30 0.79 793 7.9 0.32 755 8.0 0.41 18 8.1 

60 1.58 818 7.8 1.12 773 7.8 0.98 37 7.8 

90 2.21 847 7.6 1.72 795 7.7 1.68 55 7.7 

120 2.96 861 7.3 2.41 811 7.4 2.29 74 7.5 

150 3.43 890 7.1 3.07 827 7.2 2.96 95 7.3 

180 4.26 928 6.8 3.77 845 6.9 5.53 115 7.0 

210 4.91 955 6.5 4.45 863 6.6 4.18 134 6.8 

240 5.56 1005 6.1 5.11 882 6.3 4.85 154 6.5 

270 6.17 1038 5.9 5.85 899 6.0 5.45 173 6.1 

300 6.78 1088 5.5 6.4 921 5.7 6.39 202 5.8 

 

The results in Table-3 were compared with the results without exposure the propanil to the light. The chloride 

concentrations in the dark (no light) was 0.01 ppm during 300 min of irradiation, as well as no change or very small 

change in conductivity from 750 to 920 µs/cm for both river and tap waters and from 7 to 30 µs/cm for distilled water. 

A typical plot shows the increase of chloride ion concentration with irradiation time under fixed conditions of the 

degradation of propanil in distilled water, tap water and river water is shown in Fig-1. 

the increasing of chloride ion concentration. in aqueous medium river water could be the best medium for the 

photodegradation process because of the mineral salts it includes. These kinds of salts cause an increase in the rate of 

photodegradation The rate of photodegradation of propanil was measured by plotting Ln ( At – Ao) versus irradiation 

time, the decrease in concentrations of propanil was monitored by following the absorption at λmax 248, 247.6 and 

246.4 nm in distilled, tap and river waters, respectively. A straight line was obtained which can be suggested the 

reaction is the first order kinetic of the photolysis process. 

From the slopes of the straight lines, the specific rate constant Kphoto in the waters and the half-life of the reactions 

were evaluated and listed in Table 4.  

Series of experiments were carried out at different temperatures ranged from 298 K to 318 K in order to investigate 

the effect of temperature on the photocatalytic degradation rate of propanil in aqueous zinc oxide suspension. It has 

been found that the rate of propanil photodegradation is directly proportional with increasing temperature. The 

enhancement of the photo oxidation with the increase of temperatures is probably due to the increasing collision 

frequency of molecules. Irradiation is believed to be the primary source of  e
-
 h

-
 pairs at ambient temperature because 

the band gap is too high to overcome by thermal excitation
 23,24

. 

 

Table-4: Kinetic parameters of photocatalyst of propanil in water at different temperatures 

Temp. River water Tap water Distilled water 

Kphoto 

(min 
-1

) 

T½ 

(min) 

R
2
 %RSD

* 
Kphoto 

(min 
-1

) 

T½ 

(min) 

R
2
 %RSD Kphoto 

(min 
-1

) 

T½ 

(min) 

R
2
 %RSD 

298 K 0.0086 80.6 0.9994 6.16 0.0079 87.72 0.9992 6.33 0.0046 150.6 0.9992 6.52 

308 K 0.0135 51.3 0.9996 Nd 0.0116 59.7 0.9994 nd 0.0055 126.0 0.9995 nd 

318 K 0.0179 34.8 0.9990 Nd 0.0172 40.3 0.9991 nd 0.0063 110.0 0.9991 nd 

Ea 28.7 KJ/Mole 30.8 KJ/Mole 22.8 KJ/Mole 

 Average of five determinations ٭

(nd) not determined 
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The results in Table-4 demonstrate that the photolysis degradation of propanil was greater in both river and tap waters 

compared to the distilled water.the degradation of propanil in river water gave a good result than the degradation in 

tap and distilled water in analyzing the tablets have RSD% about 6.16 for degradation of propanil in river water, that 

means have a good precision than degradation in tap and distilled water in which RSD% equal 6.33 and 6.52 

respectively.  

 

 
Fig-1: Relation between chloride concentrations with irradiation time ofpropanil in waters. 

 

The high degradation of propanil in river water is due to the constitution of the irradiation media that significantly 

enhanced the degradation. For example, the presence of 2 ppm dissolved organic materials in river water can cause an 

increase the degradation. The second reason is the presence of nitrate ions in river water and tap water with 

concentrations 1.43 and 0.27 ppm, respectively, which enhanced the degradation process. Also the nitrate and nitrite 

ions in water can absorbed light at wavelengths 355 and 303nm which can produce free radicals (OH·) during the 

photolysis which accelerate the organic reactions leading to the degradation of propanil.  

Also the sulfate and carbonate ions in river water can effect the photodegradation. The sulfate ions in tap and river are 

87.8 and 168.7 ppm and carbonate around 120 ppm which effects the degradation. The third reason for enhancing the 

degradation rate of propanil in river and tap waters is the presence of cations, such as calcium concentrations are 

28.3ppm and 20 ppm and magnesium concentration are 6.9 and 6.7 ppm, in river and tap waters respectively,which 

take part in complexation reactions  and enhancing the photolysis of organic compounds, these results agreement with  

(Larson and Weber)
 25

,(Penuela and Barceló)
26

 

The activation energies calculated by Arrhenious plots are 28.7, 30.8 and 22.59 KJ/Mole for propanil degradation in 

river, tap and distilled waters and the results are given in table 4. The effect of temperatures on rate of 

photodegradation of propanil in tap water is shown in Figure 2.  

UV-Visible spectrophotometric method was used to monitor the formation of photodegradation products at various 

time of irradiation during the photolysis of propanil in ZnO suspension water. Absorption spectrum of propanil in 

distilled, tap and river waters containing ZnO were determined and their wavelengths with molar absorptivity are 

listed in Table 5. 

The value quantum yield for Propanil Degradation in Different Type Water were 0.31 in distilled water. A 

review in literature on the measurement of quantum yield in heterogeneous photo-catalyst system shows the majority 

Tap water

0

2

4

6
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0
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of papers that report the quantum yield as apparent quantum yield .However Sarpone
 27, 28

 has recently reported the 

possibility of determination of the true quantum yield in heterogeneous photo-catalyst system by calculation of actual  

 
Fig-2: Effect of temperature on rate of photodegradation of propanil in tap water (initial concentration of propanil 10

-4 
M, ZnO 

loading of 0.4 g/l and oxygen flow rate of 20 ml/min). 

 

number of photons absorbed by the photocatalyst. Al -Yassiri and co workers
29

, determined the quantum yield for 

photocatalyst degradation of DDVP, the value was obtained about 0.0571. The quantum yield for photocatalyst 

degradation of carbazyl was 0.18
30

. 

 

 

 

 

 

 

During the photolysis process in distilled water, the absorption bands at 248 and 210 nm were found to be decreased in 

intensity and shift to 250 nm which is belongs to 3,4-dichloroaniline. The formation of 3,4-dichloroaniline was 

checked by standard 3,4-dichloroaniline. Figure 3 shows the spectra of propanil degradation in distilled water 

containing ZnO and the irradiation time range 0 – 300 min.  

 

 
Fig-3: UV-Visible spectra change of degradation of propanil (10

-4 
M) in distilled water at irradiation time from 0 to 300 min 

 

propanil 

tap water , at 247.4 nm in different temperatures

-4

-3

-2

-1

0

1

2

0 100 200 300 400

Irradiation time (min)

Ln
(A
t-A

∞
)

298 K

308 K

318 K

 
Table-5: Wavelengths and molar absorptivity of propanil in different types of waters 

Sample of 

water 

λmax 

(nm) 

Єmax 

L/mole.cm 

λmax 

(nm) 

Єmax 

L/mole.cm 

λmax 

(nm) 

Єmax 

L/mole.cm 

Distilled 347.0 480 248.0 24130 210.0 29280 

Tap 335.8 310 247.4 22970 210.0 28310 

River 337.8 260 246.4 22920 214.8 23560 
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Fig-4: HPLC Chromatogram of Propanil [Solution (A) before Photolysis (B) after60 min(C) after120min (D) after180min (E) 

after240min (F) after300min] Irradiation. Initial Propanil Concentration is 10
-4

 M, ZnO Loading is 0.4g/l and Oxygen Flow Rate 

10ml/min. The HPLC Condition are: Mobile Phase Methanol: Water (65/35V/V) Colume25cm x4.6mmC18and UV. Detector 

at254nm. 
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The spectra of degradation of propanil in tap and river waters were also determined by UV-Visible spectrophotometer. 

The study was carried out by using HPLC method for photodegradation of propanil using a column C18 (25 cm x 4.6 

mm), eluent of 65/35 ml methanol/water, flow rate 1.0 ml/min and detect by UV at 254 nm. The HPLC chromatogram  

Figure-4 showed the absorption peak for propanil at 7.8 min and the intensity of the peak was decreased with 

irradiation time. New peaks were obtained during the irradiation of propanil, Test analysis of authentic compound  

after one hours reveals that new peak was related to propanoic acid at 3.2 min  and after 2 hours a anew peak was 

noticed at 5.3 min which is belong to 3,4-dichloroaniline and after 3 hours a peak at 6.8 min belongs to 4-

chloroanoline,After four hours of irradiation the prondpanil peak continue to decrease and also the primary products 

peak starts to decrease and  After 5 hours of irradiation, a complete disappears of propanil peak which means all 

propanil was degradate. These results are in good agreements with the results obtained from UV-Visible 

spectrophotometric method. 

 

3.1 Proposed Mechanism for Photodegration of Propanil 
From the experimental results already discussed with the identification of the intermediates and the final photolytic 

products, one can suggest the mechanism of the photocatalytic oxidative reaction of propanil. When the 

semiconductor ZnO are illuminated with energy greater than band gap energy Eg, exited high-energy states of electron 

and hole pairs (e
-
/h

+
) are produced

(31)
, the irradiation of semiconductor ZnO dispersions are summarized by 

reactions(1-5). 

H
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Where (Cb) and (Vb) represent conduction and valance band, respectively. The 
.
OH and HO

.
2 radicals can 

subsequently undergo series of reactions with propanil, leading to products summarized in the scheme illustrated in 

the scheme (1). 
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Scheme-1: The Proposed Intermediate Compounds in the Photodegradation of Propanil 
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4. CONCLUSION 

From this experimental study, several conclusions can be made:                    

Propanil decomposition rate increases with the ZnO suspension concentration up to (0.4) g/L, then decrease with 

increasing ZnO suspension concentration. A kinetic model has been developed to successfully correlate the initial 

rates at varying ZnO suspension concentrations. 

In the absence of UV irradiation, propanil cannot be decomposed by the ZnO suspension. The decomposition rate 

increases with the UV Power intensity but cannot further increase the decomposition rate in dark. 

The results of the photodegradation of propanilas indicated by measurement of the increase in chloride ions 

concentration, conductivity and pH in aqueous medium. 

The photodegradation rates propanilin three type waters followed first order kinetics and were in general greater 

compared to those measured in distilled water, showing a strong dependence on the constitution of the irradiated 

media especially on the dissolved organic matter and the salinity. The major photoproducts identified using UV, 

HPLC and other techniques  

The river water is the best aqueous medium for the photodegradation of propanil 

The photocatalysis degradation of propanilis increasing by passing the humid oxygen. 

The increasing of reaction temperature in the presence of ZnO raises the photodegradation rate of propanil 
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ABSTRACT 
This preliminary study was designed to monitor the effect of distillery spent wash evaporation ponds on underground water. The 

water samples (3 spent wash and 32 underground (total 35)) were analyzed for the parameters, pH, Electrical conductivity (E.C), 

Total dissolved salts (TDS), Total hardness (TH), Chloride, Total phosphate-P, M-alkalinity, Sulfate, Nitrate-N, Dissolved 

Oxygen (DO) and Chemical Oxygen Demand (COD). The physico-chemical parameters of the water samples for spent wash and 

underground were found in the following ranges; pH 7.2-7.7 & 6.8-7.7, electrical conductivity 38.2-44.7 ms/cm & 0.47-32.0 

ms/cm, TDS  24448-28608 mg/l & 302-19840 mg/l, Total hardness 17400-18000 mg/l & 170-4150 mg/l, chlorides 7446-13293.5 

mg/l & 85.0-2836 mg/l  ,  Total phosphate-p 229.5-328.5 mg/l & 0.005-2.29 mg/l, Methyl red Alkalinity 1702.5-2352.5 mg/l & 

115-657.5 mg/l , Sulfate 3157.8-3552.6 mg/l & 10-417.1 mg/l, Nitrate-N 471.5-539.1 mg/l & 0.0-28.0 mg/l, COD 20080-24320 

mg/l & 0.0-53.0 mg/l,  DO 0.036-0.12 mg/l & 1.1-7.7 mg/l respectively. The underground water was observed being affected by 

the spent wash. It was observed that the distillery industry discharges various pollutants in concentration above NEQS for 

industrial effluents. Greater concentration of these pollutants is responsible for underground water pollution of study area.  

 

Keywords: ponds, evaporation, distillery, ethanol 

 
1. INTRODUCTION 
The district Rahim Yar Khan lies between 270 -40' to 290 -16' north latitudes and 600 -45' to 700 -01' east longitudes. 

The total population of the district was 3,141,053 as enumerated in March, 1998 with an intercensal percentage 

increase of 70.6.Since March, 1981 when it was 1,841,451 souls. The average annual growth rate was 3.2 percent 

during this period. The total area of the district is 11,880 square kilometers and gives population density of 264 

persons per square kilometer as against 155 persons observed in 1981 indicating a fast growth rate of the district. 
District Rahim Yar Khan has a very hot and dry climate in summer. The maximum temperature touches 

49.7
0
C. The minimum temperature recorded is 6.8

0
C. The average annual rainfall in the district is 165 mm. The soil of 

the area is sandy loam and has more percolation ability. The district can be divided into three main parts, riverain area, 

the canal irrigated area and the Cholistan area. The riverain area of the district lies close to the river Indus and Panjnad 

River. To the South West of this area lies the canal irrigated area. The land in this area is elevated than that of the 

riverain area. The approximate height of this area is 150 to 200 meters above sea level. The desert area lies in the 

South-East of the district. It is called as the Cholistan. It extends into Bahawalpur and Bahawalnagar districts, 

occupying the South-Eastern part of the district. 

Environment is the sum of all social, economical, biological and physical or chemical factors which constitute 

the surroundings of men. In modern world the water bodies are being polluted by industrial wastes containing 

synthetic chemicals and toxic heavy metals. The soil is another victim of polluting agents released by industries
1
 The 

effect of sugar industry on surface water have been reported by so many workers in different parts of the world
1,3

. 

Total registered industries in Pakistan are 6634. In rural areas the use of industrial and sewage water for irrigation 

causes water and soil pollution
4
. Industrial effluents damage physico-chemical parameters of ground water

5
. The 

effluents of sugar industry rich in organic material cause deterioration of ground water
6
. Sugar industry is main source 

of water pollution due to presence of number of pollutants like total hardness, total dissolved salts, biological oxygen 

demand and chemical oxygen demand into their wastes
7
. These pollutants not only damage the quality of receiving 

water bodies but also damage the quality of soil and crops irrigated on that waste
8
. Rapid industrialization without 

proper check and treatment of its waste puts harmful effects on the environment of its surroundings. These industries 

exit their wastes into natural environment especially surface water. The toxic materials discharged by the Industries 

enter into food chain through soil and irrigation water and causes health complications to the human
9
.         

