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KINETICS OF SOLVENT EXTRACTION OF ZIRCONIUM (IV) FROM CHLORIDE MEDIUM
By D2EPHA IN KEROSENE UsING THE LEwIS CeELL TECHNIQUE : A COMPARISON
WITH SINGLE DrRoP TECHNIQUE

R K Biswas®®, M A Habib® and M A Hayat®

aDepartment of Applied Chemistry and Chemical Technology, University of Rajshahi, Rajshahi-620¢
Bangladesh

bAssistant Professor, Rajshahi City Govt. College, Rajshahi, Bangladesh

(Received Feburary 9, 2004; accepted July 28, 2004)

The kinetics of the title system has been investigated by the Lewis cell technique for 1-day ageing of the aqueous phase
and compared with those obtained from the single drop technique. The mass transfer flux equations for Zr(1V) have been
derived for three aqueous acidities of 0.10, 1 and 5 mdl @I, respectively, as: J (kmol%h = 10553004
(1+0.00038[Zr(IV)[) *[H*][H,A,] ( (1+0.70[C1)), J (kmol n?s) = 10%8%0921+0.004 [Zr(IV)]")*[H2Az] o [CIT and

J (kmol n? §) = 10%58093(1+0.0038 [Zr(IV)]') [H] '[H2Az] ,[CI . The values of E(kJ mol') in kinetic and diffusion

regimes are 92 & 14.7 and 84 & 15 for 1 and 5 mof #€1 systems, respectively. For 0.10 moltdHCI system, E

value cannot be measured for kinetic regime but its value is 15 RImubffusion regime. At intermediate controlled

regime (Zr(IV)= 3 mmol dn¥), E, value varies from 11, 12 and 12 kJ i 42, 105 and 108 kJ mialespectively, for

0.10, 1 and 5 mol dfHCI systems on varying the temperature from 318 B88.KOn the basis of these data, the
mechanisms of extraction in different conditions have been suggested.

Key wordsExtraction kinetics, Zr(1V), D2EHPA, Lewis cell, Kerosene HCl interface.

Introduction condition may alter a kinetic regime to a diffusional regime or

The extraction equilibria of the Zr(IV)-Cl- D2EHPA-kerosene Mixed control or vice versa. Now, it is established that not
system has been reported (Biswas and Hayat 2002a). Extra@nly the concentration term, but also the temperature condi-
tion equilibria have been found to be complicated by the slowtion alters the mechanism of extraction (Hughes and Biswas
change in the composition of the extractable aqueous Zr(1V)1991 and 1993; Biswas and Begum 2000; Biswas and Mondal
species on ageing and variation of the aqueous phase acidit¢003). This paper discusses the kinetics of the Zr(IV) extrac-
It is found that the equilibrium data for 1-day ageing can betion from CImedium of 1-day ageing by D2EHPA in kerosene
justified well if the existences of [flOH),,(H,0),,Cl,;] in 0.10 by the lewis cell technique to compare these results with those
mol dm?®HCI medium (Singhaét al1996), Z;(OH),(H,0),,  ©obtained from the single drop technique.

Cla]2+ in 1 mol di® HCI medium (Singhadt al 1996) and Zr )

(H,0).CL]" in 5 mol dnm? HCI medium (Hannaret al1990) are Experimental

considered to take part in extraction equilibration reactions.ReagentsD2EHPA was procured from BDH (98% purity)
On ageing for 30 days, the above species take up 1, 2 and &d used as such. As a source of Zr(IV), octahydrated zirconyl
chloride ions, respectively. For 1-day ageing, the extractionchloride (M.C and Bell, 98%) was used. Kerosene was bought
equilibrium constants have been estimated to b, 1M** from the local market and redistilled to collect the fraction

and 10**for 0.10, 1 and 5 mol dHCI systems, respectively. ~distilling over 220-260C. It was mostly colorless and aliphatic

. — in nature. All other chemical f t grade and used
In another paper (Biswas and Hayat 2002b), the kinetics of th(Ian.na ure oIher chemicals were of reagent grade and use
. . . Without further purification.
titted system of 1-day ageing has been measured by the single ] _ _
drop technique. The rate constants have been measured to BgalyticalThe concentration of Zr(IV) in the aqueous phase

10%¥", 105" and 10***for 0.1, 1 and 5 mol dAHCI systems was estimated by the EDTA-pyrocatechol violet method

respectively. According to Danesi and Chiarizia (1980), a (Charlot 1964) at 590 nm using a WPA S104 spectrophotom-

change in the experimental technique and concentratiorft€"- For pH adjustment of the aqueous solution of Zr(IV)
. , required in the above method (pH5.2), a Mettler Toledo 320

*Author for correspondence; E-mail: rkbiswas53@yahoo.com

bPresent address. pH meter was used.
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Cell and techniqu@&he construction of Lewis cell and op- n = coefficient of viscocity, cp
erating technique are given elsewhere (Bisetaal 1998). (in) = initial
Identical aliquots (100 cA) of aqueous and organic solutions (0) = organic phase

(pre-thermostated) can be taken in the cell without much dis- )

turbing the interface and allowed for mass transfer for a defi- Ireatment of experimental daifex (mg dn) is the con-
nite time. An electrical stirrer having two 1 cm blades stirs the centration change of Zr(1V) in the aqueous phase, thét0)
organic phase clockwise and a magnetic stirrer (2 cm longmg of Zr(IV) will be transferred into the organic phase pro-
capsule) is used to rotate the lower aqueous phase in théded 100 crieach phase being used in the cell. If t (s) repre-
same direction. The speed of stirrer is controlled at 2.5 Hzsents the time during which mass transfer occurs, the mass
maximum without disturbing the interface. After 2-6 min, 2cm  transfer flux of Zr(IV) can be calculated from the following
aqueous phase is taken out for analysis. The amount of Zr(IV}elationship:

transferred into the organic phase can be estimated from th§y o) rpsy) = (107%) /(91,22 X 3.368 X ) .o (1)
analysis and varies within 1%. All experiments have been

carried out at (3@ 1)°C, otherwise stated. The interfacial area In a single-run, th& vs t plots generally hold almost straight

in all experiments is kept at 3.37 x107, otherwise men-  line relationship during the initial periods of extraction. After
tioned, which can be altered by setting circular plastic ringsthe lapse of some period, the rate of variatiok ofith t is
within the cell where interface is formed. decreased. Since for small t-values, the valu&sdoe very
Preparation of the aqueous solutiBhe aqueous so- small, the calculated J-values are not found to be reproduc-
lution containing definite amounts of Zr(IV), @Gind H are  ible. So J-values have been calculated\or (4-0) x 60s,
prepared and aged exactly for 24 h before being used in th&-4) X60s, (12-8) x 60s, (16-12) x 60s, and (20-16) x 60s and the
cell for extraction rate study. averages of J-values have always been taken.

Notations, abbreviations and subscripts. At a constant temperature and phase agitaion, J is related to

_ . . concentration terms as:
a,b,c,d, = orders with respect to Zr(IV);,HH,A, and C1

concentrations, respectively J =K [Zr(IV)] 2 [H  [HAAL [ClI % e 2
&y amount of Zr(IV) transferred in 100 émrganic
phase through interface A in time t, kmol
A =interfacial area through which mass transfer logJ =log k+ a log[Zr(IV)] +b log[H"] + c log[H,A ] )
occurs, M o (oo I [ | S 3
A = frequency factor
D = diffusion coefficient, rfs*
D2EHPA =di-2-ethylhexylphosphoric acid
E. = activation energy, kJ mbl

Which can be rewritten as:

Equation (3) can be used to evaluate the reaction orders (a, b,
¢ and d) and rate constant)(Kf the concentrations of the
variables are kept constant, the slop of logJ vs fouidi-

able] will give the reaction order with respect to the fourth

h' = higher temperature or concentration region variable concentration. From the intercept of the plots, the
HA, = dimeric D2EHPA value of k can be evaluated. The temperature dependence
J = mass transfer flux, kmolta* data can be treated by the Arrhenius theory.
k, = forward extraction rate constant, unit depends on
the concentration region Zr(IV) and C1 Results and Discussion
Kz = proportionality constant of Zr(IV) concentration Fig 1 shows the variation of the amount of mass transfer,
term in rate equation, mol dm &2y and flux on the interfacial area used in the Lewis cell. It
Ka = proportionality constant of Gtoncentration term  is found that the mass transfer amount is directly proportional
in rate equation, dmol* to interfacial area, but the flux is independent of interfacial
| = lower temperature or concentration region area. In subsequent experiments, the cell with interfacial area
r = radius of diffusing species of 3.37 x 10 m* has been used.
t = time allowed for mass transfer through interface, S The variation of mass flux of Zr(IV) on its concentration for 1
T = temperature, K mol dm?HClI system ([C] = 3 mol dn¥) is shown in Fig 2. The
X = concentration change of Zr(IV) in the aqueous experimental points do not fall on a straight line. The solid line

phase, mg drfi is theoretical and represented by:
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10gJ = -6.85 - 109 (L+KIZI(IV)] ™) cvoveeeeeeeeeeeeeeeee e (4) Fig 7, shows the temperature dependence of flux in the inter-
Whereas, the dashed with doted line (asymptote at higheP1ed|ate control regime onr(IV) concentration. In allz.10|d|t|.es

. . . of the aqueous phase, Arrhenius plots are not straight lines.
concentration region of Zr(1V) is:

In lower temperature region under investigations, theak=

log J =10g KH " [H2A7] ) [CI1" = -6.86 ....cccvvverrrrriere (5) ues are over 100 kJ midlor 1 and 5 mol driHCI systems,

and the dashed line (asymptote at lower concentration regioHVhereaS' Itis apout 42_k‘] ridbr 0.10 mol drrf HCI sys_tem. )

of ZK(IV)is: These values in the higher temperature region of investiga-
tion are 12, 11 and 11 kJ rifpkespectively. Fig 8 shows the

log J =-6.85-loglK +10g[ZI(IV)] ..cccvvmiiiiiiiiiiiii (6)  Arrhenius plots in the kinetic and diffusion regions of Zr(1V)

concentration. At all agueous aciditieg,Values are about
14.5 kJ mot in diffusion regime and over 80 kJ riiah the
kinetic regime.

Similar, plots for 0.10 and 5 mol dhsystems are given in  From the above experimental results, the mass transfer flux of

Fig 3. For 0.10 mol drhHCI system, the solid line is repre- Zr(IV) for5, 1 and 0.10 mol ditHCI systems derived from the
Lewis cell technique at 303 K, respectively, are as follow:

At the point of intersection of Egs. (5) and (6), -legKlog
[Zr(IV)] = 0, which gives K, as 0.004.

sented by:

logJ =-7.71-log (1 + 0.00038Zr (Y oo (7 IF18FIALH 0.0038Z(VI THIHAL[CH ... (10)
— .80+0.0; 1\-1 -

and for 5 mol dmi HCI system, the solid line represents: ‘;r:dlos 1+ 0.004 [Zr(IV)]) THAN[CI T e 11)

logJ=-6.9-l0og (1 + 0.0038[ZI(IVA]......ccreverrrrrrrrerererernen. (8) J= 1055209(1+0.00038 [Zr(IV)]")" [H][H Ao (1+0.7

The dependences of mass transfer flux of Zr(IV) on the aque[CI]) .........................................................................................
ous phase acidity at constant chloride concentration ofin comparison to followings, respectively, derived from the
either 3 (for [HCI]< 3 mol drf) or 5 mol dn# (for [HCI] = 2-5 mol single drop technique (Biswas and Hayat 2002a):

dm®) are shown in Fig 4. Similar results are obtained forall - _ . Llp g+ ;

extractant concentrations used. Within 0.30 to 3 mdl il =101+ 0.0056 [Z(IV)T) HTH AL 0[ClT o (13)
region ([CI] = 3 mol dn¥), the flux is independent of l¢on- J=1C"*01%(1+ 0.0056 [Zr(IV)]l)'l[HzAz](o) [CITeee (14)
centration. But the flux is directly proportional to hydrogen gnd

ion concentration in its higher and lower concentration J= 10191+ 0.00036 [Zr(IV)]l)'l[HZAZ](O)(1+0.69[CI])....(15)

regions.
It is therefore, seen that the rate measurements by the single

L - _ __drop technique and the Lewis cell operated at 2.5 Hz yield
centration is displayed in Fig 5. In all cases, straight lines - . , : .

f unity sl btained. So. th te of extraction i almost similar flux equations, with only appreciable change in
oruntty slopes are obtained. 50, the rate ot extraction I, .\ ajue of K (0.0056 from single drop technique and ~0.004

directly proportional to extractant concentration in the .
. : from Lewis cell). The valus of the rate constants are almost
organic phase. The results of the chloride dependence e : . .
. o N . unchanged within the vairance limit. So, it is concluded that
study are given in Fig 6. For'ldoncentrations of 1 and 5

L _ the single drop (falling) technique and the Lewis cell operated
mol dm?, the rate of extraction is proportional to chlo- . L .
L . fit 2.5 Hz possess comparable hydrodynamic condition to yield
ride ion concentration in the aqueous phase. For 0.10 mo

N . . . similar flux equations. The values of leasured from both
dm® H* concentration, the flux varies according to the fol- . .
: . . technigues mentioned are also comparable. Hence the mecha-
lowing relationship:

nism of extraction in different aqueous acidity regions given
logd =log k(1 + 0.00038[Zr(IV)) '[H*][H A tlog (1 +K, from the results obtained by the single falling drop technique
(o (9fBiswas and Hayat 2002b) will also be applicable to the results

Where, K, is estimated to be 0.70 by the curve-fitting method. ©Ptaineéd by the Lewis cell technique.

From the intercepts of the straight lines, asymptotes or tanin all acidity regions under investigation, the rate of ex-
gents in Fig 2-6, the values of rate constapefk303 K have  traction is independent of Zr(IV) concentration in its higher
been evaluated (Tablel). The average values of gk concentration regions and so, the extraction processes are
10°°%09910°8%0% and 10°°**°%for 0.10, 1 and 5 mol  diffusion controlled at higher Zr(IV) concentration regions
dn® HCI systems, respectively. Units of depend on the  of Zr(IV). But in the lower concentration region of Zr(1V),
concentration regions of HzZr(1V) and CI. the rate is directly proportional to Zr(IV) concentration

The variation of flux with the variation of extractant con-
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and so the processes are chemically controlled. It is found

that within Zr(IV) concentration of ~ 4-30 mmol drfor 1
and 5 mol dni HCI systems and of ~ 0.4 - 3 mmol dffior
0.10 mol dn? HCI system are intermediate controlled. So

the most results collected in this paper are for intermedi-

ate controlled process. For 0.10 mol -8tdCl system,

not only the concentration region of Zr(IV) but also the

concentration region of Cletermine the regimes. At low
concentration region of Clthe process will be diffusion

controlled and in the higher concentration region of ClI
the process will be chemically controlled.

In diffusion controlled processes, the flux equations lack Zr(IV)

concentration term and the diffusion ofAJ* (formed by the
association of proton with JA,) from the interface to the
aqueous film of the interface is the slowest step. This is su
ported by low Evalue(~ 14 kJ md). It is known that for

diffusion controlled process the activation energy is below 20
kJ mol* (Habashi 1968). In lower concentration region of
Zr(1V), the following chemical reactions have been suggested

R K Biswas, M A Habib, M A Hayat
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Fig 2. Dependence of the mass flux of Zr(1V) on its concentra-
tion in the intermediate acidity region of the aqueous
phase. [HCI] = 1 mol drfy; [H,A;] ) = 0.03 mol dni;

[CIT =3 mol dm®; At = 240 s ; ageing time =1-day ;
temp. = (3@&1)°C.

p_

LB

for 0.10, 1 and 5 mol diHCI system, respectively, as rate
determining (Biswas and Hayat 2002b): N ——— 1
[er(OH)zo(Hzo)z4CI12](i)+H3A2C|(i) - [er(OH)zo(Hzo)MCIlS]- ,‘:g .’___'l
[HAA] ) e (16) % a r”;

. - e
[Zr4(OH)8(HZO)16CI7] (i)+H2A2(i) - [Zr4 (OH)s (H20)16C|7' § s _.-.-".____..- —g ¥ LB
HoALL ) covveeieieies e A7) = aee -
[Zr(H,0).C1]", +HA,Cl, O, [2r (H,0),Cl HA ... (18) e-f/
These chemically rate determining steps are supported by the R R A A P A e P

high E, values (> 80 kJ md) since for chemically controlled
process the Falue is over 50 kJ md(Habashi 1968).

.__.-'d Rl
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Fig 1. Dependence of the amount of mass transfer and flux o
interfacial area. [Zr(IV)}y = 3.60 mmol dm, [HCI] =
1 mol dm®; [H,A,],, = 0.03 mol dnt ; [CI] = 3 mol
dm3; At =240 s ; ageing time = 1-day; temp. =X3JC.

-log{[Zr(IV)],mol dm%}

Fig 3. Dependence of the mass flux of Zr(IV) concentration in
lower and higher concentration regions of hydrochloric
acid in the aqueous phase. [HCI] = 0.1 mol*d(m) and
5 mol dne (o) ; [H,A,]) = 0.02 mol dn¥; [CI] = 3 mol
dn1®(e); and 5 mol dri(m) ; At =240 s ; ageing time = 1-
day ; temp. = (361)°C.