Human activities are responsible for the pollution of rivers, lakes and ponds. Various researchers have studied 

toxicity in terms of pH, chloride, fluoride, sulfates, sodium, potassium and heavy metals in municipal and industrial 

effluents
10

. The spent wash contains greater amount of organic and in organic substances, can cause adverse effects to 

environment and human health
11

. A distillery having capacity of 30,000 liters of alcohol per day release 15 to 16 liters 

of effluent for single liter of alcohol. Distillery effluent is more complex due to high biological oxygen demand and 

oxygen demand is one of the major pollutants of ecosystem. Discharge of partially or non treated effluent in water 

bodies or disposal on soil surface will cause death of aquatic life as well as changes in soil composition
11

.
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Industrialization is big threat to environment, effluent of sugar industry has high total hardness, and total dissolved 

solids biological oxygen demand, magnesium, sodium and sulfates which have adverse effects on plant growth and 

soil properties
1
. Industrial non treated effluents deteriorate surface and subsoil water (AKIF, 2002).Liquid waste 

generated by distilleries is called spent wash.61% ethanol is produced from sugar cane crop worldwide. Due to high 

organic and inorganic contents, it causes eutrophication of water bodies
14

. According to recent research, distillery 

effluent released on soil surface, contaminate ground water1
15

. Due to high salt contents, spent wash retard seed 

germination and plant growth. Ground water quality change due to percolation of sugar industrial effluent released on 

soil surface
16

. Ground water is used for industrial, domestic and irrigation purposes worldwide, according to world 

health organization 80% diseases in human being are due to contaminated water
17

. Present preliminary study was 

aimed to check the harmful effects of evaporation ponds of distillery spent wash on underground water. 

 

2. EXPERIMENTAL 

 

2.1 Sampling and Methodology 
The study area is located about fourteen kilometers south of Sahibabad and forty kilometer south west of RahimYar 

Khan City near Manthar town. Study area is shown in Table.1a 

 
Fig-1: Map of District Rahimyar Khan, Doted area is the sampling area. 

 

No other industrial unit except distillery exists in study area. This industrial unit produces 143000 liters of ethanol and 

2145000 liters of spent wash daily. Ground water at thirty feet depth. Plastic bottles of capacity two liters were used to 

collect the samples. The samples were collected during the year 2008-2009,(0ctober to December) and an average 

value of three times sampling was measured for each parameter .The temperature of air and water was measured on 

the sampling spot with mercury thermometer. Hardness, chloride and alkalinity were determined by titration with 

standard E.D.T.A, silver nitrate and hydrochloric acid respectively. Dissolved oxygen, Conductivity, Salinity and total 

dissolved solids (TDS) were evaluated with Orion 115 Star conductivity meter. The pH was recorded with Orion 420 

A pH meter probe. Nitrate-N was determined by brucine method. Sulfate was determined by turbidimetery as BaSO4 

using Hitachi220 A spectrophotometer. Acid hydrolysable phosphate phosphorus was estimated by persulphate acid 

digestion method. All parameters were analyzed by standard procedure mentioned in APHA (1995)
18

. 

3. RESULTS AND DISCUSSION 
Liquid waste generated by the industries is big source of surface and groundwater pollution. Spent wash and ground 

water samples were analyzed for physico-chemical parameters like pH, conductivity, total dissolved solids, 
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sulfatetotal hardness, chloride, total phosphate-P, nitrate-N and COD. To evaluate the pollution contents the results 

were compared with National Environmental Quality Standard (NEQS) for industrial effluent and WHO standard for 

drinking water. The data on mean values of physico- chemicals characteristics is summarized in table (1). 35water 

samples were collected during the study year 2008-2009, three (S1-S3) were spent wash samples taken from 

evaporation pond near united ethanol industries Sadiq Abad as well as the ponds one and half kilometer away from 

factory, where effluent is transferred through underground pipe line and rough water courses. The remaining 32 

samples were underground water and drainage water(26&27) samples. Groundwater samples were taken from vicinity 

of evaporation ponds.   

 

3.1 pH 
All the samples either spent wash or underground water have pH within limits of National Environmental Quality 

Standard for industrial effluent and WHO standard for drinking water. The pH for spent wash and groundwater 

samples ranged between 7.2-7.7 & 6.8-7.7respectively. 

 

3.2 Total Dissolved Salts (TDS) and Electrical Conductivity (EC): 
Minerals, salts, metals, cations or anions dissolved in water are referred as total dissolved salts (TDS). Inorganic salts 

are mainly calcium, magnesium, potassium, sodium, bicarbonate, chlorides and sulfates. Greater amount of dissolved 

salts increases turbidity and EC
19

.TDS and EC of all spent wash samples was very high, TDS was in the range of 

24448-28608 mg/l shown in Table 1a. 

Sample S3 has Maximum TDS, as it receives effluent when it is discharged from the industry, while remaining spent 

wash samples have less value of TDS.  All spent wash samples have higher values of TDSthan NEQS (3500 mg/l) of 

industrial effluent. TDS values for groundwater samples were in the range of 302 to 19840 mg/L including (drainage 

water)samples(S26 S27). These two samples were taken from the (drainage water)which carry SCARP tube wells 

poured water and their water is not affected by the spent  so these samples have greater concentration of salts and less 

chemical oxygen demand.52% of the groundwater samples have TDS values above the limits of WHO for drinking 

water, while 48% are within limits(500 mg/l).Conductivity of the spent wash samples was in the range of 38.2 ms/cm 

to 44.7 ms/cm. High TDS gives mineral taste to water, affects physiological functioning of plants and animals, 

corrosion of metallic surfaces, death of aquatic organisms due to dehydration.  

 

3.3 Total Hardness (TH): 
Total hardness amounts for total concentration of calcium and magnesium ions expressed as CaCO3. Spent wash 

samples showed high values of hardness. Excessive hardness may cause dehydration, kidney stone, cardiovascular 

diseases and diarrhea. Total hardness of the spent wash samples ranged from 2300 to 3500 mg/l (Table 1a). 
 Groundwater and drainage water samples which are not used for drinking purposes, have TH ranging between 80 and 

1400 mg /l . Out of 32 groundwater samples, 04 were above the limit of WHO for drinking water(500mg/l).                

 

3.4 Total Phosphate-P 
It is found in water as soluble or insoluble phosphate and is essential for plants and animals growth. Phosphate exist in 

three forms, ortho- phosphate, polyphosphate and organic phosphate. The phosphate in water may be due to human 

activities and geological reason. The spent wash samples have total phosphate-P in the range of 2295 -3285 mg/l , 

minimum value of total phosphate-P was found in S1 (2295 mg/l), while maximum (3285mg/l) was detected in S3 

sample (fig.2).All the spent wash samples have high contents of total phosphate-P. The amount of total phosphate-p in 

groundwater samples was ranged from 0.005 mg/l to 2.29 mg/l. Greater amount of total phosphate-P may cause 

gastric problem in human and eutrophication of water bodies. All groundwater samples were within limit of WHO for 

phosphate (5mg/l). 

 

3.5 M-Alkalinity 
Quantitative capacity to neutralize stronger acids due to hydroxides,   carbonates and bicarbonates is known as 

alkalinity. Alkalinity of spent wash samples ranged from 1702.5 mg/l to 2352.5 mg/l (Fig.2) and that of ground water 

from 115 mg/l to 667.5 mg/l calculated as CaCO3. Minimum alkalinity (115 mg/l) was noted in sample (S-31), while 

maximum 657.5 mg/l was found in the sample S6. Greater alkalinity may cause excessive drying of skin and remove 

normal skin oil. 

 

3.6 Chemical Oxygen Demand (COD) 
Chemical oxygen demand is total organic contents expressed in terms of the amount of oxygen required to bring about 

its destruction through oxidation. COD for spent wash samples was in the range of 20080 mg/l-24320 mg/l 24320 

mg/l shown in Table 1a.  
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Fig-2: Concentration in mg/l of total phosphate-P, M. alkalinity, sulfate and nitrate in spent wash samples 
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Table-1a:  Mean values of physico- chemical parameters in spent wash and ground water samples 1-35 

Sample 

Code 

pH EC  

ms/cm 

TDS   

mg/l 

TH  

mg/l        

Chloride 

mg/l 

T. Phosphate 

mg/l 

M. 

Alkalinity 

mg/l  

Sulfate 

mg/l 

NO3-N  

mg/l 

COD      

mg/l 

S1 7.7 38.2 24448 3500 2230 2295.0 7200 3157.8 471.5 20080 

S2 7.2 43.7 27998 2300 1813 2520.0 8600 3552.6 539.15 24320 

S3 7.4 44.7 28608 2900 2313 3285.0 7600 3368.4 520.15 22720 

S4 7.1 1.43 908.9 190 182.5 0.10 365.2 88.6 8.6 30.4 

S5 6.9 1.696 1085 160 198.5 0.33 338.75 344.7 20.4 49.0 

S6 6.9 3.31 2118.5 130 455.5 2.295 657.5 417.1 28.05 53.0 

S7 7.2 1.369 876 170 131.1 0.005 275 79.7 6.9 15.4 

S8 7.0 1.288 824.5 180 147 0.055 426.25 64.7 0.435 15.4 

S9 7.0 4.1 2624 230 1389.6 0.05 372.5 44.7 5.9 10.0 

S10 7.3 1.1 704 320 233.9 0.08 185 24.9 8.4 20.8 

S11 7.0 1.6 1024.5 160 168.3 0.1 395 108.9 30.5 10.8 

S12 7.0 1.675 1072 310 180.75 0.02 407.5 105.9 12.98 30.4 

S13 6.8 1.955 1231 202 209.1 0.9 547.5 109.7 114.9 50.4 

S14 7.1 3.07 1964.5 460 283.65 0.03 385 119.4 7.2 20.8 

S15 7.2 3.5 1892.5 230 529.95 0.06 380 126.0 14.3 20.5 

S16 6.9 5.4 3917 630 428.9 0.19 382 159.2 13.7 36.1 

S17 7.2 2.014 787 320 297.7 0.22 275 131.5 19.2 30.8 

S18 7.4 2.575 1262 450 368.6 0.009 317.5 136.8 13.8 30.6 

S19 6.9 4.5 2227 380 290.6 0.18 517.5 117.8 2.6 30.4 

S20 6.9 3.48 1965 640 301.2 0.06 268 163.1 12.75 31.2 

S21 6.9 6.91 4406 260 1210 0.1 600 142.1 2.3 30.4 

S22 7.1 2.635 1687 230 836.6 0.11 476.5 116.3 10.5 10.4 

S23 7.3 0.89 560 380 212.7 0.13 240 63.1 2.5 10.4 

S24 7.0 1.302 833 320 184.2 0.05 355 78.9 1.5 10.0 

S25 7.4 0.82 515 270 226.8 0.08 150 40.5 0.01 10 

S26 7.4 32.0 19840 1400 2836 0.009 4012 147.3 0.01 10 

S27 7.2 32.0 19840 1390 2712.5 0.02 4443 142.1 0.01 10 

S28 7.7 0.681 436 110 92.1 0.03 202.5 75.7 0.0 10.8 

S29 7.6 0.917 587 101 148.8 0.05 155 28.9 1.9 10.8 

S30 7.7 0.47 302 96 85.0 0.009 115 28.4 2.3 0.0 

S31 7.3 0.508 320 80 77.9 0.01 163 46.8 2.3 10.4 

S32 7.5 0.632 401 95 177.2 0.008 190 10 7.7 0.0 

S33 7.0 1.31 842 112 148.8 0.07 200 70 6.3 10.4 

S34 7.0 1.123 720 103 113.4 0.07 195 66.3 9.8 10.4 

S35 6.9 3.155 2018 342 331.4 0.0145 380.5 156.0 17 30.4 
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Table-1b: Mean values of physico- chemical parameters in spent wash and groundwater sample 

S.No Na mg/l k mg/l Camg/l Mg mg/l SAR S.No Namg/l Kmg/l Camg/l Mgmg/l SAR 

S1 1449 2067 822 728.4 12.4 S19 418.6 20.67 92 7.2 15.9 

S2 2753.1 2090.4 688 363.6 29.7 S20 568.1 20.67 272 12 12.8 

S3 1706.6 2067 414 728.4 16.4 S21 929.2 20.67 84 18 33.7 

S4 278.3 17.55 42 16.8 12.8 S22 788.9 20.67 44 15.6 36.5 

S5 368 20.67 40 8.4 19.4 S23 469.2 13.26 64 2.4 22.0 

S6 519.8 20.67 22 16.8 28.1 S24 388.7 10.14 52 9.6 18.2 

S7 230 16.38 42 12.72 11.2 S25 508.3 7.41 36 7.2 28.4 

S8 308.2 20.67 28 13.2 16.8 S26 1869.9 20.67 484 67.2 29.7 

S9 908.5 14.04 88 18 32.4 S27 1828.5 20.67 470 68.4 29.3 

S10 379.5 15.6 30 8.4 22.1 S28 128.8 12.48 28 7.2 7.8 

S11 289.8 5.85 32 13.2 15.2 S29 269.1 4.68 30 7.2 16.1 

S12 319.7 8.97 70 9.6 13.3 S30 167.9 4.29 22 6 11.5 

S13 349.6 17.55 44 12 16.9 S31 119.6 5.07 20 8.4 7.9 

S14 469.2 33.54 104 19.2 15.6 S32 308.2 7.02 24 6 20.5 

S15 609.5 19.89 28 15.6 31.8 S33 289.8 21.06 28 6 18.2 

S16 519.8 18.72 186 26.4 13.3 S34 239.2 11.31 20 3.6 18.2 

S17 409.4 20.67 80 18 15.1 S35 920 20.67 38 7.2 49.9 

S18 627.9 20.67 60 4.8 29.5       

 

Table-2: WHO standards for ground water and EPA standard for industrial effluents 

Contaminants WHO standard for ground water NEQS for industrial effluents 

pH 6.5-9.2 6-10 

Total Dissolved Solids mg/l 500 3500 

Chloride mg/l 250 1000 

Fluoride mg/l 1.5 20 

Sulfate mg/l 200-400 600 

Chemical Oxygen Demand mg/l 10 150 

Phosphate mg/l 5 N.A 

Nitrate mg/l 45 N.A 

NA = not available 

 

All the spent wash samples have high chemical oxygen demand then prescribed limit of National Environmental 

Quality Standard (NEQS) (150 mg/l) for industrial effluents. COD of groundwater samples was ranged from below 

the detection limits (BDL) to 53.0 mg/l. The samples closer to the ponds have greater COD values. Out of 32 ground 

water samples, 17 samples indicated COD above the limit of WHO (10 mg/l) for drinking water. Elevated level of 

COD in soil and water consumes oxygen. Deficiency of oxygen in soil retard root growth, low oxygen in water bodies 

due to high COD cause death of aquatic life fig. 3 

 

 
Fig-3: Concentration in mg/l of COD, nitrate and ms/cm of EC of water samples. 
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3.7 Sulfates 
Sources of sulfate in surface and subsurface water are mainly calcium sulfate and sodium sulfate the sulfate 

concentration in spent wash samples was ranged between 3155.7 mg/l and 3552.6 mg/l. Maximum sulfate (3552.6 

mg/l) was found in the sample S2, while minimum (3157.5 mg/l) was found in the sample S1. The sulfate contents in 

groundwater samples ranged from 10 mg/l to 417.1 mg/l shown in Fig.4 

 

 
Fig.4-: Conc. in mg/l of M. alkalinity and sulfate in ground water samples 

 

The ground water sample (S6) indicated maximum sulfate contents; this sample was taken near underground pipe line 

carrying spent wash towards water courses. High contents of the sulfates may be due to spent wash or fertilizers used 

for agricultural purpose. Sulfate has laxative effect and imparts unpleasant taste to water. Two groundwater samples 

had excessive concentration of sulfate than prescribed limit (250 mg/l) of WHO, while remaining groundwater 

samples were within limit. 

 

3.8 Nitrate-N 
Nitrates and nitrites are nitrogen-oxygen chemical units, once the nitrates are taken in to the body they are converted 

in to nitrites. Inorganic nitrates, which contaminate drinking water are potassium nitrate and ammonium nitrate, which 

are used in fertilizers. Nitrogenous material in natural water is converted to nitrate. Protein rich organic matter is 

considered potential source of nitrates. 

Excessive nitrates in drinking water may cause illness and death, Mathemoglobinemia, starch deposition, 

hemorrhage of spleen, enlargement of thyroid, fifteen types of cancers, two type of birth defects, stomach cancer and 

eutrophication
20

. Nitrate concentration in spent wash samples was from 471.5 mg/l to 531.1 mg/l and in groundwater 

samples werebelow the detection limits (BDL) to 28.0 mg/l shown in Fig.3. All drinking water samples have nitrate 

concentration below the prescribed limit of WHO (45 mg/l) for drinking water Table.2 

 

3.9Metal ion contents (MIC) 
The concentration of essential metals Na, K, Ca and Mg varied in spent wash and groundwater samples Na being 

dominant in spent wash and groundwater (Table-1b) in the order Na > K >Ca>Mg in spent wash and  Na >Ca> Mg > 

K in groundwater. Na was ranged 1449-2753.1 mg/l ; K  2067- 2090.4 mg/l; Ca 414-822 mg/l; and Mg 363.6-738.4 

mg/l while in groundwater Na 119.9 - 1869.9 mg/l; Ca 20- 484 mg/l; Mg 2.4-68.4 mg/l and K 4.29- 33.54 mg/l Table 

1b. 

 

3.10 The contamination index Cd 
The contamination index was calculated by following equation 

 

n 

Cd = ∑ Cfi   Where, Cfi = [(CAi / CNi)-1] 

i=1 

Cfi = contamination factor for the i-th component 

CAi = analytical value for the i-th component 

CNi = upper permissible concentration for the i-th component 

 

To calculate the degree of contamination for the assessment of water quality
21

 developed contamination index Cd .The 

parameters of a particular sample exceeding upper permissible limit are calculated separately and by addition of 

factors Cd was obtained. The factors with in permissible limits were excluded from Cd calculation. The upper 

permissible limit for Cd calculation are prescribed limit of NEQS and WHO for different parameter of industrial 

effluents and drinking water. The Cd is combination of different parameters considered harmful for water used for 

domestic purpose. The results of Cd are summarized in Table 3. As all the spent wash samples have Cd>145 indicating 

that they are highly contaminated, while groundwater samples on the bases of observed values of Cd two samples have 
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zero Cd values, 9 samples with less contamination Cd<1, 6 samples with intermediate contamination Cd<3. The 

samples with high contamination indicated the Cd values in 3.1-49.0 range, were taken closer to distillery spent wash 

evaporation ponds, and may indicate the effect of spent wash. 

 
Table-3: Contamination Index (Cd) 

 Sample Code Contamination Index (Cd) Sample Code Contamination Index (Cd) 

S1 149.5 S19 5.5 
S2 183.9 S20 5.8 
S3 174.5 S21 13.3 
S4 2.8 S22 3.1 
S5 5.4 S23 0.16 
S6 9.0 S24 0.6 
S7 1.2 S25 0.03 

S8 1.1 S26 49.0 

S9 9.1 S27 48.5 

S10 1.4 S28 0.08 

S11 1.1 S29 0.2 

S12 3.3 S30 0.0 

S13 5.5 S31 0.04 

S14 4.1 S32 0.0 

S15 4.3 S33 0.7 

S16 9.5 S34 0.4 

S17 2.7 S35 5.4 

S18 3.5 - - 
 

3.11 Permeability Index (PI) 
The permeability index ranged 51% to142% in a hydrological year. Average value 96.7% of permeability index is 

above the class-1
21

  making it unsuitable for cropping, while Na% categorizes 02 samples as permissible,13 as 

doubtful 20 as unsuitable. None of the sample is included in excellent or suitable category (Table 4). The application 

of these two parameters indicated that all the samples have high values of PI and Na % also indicated high 

concentration of sodium which makes water unsuitable for irrigation purposes. 

 

3.12 Residual Sodium Carbonate (RSD) 
Was calculated by the formulae 

RSC= (HCO3
–1

+CO3
-2

)-(Ca
+2

+ Mg
+2

) 

RSC places 9 samples in good quality having RSC less than 1.25, 4 samples having RSC in1.25-2.5 range are doubtful 

and remaining 22 samples are unsuitable for irrigation purposes (Table 5). 

Table-4: Quality of water samples used for irrigation purposes based on Na % 

 Na 

%                        

 Water class      Samples Code  Total NO 

of 

spenwash 

ground 

water 

samples 

 

< 

20 

Excellent Nil  Nil  

20-

40 

Good Nil  Nil  

40-

60 

Permissible S1,S3.  02  

60-

80 

 

 

>80             

Doubtful 

 

 

Unsuitable 

S2,S4,S7,S12,S14,S16,S17,S19,S20,S26,S27,S28.S31 

 

S5,S6,S8,S9,S10. 

,S11,S13,S15,S18,S21,S22,S23,S24,S25,S29,S30,S32,S33,S34,S35 

 13 

 

20 
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Table 5: Classification of Irrigation Water samples on the bases of Residual Sodium Carbonate 

RSC millieq/l          Water quality           Samples Code                  Total No. of samples 

  

<1.25 Good  

 

1.25-2.5                      Doubtful 

 

>2.5                            Unsuitable 

S10,S16,S17,S23,S25,S28,S29,S30,S31 09 

 

S9, ,S20,S32,S33 04 

 

S1,S2,S3,S4,S5,S6,S7,S8,S11 22 

S12,S13,S14,S15 ,S18,S19,S21, 

S22,S24,S26,S27,S35 

 
Table-6: Hardness Based Classification of Spent Wash and Groundwater samples 

Total Hardness Water class Samples  Code Representing  Samples             

< 75 Soft 

75-150 Moderately 

 

150-300 Hard 

 

 

 

>300 Very Hard 

 Nil 

S6,S28,S29,S30,S31, 

,S32,S33,S34.                                      (08) 

 

S4,S5,S7,S8,S9,S11,S13,S15,S21,S22,S25.   (11) 

 

 

 S1, S2, S3,S10,S12,S14,S16,S17,S18, 

S19, S20,S23,S24,S26,S27,S35.(16)                         

 
Table-7: Classification of Spent wash and Groundwater samples on Alkalinity Hazard bases. 

SAR                        Alkalinity 

                                Hazard 

Water Class  

                     Samples  Code                                            Total NO. 

of sample 

 

<10 A1 

 

 

10-18 A2 

18-26 A3 

>26 A4 

 

Excellent    S4,S5,S6,S7,S8,S9,S10,S11,S12,        30 

                ,S13,S14,S15,S16,S17,S18,S19,S20,  

         S21,S22,23,S24,S25,S28-S35. 

Good Nil              

Doubtful S1,S3.                                   02 

Unsuitable S2,S26,S27.                          03 

 

4. CONCLUSION 
This study shows that all the spent wash samples do not follow the National and International standard for industrial 

effluent. Discharge of spent wash into evaporation ponds or transfer through rough water courses towards evaporation 

ponds is polluting groundwater and soil. Spent wash storage in evaporation ponds with foul smell is responsible for air 

born diseases to human and animals of the area. Spent wash and ground water samples are also misfit for irrigation. 

Fifty percent of ground water samples exceeded WHO standard for drinking water. Some of the groundwater samples 

taken from the vicinity of evaporation ponds showed the effect of spent wash storage, if proper treatment and safe 

disposal measures will not be taken then the groundwater of the whole area will become contaminated. 
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ABSTRACT 
Concept of equilibrium is very difficult to understand for under graduate students. This experiment has a good visual impact of 

demonstration of equilibrium and would be one way of stimulating awareness in chemistry. An alkaline solution of arabinose and 

methylene green in aqueous medium can be used to explain equilibrium visually through reaction of dissolved oxygen which was 

observed in “BLUE BOTTLE EXPERIMENT” that showed the shift of equilibrium by regeneration of color during shaking and 

upon standing equilibrium shift in the forward direction and color loss was observed. Shaking the solution raises the concentration 

of oxygen in the mixture and oxidizes the methylene green back to its blue form. When the dissolved oxygen has been consumed, 

the methylene green is slowly reduced back to its colorless form by the remaining arabinose and the cycle can be repeated many 

times by further shaking. The experiment was repeated with various concentrations of dye indicator, arabinose and sodium 

hydroxide concentration. It was observed that regeneration of color and colorloss is the best visual example of explanation of 

equilibrium.  

 

 

Key words: equilibrium, visual, blue bottle experiment, dissolved oxygen 

 

1. INTRODUCTION 
The concept of chemical equilibrium was developed after Berthelot (1803),establish that some chemical reactions are 

reversible. For any reaction mixture to exist at equilibrium, the rates of the forward and backward (reverse) reactions 

are equal. This study was found to be helpful in development of the visual concept of equilibrium by the color of dye. 

The color of reactant was blue while color of product was colorless in same test tube which can be used as a reversible 

reaction for the demonstration of chemical equilibrium. 

 

2. EXPERIMENTAL 
1. The demonstration needs a theoretical concept of equilibrium and about 20 - 30 minutes is needed for the 

preparation of laboratory to explain the practical. 

2. Make a solution of 0.0182 g of methylene green in 500 cm
3
 of water 

3. Weigh 10 g of sodium hydroxide into the 100 dm
3
 conical flask. 

4. Add 100 cm
3
 of water and 2 g of arabinose and swirl until the solids are dissolved. 

5. Add 1- 5 cm
3
 of the methylene green solution, 01 cm

3
 sodium hydroxide and 0.8 cm

3
of sugar in a five 

separate stopper flasks. The exact quantity used is not critical. 

6. Similarly variation of sugar volume with constant volume (1 cm
3
)of NaOH and 0.8cm

3
 of dye 

7. Base volume was changed in the range of 1-5 cm
3
 keeping dye and sugar constant 

8. The resulting blue solutions will turn colorless after about one minute.  

9. Equilibrium state was appeared during regeneration of color where half color and half color less state was 

attained 

10. Upon standing color permanently change after long time 

 

2.1 The demonstration of methodology 
1. Holding the stopper strongly in place, shake the flask vigorously so that air dissolves in the solution. 

2. The color will change to blue and regenerate in about approximate 10 to 40 seconds in each flask. 

3. The more shaking, the longer the blue color will take to fade. 

4. The process can be repeated for over 10 cycles. 

5. After some hours, the solution will permanently turn yellow and no color changes was observed 

 

4. RESULTS AND DISCUSSION 

4.1 Demonstration of effect of volume of different variables on an equilibrium state 
Effect of increasing volume of reactants and products were monitored on equilibrium state according to Le Chateler’s 

principal by increasing the volume of dye, arabinose and alkali as a medium. 

COLOR COLOR LESS
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Results of increasing volume of dye on equilibrium state were reported in the Table-l which showed that equilibrium 

state attained more rapidly with the increasing concentration of dye and also reduced in the time of regeneration of 

color reflects the significant role of dissolve oxygen
1-3

 at high concentration of dye[Table-1]. Now at this stage should 

be guided about the effect of stress on equilibrium related with the volume of dye and more rapid reaction with 

atmospheric oxygen. Effect of increasing concentration of sugar
4-6

 was reported in the Table-2 which showed that 

increasing concentration of sugar reduces the time of de-coloration and an appreciable effect on regeneration of color 

reflect that dissolved oxygen is related with the dye concentration[Table-1]. 

The change in the concentration of sugar showed effects on K which may be demonstrated to the students as 

that sugar oxidizes by consuming oxygen and converted into product very slowly or increases the time of 

disappearance but on shaking role of oxygen was pragmatic. 

These results suggest that according to le Chateler’s principal equilibrium shift in forward direction to 

minimize the effect of increasing volume of sugar while an increase in time of regeneration of color after shaking 

represent the slow reaction of oxygen with the dye molecule due to high concentration of arabinose. Effect of 

increasing volume of alkali [Table 3] in an equilibrium state showed that disappearance and regeneration of color take 

long time to establish the equilibrium. This indicated that the effect of dissolved oxygen on equilibrium state of dye 

indicator is related with concentration of dye. But increase in the alkali concentration do not effect the value of K. 

 

4.2 Teaching comments 
A white background helps to make the color changes more brilliant. A white laboratory coat is ideal to demonstrate 

equilibrium visually. 

Methylene green is a redox indicator like methylene blue and is colorless when reduced but color restore on oxidation. 

Reaction shift in forward direction to restore an equilibrium state more rapidly when dye volume was increased at 

equilibrium state 

Long time for regeneration of color in presence of sugar and alkali showed that dissolved oxygen Consume by sugar 

molecule to convert into respective acid therefore it require long time to react with the dye molecule 

Redox indicators other than methylene blue was used and found effective in demonstration of equilibrium. 

The removal and regeneration of the color is due to oxidation-reduction reaction, under alkaline conditions, and 

shaking the solution allows oxygen enter into solution which shift the equilibrium in backward direction and re-

oxidizes the methylene green back to the blue form. 

This experiment can be a popular “Open Day Activity“ but can also be used to determine the rate and equilibrium 

state under influence of different operational conditions. 

It will be better to use plastic bottle to avoid the interaction of dye indicator. 