Within Zr(1V) concentration of 4-30 mmol dffior 5 and 1 mol
dn®HCl system and of 0.4 - 3 mmol difior 0.10 mol dni HCI
system, the intermediate controlled mechanism is changed
with the variation of temperature. The intermediate controlled
process becomes diffusion controlled at higher temperature
region and chemically controlled at lower temperature region.
This is because of the fact that the rate of a chemical reaction
is governed by Arrhenius equation, whereas, the rate of diffu-
sion is governed by Stokes-Einstein equation (Habashi 1968).
"Arrehnius equation (k= Ae®¥R) states that if temperature is
doubled, the rate of reaction is increased 100 folds but Stokes-
Einstein equation (D = RT f@rN) indicates that if tempera-



Kinetics of Solvent by Using the Lewis Cell

A8
5T
o E; = h
£ n,
3 A
€ T5f
= -— . \
% A=
o , W
- Eak | Tkl | §m .|_
™,
-Iﬂ.ﬁ 1 4 1 L i i
] T T 1] [T [T 22
-log{[HCI], mol dm}

Fig.4. Dependence of Zr(1V) transfer flux on aqueous acidity.
[Zr(IV)] @ini)y = 3.60 mmol drﬁ, [HzAz](o) = 0.01 mol
dm?® (0 ,e); 0.02 mol dri(v, V¥ ); 0.03 mol dri(> @ );
0.05 moldn? (o ,m ); [CI=3moldm*(e .,V & m );
5 mol dm® (0 v & [ ); ageing time = 1-day; temp. =
(30x1)°C.
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Fig.5. Dependence of flux on extractant concentration in
the organic phase. [Zr(I\Vp], = 3.60 mmol dni; [HCI]
= 0.1 mol dn? (m) ;1 mol dnf (@) ; 5 mol dn (4 );
[CI'T=3 mol dn¥ (m,e) ; 5mol dmi (A) ; ageing time
= 1-day; temp. = (301)°C.
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Fig.6. Dependence of flux on chloride ion concentration in

the aqueous phase. [Zr(I\)] = 3.60 mmol drj; [HCI]
=0.1 mol dn? ( ®), 1 mol dn¥; (@), 5 mol dn¥; (4 ),
[HA,]»=0.01 mol dnt; ageing time = 1 day ; temp. =
(30t1)°C.
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Fig.7. Dependence of flux on temperature in the intermediate

-]
-

control regime. [HA;] ;) = 0.02 mol dnt; ageing time =
1-day; @ ), [HCI] = 0.1 mol dr# [CIT = 3 mol dr?
[Zr(IV)] gy = 1 mmol dn#; E;t = 42 kJ mol; E," = 11kJ
mol?; (e), [HCI] = 1 mol dn®; [CI] = 3 mol dn¥;
[Zr(IV)] gy = 3.36 mmol dni; E,*= 105 kJ mot, E," =
12 kJ mof; (&), [HCI] = 5 mol dr#; [CI] = 5 mol dn?;
[Zr(IV)] gy = 3.36 mmol dns; E,* = 108 kJ mot; E,"=
12 kJ mof.
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Fig.8.Dependence of flux on temperature kinetic and diffusion

regimes. [HA;]) = 0.02 mol dn¥; ageing time = 1-day.
Diffusion regime: i ); [HCI] = 0.1 mol d% [CI]=3 mol
dm?; [Zr(IV)] @i = 3.2 mmol dn¥; E, = 14 kJ mol; (e),
[HCI] = 1 mol dm?; [CI] = 3 mol dm?®; [Zr(IV)] iy = 32
mmol dm?; E, = 14.7 kJ mot; (4 ), [HCI] = 5 mol dn#,
[CI7=5 mol dn?; [Zr(IV)] ) = 32 mmol dnf; E,= 15 kJ
mol?. Kinetic regime: ¥ ), [HCI]=1 mol dim[CI]1=3
mol dm?; [Zr(IV)] gy = 1 mmol dn?; E,= 92 kJ mok; (&),
[HCI] = 5 mol dm?; [CI] = 5 mol dn; [Zr(IV)] gy = 1
mmol dm?; E, = 84 kJ mal.

ture is doubled, the rate of diffusion is doubled. An intermedi-
ate controlled process at a particular temperature may be con-
verted to a diffusion controller process solely on rising tem-
perature because of the fact that on increasing temperature,
chemical rate is increased much faster than the diffusion rate
and so the chemical reaction remains no longer as rate con-
trolling. Conversely, an intermediate controlled process may
be converted to a chemically controlled process on decreas-
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Table 1
Evaluation of kat 303 K for 1-day ageing using Lewis cell technique
Fig. no. [Zr(IV)], [H [, [BA.] ) Intercept,1 logk S.D
mol dm? mol drr¥ mol dm mol dn¥
(i) For 0.1 mol dnt HCI system
3 - 01 30 0.02 -4.40 -5.61 0.04
- 0.1 30 0.02 7.7 -5.50
4 0.0036 - 30 0.01 -7.08 -5.53
0.0036 - 30 0.02 -6.60 -5.53
0.0036 - 30 0.03 -6.60 -5.53
0.0036 - 30 0.05 -6.45 -5.60
5 0.0036 01 30 - -6.06 551
6 0.0036 01 - 0.01 -8.55 551
-8.69 -5.49
(ii) For 1 mol dm® HCI system
2 - 1.0 30 0.03 -4.46 -5.82 0.02
- 10 30 0.03 -6.85 -5.81
4 0.0036 - 30 0.01 -7.60 -5.77
0.0036 - 30 0.02 -7.32 -5.79
0.0036 - 30 0.03 -7.16 -5.81
0.0036 - 30 0.04 -6.39 -5.80
5 0.0036 10 30 - -6.61 -5.78
6 0.0036 10 - 0.01 -8.10 -5.79
(i) For 5 mol dm® HCI system
3 - 5.0 5.0 0.02 -4.48 -6.60 0.03
- 5.0 50 0.02 -6.90 -6.60
4 0.0036 - 50 0.01 -8.10 -6.49
0.0036 - 50 0.02 -7.90 -6.59
0.0036 - 50 0.03 -1.72 -6.58
0.0036 - 50 0.05 -7.50 -6.59
5 0.0036 50 50 - -5.50 -6.59
6 0.0036 50 - 0.01 -8.20 -6.59

ing the temperature because of the fact that on decreasing

sene system using the constant interfacial area stirred

temperature, chemical rate is decreased much faster than the cell techniquePak J Sci Ind Re4l1(3) 121-127.
diffusion rate and so the diffusion remains no longer as rateBiswas R K, Begum D A 2000 Kinetics of extraction and

controlling. stripping of Ti(1V) in HCI - D2EHPA - kerosene system
_ using the single drop techniqudydrometallurgy55
Conclusion 57-77.

The rate measurements made by the Lewis cell techniqu@iswas R K, Hayat M A 2002a Solvent extraction of Zirconium

operated at 2.5 Hz give almost identical results with those (1) from chloride media by D2EHPA in kerosehiydro-

obtained from the single drop technique and so, the contribu- metallurgy63 149-158.

tion of hydrodynamics to mass flux in both techniques men-gjswas R K, Hayat M A 2002b Kinetics of solvent extraction

tioned will be of the same order. of Zirconium(IV) from chloride medium by D2EHPA in

kerosene using the single drop techniddgdrometal-

lurgy 65205-216.

Biswas R K, Habib M A, AliM R, Haque M Z 1998 Kinetics of = Biswas R K, Mondal M G K 2003a Kinetics of ¥@xtraction
Mn(ll) extraction in the acidic chloride - D2EHPA - kero- by D2EHPA Hydrometallurgys9117-133.
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SYNTHESIS OF 5, 7-DHYDROXY -6, 8-D-C-PrRENYL -4-O-PRENYL -FLAVANONE
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The prenylated flavanon®) has been synthesized from phloroacetophefibnéll the new products have been
characterized by the spectral data and microanalysis.

Key words:Synthesis, Chalcone, Flavanone

Introduction spectra were recorded (KBr discs) on a Pye-Unicam SP3-300

Flavones and their derivatives are naturally occurring and!R SPectrophotometew( in cnr’), leNMR spectra on a
have a variety of biological properties, such as antibacterialVa"ian 300 MHz instrument in CDOWith TMS as an inter-
(Mitscheret al1993), antifungal (Conn 1981) and antitumour N@l standard (chemical shifts &, ppm) and UV spectra on
activity (Mizabuchi and Sato 1984). A large number of natu- Milton-Roy UV-visible spectrophotometer Ultrospeck in

ral products including flavonoids are being reported in the Methanold . in nm). TLC was performed using silica gel
literature every year and their structures need to be confirmed@0CG: Mass spectra were recorded on Time of Flight (GC-MS

by synthesis. This paper reports the synthesig afifydroxy- TOF). Satisfactory elemental analy§es were optained for all
6, 8-di-C-prenyl-4O-prenylflavanong9) from phioroaceto- the E;ompounds and structures are in accord with the UV, IR
phenone(1), which may be used as a synthetic marker. and'H-NMR data.

Phloroacetophenone on treatment with methoxy-methyl chlo-Methoxymethylation of phloroacetophen@hlg A mix-

ride using KCO, and acetone afforded 2-hydroxy-4, 6-di ture of phloroacetophenong (0 g) in dry acetone (100 ml),
(methoxymethoxy) acetophenof®) (Hossain 1999), which  methoxymethyl chloride (5.67 g) and anhydrous potassium
on nuclear prenylation using well-cooled solution of KOH carbonate (40 g) was refluxed for about 3 h. The progress of
and prenyl bromide gave three products viz 2-hydroxy-4, the reaction mixture was examined by TLC. On completion
6-di (methoxymethoxy)-3-C-prenylacetophena(33, 2- of the reaction acetone was distilled off and water was added
hydroxy-4, 6-di (methoxymethoxy)-5-C-prenylacetophenone and the mixture was then extracted with ether washed with
(4) (Hossain and Islam 1992)nd 2-hydroxy-4,6-di (methoxy-  water and dried over anhydrous 88),. The organic layer
methoxy)-3, 5-di-C- prenylaceto-phendbgand several other  was evaporated to dryness. The ether extract on silica gel
minor products. SimilarlyO-prenylation of p-hydroxyben-  column chromatography (mesh 60-120) using petrol (4)-60
zaldehyde using JCO,/acetone/prenyl bromide gaveGi- petrol-benzene (4:1), petrol-benzene (4:3) and increasing
prenylbenzaldehyd@®). Alkaline condensation of 2-hydroxy-  quantities of benzene as eluent gave the major comg@ynd

4, 6-di(methoxy-methoxy)-3, 5-di-C-prenylac-etophen@e  and several other minor compounds. Compo(Z)dvas

and 40O-prenylbenzaldehyd@) yielded 2-hydroxy-4, 6'-di purified from column and by preparative TLC over silica gel
(methoxymethoxy)-3 5 -di-C-prenyl-4O-prenylchalcon€7). GF,,, using benzene-petrol (25:1) as developing solvent. It
Compound7) on treatment with NaOAC/EtOH furnished 5,7-  was crystallized from petrol as colorless crystals (4.09g) R
di (methoxymethoxy)-6, 8-di-C-prenyl-©-prenylflavanone 0.69 (benzene-petrol; 25:1); m.p 80@1IR: 3450, 2874,

(8), which upon demethoxymethylation afforded 5,7- 1654, 1610, 1600, 1476, 1365, 1275, 1234, 1190, 1156, 1064,

dihydroxy-6, 8-di-C-prenyl-40-prenylfla-vanong9). 1034, 966 984, 934, 886; 1H-NMR: 2.45 (s,1H,1-CQCH
3.45 (s,6H,-CHOCH,x2), 5.55 (s,4H,-CED-CHx2), 6.45 (s,
Experimental 1H,H-3), 6.67 (s, 1H H-5), 12.76 (s, 1H, -OH).

Melting points were determined using an electrothermal melt-Nuclear prenylation of 2-hydroxy-4,6-di (methoxy-
ing point apparatus (Gallenkamp) and are uncorrected. IRmethoxy) acetophenoi(2). 2-Hydroxy-4,6-di-(methoxy-

*Author for correspondence; E-mail: dramzadh@yahoo.com methyleneoxy) acetophenor? (Lg) was added to a well
bPresent address. cooled solution of KOH ) (2 g) in absolute methanol (30 ml)
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and the whole solution was cooled t€ OPrenyl bromide 1760, 1645, 1605, 1410, 1372, 1368NMR:1.75][s,
(0.5 g) was added and the reaction mixture allowed to standH,>C(CH,),], 4.51 (d, 2H, J 7Hz, -O-CHCH), 5.52 (t, 1H,
atroom temperature for 24 h with constant stirring. The reac-J 7Hz,-O-CH-CH), 6.43 (d, 2H, J 9Hz, H-2 and H-3), 6.98
tion mixture was diluted with water and acidified with cold (d, 2H, J 9Hz, H-5 and H-6), 9.78 (s, 1H,-CHO); [Found: C,
diluted HC1. The mixture was then extracted with ethyl ac- 75.8; H, 7.4, CH, O, requires: C, 75.4; H, 7.7%].

etate. The ethyl acetate extract was dried over anhydrou§r_Hydr0Xy_4 6'-di (methoxymethoxy)-35 -di-C-
Na SO, and concentra_t_ed. It was then subjected to CO'“m”prenyI-4-O-prenylchalcon(a7).A mixture of 2-hydroxy-
chromatography over silica gel (mesh 60-120) and eluted SUCz 6.di (methoxymethoxy)-3, 5-di-C-prenylacetoBel(87g)

cessively with petrol-benzene (5:1), petrol-benzene (1:3),544 40-prenylbenzaldehydes(0.95g) in ethanolic KOH
petrol-benzene (1:5) and compour(@j, (4) and(5) were (5094, 20 ml) was kept at room temperature for 80 h, diluted

obtained. with ice-cold water and acidified with diluted HC1. It was
2-Hydroxy-4,6-di (methoxymethoxy)-3-C-prenylaceto- extracted with ether (100 ml). The ether extract was washed
phenond3): It was crystallized from ethanol as white needles With water, dried over anhydrous J$£, and ether was evapo-
(140 mg), m.p. 3€, R 0.64 (benzene). It gave positive alco- rated to dryness. The mixture was purified by preparative TLC
holic ferric chloride test. UV: 229, 265, 285 nm; IR: 3476, over silica gel 60G using benzene as developing solvent. The
1645, 1605, 1595, 1472, 1424, 1370, 1365,1363,1205,114%roduct was crystallized from petrol as yellow crystals (0.789);
1105, 1040, 980, 945, 910, 835&MH-NMR: 1.72 [s, 6H,  M.p. 112C, (M',564); R: 0.71 (benzene-acetone; 5:2); UV:
>C(CH,),], 2.45 (s, 3H,-COCH, 3.53 (m, 8H,-B-CHand 235, 255, 265, 378; IR: 3470, 1760, 1645, 1605, 1590, 1478,
-CH,0OCH,), 5.25 (t, 1H,-CH-CH), 5.54 (s, 4H,-CHDCH,), 1370, 1362, 1040H-NMR: 1.72 [s, 6H, >C(CH},], 1.53 [s,
6.68 (s,1H,H-5), 12.43 (s, 1H,-OH). 12H, > C(CI—;)ZXZ], 3.41 (s,6H,-CI5+OCH3x2), 3.51 (d, 2H,

. J 7THz,-CH-CHx2), 4.55 (d, 2H, J 7Hz, -O-CKCH), 5.25-
2-Hydroxy-4,6-di (methqumethoxy)-5-C-pr_enyIaceto-5_53 (m, 7H, -CHOCHxX2, -CH-CHx2,-O-CH-CH), 6.58
phenond4). It was crystallized from petrol as white needles (d, 2H, J 9Hz, H-2 and H-3), 6.99 (d, 2H, J 9Hz, H-5 and H-

(140 mg), m.p. 4&, R 0.58 (benzene). It gave positive alco- 6), 7,45 (d, 1H, J 9Hz,4 k), 8.01 (d, 1H, J 9Hz, ), 13.01
holic ferric chloride test. UV: 229,268, 280 nm; IR: 3476, . . o
1645, 1605, 1595, 1472, 1424, 1370, 1365, 1363, 1205(782’ ;',44 ?'1)(;/0?‘)“”"' € 7231 788,00, requires: €
1145,1105, 1040, 980, 945, 910, 835'¢t-NMR: 1.75 [s, AR _
6H, >C(CH),], 2.43 (s, 3H,-COCH, 3.55 (m, 8H,-E1-CH 5,7-D|(methoxymethoxy)_-G,8-d|-C-pr§ny'|-@D-

and - CHOCH,), 5.30 (t, 1H,-CH-CH), 5.55 (s, 4H,- prenylflava_none(S). To a solution of7) (1.78g) in ethz_inol .
CH,0OCH,), 6.45 (s, 1H, H-3). (30ml), sodium acetate (1.8g) was added. The reaction mix-

_ _ ture was left at room temperature for 3 days. It was diluted
2-Hydroxy-4,6-di (methoxy.metho_xy_)-S,5-d|-C- with water and extracted with ethyl acetate. The ethyl acetate
prenylacetophenon). It was a viscous liquid (675mg) |ayer was dried over anhydrous S8, and concentrated.

nm; IR: 3455, 1645, 1600, 1590, 1420, 1375, 1365, 1325GF , using benzene as developing solvent. It was crystal-

25.

1240, 1205, 1100, 1050, 985, 910, 835, 728;Ch-NMR: lized from xylene as colorless crystals (0.82g); m.p.

1.70 [s, 12H,>C(CL),x2], 2.48 (s, 3H,-COC), 3.52 (M,  129°C;(M*,564); UV: 230, 245, 365, IR: 2944, 2845, 1645,
8H, -CH,-CH and -CHOCH,), 5.22 (t, 1H,-CRCH), 5.51 1600, 1590, 1540, 1410, 1370, 1360, 1255, 1(4NMR:

(s, 4H,-CHOCH,), 12.10 (s, 1H,-OH). 1.72[s,6H,>C(CH),], 1.53 [s,12H,> C(CH x2],2.92 (d, 2H,
4-O-Prenylbenzaldehy@®).A mixture ofp-hydroxyben-  J 9Hz, H-3),3.41 (s, 6H, -GHOCHx2), 3.51 (d, 2H, J 7Hz,-
zaldehyde (1.20g), prenylbromide (1.469) anG&, (79) in CH,-CHx2), 4.55 (d, 2H, J 7Hz, -O-GKCH) 5.25-5.53 (m,
acetone (40ml) was refluxed for about 3 h and the progres@Hv H-2,-CH-OCHxx2,-CH,-CHx2),6.58 (d, 2H, J 9Hz,
of the reaction mixture was examined by TLC. After cooling, H-2 and H-3), 6.99 (d, 2H, J 9Hz, H-5 and H-6), 7,45 (d,
acetone was distilled off and water was added to the residuetH. J 9Hz, He),8.01 (d, 1H, J 9Hz, HB), 13.01 (s, 1H, -
The mixture was then extracted with ether, washed with wa-OH). [Found : C, 72.4; H, 7.8, (0, requires:C, 72.7;
ter and dried over anhydrous J$&®,. The organic layer was H, 7.4%].

evaporated to dryness and the crude residue was passé&]7-Dihydroxy-6, 8-di C-prenyl-40-prenylflavanone
through a small dry silica gel column. The product was crys-(9). To a solution of the above methoxymethoxylated fla-
tallized from dilute alcohol and gave white needles (0.399); vanone g, 1g) in methanol (30 ml), HC1 (3N, 50ml) was added
m.p.52C; (M",190); R 0.58 (benzene); UV: 229, 265; IR: and boiled on a water bath for 15min. The reaction mixture
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was diluted with water (150ml) and extracted with ethyl 1470, 1344, 1340H-NMR: 1.72 [s, 6H,>C(Ct),], 1.53 [s,
acetate. The ethyl acetate extract was washed with water, drieti2H, > C (CH).x2], 2.92 (d, 2H, J 9Hz, H-3), 3.41 (s, 6H, -
over anhydrous N8O, and concentrated. TLC examination CH,-OCHx2), 3.51 (d, 2H, J 7Hz, -CFCHXx2), 4.55 (d, 2H,

of the residue showed several spots and the major produc? 7Hz, -O-CH-CH), 5.25-5.53 (m, 8H, H-2, -CHOCH2,-
was purified by preparative TLC using ethyl acetate-benzeneCH,-CH x2), 6.58 (d, 2H, J 9Hz, H-2 and H-3), 6.99 (d, 2H,
(10:7) as developing solvent. It was crystallized from petrol J 9Hz, H-5 and H-6), 7,45 (d, 1H, J 9Hzotj-8.01 (d, 1H, J
as white crystals (0.25g), m.p. IZ7 (M*,476); UV: 225, 9Hz, HP), 13.01 (s, 1H, -OH), [Found : C, 75.6; H, 7.6,
244, 265, 355; IR: 3520, 2945, 2810, 1645, 1605,1600, 1510C_H,_ O, requires: C, 72.7; H, 7.4%].