Table-1: Effect of dye on equilibrium 
Dye indicator (ml) Time of color loss(s) Regeneration Time(s) K 

1.0 227 17 0.06 

2.0 230 16 0.06 

3.0 213 14 0.06 

4.0 156 13 0.08 

5.0 139 10 0.06 

Sugar =0.8ml, 10% NaOH= 1 ml 

 
Table-2: Effect of sugar on equilibrium 

Sugar (ml) Time of color loss(s) Regeneration time(s) K 

1.0 103 9 0.08 

2.0 58 5 0.08 

3.0 55 7 0.12 

4.0 259 4 0.01 

5.0 52 10 0.19 

Methylene green =0.8ml, 10% NaOH= 1ml 

 

Table-3: Effect of NaOH on equilibrium 
Alkali  (ml) Time of color loss(s) Regeneration time(s) k 

1.0 108 30 0.27 

2.0 100 27 0.27 

3.0 90 25 0.27 

4.0 88 24 0.27 

5.0 83 23 0.27 

Methylene green =0.5, sugar = 0.8ml 
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Fig-1:  A visual demonstration of Chemical equilibrium by methylene green and Arabinose 
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ABSTRACT 
Cypermethrin is one of the most widely used pesticides in the country for agriculture crop production. Due to least water 

solubility and toxicity, its removal need especial attention. Microbial degradation is considered to be an efficient and cost effective 

method for decontamination of toxic pesticides from the environment. In this study, malathion degrading bacterial isolate, 

identified as Pseudomonas, was used to assess its biodegradation potential for cypermethrin in aqueous system. The experimental 

findings indicate that Pseudomonas was able to degrade cypermethrin, if suitable environmental conditions provided in the 

reactor. Increased concentration from 20 to 80 mg/L gradually decreased the removal efficiency. However, under continuous 

agitation, complete degradation of cypermethrin (20 mg/L) occurred within a period of 48 hours. These results suggest that the use 

of potential microorganisms in the treatment system can successfully overcome many of the disadvantages associated with the 

conventional method used for the degradation of inhibitory compounds. 

 

Key words: Cypermethrin; agriculture; microbialdegradation; environmental conditions; reactor.

 
1. INTRODUCTION 
The intensive nature of modern agricultural practices has led to the development and widespread use of synthetic 

pesticides in our environment. Pesticides fight against diseases and save crops from pests. However, their 

indiscriminate use has become a global problem
1
. They have been frequently detected in the water bodies in various 

regions of the world including Pakistan
2-7

 .Presence of these compounds may be toxic, mutagenic or carcinogenic and 

may be bioaccumulated or biomagnified by the biota
8,9

.The main concern with the use of these compounds is the 

toxicity threat they pose to public health. It is quite shocking that some pesticides act as endocrine disruptors and 

many insecticides function by impeding normal nervous system functions
10-12.

According to World Health 

Organization study
13

, worldwide three million people suffered from pesticide poisonings with about 250,000 deaths 

per year. 

In Pakistan, Cypermethrin is mainly used to increase cotton crop production. Cypermethrin actually acts on 

the nervous system and is toxic to bees, other beneficial insects, earthworms, fish and shrimps
14

. Because of its low 

water solubility, such compounds are very difficult to be removed from environmental system by conventional means. 

At present, besides pesticide contamination from agricultural field, the agricultural industries are also contributing 

relatively high quantities of toxic pesticides into the environment, since most of them have either no treatment 

facilities or have grossly inadequate arrangement. The Karachi coastal region has become the dumping ground of 

hazardous waste, receiving huge quantity of untreated domestic, industrial and agricultural wastes. Pesticides waste 

treatment technologies are therefore to prevent needed to prevent water pollution and to comply with increasing 

regulatory pressure. A few of the many solutions that have been and are being investigated are containment, 

incineration, chemical treatment, volatilization, phytoremediation and bioremediation
15

.Recently, the bioremediation 

(biological treatment system) has been proven to be a suitable method for the treatment of polluted aquifers containing 

hazardous waste that could be implemented either in situ or off-site in specially designed reactors or wastewater 

treatment plants. Moreover, in most cases, it has been found to be the most cost-effective and environmentally friendly 

treatment method. According to literature, bioremediation success depends upon the physical and chemical 

characteristics of the substrate, such as nutrient status and pH, and is influenced by environmental factors such as 

temperature
16

and biotic factors such as inoculum density
17

.The purpose of present study is to assess the microbial 

potential for cypermethrin degradation in an aquatic environment using biological treatment system. Such studies 

would be valuable to scientists and engineers who are trying to develop method for the treatment of toxic compounds 

like cypermethrin which are resistant otherwise to conventional treatment.  

 

2. EXPERIMENTAL 

 

3.1 Pesticide, medium and culture used 
The pesticide used in this study belongs to the class pyrethroid and is commercially available as cypermethrin. Due to 

low water solubility, stock aqueous solution of cypermethrin (1mg/ml) was prepared in sterile HPLC grade methanol 

(Merck). 

Nutrient broth and nutrient agar media were prepared according to the manufacturer’s instruction (8 gm in 1000 

ml purified water, pH 7.2 and autoclaved at 121C, 15 psi for 30 minutes) and was used for growth and 

biodegradation studies.
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The bacterial culture (IES-Ps-1) capable of degrading malathion was isolated by Hashmi[42] from agricultural soil 

using enrichment technique and was used in present study. Cypermethrin degrading culture was obtained through 

acclimating the IES-Ps-1 strain with gradual increased concentration of cypermethrin from 10 to 80 mg/L in nutrient 

medium. Adapted IES-Ps-1 was stored at 4C on slopes of nutrient agar containing 0.1 mg/L Cypermethrin and 

subcultured after every three months.  

When a new batch of test was performed at different environmental conditions using varying dose of 

cypermethrin, the stock culture was first subcultured into 10 ml nutrient broth, aerobically grown and subsequently 

utilized for characterization, growth and biodegradation studies. 

Characterization and growth of IES-Ps-1 

Characterizations of IES-Ps-1 was performed using morphological, cultural and biochemical tests according to the 

methods described by Colins&Lyne[43] up to the stage of genus. Growth of IES-Ps-1 in biosimulator was determined 

by viable cell enumeration immediately after inocculation and at 24, 48, 72, 96 h later using Miles and Misra 

technique
44

 

3.2 Cypermethrin degradation studies using biosimulator (activated sludge) 
The compact bench scale biosimulator (Model MF-114) consists of a stainless steel reactor with a heavy wall glass jar 

of borosilicate glass equipped for monitoring and controlling rate of agitation and aeration was used. 

The effect of cypermethrin concentration and environmental conditions (pH, temperature, and dissolved oxygen) 

on the performance of IES-Ps-1 for cypermethrin (80 mg/L) degradation was evaluated. Approximately 8.5 liters 

wastewater sample, inoculated with 350 ml culture and an appropriate quantity of cypermethrin was transferred into 

the biosimulator. The sample was strongly agitated by impeller with flat stirring paddles and by four vertical baffles. 

The required temperature was maintained by the built in thermostat and the dissolved oxygen concentration of 8-9 

mg/L was achieved by mechanical aeration regulated through continuous agitation.  

 

3.3 Analytical procedure 
The sample from biosimulator was withdrawn at timed intervals of 8, 24, 32, 48 hours and analyzed for pH, 

temperature, dissolved oxygen and COD as per standard procedure laid down in APHA
45

. 

 

3.4 Extraction of Cypermethrin for HPLC analysis 
Samples were collected from biosimulator as per schedule and were extracted two times with n-hexane (75 ml and 50 

ml) by vigorous shaking for 15-20 minutes in a separatory funnel. The hexane layer was separated and evaporated to 

dryness at 70 C using vacuum rotary evaporator (BUCHI Rotavapor R- 200/205). The dried residue was then 

dissolved in 10 ml HPLC grade methanol. After gently vortexing and filtering through a 0.2 m membrane filter, an 

aliquot of 20 L, was used for HPLC analysis. Each sample was injected 3 times and the mean was calculated. 

 

3.5 High Pressure Liquid Chromatography (HPLC) 

HPLC (Shimadzu, Japan) chromatographic system consisted of a solvent delivery pump LC-10 AS, connected with an 

autoinjector model SIL-6A and a rheodyne injection valve fitted with a sample loop (20 l). The chromatographic 

separation was achieved on a reverse phase C18 column with a guard column and monitored by UV-detector (visible 

spectrophotometer detector SPD-10A) set at 220 nm. The output of the detector was connected to a chromatopack 

(CR6A). The mobile phase consisted of methanol (Merck HPLC grade) since cypermethrin is miscible in alcohol. The 

filtered methanol was degassed prior to use by sonication. The flow rate was adjusted at 2 ml/minute with total elution 

time of 10 minutes for each run. The column was flushed with deionized distilled water and methanol whenever 

required for removing impurities and was allowed to equilibrate between runs. 

 

3. RESULTS AND DISCUSSION 

 

2.1 Characterization and adaptation of bacterial isolate 
On the basis of morphological, cultural and biochemical characteristics, the bacterial isolate was identified as a 

member of the genus Pseudomonas according to “Bergey’s Manual of Systematic Bacteriology” 
18

. Characterization 

studies of the isolate from experimental results, as well as of those by other researchers, indicate that bacteria 

belonging to the genus Pseudomonas are gram-negative, rod-shaped, highly oxidative and metabolically versatile, able 

to degrade aromatic hydrocarbons, oil, petroleum products and pesticides
19-27

 . 

 

2.2 Bacterial growth in biosimulator 
The results as shown in Figure 1, clearly indicate that cypermethrin had pronounced effect in promoting better growth 

of IES-Ps-1. As in the presence of cypermethrin, the bacteria grow fast and a higher number of cells were observed 

when compared with the control (without cypermethrin). The maximum count at 24 hours with 40mg/L cypermethrin 

was 131.73x10
7
 CFU/ml and with 80mg/L, it was 192.65x10

7
 CFU/ml respectively. However, the generation time 
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at these concentrations (40 and 80mg/L) were noted to be 57 and 53 minutes. On the other hand in the control 

experiments, the cell count at 24 hours was relatively low (71.73 x10
7
 CFU/ml) with marked increase in generation 

time (98 minutes).  

 
Fig-1: Growth of bacteria in biosimulator containing Cypermethrim. 

 

 
Fig-2: HPLC chromatograms showing comparative effect of Cypermethrin (80mg/L) degradation. a: 6 mg/L DO; b: 8 mg/L DO& 

8 mg/L DO at 30 C; c: 10  mg/L DO. 

 

It was further noted that the growth at 40mg/L cypermethrin dose significantly increased after 48 hours incubation. 

But the growth at 80mg/L dose was slightly less but continued to grow till 96 hours incubation and a count of 7x10
7
 

CFU/ml was observed. This may be due to availability of nutrients and favorable environmental conditions in 

biosimulator which allow the cells to survive till 96 hours. In contrast, the population density in control experiment 

(no pesticide) was comparatively less (0.1x10
7
 CFU/ml). This may be because of the presence of limited concentration 

of nutrient in wastewater sample (no cypermethrin), which does not allow the cells to grow to higher numbers.  

Since 78-88% degradation of cypermethrin observed after 48 hours of aerobic treatment in biosimulator, these 

result suggests that IES-Ps-1 has the potential to degrade cypermethrin in wastewater samples. The bacterial cells in 

log phase during the period of biodegradation clearly indicate that the substrate conversion rate would be at its 

maximum as also described by Gray
28,29

. 

 

2.3 Cypermethrin degradation in biosimulator 
Cypermethrin degradation was evaluated by conducting experiments at different temperature, dissolved oxygen and 

using different concentration of cypermethrin. Results as shown in Figure 3, clearly indicate that due to low water 

solubility of cypermethrin[30],at ambient temperature (18-25C) and 38 + 1C using mechanical aeration (8-9mg/L 

dissolved oxygen), the degradation ability of IES-Ps-1 significantly decreased  with increased concentration (80 mg/L) 

and the removal rate was only 48% - 51%.  But under ambient temperature (18-25C) using 20 mg/l concentration, a 

complete degradation of cypermethrin occurred after 48 hours of aerobic treatment. However, at other dosages (40, 80 

and 125 mg/L), it was 82%, 50% and 17% respectively (data not shown). In contrast, at optimum temperature (28-

30C) using 80 mg/L cypermethrin concentration, biodegradation efficiency significantly improved and 

>88%degradation was observed (Figure 3).These findings were supported by Schlegel (1969) and Palleroni (1986), 

who reported the same optimum temperatures (28-30C) for the growth of Pseudomonas. During treatment, it was 

also noticed that higher dissolved oxygen concentration  (10 mg/L) had no more pronounced effect on cypermethrin
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degradation instead 8 mg/L DO using mechanical aeration at the temperature range of 28-30C proved to be 

stimulatory and sufficient for effective biodegradation (Figure 2). Zacharias et al.,
31

, also observed that higher oxygen 

supply in the treatment system had no pronounced effect on biodegradation rates of chlorinated aromatic 

hydrocarbons. This would mean that if optimum operating conditions (28-30 ºC temperature, 8-9 mg/L DO, 

mechanical aeration) not maintained in biosimulator, cypermethrin degradation still continue but at a reduced rate. 

The study findings were supported by previous work on biodegradation of recalcitrant compounds
32

, where the 

biodegradation rates were significantly reduced due to low aqueous solubility of chemical compounds and the 

presence of an inappropriate environmental conditions. It is also reported that in spite of their high resistant nature, 

pentachlorobiphenyls (PCBS) and pentachlorophenols (PCP), were biodegraded when the right microorganisms and 

environmental conditions were present in the system
33-35

. Thus, comprehensive knowledge of the range of 

contaminants present, their fate mechanisms and environmental conditions under which treatment proceed being 

considered essential for effective biodegradation. 

 

 
Fig-3: Effect of temperature on Cypermethrin (80 mg/L) degradation at 8 mg/L dissolved oxygen 

 
It is interesting to note that during biodegradation, the COD removal was found to be proportional to the 

disappearance of cypermethrin. The corresponding decreased in COD values further provided an evidence of 

cypermethrin removal from the system. These results are in accordance to the previous findings reported by Berchtold 

et al.
36

, who noticed the same correlation between COD removal and biodegradation of 2,4-DAT and 2,4 and 2,6 

diamino toluene degradation by acclimated bacteria
37

. 

During the experiment, it was observed that the IES-Ps-1 retained their biodegradation capability at a wide range 

of pH (pH 7.3 – pH 8.8), therefore the alkaline pH which was achieved during treatment need no further adjustment. 

Several research studies reported similar results of pH variation without affecting the growth and biodegradation 

performance in the reactor
38-39

. Moreover, according to literature the tolerable limits for pH in the activated sludge 

aeration tank ranged between pH 6.0 to 9.0 and even the influent pH values outside this range are of little or no 

practical significance
40

. 

The present research findings described that this may be the first instance in which high concentration of 

cypermethrin degradation was achieved in short retention time of 48 hours. Earlier, Maloney et al.,
19

, reported the 

transformation of permethrin (50mg/L) by pure culture of Pseudomonas fluorescence in the presence of tween 80 under 

aerobic conditions with a half-life of less than 5 days. Grant et al.,
41

, reported that technical grade cypermethrin can be 

reduced from 60mg/L to 6mg/L by Pseudomonas sp. in 20 days. 

From the research study, it can be concluded that biodegradation performance are highly dependent on cypermethrin 

concentration. However, optimizing treatment conditions in activated sludge process can effectively reduce inhibition at 

higher concentration. Moreover, during treatment optimal residence time need to be assessed while taking into account 

the cypermethrin concentration but it appeared that 2 days would be a convenient time to reach satisfactory 

biodegradation at low concentration of cypermethrin (< 20 mg/L) in the presence of acclimated IES-Ps-1 culture. These 

findings suggest that activated sludge process using IES-Ps-1 culture would be a feasible option for the treatment of 

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

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

heartwood water extractives (0.65g/ml) of Tectona grandis (teak) and Distemonanthus benthamianus (bonsamdua) was tested on 

five selected less used timer species (LUS): Sterculiaoblonga (ohaa), Antiaristoxicaria (kyenkyen), Canariumschweinfurthii 

(bediwonua), Celtiszenkeri (esa-kokoo) and Colagigantea (watapuo) by brushing and immersion and exposed to the ground for 8 

months following a modified EN 252. Regardless of extract retention in selected LUS, Bonsamdua extract improved their 

durability more than that of Teak.  Improved durability of selected LUS was ranked as follows:  

Sterculiaoblonga>Colagigantea>Celtiszenkeri>Antiaristoxicaria>Canariumschweinfurthii. Though extracts showed reduced 

efficacy with time, indications were that they could be employed to control wood pests. 

 

Keywords: conventional, preservatives, eco-friendly, percentage, visual 

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

to environment, animals and human beings
5-9

 because they have very long bio-degradable lives. Even CCA which was 

previously thought to be stable in wood has now been found not to be. Thus, the need for Governments and industry to 

replace harzardous conventional wood preservatives with other chemicals. Nonetheless, when it comes to 

preservatives powerful enough to deter or kill wood destroying organisms, options that are less hazardous are limited. 

One contemporary less hazardous option is the treatment of low durability timbers with extractives from high 

durability ones, most of which are quickly bio-degradable.Teak wood has excellently proved to resist bio-deterioration 

due to sufficient presence of tectoquinones
1-3

.Aiyegoro et al
4
, found aqueous extracts from bonsamdua stem bark to 

contain tannins, steroids, saponins and alkaloids, while Nguelefack et al
5
. found ethyl acetate extracts from bonsamdua 

stem bark to contain flavonoids, phenolic compounds, sterols, triterpenes and alkaloids.Hence, the need to test the 

efficacy of heartwood water extractives(0.65g/ml) of Tectona grandis (teak) and Distemonanthus benthamianus 

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

Canarium schweinfurthii (bediwonua), Celtis zenkeri (esa-kokoo) and Cola gigantea (watapuo), and exposed to the 

ground for 8 months following a modified EN 252. Durability ratings, hardness and mass losses were measured in 

assessing their field performance. 

 

2. EXPERIMENTAL 

 
2.1 Identification, selection and provenance of less used timber species 
Five LUS 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 

with the help of an identification expert, and a local farmer from an area of 4 km²falling 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  

True heartwood and sapwood beams were selected from freshly felled trees of LUS and later air-dreid to about 25-30 

% moisture content. Beams were sawn into stakes of 60mm x 25mm x 12.5 mm. Four heartwood and four sapwood 

stakes from each LUS was selected for immersion in teak and bonsamdua extracts; the same number were similarly 

selected for brushing with teak and bonsamdua extracts. Four heartwood and four sapwood stakes of each LUS were 

selected for controls.An inert, long-lasting thermosetting plastic was used to label each stake. Each stake was then 

weighed three times. Hardness of stakes were taken three 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
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penetration (lowest hardness)]. Durability of stakes were visually rated on a scale of zero to four. Zero showing no 

termite attack, one: sight attack, two: moderate attack, three: severe attack and four: failure. Dimensions of stakes 

were taken with a veneer caliper at three diffent points.Efficacy of heartwood water extractives of teak and bonsamdua 

was tested in the Complete Randomised Design (CRD) where visual durability ratings, percentage hardness loss or 

percentage mass loss was a single-factor (efficacy response) with its corresponding control and non-extract-treated, 

teak-extract-treated and bonsamdua-extract-treated values as treatments (levels of each single-factor). 

 

2.3 Preaparation of water extractives 
Teak and dahoma heartwood were air-dried to about 25-30% and milled 40-60 mesh granules. Mixtures were made 

from equal weights of 200g of granules from each part in equal volumes of 5000ml 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 were kept in a conditioning room to 

maintain concentration.Stockmassconcentration of water extractives was determined by taking two separate 3ml 

portions of each water extract and drying in crucibles on a water bath.Stock mass concentration of water extracts 

finally used for impregnation was 0.65 g/ml. 

 

2.4 Impregnation of stakes 

Each series of four stakes of selected LUS were immersed in 2500ml of extract from bonsamdua and teak for one 

week on room conditions (pressure & temperature). Liberal amounts of extract from teak and bonsamdua were 

brushed on each series of four stakes three successive times with a day's drying intervals on room conditions (pressure 

& temperature). After each  immersion, used extract was discarded. Retention of extract (g/mm³) in each stake (R1) 

was determined as [ R1 = (q2 – q1)/v ](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 [ Rn = (R1 + R2 + R3..Rn)/n ]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 in 

the laboratory for drying for five 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 in the laboratory for drying for five days after fixation of extractives. After drying, weight and 

hardness of stakes were taken in the same way as before. 

 

2.5 Burial of stakes 
Impregnated stakes were buried at random on a 9 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 after eight months exposure in the ground, and at a time when moisture content  

was above fibre saturation. After removal, stakes were weighed, pilodyned and visually rated after drying for five days 

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

(Kumi-Woode, 1996) as Mass Loss(%) = [(I – R)/I ]x100%  …(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(%) = [(Ih - Rh)/Ih]x100%… (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 
From Table-1, sapwood of selected LUS treated by immersion retained more of both teak and bonsamdua extracts 

than that treated by brushing. Sapwoods and heartwoods of selected LUS retained more of bonsamdua extract than 

teak extract in both immersion and brushing (Tab. 1).Brushed and immersed LUS retained extracts dissimilarly.  
From grand cumulative areas under treatments of 3348.41 and 3231.48 for teak and bonsamdua extracts respectively 

(Table-2), bonsambua extract improved the durability of LUS more than that of teak. Improved durability of immersed 

and brushed selected LUS was ranked as follows:  C. gigantea>C. zenkeri>S. oblonga>A. toxicaria =C. schweinfurthi 

(Table-3). 
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Table-1:Retentions [g/mm3] x 103 of extracts in heartwoods and sapwoods of LUS 

Impregnation Teak. Heart Teak. Sap Bon. Heart Bon. Sap Sum 

Immersion 1.17100 1.3700 2.5260 1.3690 6.4360 

Brushing 0.11167 0.0933 0.1260 0.1547 0.4907 

Sum 1.28770 teak extract 4.1757 bonsamdua extract  

 
Table-2: Cumulative area under treatments 

 
Table-3: Durability ranking of LUS impregnated with extracts 

Heartwood Sapwood 

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

Visual durability rating 

Teak 4 2 3 4 1 4 3 1 4 2 28 

Bonsamdua 4 3 2 4 1 4 2 1 4 3 28 

Percentage hardness loss 

Teak 4 1 5 3 2 4 2 1 5 3 30 

Bonsamdua 4 1 5 3 2 3 2 1 4 5 30 

Percentage mass loss 

Teak 4 2 3 5 1 5 3 1 4 2 30 

Bonsamdua 5 3 2 4 1 3 2 1 4 5 30 

Sum 25 10 20 23 8 23 14 6 25 20  

Durability 

(Sapwood+heartwood) 

CS=48 CG=24 CZ=26 AT=48 SO=28  

 

3.2 Discussion 
Sapwood of selected LUS treated by immersion retained more of both teak and bonsamdua extracts than that treated 

by brushing because sapwood has less extractive than heartwood, and thus can contain more extracts. Sapwoods and 

heartwoods of selected LUS retained more of bonsamdua extract than teak extract in both immersion and brushing 

because extractives of bonsamdua must have bonded better with the extractives and walls of selected LUS than that of 

teak. Brushed and immersed LUS retained extracts dissimilarly because they are of varying anatomy. Altogether, 

immersed and brushed heartwoods and sapwoods of LUS retained bonsamdua extract (4.1757) more than teak extract 

(1.28770) possibly because bonsamdua extract components may have bonded very well in large amounts with the 

extractives of impregnated LUS, a phenomenon Lui
3
  and Hyvonenet al

7
. have reported. Bonsamdua extract improved 

the durability of LUS more than that of teak because bonsamdua extractives were more bio-active than that of teak to 

the extent that even possible denaturing and degradation of some proportion of it still left enough to protect 

impregnated LUS.  

 

 Heartwood Sapwood Sum 

visual durability rating 

Teak 29.63 28.88 58.51 

Bonsamdua 29.63 28.25 57.88 

percentage hardness loss 

Teak 1009.20 1025.50 2034.70 

Bonsamdua 1021.30 0955.20 1976.50 

percentage mass loss 

Teak 644.70 610.50 1255.20 

Bonsamdua 628.50 568.60 1197.10 

Sum 3024.36 3188.66  
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4. CONCLUSION 
Extractives of tropical timber species as that of bonsamdua could be employed to preserve their low durability 

counterparts. The use of botanical extracts is promising if it will be deeply researched. 
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ABSTRACT 
The herbal drug formulation (Diabrid) was evaluated for hypoglycemic activity in normal, glucose-fed hyperglycemic and 

alloxan-induced diabetic rabbits. Fasting blood glucose level was determined prior to the drug administration in each group. Blood 

sugar was also determined at various time intervals after oral drug administration and compared with the reference drug, Gliben 

clamide. The data was statistically analyzed. No significant hypoglycemic effect was produced by the herbal test drug in alloxan-

induced diabetic rabbits. However, fasting blood glucose levels were significantly decreased in the normal animals within one 

hour after drug administration. The maximum hypoglycemic effect was noted within two hours. A significant hypoglycemic effect 

was observed in glucose-fed hyperglycemic rabbits. Diabrid at a dose of1000 mg/kg produced approximately the same effect as 

3.3 mg/kg Glibenclamide. The herbal drug did not produce any toxic effect at higher doses. The study suggests that Diabrid is a 

safe potential herbal medicine in the amelioration of hyperglycemia in Type-II diabetes. It has not shown any significant effect in 

insulin dependent diabetes mellitus (IDDM) animal model.  

 

Key words: Hypoglycemia, Herbal Drug, Antidiabetic, Glucose over load, Diabetes mellitus  

 
1. INTRODUCTION 
An important and active area of  modern research on medicinal plants is to analyze and identify the biologically active 

compounds and their molecular structures, which would provide data to formulate and manufacture the man-made 

drugs of high economic value. Although medicinal herbs are used since centuries for the treatment of various ailments, 

but most of them are still being used without any scientific validation for their safety and therapeutic efficacy. 

Scientific studies would not only confirm the herapeutic value of these plants, but would also help to develop new 

innovative drug formulations of high efficacy and low toxicity. 

A number of medicinal herbs are described for the care and treatment of diabetes in ancient folklore medicine. 

Still today several herbal medicines are being prescribed for the management of diabetes mellitus in many developing 

countries of the world. Most of the people still rely on the traditional system of medicine, because of their therapeutic 

efficacy, minimum side effects and affordable cost. However, most of these herbal drugs are widely prescribed 

without any scientific knowledge about their therapeutic and toxic effects. Although a number of herbs have been 

scientifically studied and proved to be hypoglycemic in man and animals by various authors
1-5

, but only very few 

standard herbal antidiabetic drug formulations have been developed and evaluated for efficacy and safety
6,7

. The 

search for effective and safe herbal drug formulations is the need of the day as many of the presently available 

allopathic drugs have side effects in the long run. 

The present study is an attempt to evaluate a poly-herbal preparation, Diabrid, for its antidiabetic activity 

using rabbit as the diabetic animal model. This drug has been developed in our laboratory and is based on four 

medicinal plants having reported hypoglycemic activity. Each plant was, however, individually evaluated to confirm 

its efficacy and safety before the drug was formulated. The main herbal ingredients of Diabrid are: Gymnemasylvestre 

Roxb
8-10

, Momordicacharantia Linn
11-14

, Trigonela foenum-graceum Linn
15,3

 and Eugenia jambolana Lam
16-19 

.Clinical 

trials of Diabrid have also been undertaken on diabetic patients to confirm its efficacy and safety, the results of which 

would be communicated in near future. 

 

2. EXPERIMENTAL 

 

2.1 Preparation of Herbal Formulation (Diabrid) 
The leaves of Gymnemasylvestre R. Br.(Asclepideceae)commonly known as Gurmar, the fruits of 

Momordicacharantia (Cucurbitaceae),a common vegetable, known as bitter gourd or Karela, seeds of 

Eugeniajambolana  (Myrtaceae) commonly known as Jaman and seeds of Trigonelafoenum-graeceum ( apilinaceae) 

known as Mathi, were obtained from the local dealers of medicinal plants and were authenticated by the taxonomists 

of Applied Biology Research Centre of PCSIR Laboratories Complex, Karachi. All the ingredients were cleaned and 

well dried in shade at room temperature in the laboratory. The dried parts of the plants were grinded into fine powder 

separately and passed through a sieve of 70 mesh size. The residual coarse material was re-grinded and again sieved 
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through a 70 mesh size sieve. The fine powders of Gymnemasylvestre leaves, Momordica charantiafruits, Eugenia 

jambolana seeds and Trigonelafoenum-graeceum seeds were accurately weighed, mixed thoroughly in 3:3:3:1 ratio, 

dried at 40ºC, cooled and kept in air tight containers. 

 

2.2 Standardization of Diabrid 
Authenticated sample of the dried Diabrid powder (200g) was extracted by Soxhlet extraction procedure with Hexane, 

Ethyl acetate, Chloroform and Methanol using 1 L of solvent in each case. The aqueous extract was prepared through 

maceration. The solvent was concentrated under reduced pressure and the extracted material was dried and weighed. 

The extracts were separated on pre-coated Silicagel 60F254 TLC plates and qualitative tests were performed to detect 

the presence of various compounds. The quantity of extract obtained with each solvent and the compounds detected 

are as under: 

 

2.2.1 Hexane Extract 
3.5 g (1.75 % of dry wt):Gave positive test for triterpenes, steroids and fatty acids. No nitrogenous compound was 

detected  

 

2.2.2 Ethyl Acetate Extract  
3.5 g (1.75 % of the dry wt.): Gave positive test for nitrogen containing compounds, steroids and alkaloids 

 

2.2.3 Chloroform Extract 
1.6 g (0.8 % of dry wt.): Gave positive test for alkaloids and amine like compounds 

 

2.2.4 Methanol Extract 
2.9 g (1.45% of the dry wt.): Gave positive test for carbohydrates, glycosides, alkaloids and amino acids 

 

2.2.5 Aqueous Extract 
4.4 g (2.2 % of the dry wt.): Gave positive test for saponin, monosaccharides, amino acids 

  

2.2.6 Ash Content 
6.528 % 

 

2.2.7 Trace Elements 
Mn (128.96 ppm), Zn (12.07 ppm), Cr (1.29 ppm),Cu (6.83 ppm) and Fe (334.22 ppm) 

 

2.2.8 HPLC Fingerprinting: 
The ethanol-water (1:1 v/v) extract was prepared and subjected to HPLC (Shimadzu) analysis using C18 column with a 

UV detector set at 280 nm. The spectrum was maintained as reference standard for batch comparison. 

 

The ethanol extracts of each individual plant, different solvent extracts of dried Diabrid powder and the crude poly-

herbal Diabrid powder, were also tested for their efficacy. It was observed that all plant extracts have shown glucose 

lowering activity up to certain extent (relatively higher in aqueous extract), but the highest activity was observed in the 

crude dried mixture of herbal formulation. This suggests that the active ingredients of plants, work synergistically 

towards glucose lowering effect in their natural environment, while a part of the activity is lost during extraction 

process. Therefore, the whole part of the plant was used in the herbal preparation. 