300 365



Prenylated Flavanone 335

Results and Discussion and H showed satisfactory results (within0.4%). The
NaOACc/EtOH treatment of7) gave the corresponding fla-
The compoundl) was subjected to methoxymethylation vanone(8). Finally the compoun¢d) was obtained fron(8)
(methoxymethyl chloride/kCO/acetone) to give compound  ,, demethoxymethylation (MeOH/3N HC1). The IR absorp-
(2) the formation of which was ascertained by spectral stud-jg, frequencies at 3520 and 1645%cahowed the presence
ies and elemental analysis. Infrared spectrurf2 p§howed of -OH (phenolic) group and ketonic group and the absorp-
the absorption frequencies at 3450 and 1654 iclicating  tjon peaks at 1605 and 1600 tindicated the presence of
the presence of hydroxy and ketonic group in conjugation. Inynsymmetric ethylenic double bond and the aromatic rings,
'"H-NMR spectrum, a singlet &t2.45 indicated the presence respectively. One singlets &t13.01 indicated the presence
of methyl protons of acetyl group. Two singletd 8t45and  of -OH protons which confirmed the completion
8 5.55 indicated the presence of six protons of two -QCH demethoxymethylation. The B-ring protons have their usual
group and four protons of two-Clgroup, respectively which  chemical shift value.
confirmed that the methoxymethylation has taken place. Com-
pound(3), (4) and(5) were obtained by the nuclear prenylation Acknowledgement
(cool methanolic KOH/prenyl bromide) ¢2) and the for-  The authors are grateful to Mr Khoo Kay Hock and Mr. Yee
mation of which agreed with the data of spectral and elemenChin Leng of the School of Chemistry, Universiti Sains Ma-
tal analysis. Th&H-NMR spectrum of the prenylated com- laysia, Malaysia for their help in connection WithNMR
pound(7) indicated the presence of C-prenyl unit. A sharp spectra. One of the authors (M Amzad Hossain) is grateful to
singlet a® 1.70 revealed the presence of gem-dimethyl groupUniversiti Sains Malaysia, Malaysia for providing a fellow-
and the presence of -GHand -CH protons attached to the ship.
aromatic ring was indicated by a multiplet®at3.52 and a
triplet atd 5.22, respectively. Similarl®-prenylation ofp-

hydroxybenzaldehyde using prenyl bromidgZi /acetone  conn E E | 1981 ThBiochemistry of Plants\cademic press,
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Rabia Bibi,* Wajid A Shah and M Igbal Ch
PCSIR Laboratories Complex, Lahore-54600, Pakistan

(Received July 10, 2002; accepted August 2, 2004 )

By virtue of their well-known cation exchange capacities of clays, particularly bentonites are important minerals to be used as
adsorbent of various undesirable ions drained out as industrial waste. One of such pollutant is magnesium containing waste.
The removal of magnesium from magnesium containing solutions is found to be dependent both on pH of the solution and the
concentration of magnesium ions present in the solution. Using magnesium chloride solution of 50 mg/lit and 100 mg/lit
concentration and bentonite (North West Frontier Province), it was found that adsorption equilibrium established within 6 h .

Key word Bentonite, Adsorption, Freundlick equation

Introduction morphism substitution of Al for St*and Mg* for Al®*, giv-
. - . o ing rise to inherent negative charges. This is independent of
Industries such as medicine, toiletry, printing ink, refracto- . ; . . :
) . . . .. particle size (Whittaker 1939). In addition, some anions may
ries, rubber insulating material and some other chemical in- .

be adsorbed by the replacement of exposed hydroxyl ions

dustries extensively use magnesium compounds in their manu-
y 9 P and because of the structural arrangement of some of the an-

facturing processes. In sewerages of these industries the COR- < with tetrahedral units (Foster 1951). This absorption

cgntratloh OT the magnesmm 'ons 1S generallylabove the PeThehaviour of bentonite was observed to be influenced by vari-
missible limit (50 ppm), which causes deleterious effects to

?us factors such as contact time, solution concentration

human health. Clays have been used for the adsorption of, . . .
) . . . M ki 1996), t t Shakéaal 1998) and pH
organic molecules (Jhonston and Cardile 1987) inorganic me- yazaxl ), temperature (Shakéaa )and p

tallic ions (Diez 1980) and dyestuff, in waste water. In the (Comptonet al1994).
present study a Pakistani bentonite is used for the removal oT he present work has been undertaken with a view to inves-
magnesium ions from magnesium chloride solution. tigate the adsorption characteristics of bentonite for the ad-

Bentonites are essentially hydrous aluminium silicates, withSTPtion of magnesium from magnesium chloride solution
magnesium or iron, alkalies or alkaline earth metals (Grim &nd the effect of concentration of magnesium, pH of the salt

1962). They are composed of small crystalline particles ofsolution on the extent of adsorption of magnesium.

one or more clay minerals. The structure of bentonite is com-

posed of a single silica tetrahedron sheet and a single aluEXperimental

mina octahedral sheet combined in a unit in such a way thatn present studies, bentonite from Peshawar area was used.
the corners of silica tetrahedron and the layer of octahedrabnow’s method is used to determine the surface area (Igbal
sheet form a common layer. All the corners of silica tetrahe-2001). The chemical analysis of the bentonite and other char-
drons point in the same direction and towards the centre ofcteristics are given in Table 1. The method is described as
unit (Mitraet al1979). Cleavage between sheets leads to plateyg|gw.

like particles and leave these layers unsaturated. . L )
Determination of surface area of bentioniteotassium

The ion exchange ability of bentonite is probably due to, j4ide (KI) 71.3 g and 7.5g of iodine)Erystals were dis-

i) Broken bonds due to sub-division of the giant crystal. qyeq in a small quantity of distilled water and the volume

i) Disordered structure containing ions of incorrect valence. 4o up to 125 ml. About 1g of washed bentonite was taken
Where, there are unsaturated bonds or electrical charges, theit 4 iodine flask and 5 ml of iodine solution was added. It

counter ions can be adsorbed. This effect would be depeny s ajiowed to stand for 2 h. Then 45 ml of distilled water
dent on particle size (Worret al1958). The second cause of o< added and flask was gently spiralled for 1 min. It was

charged clay particles is the structural disorder due to isokept for 1 h, 20 ml of the supernant solution was taken in
*Author for correspondence titration flask and two drops of starch solution was added. A
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Table 1 (pH=10) and a few drops of EBT indicator. The end point
Chemical and physical properties of bentonite was noted when the colour changed from wine-red to blue.
The quantity of magnesium adsorbed was calculated by tak-
ing the difference between the blank concentration and

Representative chemical composition

Sio, 57.80% sample concentration using the following formula.

ALO, 20.80%

Fe0, 3.00% A ¢ adsorption/g) (V,+V,)xMxALWt. of Mgx100
arent adsorptio =

CaO 4.20% pp puomg/g Wt of clay (q)

MgO 3.00%

Na,o 10.00% Where.

K,0 0.05% _

Loss on ignition 10.00% Wt. = Weight of clay (9)

pH value (10% slurry) 7.00% M = Molarity of EDTA solution

Brightness 57.00% V, = \olume of EDTA solution used for 50 ml blank

Specific surface area 289 m magnesium salt solution.

Mean particle size (80%) 20microns V, = \Volume of EDTA solution for 50 ml magnesium

salt solution containing clay sample.

titration was made against standard sodium thiosulphatgyetermination of the effect of pH on adsorption iso-
(Na,S,0,) solution by noting the end point on the disappear- therm on claythe pH of magnesium solution (20, 40, 60,
ance of colour. The surface area itigrwas calculated using  gg and 100 mg/lit) was adjusted (7-8) by the addition of 0.1 N
the formula [12.5x (24-V)], where V is the volume of sodium Na0OH in the pH range of 7-8. The determination of adsorp-
thiosulphate used in titration. tion isotherm at pH range 7-8 was also performed for each

ii. Determination of equilibrium time of adsorption of concentration, pH of magnesium chloride solution was also

magnesium on bentonite clayFinely ground bentonite adjusted in the range of 3-4 by gradual addition of 0.1 N HCI.

0.5 g was taken in different flasks, 50 ml of magnesium solu-The same procedure was adopted for the determination of
tion (50 mg/ lit, and 100 mg / lit) was added and closed tighﬂyadsorption isotherm at intermediate pH. Blank determination

by stopper. Then these flasks were placed on a water bathas also performed for each concentration to study the effect
with magnetic stirrer, for various duration of time, i.e. 0.5, 1, of pH on the adsorption of magnesium on bentonite.

2, 3, 4, and 6 h. The solution was stirred at a constant tem-

perature 2. The slurry was then filtered; 2 ml of filtrate Results and Discussion

was titrated against standard EDTA solution (0.01M) in the the surface area of bentonite determines by using Snow's
pr_esence of 1 ml buffer so!utlgn (pH=10) and a_few drops ofjygine adsorption method comes out to be 26 mt pH7
Eriochrome black T (EBT) indicator. The end point was noted \,nqer ambient conditions. The surface area is much higher

when colour changed from wine-red to blue. The quantity of (about twice) than ordinary China clays (99g), which is
magnesium ions adsorbed was calculated by the difference

: . . . an indication of its effectiveness for adsorption of metal ions.
in concentration of blank solution and sample solution for

different time periods and equilibrium time was determined Effect of time on adsorption of magnesium from two differ-
by plotting the time (hours) versus extent of adsorption of ent concetrations (50 mg/lit, 100 mg/lit) of magnesium chlo-
magnesiunug/g. rides of bentonite is shown in Fig 1. It is evident that equilib-
rium is established within 6 h in both cases. Apparently, con-

bentonit . hiorid luti ¢ diff centration of the solution seemed to have no effect on the
on bentoniteMagnesium chloride solution of different con- equilibrium time. However, the amount of magnesium ions

centration, 1.e., 2(_)’ 40, 60, 80 and 100 m_g/llt were prepareOladsorbed from the concentrated solution is higher as com-
Then 50 ml solution of each concentration was transferred

to conical flasks containing 0.53xgntonite. The flasks were pared to dilute solution.

tightly closed by means of cork and stirred for 6 h at a con-Fig 2 depicts the effect of pH of adsorbent solutiontiom
stant temperature. The slurry was then filtered and 20 miguantity of magnesium ion adsorption. In strong acidic solu-
from the clear filtrate were titirated against standard EDTA tion (pH 2-3) almost a straight line is obtained. However, the
(0.01 M) solution in the presence of 2 ml buffer solution amount adsorbed is small. It appeared at low pH, the magne-

ii. Determination of adsorption isotherm of magnesium
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Where “x” is the amount of solute adsorbed and “n” is the
amount of adsorbent. “c” is the equilibrium concentration and
“k” is the adsorption capacity.
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Adsorption data obtained in the present work are plotted in
20 40 60 80 100 Fig 3. Three adsorption isotherms with almost same values of
Equilibrium Conc. of magnesium (mg/l) slope were obtained, which indicates that mode of adsorption
is similar throughout the pH range investigated. It is evident
from the plot that the value of adsorption capacity constant
(k) increases with the increase in pH value of the solution.
Adsorption capacity constant has minimum value of 9.48 at
sium ions have less opportunity to come in contact with thePH range (2-3), which increases to 16.44 for pH range (5-6)
negative|y Charged Surface, which preferréddﬂ]s that are while the maximum value 29.96 was obtained for the pH range
easily available from the medium and consequently reduce(7- 8). These values are in accordance with earlier observa-
the number of active sites. Similar behaviour has been relion that there is an enhanced adsorption of magnesium ion at
ported (Igbalet al 2001) while studying the adsorption of higher pH value.
Mg?* on China clay. However, the quantity of the adsorption _
on bentonite is 3-4 times higher than China clay, which canConclusion
be explained by taking into account the much larger surfacepakistan has huge deposits of bentonite, which can be used
area of the bentonite used in the present study. It is observeghr the removal of magnesium ions to minimize the pollution
that as the pH of the solution changes to higher values, thergvel. Present investigation indicates that bentonites have the
is a marked increase in the adsorption of magnesium ionsadyantage of higher surface area and better adsorption ca-
The highest adsorption of magnesium ions was obtained apacities than China clay. Removal of magnesium ion was
7-8 pH. One of the contributory factors for the higher ad- found to be pH dependent. pH range seemed to be the best
sorption at 7-8 pH can be solubility of MgQ@Vhich is less for efficient removal of magnesium ions.
soluble at this pH range.

o

Amount of magnesium adsorbed (ug/g)

Fig 2. Adsorption of magnesium from magnesium chloride solution
at different pH ranges clay dosage = 0.5 g.
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Traffic noise survey was conducted at 15 sites in the different residential and commercial areas of Lahore city and at each
survey site, noise data were collected from 0900 to 1700 h. The data collected have been analyzed for the recorded range,
L aso, Lago, Laso, Lato @nd La; and approximate vales ofdssn Were evaluated for each survey site. The results are discussed

with reference to some criteria for community annoyance and ways and means to limit high-level traffic noise are
suggested.

Key words Environmental pollution, Noise pollution, Traffic noise, Lahore city.

Introduction lity of the results and inferences to made thereof (Shaikh and

Road traffic noise is the most widespread source of noise irphaikh 2000; Shaikh 2003). The Environmental Protection
all countries and the most prevalent cause of annoyance arfgePartment, Lahore, has reported traffic noise levels for six
interference. Traffic noise surveys conducted in Karachi byPlaces in Lahore, in the range of 26 - 121 dB (not dB(A)
Shaikhet al (1987 and 1997) and Hyderabad by Shaikh and(EPD 1996). For V|Ilf':1ge Bath, Lahore, traffic noise levels
Shaikh (2000) shows that in (i) Karachi with the exception of1@ve been reported in the range of 26 - 50 dB (not dB(A),
a few occasional peaks, the levels of traffic noise levels vary?Nich is unimaginable and may have been occasioned by

in the range of 61 to 97 dB(A), Withds, Laso and Luo values technical problem in the measuring equipment (e.g. battery
in the range of 70.1 - 78.4, 79.6 - 84.5 and 85.6 - 90.8 dB(A)voItage drop). EPA’s measurement of traffic noise levels with

respectively and (i) Hyderabad in the range of 57.1 - 101.¢ghe handheld device inclined at about 45 degree was irregular
dB(A), With Lase, Lasor Laso, Lazo and Ly values in the range and rendered the results unreliable. More standard measure-
of 60.4 - 73.3. 66.2 - 79.6. 75.2 - 82.8. 85.0 - 90.9 and 89.1 Ment procedures were employed in the surveys carried out by

99.0 dB(A), respectively andalen values in the range of Shaikhet al(1987, 1997 and 2001).

81.2-86.9 dB(A). These levels are excessively high and muciTherefore, in order to have detailed assessment of prevailing
above the community annoyance limits recommended by theoad traffic noise in different areas and localities, traffic noise
International Standards Organization (ISO) and some othesurvey was conducted at 15 sites on busy roads with heavy
individual countries. Roadside dwellers and traders are congraffic density in the residential and commercial areas of
tantly exposed to such a high level noise for about more thahahore city. Due to the absence of proper regulatory laws to
12 h a day. limit highlevel traffic noise in Pakistan, the results are dis-

The result of another survey (Ahmad 1992; Ahmad 1994) incussed with reference to the commumty aqnpyance cntgna,
recommended by ISO and some other individual countries.

Karachi, Lahore, Faisalabad, Hyderabad and Sukkur show . - : ) .

. L i . ome suggestions for limiting highlevel traffic noise are also
that the levels of traffic noise in these cities vary in the range. . ssed
of 72 - 95,74 -90, 70 - 92, 60 - 90 and 60 - 85 dB(A), respec- '
tively. However, the methodology used by these surveyspjaterials and Methods
such as (i) most of the readings reportedly taken in dB (i L . :

) gs rep y ( )Measurmg instruments and techniqu&be measuring

distance of the meter from the nearest line of flow of vehicles .
e o . . instrument consisted of a Sound Level Meter. The meter was
(i) time weighting (iv) fewer readings (v) average values

egularly calibrated against an acoustic calibrator and checked

generally based on minimum and maximum readings and (ViE) . .
efore and after each series of measurements. During all the

incorrect range of values raises questions about the credibi-
measurements, the meter was kept at 1.5 m above the ground

*Author for correspondencé;Present address. level and at a distance of about 5 m fromeitige of the nearest
340
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line of flow of vehicles (ASA 1984; Hassel and Zaveri 1988) shows that in Lahore, the levels of road traffic noise vary in
and about 1-2 m from the facade (ISO - 1996 (1982), PSI - 400&e range of 60.4 - 97.3 dB(A), withds, Lago, Laso, Laio and
(1997); however, in some cases due to existing road situation&,; in the range of 63.1 - 66.3, 68.3 - 74.1, 74.8 - 82.4, 84.3 -
measurements were made at kerbsides. Traffic noise data w83.5 and 89.6 - 94.1dB(A), respectively and estimajggil
recorded in dB(A) with time constant ‘fast’. values 82.4 - 85.4 dB(A). The evaluated PSIL are found to be

. ] 0 .
At each survey site, noise data were collected from 0900 in the range of 58.3 - 77.5 dB for about 80% of the daytime.