 

2.3 Experimental Animals 
The hypoglycemic studies of Diabrid were conducted on male adult, healthy rabbits weighing between 1.4–1.7 kg. 

They were fed cucumber, carrots, lucerne, grains and water adlibitum. All the experimental animals were kept in 

standard conditions in the animal house of Pharmaceutical Research Centre of PCSIR Laboratories Complex, Karachi 

in accordance with international Guidelines (NRC 1996). The animals were kept under quarantine for two weeks 

before starting the experiment. Fasting animals were deprived of food for at least 16 hours, but allowed free access to 

water. For toxicity experiments, male and female albino Wistar rats (Rattusnorvegieus) were used. They were 

maintained at standard environmental conditions of temperature, relative humidity and light according to NRC 

Guidelines (1996) and kept under observation for two weeks before the experiment was started. They were fed 

standard diet and water adlibitum. 

 

2.4 Acute Toxicity Study 
Any toxicity associated with the drug action of “Diabrid” was evaluated in normal adult albino Wistar rats. Thirty(30) 

normal, healthy adult albino Wistar rats (15 ma1es and 15females) weighing about 150-180 g were selected for the
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study. They were kept under observation for 15 days prior to the start of the toxicity experiments. The animals were 

divided into five groups each having six animals (3 male and 3 female).After an overnight fast (approx. 16 hrs), the 

drug suspended in 10 ml distilled water was orally fed at a dose of 250, 500,1000 and 1500 mg/kg body weight in 

animals of Group-1 to Group-IV respectively. The animals of Group-V were kept as control and fed 10 ml distilled 

water as vehicle. The feeding was continued for 3 consecutive days and observed daily for any sign of toxic symptoms 

or any gross physical and behavioral changes, morbidity and mortality. They were kept in separate cages and further 

observed for 15 days. No sign of any toxic effect was observed. 

 

2.5 Determination of Blood Glucose 
Blood glucose was determined by the Test Strip Method using One Touch Blood Glucometer (Lifescane, Johnson & 

Johnson Co., California). It works on colorimetric method based on the enzyme glucose oxidase-peroxidase system 

and gives direct reading of glucose in mg% after calibration with standard strips provided with the equipment. 

 

2.6 Effect of Diabrid in Normal Rabbits 
Eighteen (18) healthy male adult rabbits were used for the experiment. The animals were divided into three groups, 

each consisted of six rabbits. Group-I was kept as vehicle control (negative control) and received 10 ml distilled water, 

while the animals of the Group-II and III received herbal drug (Diabrid) orally at a dose of 500 mg and 1000 mg/kg 

body weight respectively. All the animals were kept on fast overnight (16 hours approx.) and blood samples were 

collected before the commencement of an oral drug administration. The required dose for each animal was suspended 

in 10 ml distilled water and administered orally through feeding tube. Blood samples (0.2 ml) were collected just prior 

to (0 hour) and after 1, 2, 3 and 4 hours of drug administration for determination of blood glucose. 

 

2.7 Effect of Diabrid on Glucose-Fed Hyperglycemic Rabbits 
Twenty four (24) healthy male adult rabbits were used for the experiment. They were divided into four groups (I-IV) 

having six animals in each group. After an overnight fast blood samples were collected from the ear vein of the 

animals for determination of fasting blood sugar (0 hour). Glucose at a dose of 1.5 g/kg body weight was given orally 

to the animals of all groups. Group-I was kept as untreated Diabetic Control. Group-II received reference drug, 

Glibenclamide, at a dose of 3.3 mg/kg body weight (Positive Control),while Group-III and IV received test drug, 

Diabrid, at a dose of 500 mg/kg and 1000 mg/kg body weight respectively. Blood samples were collected after 1, 2, 3, 

4 and 24 hours for determination of blood glucose. The percent glycemic change with respect to fasting blood sugar 

level was calculated for each group. 

 

2.8 Effect of Diabrid on Alloxan-induced Diabetic Rabbits 
Twenty four (24) animals were used for the experiment. Diabetes was induced in all rabbits by intra-peritoneal 

administration of alloxan monohydrate ata dose of 150 mg/kg body weight in sterile normal saline, which causes 

permanent necrosis of ß-cells of pancreas. After eight days blood samples were drawn and glucose levels were 

determined to confirm the development of diabetes. Animals with marked hyperglycemia, having fasting blood 

glucose levels greater than 350 mg/dl were selected and used for the study. 

Table-1: Effect of herbal drug formulation (Diabrid) on blood sugar level of normal rabbits 

Groups 
Weight of 

animals (g) 
Oral Dose 

Blood Sugar Level (mg/dl) 

0 h 1 h 2 h 3 h 4 h 

Group 1 

(Control) 

 

1525 ± 30.96 
10 ml distilled 

water 

108.67 ± 

2.56 

107.67 ±  

3.16 

(- 0.92) 

NS 

105.33 ± 

3.92 

(- 3.07) 

NS 

 

c
103.33 ± 

4.43 

(- 4.91) 

b
101.00 ± 

3.82 

(- 7.06) 

Group II 

(Test-1) 

 

1625 ± 30.96 

Diabrid 

500 mg/Kg body 

weight 

 

104.00 ± 

1.46 

a
93.00 ± 

1.44 

(- 10.58) 

a
90.00 ± 

1.77 

(- 13.46) 

a
91.50 ± 

0.99 

(- 12.02) 

a
90.66 ± 

1.36 

(- 12.83) 

Group 

III 

(Test-2) 

1600 ± 28.87 

Diabrid 

1000 mg/Kg body 

weight 

 

105.17 ± 

1.90 

a
94.17 ± 

0.98 

(- 10.46) 

a
88.50 ± 

0.76 

(- 15.85) 

a
87.17 ± 

1.30 

(- 17.12) 

a
85.00 ± 

1.59 

(- 19.18) 

Values are Mean ± SEM of six replicate samples. Values in parentheses represent% glycemic change compared with zero hour reading 

a = highly significant (p < 0.001) compared to the initial zero hour reading , b = significant (p < 0.01) compared to the initial zero hour reading 

c= significant (p < 0.05) compared to the initial zero hour reading, NS= Non-significant,10 ml distilled water was used as vehicle
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The rabbits were divided into four groups; each group consisted of six animals. After obtaining the fasting 

blood sugar values, Group-I was maintained as Control Diabetic Group and received 10 ml distilled water. The 

animals of Group-II and III were administered herbal drug Diabrid at a dose of 500 mg and 1000 mg/kg body weight 

respectively. Group-IV (Positive Control) was given subcutaneous soluble insulin at a dose of 4 IU/Kg body weight. 

Blood samples (0.2 ml) were collected at 0, 1, 2, 3 and 4 hours after the oral administration of drug for determination 

of blood glucose. 

 

2.9 Statistical Analysis 
The results are represented as mean ± S.E.M. The data were statistically analyzed by paired sample T-Test at 95 % 

confidence interval of the difference to determine the level of significance. P values ≤ 0.05 were considered 

significant. Statistics were calculated using SPSS for windows 14.0 software. 

 

3. RESULTS AND DISCUSSION  
The herbal drug, Diabrid, did not produce any morbidity or mortality on oral administration up to a dose of 1500 

mg/kg body weight. All the animals were found active and showed normal physiological activity during 72 hours of 

observation period. There was no gross behavioral change in any animal for further 2 weeks of observation. These 

results indicate that the drug is well tolerated by animals and no acute toxicity was observed up to a dose of 1500 

mg/kg body weight. The therapeutic dose of 1000 mg/kg body weight is considered to be safe for the management of 

diabetic condition. Much higher doses of similar other herbal products have been recommended due to their high 

tolerance and safety profile
,7,20

.  

The test drug produced significant hypoglycemic activity in normal rabbits within one hour of its administration 

(Table-1). The blood glucose levels were further reduced in 2h, which were maintained in the subsequent hours and no 

hypoglycemic state was observed. The reason may be the normal self regulatory mechanism of the body to keep the 

carbohydrate level in homeostasis. This is a desirable feature as accidental overdose would not produce any serious 

hypoglycemic condition. The hypoglycemic activity exhibited by Diabrid is, however, time and dose dependent.    

The glucose lowering effect in normal animals, up to certain limit, was also observed by other research groups 

in many individual plants
16, 2,19

 and herbal formulations
6
. It seems that this herbal drug formulation may either possess 

insulin like activity; possibly due to Momordicacharantia component
21

or it stimulates the ß-cells of islets of 

Langerhans in pancreas to produce insulin, which in turn lowers blood glucose level. Similar observations were also 

reported by other research groups
4, 22

. 

The effect of the herbal preparation in diabetic animal model is provided in Table-2. In control group the 

fasting blood sugar level was increased up to 48.87% after glucose administration, while the increase was 38.30% in 

Diabrid (1000 mg/kg) treated group and 20.70% in Glibenclamide (Aventis Pharma) treated rabbits. The blood sugar 

Table-2: Effect of herbal drug formulation (Diabrid) on blood sugar levels in glucose-fed hyperglycemic rabbits 

Groups 

Weight of 

Animals 

(g) 

Oral Dose 

Blood Sugar Levels (mg/dl) 

0 h I h 2 h 3 h 4 h 
24 h 

 

Group-I 

(Negative 

Control) 

1543 ± 

35.28 
1.5 g Glucose 

118.00 

± 1.73 

a
175.67 ± 

1.31 

(+48.87) 

a
161.33 ± 

1.58 

(+36.72) 

120.17 ± 

2.56 

(+1.84) 

NS 

a
75.33 

± 1.98 

(-

36.16) 

a
66.66 ± 

1.68 

(-43.51) 

Group-II 

(Positive 

Control) 

1675 ± 

21.41 

1.5 g  Glucose 

+3.3 mg 

Glibenclamide 

109.50 

± 0.88 

a
132.17 ± 

1.08 

(+20.70) 

108.00 ± 

0.58 

(-1.37) 

NS 

a
78.33 ± 

0.61 

(-31.17) 

a
53.33 

± 0.66 

(-

51.30) 

a
62.33 ± 

1.08 

(-43.08) 

Group-III 

(Test-1) 

1552 ± 

21.51 

1.5 g Glucose 

+ 500 mg Diabrid 

112.33 

±1.05 

a
159.00 ± 

1.24 

(+41.55) 

a
147.5 ± 

1.71 

(+31.31) 

b
95.67 ± 

1.82 

(-14.83) 

a
83.66 

± 1.80 

(-

25.52) 

a
99.83 ± 

1.27 

(-11.13) 

Group-IV 

(Test-2) 

1605 ± 

28.61 

1.5 g Glucose 

+1000 mg 

Diabrid 

96.17 

±1.74 

a
133.00 

±1.65 

(+38.30) 

a
122.00 

±1.24 

(+26.86) 

a
75.17 

±1.54 

(-21.83) 

a
53.66 

±1.28 

(-

44.20) 

a
67.83± 

1.58 

(-29.47) 

Values are Mean ± SEM of six replicate samples. Values in parentheses represent% glycemic change compared with zero hour reading 

a = highly significant (p < 0.001) compared to the initial zero hour reading, b = significant (p < 0.01) compared to the initial zero hour reading 

c= significant (p < 0.05) compared to the initial zero hour reading, NS= Non-significant,10 ml distilled water was used as vehicle
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returned to slightly above normal level in 3 hours in Control Group, in 2 hours in Glibenclamide treated group and 

shortly after 2 hours in Diabrid treated animals, which was maintained upto 24 hours. These studies suggest that the 

drug not only resists the initial increase of blood sugar after glucose administration but also brings down the increased 

sugar level in the normal range in about two hours which is maintained up to 24 hours and no hypoglycemia is 

observed. The hypoglycemic effect of Diabrid at a dose of 1000 mg/kg can be compared to that of well known oral 

anti-diabetic drug, Glibenclamide (belonging to the group of sulfonylurea), administered similarly by oral route in 

glucose-fed hyperglycemic rabbits. However, its dose is relatively higher as compared to the pure active compound, as 

it is a crude preparation, but it may be taken safely without producing any toxic effect. It is interesting to note that the 

therapeutic dose of herbal drug was effective to decrease the hyperglycemic level without producing any 

hypoglycemic state; whereas Glibenclamide induced hypoglycemic condition. 

The herbal drug, Diabrid, fails to decrease blood glucose levels in alloxan induced diabetic animals, whereas 

insulin produced a typical hypoglycemic response (Table-2). Alloxan destroys β-cells of the islets of Langerhans in 

pancreas almost completely
23

 and therefore, the availability of insulin is cut down, which creates a state of permanent 

diabetes. This suggests, that the herbal drug (Diabrid) works in the presence of insulin and decrease blood glucose 

level through stimulation of β-cells of the islets of Langerhans, if intact, to produce more insulin. Diabrid seems to 

work on the same mechanism as that of clinically used suphonylurea drug like Glibenclamide, which decrease blood 

glucose level by stimulating the β-cells to release insulin, by reducing the hepatic release of glucose or increasing the 

glycogen deposits in the liver and by diminishing the insulin resistance in normal animals. 

Diabrid contains Gymnemasylvestreleaves, Momordicacharantiafruits, Eugenia jambolanaseeds and 

Trigonelafoenum-graeceum seeds as its main ingredients. Gymnemasylvestre contains gymnemic acid, which is used 

to inhibit the adrenohypophyseal stress response
24

 and the hyperglycemic response to adrenalin
25, 26

 and growth 

hormone
24

. It may also help by increasing peripheral utilization of glucose. Eugenia jambolana seeds promote the 

release of insulin from pancreas
15 

increasing the level of insulin and decreasing its degradation
15

. Momordicacharantia 

fruits have been shown to increase peripheral utilization of glucose perhaps due to its insulin-like factor
21

. The seeds 

of Trigonelafoenum-graeceum are also used for the treatment of Diabetes mellitus, although its mechanism of action is 

unknown. 

Although the exact mechanism of hypoglycemic effect of Diabrid is not known, it can be suggested, that the herbal 

ingredients may work synergistically to reduce blood glucose level. The possible mechanism by which this herbal 

drug produces hypoglycemic effect may be either through improving the insulin secretion capacity of the β-cells of 

pancreas or by enhancement of peripheral metabolism of glucose. It may also reduce the blood glucose levels 

indirectly through decreasing hepatic release of glucose or increasing glycogendeposits in liver, as well as inhibiting 

the adrenocorticotropic hormones antagonist to insulin. Whatever the mechanism of action may be, the present study 

suggests the potential use of herbal drug, Diabrid, in the treatment of non-insulin dependent diabetes mellitus 

Table-3: Effect of Herbal Drug Formulation (Diabrid) on Blood Sugar Levels of Alloxan-Induced Diabetic Rabbits 

Groups 
Weight of 

animals (g) 
Oral Dose 

Blood sugar level (mg/dl) 

0 h I h 2 h 3 h 4 h 

Group-1 

(Negative  

Control) 

1550 ± 18.26 
10 ml distilled 

water 

377.00 ± 

5.48 

c
381.33 ± 4.80 

(+1.15) 

376.33 ± 4.11 

(-0.18) 

NS 

376.33 ± 

5.30 

(-0.18) 

NS 

375.67 ± 

4.77 

(-0.35) 

NS 

Group-11 

(Test-1) 
1838 ± 13.02 

Diabrid 

500 mg/Kg 

body weight 

394.17 ± 

3.00 

393.66 ± 1.41 

(-0.13) 

NS 

395.17 ± 1.76 

(+0.25) 

NS 

392.33 ± 

1.20 

(-0.47) 

NS 

390.83 ± 

2.34 

(-0.85) 

NS 

Group-Ill 

(Test-2) 
1608 ± 23.86 

Diabrid 

1000 mg/Kg 

body weight 

398.66 ± 

1.60 

394.33 ± 1.58 

(-1.09) 

NS 

c
392.83 ± 1.05 

(-1.46) 

397.00 ± 

1.34 

(-0.42) 

NS 

397.00 ± 

1.69 

(-0.42) 

NS 

Group IV 

(Positive Control) 
1592 ± 20.07 

Insulin 

(4 IU) Intra-

muscular 

401.66 ± 

1.20 

a
232.83 ± 2.97 

(-42.03) 

a
106.83 ± 1.47 

(-73.40) 

a
53.67 ± 

0.80 

(-86.64) 

404.5 ± 

3.03 

(+0.71) 

NS 

Values are Mean ± SEM of six replicate samples. Values in parentheses represent% glycemic change compared with zero hour reading 

a = highly significant (p < 0.001) compared to the initial zero hour reading, b = significant (p < 0.01) compared to the initial zero hour reading 

c= significant (p < 0.05) compared to the initial zero hour reading, NS= Non-significant,10 ml distilled water was used as vehicle 
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(NIDDM) or Type-II maturity on set diabetes mellitus and holds immense potential for its standardization and clinical 

trials in type-II diabetic patients as a new herbal anti-diabetic agent
27, 28

. 

Animal toxicity study has demonstrated that this herbal drug is a non-toxic material and can be used safely up to dose 

level 1000 mg orally as therapeutic agent for the treatment of Type-II Diabetes. The study further confirms the claims 

of traditional system of medicine, that the plants used in this preparation possess hypoglycemic activity and may be 

used for the treatment of diabetes. Further chemical, pharmacological and clinical studies are being carried out to 

isolate the active constituents and to elucidate the exact mechanism of anti-diabetic action of this poly-herbal drug. 
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ABSTRACT 
Experiment was conducted to study the effect of different concentrations (10,000, 100,000 and 1000, 000 cfu) of Fusariumsolani 

on growth and resistance to soybean (Glycine max(L.) Merr )leguminous plant. Sterilized seeds of Glycine max were sown in 

350g of acid washed sand. The plants were regularly watered with complete Nutrient Hoagland solution. Leaves samples were 

weekly collected for analysis of biochemical tests. The growth and morphology of G. max were adversely affected with F. solani 

which show damping off seedling root rot. The symptom was first appearing in root. Infected seedling of G. max showed a 

marked decreased in root, shoot length and discoloration and decay in roots. Stem diameter was also decreased in infected plants 

as compared with the control plants. There were not marked differences occurring in leaf area but the color of leaves turn 

yellowish green in infected plants. The infected tissues of soybean with different colonies of F. solani showed the highest level of 

total phenolic content as compared to healthy tissues. 

 
1. INTRODUCTION 
Sudden death syndrome (SDS) is the common name for a root-rot of soybean caused by the fungus Fusariumsolani f. 

sp. glycine. From many years the disease is of minor importance. The "sudden death" refers to the early defoliation 

and death of the soybean plant. Sudden death syndrome is caused by the soil-inhabiting fungus Fusariumsolani f. sp. 

glycine The fungus survives in the soil for many years. Researchers have suggested that the foliar symptoms are the 

caused of toxin produced by the fungus. The symptoms of the SDS foliar diseases more likely a response of the plant 

to stress at pod filling
1
. 

Fusariumoxysporum and F.solani were isolated with high frequency hypocotyls of soyabean. F.oxysporum and 

F.solani isolates were delayed seedling emergence and cause significant reduction in stem length and plant fresh 

weight
2
. There is no chemical control or cultural method has been neither effective nor any cultivars immune to the 

disease, so the use of more resistant cultivars is the best hope for SDS control or plant cohabitation fungus
3
. 

 The Biochemical defense mechanism in the host plant is based on the group of chemical substances which 

interfere with the invasion, growth and development of the pathogen. These metabolites may exist in the plant even 

before the invasion of the pathogen or may appear after the infection. A different variety of phytotoxins are produced 

by fungal pathogens and a variety of methods have been used to assay fungal toxins. It has been reported that 20 to 

46% of soybean yield losses by F. solani
4
. 

 The phenol system operates in diseased plant is that after infection by pathogen the plant releases various 

phenolic compounds Some workers reported that inhibition of growth of the pathogen by phenolic compound may be 

part of the allelopatheic bio control mechanism
5
. Reduction in disease incidence was associated with increased levels 

of polyphenol oxidase (PPO), peroxidase (PO) and total phenols
6
. It was reported that there was some sort of 

relationship between phenolic concentration and degree of resistance
7
. Present research was carried out to observe the 

growth and resistance to different population of F. solani in soybean plant. 

 

2. MATERIALS AND METHOD 
Commercial variety of soyabean (Glycine max) was used for investigation. The plant inoculated with different 

concentration (10,000,100,000 and 1000,000 cfu) of Fusariumsolani separately. Seeds surface were sterilized with 

0.2% Sodium hypochlorite for 5 mints and then washed and soaked for 4 hours in distilled water.10 seeds were sown 

in each polythene bag and later were transplanted in pots containing 350gm sand. Plants were inoculated after 15 days 

by Fusariumsolani. The soil in the pots was directly in touch with the roots of the plant inoculated. Leaf samples of 

both control (uninoculated) and treated (inoculated) plants were collected after 7 days interval up to 3
rd

 weeks. Plants 

were analyzed for changes in Growth, free and bound Phenolic acid. 

 

2.1 Phenolic Acid 
Phenolic acid were extracted by the method of Hahn et.al (1983). 

 

2.2 Extraction of Free Phenolic acid 
1 gm of dried sample was grinded and extracted by vigorous shaking for 30 mints in 10 ml of 100% methanol. The 
tissues were removed by centrifugation and the supernatant was reduced to near dryness under vacuum and the residue 

was suspended in diethyl ether dried under methanolic extract was used for the estimation of free phenolic acid
7
. 
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Fig-1: The growth parameters of Glycine max to different population of Fussariumsolani (p<0.001) 

 

2.3 Extraction of Bound Phenolic acid 
The tissues from free phenolic acid extraction were hydrolyzed for 30 mints with 10 ml of 2N HCL in boiling water. 

The Hydrolyzed was allowed to cool and then centrifuge. The supernatant was extracted trice with 10 ml of diethyl 

ether and then extract were pooled. The extracts were vacuum evaporated to dryness and dissolve in 100% methanol. 

The methanolic extract was used for the estimation of bound phenolic acid
7
. 
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 Table-1:  The Growth Parameters of Glycine max to different population of Fussariumsolani 
 

 

Weeks Treatment Root length Shoot length Stem Diameter Leaf Area 

 

 

    cm cm cm   

 

 

  Control 
10.9 

11.5 1.3 29.2 

 

 

1st 10,000cfu 
10 

10.1 1.2 29 

 

 

  100,000cfu 
8.5 

9.7 1.1 28.7 

 

 

  1000,000cfu 
6.8 

9.5 1 22.9 

 

 

    
  

      

 

 

  Control 
9.3 

15.6 1.4 27.1 

 

 

2nd 10,000cfu 
8 

14 1.3 22 

 

 

  100,000cfu 
7.5 

11.5 1.29 21.3 

 

 

  1000,000cfu 
6.5 

11 1.2 19.4 

 

 

    
  

      

 

 

  Control 
11.8 

19 1.5 21.3 

 

 

3rd 10,000cfu 
9.8 

16.6 1.45 20 

 

 

  100,000cfu 
8.9 

13.1 1.4 11.6 

 

 

  1000,000cfu 
8.4 

12 1.3 11.2 

 

 

    
  

      

 

 

  Control 
15.6 

21.8 1.56 18.4 

 

 

4th 10,000cfu 
13 

20 1.5 16.6 

 

 

  100,000cfu 
11.6 

19.5 1.46 15.8 

 

 

  1000,000cfu 
10.5 

17.1 1.43 15.5 
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2.4 Estimation 
Take 1 ml of methanolic extract and add 5 ml of Folin reagent after 3 mints. Saturated sodium carbonate was added in 

the tubes were incubated for 30 mints at 25C and the absorbance was recorded at 660nm on spectrophotometer
7
. 

 

3. RESULTS  

 

3.1 Morphology of soybean with inoculation of Fusariumsolani 
Initially both root and shoot length increase in 10,000 cfu and 100,000 cfu inoculated plants over control but root 

length is more as compare to shoot length but latter on the length of both root and shoot decrease over control. 

Although length of root is less as compare to shoot length throughout the experiment. There is no marked increase 

occurs in leaf area (Table-1). In 1000,000 cfu inoculated plant both root and shoot length decrease as compare to 

control and root is larger over shoot. Leaves turn yellowish green in inoculated plant (Fig. 1) 

 

3.2 Free Phenolic acid 
The free phenolic acid content in leaf sample of inoculated with 10,000 cfu plants showed a marked increase 

(p<0.001) over the control throughout the experiment. In first week, soybean inoculated with 100,00cfuF.solani 

showed a little increase in free phenol over control and a significant increase were observed in 2
nd

 week after 

inoculation. In the 3
rd

 week free phenol shows a decrease (p<0.001) but remain higher as compare to control. 

According to the result obtained, the free phenolic acid show a significant increase (p<0.001) in all inoculated sample 

concentration (10,000,100,000 & 1000, 000) cfu over control (Fig. 2). 

 

3.3 Bound Phenolic acid 
The bound phenols in leaf sample of 10,000 cfu inoculated plants showed an increase (p<0.001) as compare to control 

throughout the experiment. Inoculation of 100,0 00cfu plant showed an increase in bound  phenol over control, this 

significant  increase is followed up to 3
rd

 week. Plants inoculated with 1000, 000cfu F. solani also represent the 

remarkably increase (p<0.001) in bound phenol (Fig. 2).  

 

4. DISCUSSION: 
The morphology of G. maxplants was also been observed in this investigation after infection with pathogen F. solani. 

During early stages, the length of root is higher than the shoot but with the age of seedling a gradual decrease occur in 

 

Table-2: The Weekly changes of Bound Phenolic content of 

Glycine max to different population of Fusariumsolani 

(p<0.001) 

Weeks Treatment µg/mg Bound Phenol 

  Control 0.361±0.001 

1st 10,000cfu 1.36±0.001 

  100,000cfu 1.6±0.001 

  1000,000cfu 1.76±0.003 

      

  Control 0.92±0.001 

2nd 10,000cfu 1.08±0.001 

  100,000cfu 1.24±0.001 

  1000,000cfu 1.49±0.003 

      

  Control 0.96±0.001 

3rd 10,000cfu 1.56±0.002 

  100,000cfu 1.76±0.001 

  1000,000cfu 2.05±0.003 

      

  Control 1.32±0.001 

4th 10,000cfu 1.48±0.003 

  100,000cfu 1.69±0.003 

  1000,000cfu 2.00 ±0.001 

Table-2: The Weekly changes of Free Phenolic content of 

Glycine max to different population of Fusariumsolani 

(p<0.001) 

Weeks Treatment µg/mg Free Phenol 

 

Control 0.826±0.001 

1st 10,000cfu 1.08±0.001 

 

100,000cfu 1.633±0.001 

 

1000,000cfu 2.28±0.003 

  
 

 

Control 1.346±0.001 

2nd 10,000cfu 2.4±0.001 

 

100,000cfu 2.25±0.001 

 

1000,000cfu 2.56±0.003 

  
 

 

Control 1.65±0.001 

3rd 10,000cfu 1.89±0.002 

 

100,000cfu 1.94±0.001 

 

1000,000cfu 2.13±0.003 

  
 

 

Control 1.77±0.001 

4th 10,000cfu 1.92±0.002 

 

100,000cfu 2.26±0.002 

 

1000,000cfu 2.18±0.002 
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Fig-2: The weekly changes of bound and free phenolic content of Glycine max to different population of F. solani (p<0.001) 

 

root length of inoculated plants. The plant infected with different colonies of F. solani, showing the yellowing of the 

leaves starting at the edges, the veins remaining green for a short time period. F. solani transmit a disease to roots of 

various plant species.F. solani f. sp. glycines, the causal organism of SDS of soybean, colonize soybean roots and 

produces phytotoxins. A variety of phytotoxins which are produce by colonization of F. solani in soybean roots that 

are translocated and cause chlorosis and necrosis in the leaves (Hartman et al., 2004).According to Harborne
8
  the 

acceleration of phenol biosynthesis in plant after inoculation with plant pathogen has been known for a long time. 

There is often a great increase in phenol biosynthesis in resistant rather than in susceptible host. In the present studies 

the both free and bound Phenolic acid showed an increase in all plants inoculated with 10,000 cfu, 100,000 cfu and 

1000,00 cfu F. solani. However increase in biosynthesis of free and bound phenolic acid were more pronounced in 

1000,000 cfu inoculated sample and least in 10,000 cfu inoculated plant. The quantities of bound phenolic acid remain 

much lower than that of free phenolic acid. A noticeable increase in free phenolic acid may be either due to net 

synthesis of phenols as a response to infection or due to conversion of bound phenolic acid into free phenolic acid by 

the activity of certain enzyme
9
. The phenol content noticeable increases might be due to accumulation of phenols from 

surrounding healthy tissues, net synthesis of phenols as a reply to infection or release of bound phenolic acid by the 

enzymatic activity of the fungus
5
. It was found that decline in disease was related with increase level of polyphenols 

oxidase (PPO) and peroxidase (PO) and total phenols. PO activity more evaluated to PPO specific activity and 

increases clearly after infection of solani fungus
6
. The phenolic content (bound &free) help in disease plant to resists 

by inhibiting the growth of the pathogen. It was reported that phenolic acid happen in bound form but due to fungal 

attack it was converted in to free form
7
. The phenolic contents are accumulated in disease plants can possibly be 

endorsed the resistance of plant against pathogen
10

. 

 

5. CONCLUSION 
In the present investigation, it was observed that with the increase in concentration of pathogen, both free and bound 

phenolic acid content increased which showed  that the plant resist to the pathogen F. solani by build up defense 

mechanism. 
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ABSTRACT 
Phytosociological studies were carried around the International Leather industry and Farooq Textile Mill in the vicinity of Landhi 

industrial estate of Karachi and compared with control area of University Campus to evaluate plant community-soil relationship in the 

localities. The vegetation was herbaceous, shrubs and predominantly disturbed in nature at all of the sites. Based on the composition, 

structure and distribution of species, plant communities of each area were recognized. Both plant communities of International Leather 

industry and Farooq Textile Mill had low number of plant species as related to control area. Importance value index of all the species 

were determined. Senna holosericea (Fresen.) Greuter, Corchorus depressus (L.) Stocks and Amaranthus viridis L. were found in all the 

communities whereas, Corchorus trilocularis L. and Abutilon indicum (L.) Sweet were present in industrial areas. A relationship 

between soil characteristics and plant communities of the industries of Landhi and control site were conducted. Industrial plant 

communities have low level of water holding capacity and organic matter and high concentrations of total soluble salts and available 

sulfate as relative to soil of plant community of control area. The research demonstrated that the plant species were retarded in numbers 

due to soil pollution as compared to control area of Karachi University Campus due to industrial existing contamination and pollution in 

soil in the area 
 

Keywords: Dominant species, important value index, industrial pollution, phytosociological attributes, plant communities, plants-soil 

relationship and soil pollutants. 