1700 h in every 10 m. In each set, ten readings were recordebthe road traffic noise levels reported for 22 sites in Lahore
in a period of about 2 m and repeated after intervals of 8 m. Ity Ahmad (1992 and 1994) show that in Lahore city traffic
each measuring mode between the intervals, the noise levabise levels vary in the range of 74 - 90 dB(A) and average
was worked out as the average value of 10 readings. Also thealues in the range of 77 - 85 dB(A) and traffic noise level at
maximum and minimum values in each measuring mode werg¢hese sites fluctuates in the range of 3 - 11 dB(A), which is
recorded. The data collected have been analyzedfgr L unimaginable.

Lo, Lasor Laso @Nd Lu: and approximate values okdsnfor o community annoyance for cities with business, trade and
gach §urvey site ar? evaluated by using the following rela'administration, like Lahore (i) ISO - 1996 (1982) suggests
tionship (May 1971): maximum limit of 55 - 65, 50 - 60 and 40 - 50 dB(A)dfor
Laeq = Laso + (Lato - Laso)” /56 daytime, evening time and night, respectively (ii) World

Preferred Speech Interference Levels (PSIL) for each survez ?alljt:]bgr:gfggjz(sg;l\/\/;gaig\i?ha::?;]s t?gciz(r?)%ﬁr_]((:l)noise

site have been evaluated by using the relationship between .
PSIL and dB(A) (May 1971): levels, Denmark (1982) allows 50 dB(A)ck for daytime

(iv) for areas which are primarily residential, Germany all-
PSIL=dB(A) - 7 ows 55 dB(A) L for daytime and 40 dB(A) A for night
(Federal Republic of Germany 1974). Earlier surveys on road
traffic noise nuisance show that more than 50% of the popu-
The results evaluated for the recorded range and percentilation, surveyed were annoyed at about 68 dB(A) in Paris
values for the 15 survey sites are given in Table 1. Fig 1, ZAurbee 1971), 60 dB(A) A, in London (Longdom 1976)
and 3 show the diurnal variation, statistical distribution andand 56 dB(A) l.q in Stockholm (Fog and Jonsson 1968). For
cumulative distribution, respectively of road traffic noise non-occupational noise exposure, Walsh-Healy noise rules
recorded at Shalimar Chowk from 0900 to 1700 h. The resul{Anon 1969) allows 75 dB(A) A, for 8h a day or 80 dB(A)

Results and Discussion

Table 1
Road traffic noise levels at fifteen survey sites in Lahore city
S. no. Place Recorded agol Lago Laso Lato La: Laeqsn
range dB(A) dB(A) dB(A) dB(A) dB(A) dB(A) dB(A)

1. Ferozpur road 60.8 - 95.6 63.2 73.5 80.7 87.3 92.7 83.9
2. Centre point, gulberg 62.1-92.6 63.7 70.1 78.8 85.1 89.6 82.8
3. Yateem Khana road 64.6 - 96.9 66.7 74.1 81.9 86.8 93.2 84.8
4, Secretariat chock 62.6 - 92.4 65.5 71.9 81.2 86.1 90.6 84.8
5. Mall road 64.7 - 93.5 64.7 73.3 81.3 86.8 91.5 84.5
6. Shalimar chock 62.3-93.3 64.4 70.9 80.8 86.9 92.7 85.4
7. Shah Alam chock 61.5-95.5 64.2 77.6 80.4 85.6 91.6 83.4
8. Bhatti gate 63.2 -97.3 65.4 72.1 81.2 87.5 94.1 85.4
9. Chock-Sadder cantt. 62.3-91.7 63.6 70.6 79.6 85.9 91.7 83.6
10. China chock 61.2-92.3 62.8 68.3 78.9 85.7 91.5 83.4
11. Mazzang chock 62.3-91.8 64.4 70.3 78.9 84.4 89.8 82.5
12. Chock chooburi 62.5-92.8 65.4 72.1 82.4 87.2 92.0 83.7
13. Chock Ghari Soohahu 63.4 -92.2 66.3 72.2 80.1 85.8 92.7 83.3
14. Minar-e-Pakistan 60.4 - 95.5 64.2 715 78.9 86.6 92.6 83.7
15. Model town 61.2 - 95.3 63.1 70.1 79.3 84.3 92.7 82.4
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Fig 1. Diurnal variations in road traffic noise levels recorded at Shalimar Chowk from 0900-1700 h. Upper, lower and middle curve
show the maximum, minimum and average values recorded in each measuring mode of 2 min duration between each samp

interval.
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Fig 2. Statistical distribution of road traffic noise recorded at Shalimar chowk from 0900-1700 h.

Laeq fOr 4 h a day. For exterior noise in residential areas, Fede82.4 dB(A), respectively, indicating that traffic noise levels in

ral Highway Administration (Virginia Department of High- Lahore city are excessively high and much above the limits
ways 1972 and 1973) establishes a standaid7D dB(A)  recommended for community annoyance and may result in
and US Department of Housing and Urban Developmentdverse effects on roadside traders and dwellers, who are con-
(HUD 1971) categorizes the site as unacceptable and discodtantly exposed to such a high level non-occupational noise
rages the construction of new buildings units, where exteriokor 3 long duration. The PSIL values 58.3 - 77.5 evaluated above,
noise levels exceed 80 dB(A)dfor more than 1 h per 24 h gy that for reliable face-to-face communication, between
or 75 dB(A) Laeq for 8 h per 24 h. the speaker and listener at a distance of one metre, the speaker

The results show that thed values of noise levels at these has to use ‘raised’ to ‘shouting’ voice (Webster 1968, 1969),
survey sites exceed 68.3 dB(A), which are above the maxiwhich is discourteous. But due to poor education and lack of
mum permissible noise levels recommended for communityknowledge about the civic privileges and ill effects of high-
annoyance in the urban residential areas. Tgg Lao and level noise, no vigorous community action has been surfaced
evaluated ke, 8 h values at these sides exceed 78.8, 87.5 andgainst highlevel traffic noise in the major cities in Pakistan.
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Fig 3. Cumulative distribution of road traffic noise recorded at Shalimar chowk from 900-1700 h.

As mentioned earlier (Shaikh and Shaikh 2000) the main reaand properly implemented. Eventually, one may hope to set

son of highlevel traffic noise in Pakistan is the absence ofPakistani Standard in the light of type and engine capacity of

proper regulatory laws to limit highlevel traffic noise. The the vehicles.

other reasons are poor model of vehicles, emission of high
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A hot aqueous decoction of the leave€aphorbia heterophylldinn (Euphorbiaceae) 1.24 kg gave on cooling and
defatting with dichloromethane, an aqueous solution which on successively extracting with n-butanol and ethylacetate
gave 25.89g and 1.31g of residue, respectively on removal of solvent. The semi-solid extract from the ethylacetate frac-
tion on hydrolysis with dilute tetraoxosulphate (VI) acid gave a yellow powder which on acetylation gave colourless
needle clusters identified as quercetin tetracetate. The butanolic fraction had laxative action and contained saponins,
phenols, terpenes and diterpenes identified as phorbols but no anthraquinones. The residual aqueous solution contained
mainly sugars identified as xylose, maltose, galactose, lactose and lactulose, which are bulkforming laxatives. The purga-
tive action was found to be a joint action of both the phorbols in the butanol fraction and the bulk forming laxative
sugars in the residual agueous fraction.

Key words Euphorbia heterophyllaLaxative activity, Tetraoxosulphate (VI).

Introduction Preparation and extractianThe fresh leaves were col-
lected, weighed and washed with distilled water. 1.24 kg of

Hot agueous decoctions Bf heterophylldeaves have been ) : _
dhe fresh leaves d. heterophyllavas boiled with 1.5 litres

used for ages to produce purgation in the southeastern p

of Nigeria (Gill 1992). The use is so common, that it becamePf distilled water for 10 min and filtered then evaporated at
necessary to find out scientifically the chemical principles®0 C t0 @ syrup liquid by using a rotary evaporator. The total

responsible for the purgation especially as some phorbol@JUeous decoction was first extracted successively with 3 x

could function as co-carcinogens (Kinsella 1987; Shaofer200 mland 100 mI.of n—butanol..The residual aqueous extract
et al 1991). was extracted with three aliquots parts of 200 ml of

ethylacetate. The butanolic fraction was defatted with 200 ml
In the developing countries there are about 1 billion peopley gichloromethane. The three fractions butanol, ethylacetate
living in extreme poverty and vast numbers suffering andand dichloromethane were evaporated to dry- ness to give
dying for want of safe water and medicine, they have nops5 9p2g, 1.312g and 0.858g, respectively. The three fractions
alternative for primary healthcare (WHO 1995). were subjected to phytochemical studies.

The aqueous extract of the leavesoheterophyllas used  |solation 0.470g of the yellow semisolid obtained on remo-
by the natives to produce purgation. Infact, according to &4 of the solvent from the ethylacetate fraction hydrolysed
traditional herbal practitioner when the leaves are used tQyith 5mI of dilute tetraoxosulphate (VI) for 30 min. The pre-
cook “yam porridge” purgation ensures within 3-4 h after cipjtate obtained (designated FH) was re-dissolved in ethy-
consumption (Sevitt al 1993 and 1994). lacetate and subjected to thin layer chromatograatatysis

Therefore, the objectives of this study is to ascertain the clain¥Sing ethylacetate : n-hexane (9'HNMR, 13C"\_IMR and IR
by the users of this herb and also to investigate the chemic&Pectrophotometric measurements were obtained.

principle(s) responsible for the laxative activity. Acetylation 0.197g of compound FH was acetylated with
) 5ml acetic anhydride and 3 drops pyridine to give 90.312 mg
Experimental of colorless needle clusters (designated FA). Compound F A

Taxonomic identification of plant materiahe plantma- ~ Was Subjected t#-NMR, “C-NMR and mass spectrophoto-
terial (leaves only) was collected at the University of BeninMetric analysis. The melting point was also determined with
in March 2000 and identified by Prof. L S Gill of the Depart- the kofler melting point apparatus.

ment of Botany. Isolation and identification of the sugars in the extracts
*Author for correspondence. The cold and residual aqueous fractions after the extraction
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with n-butanol and ethylacetate were gave positive test foanhydrous N0, and evaporated to dryness to give a resi-
sugars; hence, the fractions were subjected to osazone fodue 0.035 g. The phorbol esters in the diethylether layer were
mation. detected on TLC using antimony (lIl) chloride and 60%

Procedure 2.082g of the fraction were reacted with 0.5 ml H,SQ, with a solvent system (.)f chloroform: d|eth¥Iet(95:5).
The plates were developed in the oven for 5 min atCLO@

phenylhydrazine, 0.5ml glacial acetic acid and 1g of sodium .

acetate crystals. The solution was heated in a water bath gtngle greyish color spot at Ralue of 0.96 confirmed the

100°C for 30 min. The yellow osazone crystallized out aboutPresence of diterpene (phorbol) esters in the butanol fraction.
15 min after heating. It was filtered by suction through a healaxative studiesThe crude total aqueous decoction, buta-
ted buckner funnel. The hot filtrate was again heated andhol and the residual aqueous fractions were subjected to
crystallization occurred on cooling. The shapes of the crysiaxative tests using Lou’s method (Lou 1949). Albino rats
tals were observed under the microscope. The process wageighing between 115-240g were obtained from the animal
repeated until a clear solution obtained and no crystallizatiorhouse of the Department of Pharmacology, Faculty of Phar-
took place. macy, University of Benin. They were kept in well ventilated

Due to the variations and closeness of the melting of aIIrats cages (Lou’s Cages) with free access to water and feeds

osazones of the common sugars, the identification of the(ad libitum) and left in this environment for 2 weeks to accli-

osazones was based primarily on its crystal form (Frederickmat'ze'

and Bernard 1960). Administration of the extracThe rats were divided into

Chemical investigation of the butanol fractidihe three two (2) groups of 4 each. Group 1 for the test dEJg]eterp'
phylla) while group Il was for the control drugéssia

extracts including total agueous decoction, butanol and resi= 7 .7 .
¢ d cutifolia leaves-herb tea). The rats were food and water

dual aqueous fractions were screened phytochemically an ; .
d . Pyt y starved, fasted over the night preceeding the doses and each
the results are shown in Table 1. . .
rat was placed singly into each compartment of the cage. The
The butanol fraction 1.723g was dissolved in;OH : H,O next day, the faeces were examined and the rat with wet faeces
mixture (17:3) to extract any phorbol esters. The water : methawas excluded from the experiment. The weights of the rats
nol mixture was extracted with n-hexane to remove unwantedvere taken.

compounds such as triterpenoids and triglyceride (Rowan an%o 200.300.400.500. 600 and 700ma/ka doses of the aque-
Onwukaeme 2001). The hydroalcoholic layer was further™ ™’ S o omg/g . qu
ous decoction were given to the rat in each experiment. Simi-

artitioned against several aliquots of diethylether, sufficient .

P i 9 9 y I?rly, rats of group Il were given 100mg/kg to 700mg/kg of
water being added to produce two layers. The ether extrac e .

an aqueous extract @f. acutifoliaas control. Immediately

containing diterpenoid esters were combined; dried 0Verafter dosingthe rats were given tmeixture of food and water
mixed together (1parts of feed plus 7 partsditilled water)

and observed at every hour for 12 h for the excretion of wet
faeces which were recognized by the wire adhesion method

and also by physical examination (Latwetral 1951). At the

Table 1
Phytochemical composition of the extracts of
E. heterophylla

Phytochemical Total Butanolic Residual end of the 12 h of observation the total number of wet faeces

composition aqueous fraction aqueous and of dry faeces were noted. The percentage of wet faeces
decoction fraction was also calculated.

Carbohydrates + - +

Osazone formation + - + Results and Discussion

Saponins + + - Compound FHMelting point, 258C; TLC, Ethylacetate :

Amhr?”qu'”ones - - - n-hexane (9:1)*H-NMR, (400 MHZ, DMSO-g), & 2.45

Alkaloids - - - (DMSO-d), 3.25 (HO from DMSO), 6.15 (1H, d, H-6), 6.42

Flavonoids + - - (1H, d, H-8), 7.58 (1H, d, H-6), 8.0 (1H, dd, H43-5), 9.38

Phenols + + - (1H, OH at H-7), 10.8 (1H, OH at H-3) 12.6 (1H, strong

Terpene + + - intramolecular H-bonded, OH at C-5 to C=0 at C*4@-

Diterpenes + +

B NMR, (400 MHZ, CDC},) signals ad 146.0 (C-2), 136.4

+, indicates presence of compounds; - , indicates absence of corkC-3), 176.2 (C-4), 159.6 (C-5), 98.8 (C-6), 165.3 (C-7), 95.0
pound. (C-8), 160.0 (C-9) 154.0 (C-10, 123.5 (J;1116.8 (C-2,
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145.0 (C-3 148.6 (C-4, 116.9 (C-5, 123.7 (C-6, 40.6
(DMSO); IR, (cni), 3400 (OH, intra molecular H-bonded),
2365.8 (due to inequalitiesfrath length), 1695 (C=0), 1168.1,
1076.9 (C-O stretching®97.8 (C=C), 821.6 (2 isolated aro-
matic C-H), 880 (1 isolated aromatic C-H).

Compound FAAcetylation of 0.1975¢g of compound FH gave
90.31mg of FA as colorless needle clusters.

Melting point, 165C; TLC, Ethylacetate f.63;'H-NMR,
(400 MHZz, CDC}), 1.5 (HO from CDC}), 7.25 (CDC)),
2.38 (9H, s, 3 acetylmethyl protons at C@&-2, C-7), 2.42
(3H, s, 1 acetylmethyl proton at C-3), 6.85 (1H, d, H-6), 7.34
(1H, d, H-8), 7.36 (1H, d, H% 7.7 (1H, dd, H-3, 7.72 (1H,

dd, H-5); *C-NMR, (400 MHZ, CDCJ), 20.5 (aliphatic Chl

of O-CO-CH,), 77.3 (chloroform-g), 150.5 (C-2), 167.8C-3),
170.1 (C-4, C=0), 167.9 (C-7), 167.87 (;267.8 (C-3,
144.5 (C-5), 124.1 (C-9), 126.6 (C-10), 127.9 (E-MS
(70eV) M/Z, 469.8 (6%), 427.9 M64%), 386.6 (90%), 344.1
(100%), 302.1 (90%), 273.2 (20%), 245.2 (14%), 217.2 (10%);
IR (cm™), 3460 (free OH), 3099.1 (-COGH 2335 inequali-
ties in path length), 1690 (C=0), 1168.1, 1076.9 (C-O stre-
tching), 997.8 (C=C), 821.6 (2 isolated aromatic C-H), 880
(1 isolated aromatic C-H).

The MS for compound FA showed the presence’ctv69.8
formulated as GH1010 quercetin tetracetate requires
470.3886. The sequential loss of a four 42 units in the frag-
mentation pattern of FA (peaks 469.8 to 427.9 to 386.0 to
344.1 and to 302.1) indicate the loss of four ketene units ari-
sing from four acetate groups (scheme 1). TH&NMR
showed the presence of a signab#.38 integrating for 9
protons corresponding to the 9 protons of the acetyl methyl
groups located at the equivalent positions @327 and C-4

The 3H signal ad 2.42 is ascribed to the 3 protons of the
acetylmethyl group at (C-3).

13C-NMR spectrum revealed the presence of four ester carbo-
nyl carbons resonating &t167.943, 167.865, 169.370 and
170.126. The ketonic carbonyl at C-4 appeared in the spec-
trum atd 170.126. This is also evident in tHR€-NMR spec-
trum of quercetin (FH). Both FH and FA gave positive tests
for flavonoids.

These data with the melting point characterised compound
FA as the tetracetate of quercetin and its precursor as querce-
tin by inference. The phytochemical screening of the three
fractions showed the absence of alkaloids and anthraquino-
nes (known laxative agent) but showed the presence of sug-
ars, flavonoids and diterpene (phorbol esters) (Table 1). The
total aqueous decoction and residual aqueous fractions tested
positive for a variety of sugars found to be xylose, lactose,
glucose, galactose, maltose and lactulose. The presence of
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B - chemical compounds. Further studies will be carried out to
—@— Herbtea isolate and characterize the phorbol esters.

4 —H&— Total aqueous decoction
—&A— Butanolic extract //. Conclusion

B - —— Residual extract

__/ The chemical principles responsible for the laxative activity
50 /t"f of the leaves oE. heterophyllehave been shown to be the

1 o
sugars, xylose, lactose, galactose, glucose, lactulose and mal-

tosc. The phorbol esters in the butanol fraction which showed
complete absence of the sugars are partly responsible for the
laxative activity.