 
 

1.  INTRODUCTION 
Community is a spatial and temporal organization of organisms with different degree of integration and composed of 

unequally successful species
1
. A dominant species which displays a pattern may impose a counter pattern on species with 

which it is competing
2
. Phytosociological studies at the sites of the polluted industrial areas were conducted by (Iqbal and 

Qadir
3
; Ahmed et al

4
, Iqbal et al

5
; Shafiq and Iqbal

6, 7
; Iqbal and Munir

8
 and Shafiq et al.

9
, Mehmood and Iqbal

10
) 

recognized nine plant communities based on dominant species at wasteland of Valika chemical industries in the locality of 

Manghopir, Karachi and elaborated that the vegetation was disturbed, halophytic and dominated by Suaeda fruticosa, 
Tamarix indica, Salsola imbricata and Cressa cretica. Qadir et al

11
 and Iqbal and Shafiq

12
 have identified six plant 

communities in Karachi University. The vegetation was dominated by halophyte, xerophyte and disturbed plants and 

dominated by Corchorus depressus (Iqbal and Shafiq, 1997)
13

. Soil, air and water have been employed traditionally as 

sites for the disposal of all wastes. The soil of a natural community is a part of the ecosystem. There is an interactive 
complementary relation between soils that support the community and affects its characteristics and the community that 

develops and influences the character of soil
14

. Soil characters have been investigated in the regions of a variety of 

industries by many researchers. Shafiq and Iqbal
6
 elucidated that soil was alkaline in nature, containing appreciable 

calcium carbonate and low level of organic matter close to National and Javedan Cement factories of Karachi. Mehmood 

and Iqbal
10

 have reflected sandy loam soil, slight variations in the water holding capacity, sufficient range of CaCO3 and 

distinct soil pH in the location of wasteland of Valika chemical industries near Manghopir road in Karachi. Wahab and 

Hashem1
5 

had enlightened differed moisture content, organic matter and total soluble salts, alkaline soil pH and heavy 
metals in the estate of Jubail industrial city in Saudi Arabia. It has been seen that, during the last few decades, soil 

acidification rates have intensively distinguished due to acid deposition1
6
. Querol et al

17
 explicated atmospheric sulphur 

isotopes deposition on bed rock and sediment samples, surface and ground water due to SO
2
 emissions from the coal fired 

power plant in North-East Spain. Tanneries are a major source of pollution in Pakistan
18

. Tanneries are located at Korangi 

(Karachi), Kasur, Muridke, Sialkot, Multan and Gujranwala in Pakistan
19

. Miscellaneous industries are performing 

hazardous and detrimental role which are contaminating the soil in Karachi and affecting the plant communities around 
Landhi industrial area. 
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2. EXPERIMENTAL 
 

2.1 Phytosociological survey 
Karachi is situated on the coast of Arabian sea (Latitudes 24

0 
50‟ - 25

0
 15„ North and Longitude 65

0 
51‟-67

0
 40‟ East) of 

Pakistan. Karachi is the largest and an industrial and commercial city of Pakistan. Sampling of the vegetation in the area 

of International Leather industry and Farooq Textile Mill of Landhi industrial district of Karachi was conducted. Stands 

were studied by point centered quarter method by employing twenty five sampling points in each stand. Observations 
were based on four plants measurement at each point. The circumference of every individual species was recorded. 

Table-1: Importance value index (I.V.I.) of different species in stands of Karachi University and Landhi industrial areas. 

 Numbers of species Different plants species I.V.I. 

Karachi 

University  

(Prosopis 

community) 

1. ProsopisjulifloraSwartz  163.17 
2. HeliotropiumophioglossumBoiss. 33.85 
3. OrygiadecumbensForssk.   30.32 
4. ChlorisbarbataSw.  12.80 
5. TrianthemaportulacastrumL. 9.81 
6. LaunaeanudicaulisHk. f. (non Less.) 9.48 
7. IndigoferahochstetteriBaker 6.27 
8. Cadabafruticosa(L.) Druce 5.39 
9. Abutilon fruticosumGuill. 3.68 

10. Convolvulus arvensisL.  3.37 
11. Sennaholosericea(Fresen.) Greuter 3.21 
12. Cynodondactylon(L.) Pers. 3.14 
13. Euphorbia sp. 3.15 
14. Corchorusdepressus(L.) Stocks  3.10 
15. TribulusterrestrisL.  3.10 
16. AmaranthusviridisL. 3.09 
17. ProsopisglandulosaTorr. 3.08 

International 

Leather 

industry 

(Senna 

Community) 

1. Sennaholosericea 53.32 
2. SidaovataForssk. 45.38 
3. Tribulusterrestris 43.25 
4. CorchorustrilocularisL.  31.98 
5. Aervajavanica(Burm. f.) Juss.  28.13 
6. Zaleyapentandra(L.) Jeffrey 21.58 
7. Corchorusdepressus 21.26 
8. Indigoferahochstetteri 17.60 
9. Amaranthusviridis 15.79 

10. Mollugolatioides(L.) Kuntze 7.63 
11. Abutilon indicum(L.) Sweet 5.04 
12. Cyamopsistetragonoloba(L.) Taub. 3.93 
13. Prosopisjuliflora 2.75 
14. Launaeanudicaulis 2.36 

Farooq Textile 

Mill 

(Cyperus 

Community) 

1. CyperusrotundusL. 65.45 
2. Corchorustrilocularis 48.58 
3. Corchorusdepressus 40.76 
4. Convolvulus arvensis 36.94 
5. Gynandropsisgynandra(L.) Briq. 25.65 
6. SalvadoraoleoidesDcne. 23.37 
7. Abutilon indicum 18.40 
8. Leucaenaleucocephala (Lam.) de-Wit  15.23 
9. Sennaholosericea 12.50 

10. Amaranthusviridis 5.06 
11. Tephrosiauniflora Pers.  2.79 
12. Hibiscus scindicus Stocks. 2.67 
13. Cynodondactylon 2.60 

 I.V.I. = Importance Value Index 
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Phytosociological attributes like cover, relative cover, density, relative density, frequency, relative frequency and 

importance value index of each species were calculated. Afterward, in plant community of each stand, leading dominant 
species were recognized and plant community was named according to leading dominant species which had the fairly 

apparent importance value.  

 
Sampling of the vegetation was also conducted at the Karachi University Campus in the some way as carried out at 

Landhi industrial area. The plant specimens were collected and identified according to Stewart
20

 in the Department of 

Botany, University of Karachi.  

 

2.2 Soil analysis 
For soil analysis, two soil samples from each site were obtained from 0-30 cm depth, including soil samples from the 

Karachi University Campus. Soil samples were air-dried, lightly crushed and passed through 2 mm sieve and kept in the 

laboratory for analysis. For mechanical analysis of soil, coarse sand was determined using 0.05 mm sieve (USDA, 
1951)

21
. Maximum water holding capacity (W.H.C.) was measured by the method of Keen

22
. Soil organic matter was 

assayed according to Jackson
23

. Calcium carbonate (CaCO3) was evaluated by acid neutralization, as described by Qadir 

et al
11

. Bower and Wilcox
24

 methodology was used to ascertain total soluble salts, whereas soil pH was notified by a direct 

pH-reading meter (MP 220 pH Meter) (Mettler, Toledo). Available sulfate in the soil was assessed by the turbidity method, 
as stated by Iqbal

25
 using colorimeter (Photoelectric Colorimeter AE-11M). 

 

3. RESULTS 
Based on the leading dominant species, first leading dominant species was recognized from each plant community, 

according to the importance value index. Prosopis community was found around Karachi University Campus whereas 

Senna community and Cyperus community was recorded in the vicinities of International Leather industry and Farooq 
Textile Mill, respectively (Table-1).  

 

3.1 Prosopis community 
In this community, Prosopis juliflora was dominant in the site of Karachi University Campus (IVI= 163.17) (Table 1). It was 
associated with Heliotropium ophioglossum, Orygia decumbens, Chloris barbata and Trianthema portulacastrum. Soil of 

this community had manifestly prominent percentage of sand (58%), water holding capacity (22%), organic matter (1.5%) 

and CaCO3 (17.8%) with notable pH (8.4) whereas, total soluble salts (5.9%) and available sulfate (8.0 µg
-g

) were decreased 

in the soil of Karachi University Campus as correlated to the industries soils (Table-2).  
 

3.2 Senna community 
Senna holosericea was dominant (IVI= 53.32) near the International Leather industry in the Landhi industrial area (Table 

1). It was recorded along with other floras like, Sida ovata, Tribulus terrestris, Corchorus trilocularis and Aerva javanica. 

The coarse sand (23.0%), water holding capacity (17.0%) and organic matter (0.4%) were virtually confined extent whereas 
total soluble salts (5.9%) and available sulfate (63 µg

-g
) were considerably higher as compared to other studied communities 

(Table-2).  

 

3.3 Cyperus community 
Cyperus rotundus was the primarily dominant (IVI=  65.45) at Farooq Textile Mill at Landhi industrial area (Table 1). It 

was noted beside with Corchorus trilocularis, Corchorus depressus, Convolvulus arvensis and Gynandropsis gynandra. 
Soil had restricted magnitude of sand (25.0%), water holding capacity (26.0%) and organic matter (1.0%), CaCO 3 

(10.5%) (Table-2). It contained great amount of total soluble salts (6.5%) and available sulfate (10.0 µg
-g

) as related to 

Karachi University community. The pH (8.3) of this community was slightly high than control location.  

Table-2: Properties of different soil types. 

Soils 
Coarse 

sand    

(%) 

*W.H.C. 

(%) 
Organic 

matter (%) 
CaCO3 (%) 

Total 

soluble salts 

(%) 
pH 

Available    

sulfate       

(µg
-g

) 

Karachi University 58±0 27±0 2.0±0.3 17.8±0.3 5.9±0.7 8.4±0.0 8±0 

International Leather 

Industry 
23±5 17±0 0.4±0 12.5±1.5 13.5±0.5 8.2±0.0 63±13 

Farooq Textile Mill 25±7 26±1 1.0±0.3 10.5±1.5 6.5±1.5 8.3±0.1 10±3 
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4. DISCUSSION 
Senna holosericea was a principally prevailing species around International Leather industry after that of Sida ovata and 

Tribulus terrestris. S. holosericea was recorded near to diverge industries by earlier workers
5, 6, 10

 and the land of 

motorways by Iqbal et al
26

 and at less contaminated area of Karachi University Campus by Iqbal and Shafiq
13

. Whereas, 

S.  ovata waspresent here of varied industries by Iqbal and Shafiq
6
. In the verge of Farooq Textile Mill, Cyperus 

rotundus was leading as a first dominant plant, subsequently Corchorus trilocularis and Corchorus depressus were 

second and third leading sorts, respectively. C. rotundus and C. depressus were detected nearly industrial proximity by 

Iqbal et al
5
. C. depressus was emerged in the places of disparate cement factories through Shafiq and Iqbal

6
, else in the 

territory of the Karachi University Campus
13

. A phytosociological study in the land of a control locality of Karachi 

University Campus was also conducted for comparison of vegetation with Landhi industries. Vegetation analysis gives the 

information necessary to review the communities and provide data that could be used to compare it with other 
communities. Plant community of Karachi University Campus exhibited that Prosopis juliflora was leading as a 

conspicuously prevailing type while, Heliotropium ophioglossum and Orygia decumbens were second and third 

foremost key assortments, in that order. Shafiq and Iqbal
7
 have reflected that P. juliflora and P. glandulosa were 

considered to be the indicator of disturbance. Prosopis glandulosa was also searched out in Karachi University 
Campus. Generally, P. juliflora can grow in the extensive vicinities by reason of its existence and acceptance in 

almost every type of environment. P. juliflora was also found close to International Leather industry and Karachi 

University Campus. P. juliflora was too reported at National and Javedan cement factories of Karachi as a first 
especial type where H. ophioglossum was also noticed by Shafiq and Iqbal

6
. P. juliflora was also recoded around 

Valika Chemical industries in the region of Manghopir in Karachi
10

. P. juliflora was also observed in the location of 

sewage effluents channels of Lyari river via Iqbal et al
26

. P. juliflora, Abutilon indicum and S. holosericea are floras 
which are disseminated universally

27
. In the current learning, C. trilocularis and A. indicum were merely presented in 

contaminated territories. In spite of literally remarkable metal additions in the foliage, A. indium was established in 

the factories surroundings of Korangi and Landhi in Karachi
27

. A. indicum was also reported through Shafiq and 

Iqbal
6
. S. holosericea, C. depressus and Amaranthus viridis were in attendance at cumulative proximities of 

contaminated else control. A. viridis happened along the sewage effluents channels of Malir river in Karachi
28

. 

Vegetation directly depends on the soil characteristics and circumstances necessary for their successful growth. 

Appropriate edaphic situations demonstrated species richness of plants was 17 in numbers at soil of Karachi 
University than factories locations which were 14 and 13 vegetative species in the near of international Leather 

industry and Farooq Textile mill, consecutively. Plant density, species richness and diversity every one retrograded 

with increasing in sludge rate on a degraded semi–arid broom snake weed
29

. The soils of plant communities of 

International Leather industry and Farooq Textile mill close by Landhi industrial spots of Karachi have small 
quantity of water holding capacity, deficient organic matter and amplified points of total soluble salts and available 

sulfate comparatively to soil of plant community of Karachi University Campus. Drought conditions appear in the 

result of paucity of organic matter, retrogressed irrigated water and noticeable salinity else loose edaphic characters. 
Some of them have been shown to be regulated by various stresses, including salinity and drought

30
. In those 

communities which had a greater percentage of soil organic matter, the water holding capacity of soil was 

consequently increased due to the colloidal nature of the organic matter
31

. Pakistani soils are extremely scarce in 
organic matter

32
. Soluble salts produced a considerable impact on the plant communities

33
. Marshall and Furnier

34
 

had expressed a significant reduction in growth and biomass accumulation in Ailanthus altissima seedlings due to 

SO2.  

 

5. CONCLUSION 
In the present study would suggest that Senna holosericea, Corchorus depressus and Amaranthus viridis were major 
species which are distributed in the entire intentioned localities. The ranges of soil characters of coarse sand, water 

holding capacity, organic matter, CaCO3, total soluble salts and available sulfate were between 23-58%, 17-27%, 0.4-

2.0%, 10.5-17.8%, 5.9-13.5% and 8.0-63.0 µg
-g

, respectively where above-mentioned  plants were growing among wide 

ranged of edaphic circumstances of control and industrial soils.  
The findings of this research could be helpful in monitoring the plant communities around the industrial areas. 

Furthermore, such information could also be useful for landscaping and urban planning.  
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