% of wet faeces

Compound FH was isolated from the leatofheterophylla

and characterized as quercetin. FA (acetylated derivative of
guerectin) was synthesize and characterized to confirm the
structure of FH.
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Density, viscosity and ultrasonic velocity measurements have been performed by ultrasonic interferometer technique in
some aqueous solutions of three carbohydrates (sucrose, D-glucoBeDaladtose) as a function of molality with

different concentration of the order 0.1 to 0.5 mole/kg. At three different temperatures, via 303.15K, 313.15K and 323.15K
and at atmospheric pressure, ultrasonic velocity, partial molar volumes, partial molar isentropic compressibility have
been calculated and plotted against concentration. The velocity results confirm the conclusions that were originally deri-
ved from viscosity data by Einstein that the sugar molecules have a ‘salvation envelope’ attached with a layer of water
molecules which decreases with thickness as the temperature of the solution rises. It has been observed that in such
solutions it is quite legimate to look for the dispersion caused by viscosity of the solutions. The apparent molar volume
occupied by solute molecules remains constant at one particular temperature, irrespective of the change in concentration
of sucrose in water. The compressibility increases slowly as a function of concentration at constant temperature. The data
revealed that the compressibility of these different solutions is related with three diamensional hydrogen bond water
structure. It is governed by the stereochemistry of carbohydrate. By these studies an overview of the hydration charac-
teristics and the effect of relative position of hydroxyl group within a carbohydrate molecule is given. By increasing the
carbohydrate concentration in water the ultrasonic velocity increases, while there is no effect on compressibility of moles.
For monomer the apparent molal compressibility depends on the hydration of the mole. The results agree with the previ-
ously obtained kinematics data of literature values.

Key words Carbohydrates, Concentration, Density, Viscosity, Isentropic compressibility, Ultrasonic velo-
city, Apparent molar volume.

Introduction forces. These have much interaction for water molecules and
The velocity of elastic waves in solution is defined by solute-'t S€€MS reasonable to expect the voids in volume associated

solvent and solute-solute interactions which are determinea‘{ith each solute molecule (Paatlal 1999). A group of phy-

by the chemical structure of the solute and solvent molecules'CtS in USSR (Shelnikov and Privie 1991) have worked on

(Nobuo and Kyoshi 1974). However, a clear cut picture ofthe bulk EIZS“C prr]opertleshof gdlucose, lgalacqtose,| Igctosed
results have been obtained by uncertainities about intrinsiUCrose and starch. From their data on ultrasonic velocity an

volumes of solute molecules. Still acoustical methods havéhheddenﬂy oflthg solut|r(])ns, the hy:rat!on n;:mbekr) of carbo-b
been developed, with only a minor contribution todb&iled ydrates in relation to the stereo chemistry have been a sub-

e . . .H'ect of study since a long time and due to their importance in

description of the solute-solvent interactions of molecules i _ .
. o icQur life (Blanshard and Mitchell 1979).

aqueous solutions. The successful applications of acoustica
methods to the physicochemical investigation of solutionThe compressibility of solution can be determined by the
became possible after the development of adequate theoretffect of solvent, solute and solution. (Roscoe 1952; Mark
cal approach and methods for the precise ultrasonic velocityt960). The effect of solute molecules can be separated into
measurements in small volume of liquid mixture. three parts, the compressibility of solute molecules, solute-

E literature i iiabl the phvsical and chemi iolute interactions and the size of the molecule. If the con-
normous fiterature is avaravle on the physical and ChemiCay i 4tion of the solutiobecomes very low, the secoeffiect

nature of carbohydrates molecules and their structure, mMoste comes negligible (Pryor and Roscoe 1954) measured the
OT them are_ mqnomers and some ar_e d_|mmer. Glucose is Qitrasonic velocity of the solution of sucrose and sacchride
dimmer, which is able to rotate about its linkage such that thefrom the temperatures of ZDto 80C and they showed quali-
hydrophobic surfaces were bound through IntermOIeCUIartatively that the salvation envelop decreases in size with

*Author for correspondence increasing temperatures, provided the sugar molecules could
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be regarded as incompressible but they did not approach feassing distilled water through a cation anion resins. The

zero concentration. specific conductance of water was 5%1éhm/cm. All the

It is a well-known fact that in solution of electrolytes, the solutions Wgre prepared bY weight percentage and t.he neces-
sary corrections were applied for the water content in carbo-

water molecules are bound to the electrolytic ions that ar% o .
. L I . ydrates. The doubly distilled water was used for making the
compressed owing to the strong electric field within the ions . .
olution. All the samples were kept in glass stopper flasks.

to form a hard structure. From the literature (Arakawa and> .
All the measurements were carried out at each temperature

Sasaki 1972), it is seen from the adlqbatlc compreSS|b|I|tyf r five different concentrations of every carbohydrate. The
measurements, the degree of hydration can be evaluate

They assumed that the compressibility of bound water an&ame squ.ttl)(.)I:s were used fortdensny, viscosity and isentropic
of the ions itself is negligibly small. Shio (1958) has deducedCompressl ity measurements.

a more general formula for the amount of bound water bySample preparatiarThe mixtures were prepared by mix-
taking into the account, the compressibility of bound watering known mass of carbohydrates in pure water in an air tight
and of solute particles. This was applied to solutions of threg@ground stopper bottle taking due precautions for exposing
carbohydrates (sucroggD-lactose and glucose). Details of them from the humid atmosphere. All the weights were taken

few parameters related with this structure study at threén an Ohaus electronic balance accurate dow0.@l1 mg,
temperatures can be found here. the possible error in the mole fraction is estimated to be less

) o ) than+2.5x10"mg.
The partial molar volume V/ It is informative for a solu-

tion of the character of solute-solvent interactions. It is theDensity measuremenBensity of each SO|Uti0f1_ was mea-
sum of the intrinsic volumes of the solute and the volume consured at 303.15K, 313.15K and 323.15K by using Pycnom-

tribution due to a solute-solvent interactions (Mideal1997)  €ter, (Limpkins double stem with volume 18 ml). The Pycno-
meter was calibrated with conductance water immediately

after density measurement, the error in the density measure-
Isentropic partial molar compressibilit@,. This is a  ment was estimated to B8x10° kg/n?.

pressure derivative of partial molar volume Nwill directly Viscosity measurementEhe viscosity of each solute and
reflect the carbohydrate+water interactions. If it is assumed, |y ent (sugar solution) was conducted independently by
that molecules of all carbohydrates are incompressible. Th‘HappIer’s falling ball viscometer at various temperatures
compressibility can be measured at constant temperature Qfithin an accuracy af1%. The apparatus is calibrated each
at constant entropy. In order to determine the isothermaljne against the standard solutions before measurements of
apparent molar compressibility, we have to know about itsihe viscosity. It is determined from the rate of fall of steel ball

expansibility and heat capacity of the solution to calculateygjng the formula (1) (Weissberger A 1959).
from the isentropic compressibility. The isentropic and iso-

thermal compressibilities are different numerically, however
when one is interested to use either of them. (Arakawa an@) = KT (dS-dI)/dt ..........cccoueiieiiiiieii e Q)
Sasaki 1972).

V,= Vintrinsic + Vsolute + solvent

Viscosity can be evaluated by Equation (1):

Where, K is the Boltzman’s constant and T is the absolute
The purpose of this study is to discuss the results of a phytemperature, ds and dl are the density of solid ball and den-
sico-chemical study on three carbohydrates water mixturesity of liquid.

with varying viscosity and density measured at three diffe- . . .
rent temperatures. Ultrasonic velocity that potentially seemsC ompressibility and velocity measuremeBisthe inter-

viable deals with our investigation of the thermodynamic andfero;netgr tegh|r1|que of uItrgsonl;:(;/yavelengtr;] mbe;ziisurements,
transport properties of these mixtures. This work is in con-S€€ for pictorial representation of diagram (Ahreteal 2000)

tinuation of our previous investigation by ultrasonic proper- in which a canventional 300W of power output from Scholler
ties of liquids glycol and their mixtures.

(USLG-300) is an ultrasonic wave generator was employed
for producing longitudinal stress waves. They excite the x cut
Materials and Methods crystal (Piezoelctric transducer) through a 50 ohm line in the

All the carbohydrates (sucrose, D-glucds® lactose) taken presence OT an air pressure of 50 Lbsﬁnﬁm the tqp qf the
ransducer is a water seal proof glass cell, is the liquid sample

were made anhydrous. Carbohydrates were supplied by Koch der is placed f g th lenath of th
Light Laboratories, France, (Analar grade) and dried in a olders placed for measuring the wavelength of the waves.

vacuum oven at 333K before use. The tmmductivity water ~ The interferometer can have a great advantage for good par-
was used for preparing the solution, which were made byallelism by micrometer position. The surface of the transducer
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and the parallelism is established by the application of puls&Vhere, ‘U’ is the speed of sound in liquid and ‘d’ is the den-
echo method. The piezoelectric transducer is driven througlsity of liquid, ‘v’ is the volume and ‘P’ is the atmospheric
loosely coupled coils by a source of constant frequency (2.@ressure. Thef, can be used to calculate the apparent par-
MHz) and the current across the crystal which is indicated irtial molar compressibility, kvia the different method.
milliampere meter. By moving the variable ganged capacitor
in the master oscillator, the sharp resonant frequency is selec|;<-“’_ 10008 Ped/Md + BV oCT/MOIE/DAN v )
ted from the upper face of the transducer and are sent throughthere, s andf3;,) are the isentropic coefficient of compres-
liquid to the reflector, By means of the micrometer the sepasibility of the solution and water respectively, ‘m’ is molality
ration between the reflector and transmitter can be varied whilef the carbohydrate, ‘d’ is the density of solution ang %
in turn it produces the phase change of the waves incident othe apparent molar volume at that concentration. By defini-
the receiving plate of the micrometer. It produces a variationtion the limiting value of the isentropic apparent molar com-
in the output current of the generator which repeates as thgressibility K(¢) is equal to the isentropic partial molar com-
phase of the wave by odd multiple)oin the liquid mixture.  pressibility:
The principle is known as single round (Gamsegl 1969),
which involves the passage of repeated pulses of uItrasoni'é2((p) = Ky(S) + MAdK/dm ..o (6)
waves through the solution and measurement of wavelength i i
of these radiations. Results and Discussion
. Analysis When anhydrous sucrose or glucose is dissolved
Frequency measurementée frequency of the ultrasonic . . o

n water, the volume of the resulting solution is almost equal

waves were measured by frequency counter TRIO- FC 754- . .
T . . to the sum of the volumes of water plus solid sugar particles.
(Keenwood) Japan, with display time 1 sec averaging over a

period of 10 sec with full scale deflection of 10Hz to 500MHz. The _ratlo of thg volume of _sugar particles to the vplume of
solution thus gives the fractional volume of the solution occu-

Temperature measuremendsglass thermometer with a pied by the sugar molecule. Since a water molecule is much
least count of 0.0C/div was used for liquid temperature smaller in size than a sugar molecule, it is reasonable to sup-
measurements. pose the solution to behave as suspension of solid particles
occupying fractional volume c in homogeneous liquid. The

Calculation of ultrasonic parameterditrasonic velocity, : : i i
solid particles are regarded as compressible, since the com-

V: By varying the Screw Gauge head position up or down e =
which is connected with reflector and immersed in liquid, thePressibility of individual sugar molecules must be very much

reflector is moved through eadhmultiplying with the fre- less than the pure water, so that the adiabatic compressibility

quency of the waves, the ultrasonic velocity is calculated as®f the solution should be:

V= ()\ meter x frequency MHZ) MISEC oo (2)8 = Bo (1'C) ........................................................................ (7)

Where,3,is the adiabatic compressibility of water. The vis-

Partial molar volume Y After measuring the density of the ) s i
cosity of sugar solution can also be treated by regarding a

liquid carbohydrates solutions at different molalities, the

apparent partial molar volume can be obtained by using equa°!ution as suspension of solid particles occupying a frac-
tion 3: tional volume ¢ in a homogeneous liquid. Here again when

ultrasonic waves are passed through this suspension, the dis-
V(p: lOOO(d-d)/mddﬁ Mz/d* cm¥mole ..o, (3) persion of the waves takes p|aCe due to partic|es and the tem-

Where, m is the molalities of carbohydrates,isthe molar perature of the solution rises and the viscosity decreases. The
mass of the carbohydrate, the partial molar volume is obtaine@ellision force of ultrasonic waves, is of the right order, but

by plotting the apparent partial molar volume against mola-the decrease in viscosity with rise in temperature, is observed

lity (Rod et al2000). d*, density of solution andid density @t high concentration. The observed values of heat of solu-
of water. tion are always higher than calculated values. Assuming that

) - . the volume of sugar molecules is effectively increased by a
Isentropic compressibility coefficiefls; They were mea- layer of attached water molecules (Panegl 1987).
sured by monitoring the speed of sound through a solution in

an adiabatic and reversible way, which ensures that the comvVe have chosen to measure isentropic compressibility through
pressibility is isentropic from this data, the compressibility these molar measurements. The following points are worth
coefficients can be obtained, by equation 4: mentioning in regard to its molecular structure.

STV WAVA (V7o | = WO (4) * By increasing the carbohydrate concentrations in water
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Table 1
Measured and calculated values of results of thermodynamic measurements at three temperatures (303.15k
308.15K and 313.15K) for sucrose + water solutions

S. Temp. in Conc. Density Viscosity Velocity Partial molar Isentropic
no. K mole/kg kg/th C poise m/sec volume®V compressibility
cn/mole cni/mole/bar x10
1. 303.15 0.1 1028.1 1.0021 1483.50 126.33 -17.66
0.2 1036.0 1.0191 1488.80 128.14 -17.33
0.3 1040.0 1.0212 1493.20 123.33 -17.06
0.4 1041.0 1.0342 1496.10 126.25 -16.92
0.5 1043.1 1.0591 1499.00 125.75 -16.75
2. 313.15 0.1 1046.7 1.1179 1501.50 133.33 -16.66
0.2 1045.5 1.1190 1507.33 139.12 -16.11
0.3 1048.3 1.1221 1519.19 140.55 -15.33
0.4 1057.0 1.1371 1522.44 141.25 -15.25
0.5 1059.1 1.1443 1528.22 141.33 -15.07
3. 323.15 0.1 1055.4 1.0021 1495.55 142.11 -12.55
0.2 1063.3 1.1221 1499.33 143.14 -11.03
0.3 1109.3 1.0212 1517.11 144.52 -10.55
0.4 1114.7 1.0342 1529.33 145.34 -10.15
0.5 1119.5 1.2171 1533.40 146.77 -09.87
1540 160 —
o Lactose
1530 323.1K o 140 — k/"—‘
7] o 2 Glucose
313.15K = 120 -———-//
1520 | g // Sucrose
(8]
8 £ 100 ~
£ g
> 1510 ~ 80 —
5 S
2 1500 o & 60
1 303.15K =
£ 40+
1490 <
20
1480 T T T T T — 0 T T T T 1
0 0.1 02 03 0.4 0.5 0.6 0 01 02 03 04 05 06

Concentration mole/kg

Fig 1. Variation of ultrasonic velocity with concentration at three

different temperatures for sucrose + water.

Concentration m mol/kg

Fig 2. Apparent partial volumes as a function of concentrations

of three different carbohydrates molecule at 303.15K.

the ultrasonic velocity increases, while there is slow rise ine The limiting values of isentropic compressibility directly
compressibility of moles at each temperature. See Fig 1, gives insight into the compressibility of the hydration layer
compared to that of pure water. The relative position of OH

and 3.

- . o I determines the hydration characteristics of such molecules.
* Density is an important quantity in a sense it dictates how

much free volume is available to each carbohydrate molecule The molecular picture is that the distance between the oxy-
gen and next nearest neighbor OH group within the carbohy-

in the system.
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Table 2
Measured and calculated values of results on thermodynamic measurements at three temperatures
via 303.15K, 308.15K and 313.15K for glucose + water solutions

S. Temp. in Conc. Density Viscosity Ultrasonic Partial molar Isentropic
no. K mole/kg kg/f cp velocity volume ¥V compressibility
m/sec ciimole cn¥/mole/bar x 10

1. 303.15 0.1 951.44 0.981 1505.00 126.33 -21.10
0.2 953.20 0.987 1507.33 128.14 -21.30
0.3 957.11 0.991 1512.20 123.33 -21.10
0.4 959.55 0.998 1522.40 126.25 -20.44
0.5 962.25 1.013 1528.20 125.75 -19.22

2. 313.15 0.1 988.30 1.022 1522.50 126.33 -19.00
0.2 965.00 1.013 1497.00 128.14 -18.75
0.3 967.30 1.008 1499.20 123.33 -18.55
0.4 1008.00 1.005 1506.10 126.25 -18.44
0.5 1015.10 1.091 1509.22 156.05 -18.33

3. 323.15 0.1 1015.10 1.087 1533.50 126.33 -18.22
0.2 1019.50 1.097 1523.90 128.14 -18.13
0.3 1025.30 1.118 1527.00 123.33 -18.10
0.4 1033.00 1.125 1536.20 126.25 -18.02
0.5 1037.30 1.132 1539.20 162.05 -18.00

The velocity of sound in distilled water = 1479 m/sec at 30°C; Formula wt of glucose (anhydrous)=342.32

257 molecular force and which increases the net hydrophilic cha-
o—.-————-*\..\’ racter (Mark 1959).
- -20 Glucose . . .
=) ¢ It is found through literature that hydration of carbohydrate
E 15 ./.\‘\'\_ Sucrose is mostly dependent on the relative position of OH within the
8 nearest neighbor in the bond structure. As we have evaluated
t_g 0 in the above three carbohydrates, which have small partial
€ molar volume due to extensive solute solvent interactions.
< Lactose
B “"\‘—A\‘ .
5 Conclusion
0 | | | | . . The following conclusions have been drawn from the above
0 0.1 0.2 0.3 0.4 0.5 0.6 results on carbohydrates+water solutions within the limits of
Concentration ¢ mol/kg certain experimental errors:

Fig 3.Isentropic apparent molar compressibility (negative ® The sound velocity in such solutions depends upon concen-
values) as a function of concentrations of three differenttration or viscosity. It increases with concentration of carbo-
carbohydrates at 303.15K. hydrates in water showing no complex formation which can

occur in the above concentration region at one particular
drate molecule is comparable with the oxygen distance bettemperature. Density is particularly an important quantity to
ween the water molecule. evaluate how much free volume is available to each molecule

« In this experimental study a molecular model resembles witH" the solution and there is a correspondence between free

that of Enistein model (Blanshard and Mitchell 1979), that avolume and density.
sugar molecule has a solvation envelope attached with a layerAt each temperature in the above three sugar solutions there
of water. is an increase in the partial molar volume which shows a for-

* Since glucose is a dimmer, which is able to rotate about itgnatlon of intermolecular hydrogen bonds (Miléal 1997).

linkage such that hydrophilic surfaces were bound by inter- The viscosity of sugar solutions can also be treated by regar-
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Table 3
Measured and calculated values of results of thermodynamic measurements at three temperatures via 303.1¢
313.15K and 323.15K fd-D lactose + water solutions depending upon the constant values*

S. Temp.in Conc. Density Viscosity Ultrasonic Partial molar Isentropic
no. K mole/kg Kag/fh cp velocity volume ¥ compressibility
m/sec ciiimole cni/mole/bar x 16

1. 303.15 0.1 1021.33 1.1121 1509.55 103.22 -6.00
0.2 1015.22 1.1990 1512.11 104.14 -6.00
0.3 1019.14 1.1198 1517.32 107.33 -5.70
0.4 1022.50 1.2390 1529.11 106.22 -5.50
0.5 1032.25 1.2419 1533.44 109.75 -5.22

2. 313.15 0.1 1061.25 1.2401 1523.00 110.00 -5.03
0.2 1075.33 1.2231 1527.33 111.15 -4.97
0.3 1077.00 1.3081 1521.11 114.55 -4.80
0.4 1083.00 1.3750 1536.11 115.15 -4.72
0.5 1085.00 1.3910 1549.22 116.05 -4.22

3. 323.15 0.1 1088.22 1.4050 1483.55 122.22 -4.06
0.2 1092.05 1.4130 1553.99 126.14 -4.05
0.3 1082.07 1.4280 1.564.12 128.55 -4.00
0.4 1177.00 1.4340 14.96.10 130.15 -4.00
0.5 1167.33 1.4310 1582.22 131.05 -3.90

*Molar compressibility of pure wateg, = 8.17x10' cm®/mole/bar; Formula weight @D lactose (anhydrous) = 342.32

ding a solution at suspension of solid particles occupying diate our results by measuring ultrasonic velocity at 303.15K
fractional volume c in a homogenous liquid. (Roscoe 1952),323.15K and 313.15K.

when elastic waves were passed through the solution the hegitl_hese results show that OH radical plays an important role
energy is produced.

in the equilibrium and biochemical properties of solutions.

* The negative values of partial molar compressibilities of theThe ultrasonic study seems to provide an adequate tech-
three samples shows a type of linkage between their subunitsique for the study of complex formation ion within these
at constant temperature or entropy, obvious from Fig 3. Thesolutions.

negative values of compressibility suggests that when iong
are introduced in to water they break the water structure b
electro restriction force, the water around the ion is dense an
less compressible.

At infinite dilution the partial molar volume equal to the
pparent partial volume (Gelnedal 1990).

* The above results are in good agreement with literature

* The amount of bound water in cc/g can be determined in b)\//alues (Paukt al1999).

evaluation of compressibility.  Within the range of cfnmole/bar/concentration for each
sample, the partial molar volume rises slowly for one tem-

* The limiting values of compressibility of the three solutions T
perature and at constant pressure as shown in Fig 2.

directly gives insight in the compressibilities of hydration
layer compared to that of pure water i.e. 8.17x&@"/mol/ * Pressure derivative of partial molar volume will directly
bar. reflect carbohydrate + water interactions, if it is assumed that

* The hydration number of such carbohydrate mixturethmr molecules are incompressible.

depends on their composition (weight %) with water ande The viscosity of sugar solutions increases very slowly at
temperature and detailed microscopic model (Uedair andow temperature. The solid particles occupying a fractional
Ikura 1989). volume c in a homogenous liquid.

* Through this kinetic experiment we have tried to substan+ The equilibrium composition of a carbohydrate in water is
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PuLse VoLTAMMETRIC DETERMINA - range and their total buffer concentrations were as follow:
pH 1.8-3.1, phosphate (0.04 molfinpH 3.7-5.7 acetate (0.04

TION OF PK, OF PARA-CHLOROANILINE  moydn), pH 5.7-6.5, phosphate (0.04 molRinpH was noted

by using a digital pH meter and combination glass electrode

“11l- *ab

Inam-ul-Haque (Ruslinget al1983).

aDepartment of Chemistry, University of Engineer-

ing and Technology, Lahore 54890, Pakistan compound in buffers of pH 1.8-6.5, so that the final concentra-

b7. -

J-263, D.H.A. Lahore-54792 tion of p-chloroaniline was 1xIbmol/dn®. Purified nitrogen

(Received July 10, 2002; accepted March 25, 2004) was bubbled through the solutions for five to ten minutes to
remove oxygen and a nitrogen atmosphere was maintained

Monochloroderivatives of aromatic amines are the degrada-2bove solutions during voltammetry.

tion products of commonly used herbicides. The oxidation cgrphon paste electrod®he carbon paste electrode (CPE)
potential of monochloroanilines at a number of solid elec- 55 3 disc of area 0.12 x16% surrounded by a Teflon collar
trodes_ has be_en fount_j to be dependent on the number Qff giameter 0.3 x 1®m. The carbon paste was prepared from
substituents in the ring system (Suat@iial 1961).  Fisher ACS grade graphite powder, grade no. 38 and nujol as

Voltammetric detection of these compounds and their separagescribed in literature (Adams 1969). The surface of this elec-
tion in a mixture by liquid chromatography has been reportedrode was renewed prior to each scan.

(Purnell and Warwick 1980; Hagt al1981). Large amplitude

pulse voltammetric experiments suggest that the oxidationCounter electrodeA platinum strip, A =1 x 10n?, or a
reaction of 4-chloroaniline involves the elimination of the one Platinum wire was used as a counter electrBeéerence elec-
electron as the initial oxidation reaction at the carbon pastérode (silver-silver chloride electrode): A low resistance sil-
anode. The experiments were performed by varying the val-ver-silver chloride saturated KClI, reference electrode was used
ues of rest potential, drop-time and sweep rate in large amplifor €xperiments in the aqueous system (Saweyed 1995).

tude pulse voltammetry. The reasonably constant value oMoltammetry in a three electrode cell was done using conven-
limiting current shows that 4-chloroaniline can be used as dional electrochemical instrumentation (Haque 1989).
standard for 1-electron oxidation for the investigation relating the anodic normal pulse voltammetric behavior of para-
to the electrochemical studies of selected aromatic aminegy|oroaniline was investigated at the carbon paste electrode
(Haque 2002). More recent work on these compounds relateg or the pH range 1.8-6.5. The normal pulse voltammograms
to electrodegradation kinetics pichloroaniline at solid an- ¢4 b chioroaniline in various buffers showed well formed pla-
odes (Casadet al1994; Brillaset al 1995). The acidity and  te4x (Haque 2002). At half the plateaux currents, E¥2 values
basicity of benzene and its derivatives including para-yere noted in various buffer solutions for the pH range 1.8-
chloroaniline have been treated theoretically in terms of anewg g g1\ pH plot for 1x1mol/dn para-chloroaniline solu-
quantitative parameter (Feagal 1995). Effect of potential on s in these buffers are shown in Fig 1. The first break in EYs
the adsorption g-chloroaniline on silver electrodes has been o pH curve, in Fig 1, corresponds to the pKa value relating
studied using surface-enhanced Raman spectroscopgt(Xu 4 geprotonation of the anilinium species. The value obtained
al 1993). Haloaminobenzenes continue to be the focus oOfy 15 is the same as determined using spectrophotometry (Hart
research (Freccert al2003). Recently their electrochemistry o 5 1981). The first linear portion of E% vs. pH plot shows a
was reviewed (Haque 2003). slope of -58 mV/pH. This value of the slope (Heyrovsky and
Normal pu|se V0|tammetry has been used to determi@epr Vavricka 1972) is consistent with the foIIOWing equilibrium
p-chloroaniline. The result is in close agreement with the valueprior to charge transfer:

reported in literature. The procedure outlined in this work rep-

resents an example of a new method for the determination of  p-CICH 4NH3+ « p-CICH,NH, + [ [ 1)

pK, of p-chloroaniline.

Solutions ofp-chloroaniline were prepared by dissolving the

Our results thus establish that normal pulse voltammetry af-
fords areliable route to the determination of pKa value of the
reaction noted as in equation (1) above. For comparison, it is
mentioned that cyclic voltammetric oxidation of para-
chloroaniline at glassy carbon electrode gave pKa value of
b Present address. 5.5 in Briton-Robinson buffers of pH 1.95-12.0 containing 50%

356

Preparation of buffersBuffer solutions of the pH range
1.8-6.5, were adjusted to an ionic strength of 0.20 méligm
addition of the required amount of sodium chloride. The buffer
solutions used for electrochemical experiments in specific pH
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HartJ P, Smyth M R, Smyth W F 1981 Voltammetric determina-
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pH 146-152.

Fig 1. pH vs. half wave potential, EY2 for the normal pulse Heyrovsky M’_VaV”Cka S1972 OI.’I the pH-dependence of po-
voltammetric oxidation of 1x10 mol/dn¥ p- larographic half-wave potentialsElectroanal Cherié
chloroaniline. 203-221.

Purnell C J, Warwick C J 1980 Applicati(/)n of electrochemical
detection to the measurement of 4méthylenebis(2-
chloroaniline) and 2-chloroaniline concentrations in air
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by volume of ethanol in water (Haet al 1981). Cyclic

voltammograms of 1xItmol/dn? para-chloroaniline were also . e
recorded in various buffer solutions over the pH range 1.8- by high-performance liquid chromatograpinaslyst

6.5. The variation of Ep/2 with pH for the anodic peak of %039) 861-867. _ )
p-chloroaniline was linear with a break at pH equal to 4.65. Rusling J F, Segretario J, Zuman P 1983 Electroreduction of 1-
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A comparative ecological survey of phytoplankton part Il of Lake Bakar, district Sanghar and Lake Phoosna, district Badin
was carried out during August, 1993 to July, 1996. A total of 122 species belonging to 45 genera of 15 families of 5 orders
of class Chlorophyceae were recorded. 11 species were common in both Lakes. 94 species were present in Lake Bakar and
17 in Lake Phoosna. The study showed that the aquatic environment of Lake Bakar is qualitatively much better as
compared to Lake Phoosna.

Key words:Phytoplankton, Bakar lake, Phoosna lake.

Introduction different physico-chemical properties and other parameters

Phytoplankton is an important group of algal flora. These arehave been taken into consideration to study the phytoplank-
the producers of food in the food cycle of aquatic ecosys-n flora.

tems, fixing energy py the _pro_cess of photosynthesis. Thel\/laterials and Methods

phytoplankton are widely distributed and are an important

component of various ecosystems like marine, rivers, pond$’hytoplankton were collected monthly from August, 1993 to
and streams etc. Algal flora is a good indicator of pollution July; 1996 between 11 a.m. to 3 p.m. with the help of boat using

(Patrick and Reimer 1966) and in the water bodies receivingPhytoplankton net of 5-10 mm mesh. Water samples were
animal, poultry and household waste. collected using water sampler (Nansen bottle) for studying
o o o hysico-chemical features using standard methods (APHA
Qualitative and quantitative determinations of phytoplank- bhy o . g (
. . . . 1985) and for quantitative studies of phytoplankton. Samples
ton are essential for determing the aquatic productivity as

they are the chief source of food for aquatic animals includingWere preserved in 4% formalin. The species composition was
determined by Ut hal method (Luetchl1958). The mi
fishes. Bakar lake is subtropical (Blattal1929; Mitcheal etermined by Utremohal method ( ). The micro

o : . j Igae (Ultra nannoplankton) were not counted as Gorham
1967) and is situated in desert area of Sindh at an altitude o? gae P )

t al(1974), idered th I tivel i -
50 m, latitude 2606 North, longitude 6810 East. Its width is etal( ), considered these algae comparatively unimpor

2.5 km and length is 45km. According to Prescott (1961) refer—;iml;nnzg:)F\)Ar/ic;gu?\:g ;l:jets'cﬁzelZﬁi?g:]astfzgiI(UggﬁleZ?:é
ring to older, shallow lakes, highly productive for the eutrophic P Phy yenop y

lak Ph . hall trophic lake. situated in b with the algal net and secondly in polythene bags crush the
axe so oosna_ IS @ shallow eutrop IC_ ake, situated In ez_ilgal material easily found ultra nannoplankton. Phytoplank-
tvyeen 6855 longitude (Eas) an_d 250 latitude (North) at a ton identification and counts were done using inverted
als;ancs ngZ%.ka frodm ltB.adln, 5 ktm, tOWc’(ijl’(:.Shl':IOI’ﬂl"l |Sf light microscope olymphus Japan (20X, 40X objective and
S yrezr;l o?/er aan :reaosf 5 0 0|¢Sacarepsmfl?hz ;Vl\(lgeis slr?alllrc])gv zbec; elyepiece 10X) and identified with the help of available litera-
P . . ) . ' Yre (Husted 1930; Majeed 1935; Smith 1950; Prescott 1961;
2-3 meters deep. Since it is surrounded by agriculture IandIDatriCk and Reimer 1966: Tiffany and Briton 1971 Vinyard

consequently also receives leached plant nutrients. The_L979'Aki ama and Yamagishi 1981; L eghtral 1997)
present study was carried out as very little work has been Ay g 1 €9 '

done on the phytoplankton of lakes from Sindh blooms isResults and Discussion

Kinjhar Lake in summer season (Nazneen 1974). . . .
J ( ) According to the results of the comparative ecological stud-

The present work will give the comparative results of phy- jes of phytoplankton of Bakar and Phoosna Lakes, qualitative
toplankton distribution in the Phoosna and Bakar Lakes, whergneasurement done for the production of phytoplankton is

*Author for correspondence shown in Table 1. Lake Bakar is clearly very productive as
358
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compared to Lake Phoosna. Out of 122 species identified from Table 1
these Lakes 94 were present in Bakar Lake, 17 in Phoosna The occurrence of various unicellular phytoplankton
Lake and 11 were common in both the Lakes. This clearly ~SPecies during August, 1993 to July, 1996 in Bakar and

indicates 5.5 times richness of Bakar Lake in phytoplankton Phoosna Lakes
species. A look at the percentage reveals that 77% of theSpecies Baker Phoosna
species are present in Lake Bakar and 13.93% in Lake Phoosna lake lake

and 9% are common in both Lakes. This productivity of Lake Division: Chlorophyta
Bakar can be attributed to the amount of dissolved oxygerClass: Chlorophyceae
which is an indicator that the phytoplanktons take i fo@ ~ Order: Chlorococcales
photosynthesis and give out.O Family: Oocystaceae

1. Ankistrodesmus convoluté&orda c c
Total hardness was measured by the amount of Ca@€ent 2. A, falcatus(Corda) Ralfs c c
in the Lake waters. The result reveals that Phoosna Lake has A. falcatusvar. stipitatus (Chod) Lemm c c
a minimum of 400 ppm hardness and Bakar Lake has 100 ppr- Chlorella vulgaris Beyerinck p a
while maximum was 516 ppm and 180 ppm present in Phoosng: Chedatella baltonicaScherefell P a
d Bakar Lakes, respectively (Table 2). Blue green algae was & chodatll(Ber.) leg. varchodatl 2 P
_an . oo P y " 9 9 7 Closteriopsis longissimaar. tropical W. & W. p a
in high ratio in Phoosna Lake due to its hardness and thg_ gxcentrosphaera virdistoore p a
present studies indicate that phytoplankton is drastically low9. Gloeotaenium loitelsbergerianutdansgirg p a
in this Lake. 10. Klrchnerlel.la lunaris (Kirch) Moebius p a
11. Nephrocytium obesurWest & West p a
It is also indicated in Table 2 that salinity level in Phoosna 12. Oocystis borgeSnow p a
Lake is very high, maximum 3.8 ppt as compared to Lake Bakar-3- O- crassa(West & West) Nordstedt P a
which is 0.7 ppt. This is one of the reasons why the phy-1% O elliptica W. west P a
’ pp_' - y P y 15. O. eremosphaerigmith p a
Foplankton species are_ scanty !n Phoogna Lake and flourishg o gigasArcher p a
in Lake Bakar. Due to high salinity level, it was also observed17. 0. IacustrisChodat p a
that cells of the plants are damaged and deformed in Phoosnes. O. marsoniiLemm. p a
Lake. The T.D.S. ratio (330 ppm) is higher in Lake Bakar as19: O- parvaWest & West p a
compared to Phoosna Lake and this results in high productiv29: ©- Pyriformis Prescott P a
ity | | of this Lake. Due to T.D.S t th hvtoolank . O. solitaria Wittrock & Nordstedt p a
Ity level o _IS _a e. bueto 1.D.>. suppor .e phytopian " 22. Planktosphaeria gelatinos&mith p a
ton production increases and phytoplankton is the favouriteys scotiella antacoticasritsch a D
food of fish which nourish on it. It has also been observed24. Tetraedron asymmetricurRrescott. p a
that the taste of the fish is very delicious, the reason being th@5. T. caudatum(Corda) Hansgirg p a
ample and high quality of phytoplankton species present in26- T- muticum(A. Broun) Hansgirg ¢ ¢
27. T. miticumf. punctulatumToni a p
Lake Bakar. . .
28. T. regularevar. incus formamajor Pres. o] a
The orthophosphate content is very low (0.002 pg/l) in Lake29. T. regularevar. torsum (Turner) Braun. p a
Bakar due to which phytoplankton species flourish in this 30- T trigonum(Naegeli) Hansgirg p a
water. Moreover, due to greater depth of Lake Bakar (7.8 m)3L: T+ tumidulum(Reinsch) Hansgirg P a
the temperature of its water does not rise as compared t - T. victoriae Woloszynska P 2
P o P 93. Trochiscia hirta West. p a
Phoosna Lake which is shallow and therefore, the temperaz, T granulata(Reinsch) Hansgirg c c
ture rises more quickly in this Lake. Hence, the low tempera-35. T. obtusa(Reinsch) Hansgirg p a
ture species also survive in the Bakar Lake. 36. T. reticularis (Reinsch) Hansgirg p a
. . .37. Westella botryoidegWest) Wildemann. p a
It was observed during the studies conducted that there IS milv: Di :
K A X amily: Dictyosphaeriaceae
proper inlet for water in the Lake Phoosna but. there is nogg Dictyosphaerium pulchellurood D a
outlet. Due to stagnant water mostly the species recordedg. bimorphococcus lunatus. Braun p a
were the hard water ones. A perusal of Table 2 clearly indi-Family: characiaceae
cates that variations in the physico-chemical properties 0fa0. Characium obtusunf. Braun c c
Lake have adverse effect on the fish of the Lake. 41. C. ambiguumHermann a p
42. C. spharicumNaeg. a p

Lake Bakar on the other hand has proper inlet and outlet

. . Family: Micractiniaceae
for water. The Nara Canal derived from this Lake serves to43. Golenkinia paucispinaVest & West. b a

irrigate the agricultural lands. Due to this inlet and outlet (Contd....)
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(Table 1 Cont'd) (Table 1 Cont'd)
Species Bakar  Phoosna Species Bakar Phoosna
lake lake lake lake

Family: Coelastraceae :i.\li/’alndorma m;’;ﬁmBory p a

44. Coelastrum astrodeunaar. astrodeum a p o d OV;X aureu Ir p a

45, C. cambricumArcher a rder: Zygnematales

46. C. microporumNaegeli A. Braun pp a Family: Desmidiaceae/Closterieae

47.C. scarbrumReinsch D a 85. Clostferlum acerosunvar. elongatumBreb. a p

48. C. sphaericumNaegeli p a g? g: Eé?k:}eel?nﬁtﬁetz E 2

Famlly:- Hydrodictyaceae 88. Cl. Praelongumvar. porosumkr. p a

49. Pediastrum boryanunfTurp.) Men. p a 89. Cl. Ralfsii var. hybridium Rabenk. p a

50. P. tetras(Ehr.) Ralfs p a Sub-Family: Cosmarieae

Famlly-: Scenedesmacefle ) 90. Arthrodesmus incusar. extensusAnderson p a

51. Actinastrum hantzschiar. elongatumSmith a p 91. Cosmarium contractunKirchner c c

52. Crucigenia apiculata(Lemm) Schmidle. P a 92. C. contractumvar. ellipsoideumW. & West p a

53. C. irregularis Wille a p 93. C. crenatumRalfs a p

54.C. quadrataMorren P a 94. C. excavatunNordstedt p a

55. C. rectangularis(A. Broun) Gay c c 95. C. gibberulum Lutkem P a

56. C. tetrapedia(Kirch) W & West c c 96. C. granatumBreb D a

57. Scenedesmus arcuatiemm ) ¢ ¢ 97. C. margaritatum(Lundell) Roy et Bisset p a

58. S. arcuatusvar. arcuatusK. Oshima a p 98. C. maximum(Borgesen) W. West P a

59.S. a.r.cuatusvar. platidisca _Sm'th p a 99. C. moniliformef. pandriformeHeimerdl p a

60.S. bljuge?(Turp.) I'_ager.helm o P a 100. C. moniliformevar. limneticumW. & West p a

61. S. ecornisvar. deciformisf. obiciturus 101. C. pachydermuniund D a
Uherkqvmh ) p a 102. C. subtumidunmNordst. p a

62.S. hystrlx-Legerhe|m p a 103. C. sulcatumNordstedt. p a

63.S. quadr}cauda(Turp.) Breb. ) ¢ ¢ 104. C. tinctumvar. tinctum Ralfs. p a

64. S. quadricaudavar. parvus Smith p a 105. C. turpinii Breb p a

65. Tetrallantos lagerheimilleiling a p 106. C. turpinii Breb var.intermediumn.v. p a

Order: Tetrasporales 107. Cosmocladium constricturArcher p a

Family: Palmellaceae 108. Euastrum binale(Turpin) Her. p a

66. Gloeocystis ampl&uetz. Legerheim p a 109. E. dubiumvar. tropicum (W. & West)

67. G. major Gerneck ex Lemm. p a Krieger p a

68. G. vesiculosaNaegeli p a 110. E. pectinatumBreb. p a

69. Gloiococcus mucosug/est p a 111. Micrasterias pinnatifidaRalfs p a

70. Palmella miniataNaegeli p a 112. Penium polymorphunierly p a

71. Sphaerocystis schroete@Ghodat p a 113. P. simplex Novsp. p a

Family: Cocomaxaceae 114. Pleurotaenium ehrenbergiiBerb.) Bory p a

72. Elakatothrix viridis (Snow) Printz a p 115. Staurastrum brevispinurBreb. p a
) 116. S. gracileRalfs a p

Family: Tetrasporaceae 117.S. inflexumBreb. D a

73. Schizochlamys compacfrescott p a 118.S. hexacerun{Ehr.) Wittr p a

74.S. gelatlnosaA: Brf':lun P a 119. S. hexacerun{Ehr.) forma pentagona p a

75. Tetraspora cylindrical(Wahl.) Agardh. p a 120. S. iotanumvar. longatum Hirano p a

Orde.r: UIotrl(.:haIes 121. S. orbicularevar. depressunRoy it Bisset a p

Family: Ulotrichaceae 122. S. orbicularevar. ralfsii West & West p a

76. Geminella crenulatocolliPrescott a p a = absent 17 94

77. G. ordinata (W. & West) Heering a p (13.93%) (77.10%)

Order: Volvocales p = present 94 17

Family: Chlamydomonadaceae (77.10%) (13.93%)

78. Chlamydomonas ehrenbergBorosh Pascher p a ¢ = common/present 11 11

79. C. epiphyticaG. M. Smith p a (9.02%)  (9.02%)

80. C. polyperenoideunfPrescott p a Total present 105 28

81. C. pseudopertyPascher a — - .
i P pery P Division Class Order Family Genera  Species

Family: Volvoaceae 1 1 5 15 45 122

82. Eudorina elegan<hr. p a

(Cont'd....) a, Absent; p, Present; ¢, Common/present.
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Table 2

Physico-chemical properties of Lakes Bakar and Phoosna
S. Parameters Bakar lake Phoosna lake
no. Min Max Min Max
1. Soil temperatuf€ 11.000 26.000 12.0000 24.500
2. Airtemperaturé&C 17.000 39.000 18.0000 38.000
3. Water surface temperatl@ 15.000 31.300 20.0000 30.000
4.  Water bottom temperatuf 16.000 30.300 18.0000 30.000
5 pH 7.700 8.900 8.2000 8.500
6.  Turbidity in NTU Range on 100 0.300 6.800 5.0000 45.000
7. T.D.S(ppm) 22@m00 330.000 160.0000 170.000
8.  Conductivity (m.Ohmsy) 40.000 103.000 40.0000 58.000
9.  Salinity (NaCl ppt) 0.100 0.700 3.0000 3.800
10. Humidity (%) 33000 77.000 31.0000 49.000
11. Light transparency by Secchi disc (meter)  1.200 3.600 19.0000 43.000 (inch)
12. Dissolved oxygen (mg/1) 5.000 11.500 5.0000 9.500
13.  Saturation (%) 40.500 91.000 40.5000 75.0000
14. CQ(ppm) 15.000 77.000 (no free) 50.0000
15.  Ammonia nitrogen (NEHN, ppm) 0.020 0.110 0.0200 0.0400
16. Density (30°Cg/v) 1.002 1.005 1.0044 1.0058
17.  Water color (Numbers) 12.000 17.000 14.0000 17.0000
18. Orthophosphate (pg/1) 0.002 0.200 0.0300 0.2450
19. Total hardness (CaGfpm) 100.000 180.000 400.0000 516.0000
20. Cd*Hardness (ppm) 6000 120.000 200.0000 258.0000
21. Mg Hardness (ppm) 4mo 80.000 200.0000 258.0000
22. CaC]Hardness (ppm) 66.600 109.900 222.0000 286.3800
23.  MgCl (ppm) 57.000 109.300 190.0000 245.1000
24.  Grain Per Gallon (GPC) 6.400 10.440 23.2000 29.9300
25. Refractive index (3C) 1.330 1.330 1.3325 1.3328
26. Total depth of lake (meter) 3.000 7.800 2.0000 3.0000
27.  Wave (inch) 2.000 18.000 2.0000 5.0000
28. Taste astless Tastless Tastless Tastless
29. Odour Odourless Fishy Odourless Fishy
30. Wind Cold Dry hot Cold Dry hot
31. Day Cloudy Clear Cloudy Clear
32.  Weather Fogy Dry clear Fogy Dry clear
33.  Wind in winter North to South North to South
34.  Windin summer South to North South to North
35. Water Shallow near bank Deep at centre Shallow Shallow
36. Solil Sandy on bank Muddy in bottom Muddy Muddy
37. Zone Subtropical Subtropical

of water the species recorded are both soft and hard wateThe physico-chemical features of lake water are presented
species. The physico-chemical properties of the Lakein Table 2. Dickman (1969) stated that lakes which act as
clearly indicate that Lake Bakar is quite productive as com-temporary impoundments to the flow of water from inlet
pared to Lake Phoosna. The size and weight of the fishand outlet are unusual in species population because of
increases tremendously within one year which is more tharthe major role of flushing in regulating their primary pro-

3 kgs. The fish species locally called Kurro and Dumbro ductivity. Bakar Lake also act as a temporary impound-
attain the weight of 18 kgs which was recorded from this ment and it appears that flushing may be a major cause of
Lake. This clearly indicates that the ecological conditions observed irregularities. Physical, chemical and biological
of Bakar Lake are much better and suitable for the fish andfeatures are strongly conditioned by surface level fluctua-
other fauna. tions, due to flooding and dewatering (Thorngdl 1990).
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Table 3

Seasonal variation of unicellular phytoplankton of Lake Bakar
S.no Species Summer J-A Autumn\SiNer D-F  Spring M-M
Division: Chlorophyta
Class: Chlorophyceae
Order: Chlorococcales
Family: Oocystaceae
1. Ankistrodesmus convolut€&orda c C c c
2. A.falcatugCorda) Ralfs c c c c
3. A.falcatusvar.stipitatus(Chod) Lemm c c c c
4. Chlorella vulgarisBeyerinck a r C C
5. Chodatella baltoniceScherfell a vr r vr
6. C. chodatii(Ber.) Leg. varchodatii a a a a
7. Closteriopsis longissimuaar. tropical W. & W. a a vr r
8. Excentrosphaera virdi§loore a a vr vr
9. Gloeotaenium loitelshergerianuidansgirg a a vr vr
10. Kirchneriella lunaris(Kirch) Moebius \e c c C
11. Nephrocytium obesum/est & West r r r
12. Oocystis borgeSnow c c c c
13. O. crassaWest & West) Nordstedt r r C r
14. O. ellipticaW. West a r r a
15. O. eremosphaeri&mith vr vr r r
16. O. gigasArcher a a vr vr
17. O. lacustrisChodat a a vr a
18. O.marsoniLemm. a a vr a
19. O. parvaWest & West a a vr r
20. O. pyriformisPrescott a a vr vr
21. O. solitariaWittrock & Nordstedt a a vr a
22. Planktosphaeria gelatinos&mith vr r r r
23. Scotiella antacoticaritsch a a a a
24. Tetraedron asymmetriculrescott. a a vr vr
25. T. caudatun{Corda) Hansgirg a a vr a
26. T. muticun(A. Broun) Hansgirg c c c c
27. T. miticumf. punctulatumToni a a a a
28. T.regularevar.incus formamajor Pres. a a vr a
29. T.regularevar.torsum(Turner) Braun. vr r c r
30. T.trigonum(Naegeli) Hansgirg C c c c
31. T. tumidulum(Reinsch) Hansgirg a a a vr
32. T. victroiaeWoloszynska a a vr r
33. Trochiscia hirtaWest. a a c C
34. T. granulata(Reinsch) Hansgirg c c c c
35. T. obtusaReinsch) Hansgirg a a vr a
36. T. reticularis(Reinsch) Hansgirg a a vr a
37. Westella botryoide8Nest) Wildemann. a a a vr
Family: Dictyosphaeriaceae
38. Dictyosphaerium pulchelluriVood a vr vr r
39. Dimorphococcus lunatu8. Braun c vr c e
Family: Characiaceae
40. Characium obtusur. Braun c c c c

(Cont'd....)
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S.no Species Summer J-A Autumn\Sider D-F  Spring M-M
41. C.ambiguunHermann a a a a
42. C. spharicunNaeg. a a a a
Family: Micractiniaceae

43. Golenkinia paucispinalVest & West a a vr r
Family: Coelastraceae

44. Coelastrum astrodeumwar. astrodeum a a a a
45. C. cambricumArcher a vr c r
46. C. microporunNaegeli A. Braun vr vr c r
47. C. scarbrunReinsch a a vr vr
48. C. sphaericunNaegeli a a vr r
Family: Hydrodictyaceae

49. Pediastrum boryanurfTurp.) Men. r r r r
50. P.tetrag(Ehr.) Ralfs vr r r c
Family: Scenedesmaceae

51. Actinastrum hantzschiiar. elongatumSmith a a a a
52. Crucigenia apiculatdLemm) Schmidle. a vr vr r
53. C.irregularisWille a a a a
54. C. quadrataMorren a vr r a
55. C. rectangularigA. Braun) Gay c c c c
56. C. tetrapediaKirch) W & West c c c c
57. Scenedesmus arcuatusmm c c C C
58. S. arcuatuwar.arcuatusk. Oshima a a a a
59. S. arcuatuwar. platidiscaSmith r r r r
60. S. bijuga(Turp.) Lagerheim r r r r
61. S.ecronisvar.deciformisf. obicitutusUherkovich a a vr a
62. S. hystrixX_egerheim a vr vr a
63. S. quadricauddTurp.) Breb. c c c c
64. S. quadricaudaar.parvusSmith a vr vr a
65. Tetrallantos lagerheimiileiling a a a a
Order: Tetrasporales

Family: Palmellaceae

66. Gloeocystis ampl&uetz. Legerheim r r r r
67. G.major gerneckx Lemm. r r r r
68. G.vesiculos®Naegeli r r r r
69. Gloiococcus mucosud/est a vr vr a
70. Palmella miniataNaegeli vr vr r r
71. Sphaerocystis schroetetihodat vr r r r
Family: Cocomaxaceae

72. Elakatothrix virdis(Snow) Printz a a a a
Family: Tetrasporaceae

73. Schizochlamys compacRrescott a a vr a
74. S. gelatinosa\. Braun a vr vr a
75. Tetraspora cylindrica(Wahl.) Agardh. a r r r
Order: Ulotrichales

Family: Ulotrichaceae

76. Geminella crenulatocollifrescott a a a a
77. G. ordinata(W. & West) Heering a a a a
Order: Volvocales

Family: Chlamydomonadaceae

78. Chlamydomonas ehrenbergiiorosh Pascher vr vr r r

(Cont'd....)
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S.no Species

Summer J-A Autumn\SiNer D-F  Spring M-M

79. C. epiphyticaG.M. Smith

80. C. polyperenoideurrescott

81. C. pseudopertyPascher

Family: Volvocaceae

82. Eudorina elegang&hr.

83. Pandorina morunBory

84. \olvox aureughr.

Order: Zygnematales

Family: Desmidiaceae/Closterieae

85. Closterium acerosumar.elongatunBreb.
86. CI. dianaekEhr.

87. CI. leibleinii Kuetz.

88. CI. praelongunvar.porosunKr.

89. CI. ralfsii var.hybridiumRabenk.
Sub-family: Cosmarieae

90. Arthrodesmus incusgar. extensusAnderson
91. Cosmarium contracturdirchner

92. C. contractunvar. ellipsoideumw. & West
93. C. crenatunRalfs

94. C. excavatuniNordstedt

95. C. gibberulum_utkem.

96. C. granatunBreb

97. C. margaritatumLundell) Roy et Bisset
98. C. maximumn{Borgesen) W. & West

99. C. moniliformé. pandriformeHeimerd|
100. C. moniliformevar.limneticumW. & West
101. C. pachydermuraund

102. C. subtumidunNordst.

103. C. sulcatumNordstedt.

104. C. tinctumvar.tinctumRalfs.

105. C. turpinii Breb.

106. C. turpinii Breb varintermediumm.v.

107. Cosmocladium constricturcher

108. Euastrum binaléTurpin) Her.

109. E. dubiumvar.tropicum(W. & West) Krieger
110. E. pectinatunBreb.

111. Micrasterias pinnatifidaRalfs

112. Penium polymorphurerly

113. P. simplex Nogp.

114. Pleurotaenium ehrenbergiBreb.) Bory
115. Staurastrum brevispinutBreb.

116. S. gracileRalfs

117. S. inflexunBreb.

118. S. hexacerur(Ehr.) Wittr.

119. S. hexacerurtEhr.)forma pentagona
120. S. iotanunvar.longatumHirano.

121. S. orbicularevar.depressuniroy it Bisset
122. S. orbicularevar. ralfsii West & West

DO TS 00D D

r r r
vr vr a
vr vr vr
vr vr vr
vr vr a
a vr a
a a a
r r r
a vr vr
a vr a
vr r r
vr vr vr
Cc c C
r r r
a a a
vr vr vr
vr vr r
r r r
vr r vr
vr r r
vr a a
vr vr a
vr vr a
vr vr a
vr a a
vr vr a
vr vr a
vr vr a
vr vr a
vr vr a
vr vr a
vr vr a
a a vr
vr r r
r r r
r r vr
vr vr a
a a a
vr vr a
a a a
vr vr a
vr vr a
a a a
vr vr a

a, Absent; r, Rare; Vr, Very rare; ¢, Common; J-A, June-August; S-N, Sep-Nov; D-F, Dec-Feb; M-M, March-May
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Table 4
Seasonal variation of unicellular phytoplankton of Lake Phoosna
S.no Species SummerJ-A Autumn S-N Winter D-F  Spring M-M

Division: Chlorophyta
Class: Chlorophyceae
Order: Chlorococcales
Family: Oocystaceae

1. Ankistrodesmus convolut€orda c c c c
2. A falcatugCorda) Ralfs c c c c
3. A falcatusvar.stipitatus(Chod) Lemm c c c c
4.  Chlorella vulgarisBeyerinck a a a a
5. Chodatella baltoniceScherfell a a a a
6. C. chodatti(Ber.) Leg. varchodatii r r r r

7.  Closteriopsis longissimear. tropical W. & W. a a a a
8. Excentrosphaera virdidoore a a a a
9. Gloeotaenium loitelsbergerianutdansgirg a a a a
10. Kirchneriella lunaris(Kirch) Moebius a a a a
11. Nephrocytium obesum/est & West a a a a
12. Oocystis borgeSnow a a a a
13. O. crassaWest & West) Nordstedt a a a a
14. O. ellipticaW. & West a a a a
15. 0. eremosphaeri@mith a a a a
16. O. gigasArcher a a a a
17. 0. lacustrisChodat a a a a
18. O. marsoniLemm. a a a a
19. O. parvaWest & West a a a a
20. O. pyriformisPrescott a a a a
21. O. solitariaWittrock & Nordstedt a a a a
22. Planktosphaeria gelatinos8mith a a a a
23. Scaotiella antacoticaritsch r r r r
24. Tetraedron asymmetricurescott. a a a a
25. T. caudatun{Corda) Hansgirg a a a a
26. T. muticun(A. Broun) Hansgirg c c C C
27. T. miticumf. punctulatumroni r r r r
28. T.regularevar.incus formamajor Pres. a a a a
29. T.regularevar.torsum(Turner) Braun. a a a a
30. T.trigonum(Naegeli) Hansgirg a a a a
31. T.tumidulumReinsch) Hansgirg a a a a
32. T. victoriaeWoloszynska a a a a
33. Trochiscia hirtaWest. a a a a
34. T. granulata(Reinsch) Hansgirg c c c c
35. T. obtusgReinsch) Hansgirg a a a a
36. T. reticularis(Reinsch) Hansgirg a a a a
37. Westella botryoide@Nest) Wildemann. a a a a
Family: Dictyosphaeriaceae

38. Dictyosphaerium pulchellurivood a a a a
39. Dimorphococcus lunatus. Braun a a a a
Family: Characiaceae

40. Characium obtusum. Braun c c c c
41. C.ambiguuniHermann r r r r
42. C. spharicunmNaeg. r r r r

(Cont'd....)
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S.no Species Summer J-A Autumn\SiNer D-F  Spring M-M
Family: Micractiniaceae

43. Golenkinia paucispinaVest & West. a a a a
Family: Coelastraceae

44. Coelastrum astrodeumwar. astrodeum r r r r
45. C. cambricumArcher a a a a
46. C. microporunNaegeli A. Braun a a a a
47. C. scarbrunReinsch a a a a
48. C. sphaericuniNaegeli a a a a
Family: Hydrodictyaceae

49. Pediastrum boryanur{iTurp.) Men. a a a a
50. P.tetragEhr.) Ralfs a a a a
Family: Scenedesmaceae

51. Actinastrum hantzschiar. elongatumSmith vr vr vr vr
52. Crucigenia apiculatdLemm) Schmidle. a a a a
53. C.irregularisWille vr vr vr vr
54. C. quadrataMorren a a a a
55. C. rectangulariqA. Broun) Gay c c c c
56. C. tetrapediaKirch) W & West c c c c
57. Scenedesmus arcuatsmm c o C o
58. S. arcuatuwyar.arcuatusk. Oshima r r r r
59. S. arcuatuyar.platidiscaSmith a a a a
60. S. bijuga(Turp.) Lagerheim a a a a
61. S.ecornisvar.deciformisf. obiciturusUherkovich a a a a
62. S. hystrid.egerheim a a a a
63. S. quadricaudgTurp.) Breb. c C c c
64. S. quadricaudavar.parvusSmith a a a a
65. Tetrallantos lagerheimiteiling vr vr vr vr
Order: Tetrasporales

Family: Palmellaceae

66. Gloeocystis ampl&uetz. Legerheim a a a a
67. G.majorGerneck ex Lemm. a a a a
68. G. vesiculosdNaegeli a a a a
69. Gloiococcus mucosud/est a a a a
70. Palmella miniataNaegeli a a a a
71. Sphaerocystis schroete@hodat a a a a
Family: Cocomaxaceae

72. Elakatothrix viridis(Snow) Printz r r r r
Family: Tetrasporaceae

73. Schizochlamys compacRrescott a a a a
74. S. gelatinos&. Braun a a a a
75. Tetraspora cylindricalWahl.) Agardh. a a a a
Order: Ulotrichales

Family: Ulotrichaceae

76. Geminella crenulatocollifrescott vr vr vr vr
77. G. ordinata(W & West) Heering vr vr vr vr
Order: Volvocales

Family: Chlamydomonadaceae

78. Chlamydomonas ehrenbergiiorosh Pascher a a a a
79. C. epiphyticaG.M. Smith a a a a



Ecological Study of Phytoplankton 367
(Table 4 Contd....)

S.No Species Summer J-A Autumn\SiNer D-F  Spring M-M
80. C. polyperenoideurRrescott a a a a
81. C. pseudopertyPascher a a a a
Family: Volvocaceae

82. Eudorina eleganghr. a a a a
83. Pandorina morunBory a a a a
84. \Volvox aureughr. a a a a
Order: Zygnematales

Family: Desmidiaceae/Closterieae

85. Closterium acerosumar.elongatunBreb. r r r r
86. CI. DianaeEhr. a a a a
87. CI. Leibleinii Kuetz. a a a a
88. ClI. Praelongunvar.porosumKr. a a a a
89. CI. Ralfsiivar.hybridiumRabenk. a a a a
Sub-Family: Cosmarieae

90. Arthrodesmus incusgar. extensusAnderson a a a a
91. Cosmarium contracturirchner c C c C
92. C. contractunvar. ellipsodieumw. & West a a a a
93. C. crenatunRalfs r r r r
94. C. excavatunNordstedt a a a a
95. C. gibberulumiutkem. a a a a
96. C. granatunBreb a a a a
97. C. margaritatum(Lundell) Roy et Bisset a a a a
98. C. maximun{Borgesen) W. West a a a a
99. C. moniliformd. pandriformeHeimerdl a a a a
100. C. moniliformevar.limneticumW. & West a a a a
101. C. pachydermurhund a a a a
102. C. subtumiduniNordst. a a a a
103. C. sulcatunmNordstedt. a a a a
104. C. tinctumvar.tinctumRalfs. a a a a
105. C. turpinii Breb. a a a a
106. C. turpinii Breb varintermediumm.v. a a a a
107. Cosmocladium constricturcher a a a a
108. Euastrum binalgTurpin) Her. a a a a
109. E. dubiunwvar.tropicum(W. & West) Krieger a a a a
110. E. pectinatunBreb. a a a a
111. Micrasterias pinnatifidaRalfs a a a a
112. Penium polymorphurRerly a a a a
113. P. simplex Nowsp. a a a a
114. Pleurotaenium ehrenbergiBreb.) Bory a a a a
115. Staurastrum brevispinuiBreb. a a a a
116. S. gracileRalfs vr vr vr vr
117. S. inflexunBreb. a a a a
118. S. hexacerurfEhr.) Wittr. a a a a
119. S. hexacerur(Ehr.)forma pentagona a a a a
120. S. iotanunvar.longatumHirano. a a a a
121. S. orbicularevar. depressum Roy it Bisset vr r r vr
122. S. orbicularevar. ralfsii West & West a a a a

a, Absent; r, Rare; vr, Very rare; ¢c, Common; vc, Very common.

J-A, June-August; S-N, Sept.-Nov.; D-F, Dec.-February; M-M, March-May
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The drinking water quality of a coastal community in Rehri village, Karachi was assessed for human consumption by
studying the chemical and microbiological parameters to determine the suitability of domestic drinking water usage.
Water samples were collected at household levels from storage tanks and storage containers (earthen jars), main supply
line and springs present in the vicinity. Samples collected from different sources indicated that bacterial counts were high
for the storage tanks than the earthen jar containers. In storage tanks 71% samples were in high to very high health risk
category whereas, in earthen jars 50% samples were in low health risk category. Water samples from two springs showed
that samples of Chashma spring had high bacterial count (336 MPN index/100 ml) coupled with high concentration of
NO; (29.681 mg/l) as compared to Rehri spring (41 MPN index/100 ml, 8.417 mgl/l, bacterial count and nitrate concentra-
tions, respectively). All samples collected at household level showed that bacterial contamination exceeded the maxi-
mum acceptable concentration. Other parameters, (NQ;, NH; PQ,, free Cl, Ca and Mg hardness) studied including

trace elements (Fe, Cu, Cr) in the drinking water were below the WHO drinking water quality guidelines. Fecal coliform,
Escherichia coliwas also detected including important pathoggersatiasp. andEnterobacteisp. which were isolated

and indicated possible fecal contamination of drinking water at all levels.

Key words Coliforms, Coastal area, Drinking wat&scherichia coli Nutrients, Trace metals.

Introduction not prove that wateporne disease is occurring. coli are

The most and widespread health problems in developing!ays present ifieces; the majorities are not pathogenic,
countries are water borne diseases, associated with contanfilthough some strains can cause diarrhoea. In testing untre-
nation of water either directly or indirectly by microbial or atéd water supplies the fecal coliform are most commonly
chemical pollutants. The microbial contamination is by hu- used but other groups of bacteria (such as fecal streptococci)
man or animal excreta, particularly feces. An estimateth®-2 would also indicate contamination. Muneg¢al (2001) found

lion deaths in 1998 have been caused by diarrhoea, almo¥@'iety of fecal coliforms contamination Igtreptococcus,
exclusively in the developing countries where safe drinkingEnterococcus, Staphylococcus, ClostridamdE. coliin the
water is not readily available (WHO 1999) and an estimatecrinking water in University of Punjab. Raggal (1998) stu-

1.3 billion persons do not have access to safe drinking watefied the seasonal variation of drinking water quality of
(UNEP 1996). In Pakistan the access to safe water is avaifNorthern Areas and Chitral. They found low quality of spring
able to only sixty one percent population (85% urban, 47%vater and the storage vessels (containers) were of high health
rural). The proper sanitation facility is only available to thirty sk category. Kandhar and Ansari (1998) reported that the
percent population of which sixty percent are urban andHyderabad dwellers were supplied unchlorinated and con-
thirteen and half percent are rural (Aziz 1998). In Karachi, ataminated drinking water. Zubair and Rippey (2000) in their
city of more than 10 million people forty percent of the popu- €valuation of shallow ground water quality in urban areas of
lation is living in slums and has limited water and sanitary Karachi found presence of inorganic nutrients and bacterial

infrastructure and poor water quality (Anon 2000). contamination.

The presence of any living bacteria in drinking water, even inRehri village is one of the oldest coastal villages located in
small numbers, indicates, not necessarily a health hazardhe southeast, 9 km from Quaidabad near Malir in Karachi, on
but certainly a failure in the chlorination system or reconta-the landward coast of the Korangi creek channel of the Indus
mination of the water after disinfections. The presence ofRiver Delta system. The predominant occupation of the people
‘indicator bacteria’ conventionally known as fecal coliform living in this area is fishing with mangrove as a source of fuel

(Escherichia coli indicates fecal contamination but it does wood and fodder. The sources of water supply to the commu-
*Author for correspondence; E-mail: naureenaziz@yahoo.com  hity are from main supply line to household; to share com-
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munity taps and tank and water supplied or collected fromters were analyzed using Multi-parameter bench spectropho-
springs. The assessment of drinking water quality of Rehri, aometer (Hanna C 100 series). All parameters studied are pre-
coastal village was done by investigating the microbiologicalsented as average of three samples.

parameters and other physical and chemical parameters of

drinking water at different points, main supply line and at Results and Discussion

household storage levels and springs. It is alarming that none of the samples collected from water

taps, springs, storage tanks and earthen jars (bacterial counts
range 40 to 1600 MPN index/100 ml) were free from con-
Water distribution system was surveyed to assess the posgiamination (Table 1). The main supply line water samples
ble sources of contamination in the study area. Drinkingcollected from taps at household levels were slightly better,
water quality samples were collected according to distribu-although it also showed significant bacterial count (mean 59
tion system and population density in different segmentsMPN index/100 ml). Spring water samples were found grossly
(para or Mohalla) of Rehri village. There are thirteen diffe- contaminated especially water sample from Chashma village
rentparas(mohallas) living in this village (Qureshi and Hasnie spring (336 MPN index/100 ml) as compared to Rehri village
2001). Based on the socio-economic survey (Qureshi angpring water sample (41 MPN index/ml).

Hasnie 2001) total nine household stations were sampled fo\VVater sample collected from storage tanks and earthen jar
assessment of drinking water quality. Additionally, two SPriNgs .o ntainers at household levels in all localiti®ai@s or

(water COII_EC“O“ points for domestic use) were sampled, on(?\/Iohallas) showed significant bacterial contamination (Fig 1).
from Rehri Goth and other from Chasma Ghot. In each hous‘eBacteriaI counts for total coliform and fecal coliform were

hold, samples were obtained from the main supply line (tapS)y, ¢ higher in storage tank samples than in the earthen jars.

household storage tanks (ST) and drinking water storage CORrhere was positive and significant correlation in the bacterial
tainers (EJ earthen jars) except one site where there was only

a shared community storage tank (Musarani-Il). Drinking Table 1
water samples were collected in sterile bottles separately for Presence of fecal coliform and pathogenic bacteria

analysis of microbial and chemical parameters. Samples were in drinking and domestic water storage tanks
iced in the field and immediately brought back to the labora- in Rehri village

tory for further analyses. Water temperature, and pH were

Materials and Methods

noted in field. Total Aerobic Count (TAC) and Total Coliform Sample Fecal coliform  Medically important
Count (TCC) were determined by using the most probable pathogens
number (MPN) technique of serially diluted samples (dilutedDabla 1 S.T present Serratia

1:10, 1:100 and 1:1000 with 0.01 M sterile phosphate-buf-Dabla 1 E.J present E. coli

fered saline) employing US-Standard Methods (APHA 1985).Dabla 2 S.T present Enterobactersp.
The estimation of bacterial densities was accomplished byDabla 2 E.J present E. coli
comparison with McCardy’s (1918). For sub-culture of Dabla 3 S.T Absent

coliform positive colonies to differentiate the pathogenic Dabla 3 E.J Absent

microorganisms in water, blue-purple colonies with a gree-Khaskheli 1 S.T present E. coli

nish metallic sheen were selected as posEilteliand were ~ Khaskheli 1 E.J Absent

inoculated in MacConkey broth and incubated dC4fr  Khaskheli 2 S.T present E. coli

24 h (Cheesbourgh 1984). Those colonies that fermented lad<haskheli 2 E.J present E. coli

tose (as indicated by a change in the color of MacConkeyKhaskheli 3 S.T Absent

broth) and produced gas and indole at 24 hours were clasdhaskheli 3 E.J present E. coli

fied as thermo-tolerant coliforg. coli. Concentrations were  Jat S.T*

determined by colorimetric analysis following standard Jat E.J*

methods: for ammonia (Nessler method), nitrate (Cadmiunf’ann E.J*

reduction), nitrite (Ferrous Sulphate), phosphate (AscorbicChashma spring*

acid), iron (Phenantroline), chromium (Diphenylcarbohydra- Rehri spring*

zide), copper (Bicinchoninate reagents), and manganesiain line Absent

(Periodate oxidation) along with, free chlorine, calcium (Ca) s.T: storage tank; E.J: earthen jar container; *Fecal coliform and
and magnesium (Mg) hardness of drinking water. All parame-isolation of pathogenic bacteria was not done.
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E Storage tank

10000 = . Earthen jar

1000 —

100 —

MPN index per 100 ml

10 —

| |
Dabla 1 Dabla 2 Dabla3 Khaskhalil Khaskhali2 Khaskhali 3 Jat Malkai Musarani  Pann para

Total coliform counts

Fig 1.Comparison of drinking water bacterial counts in domestic water of different residentialpareasiq Rehri village.

Table 2
Mean concentrations of nutrients (mg/l) and metals in drinking water samples of Rehri village

WHO (1984) mg/I Storage tank Earthen jar Chashma spring Rehri spring
Ammonia 0.306 0.318 0.024 0.340
Nitrate 10.00 2.658 0.310 29.681 8.417
Nitrite 0.022 0.009 0.006 0.006
Phosphate 0.030 0.038 0.453 0.059
Total Chlorine 0.20 0.004 0.003 0.010 0.010
Calcium hardness 500.00 0.107 0.145 1.200 0.530
Magnesium hardness 500.00 7.995 7.947 0.150 0.000
Cromium-hexavalent 0.05 0.007 0.005 0.000 0.000
Copper 1.00 0.368 0.231 0.077 0.542
Iron 0.30 0.066 0.055 0.000 0.050

counts between storage tank and earthen jar (r = 0.96). Fecpér (Cu), chromium VI (Cr), chlorine (CI), calcium (Ca) and
coliforms were detected in samples collected from Dabla paranagnesium (Mg) hardness in drinking water collected from
and Khaskheli para (Table 1). Medically important pathogensdomestic storage tanks (ST), earthen jar (EJ) and springs. The
Serratia spandEnterobacteisp. were isolated in samples col- mean concentrations of Cl, Cr, Cu, Fe, INRO, and Mg
lected from Dabla para aid coliwas also present in the sam- hardness were found high in storage tanks as compared to the
ples obtained from Dabla para and Khaskheli para (Table 1)earthen jar containers (Table 2). The higher concentrations in
Low coliform counts were found in the main supply line storage tanks in comparison to earthen jars reflect integration
sample of Dabla para and no fecal coliforms were found. and accumulation over time as water in the earthen jars is

utilized and replaced daily. The mean concentrations af NH

-ng% r;‘sg;; ;:Wrzz thi\?;d f70' rg'S_-I_rZi(;n;?nTLeenlzs:ag:;fux%q and Ca hardness were slightly high in the earthen jars.
-, TesP y ' P Water samples collected from two springs, showeg NB,,

32;?62; dsprg\:]\lqegtonr(;gsel\%::lfsr(]ts'(Iil)lﬁaer:gnecaertﬁimzea?: (sEz_ierle]s_,om Cl, Cr, Cu and Fe were negligible. Concentration of NO

" was high (29.681 mg/l) for Chashma Ghot spring indicating
Table 2 shows the mean concentrations of ammonia)(NH contamination and exceeded the minimum allowable limits.
nitrite (NG,), nitrate (NQ), phosphate (P iron (Fe), cop-  Nitrate concentration was high (8.417 mg/l) in water sample
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Table 3
Pearson correlation matrix for drinking water samples
Ammonia Nitrate Nitrite ~ Phosphate Chlorine Ca Mg Cromium- Copper
hardness hardness hexavalent
Nitrate -0.320
Nitrite -0.165 -0.135
Phosphate -0.276 0.940 -0.105
Chlorine -0.445 0.530 -0.306 0.513*
Ca hardness -0.398 0.787 -0.353 0.752* 0.470
Mg hardness 0.689* -0.415 0.318 -0.332 0.456 -0.647*
Cromium-hexavalent 0.212 -0.384 0.612 -0.313 -0.356 -0.617* 0.849*
Copper 0.465 -0.230 0.213 -0.373 -0.106 -0.445 0.647* 0.563*
Iron 0.047 -0.376 0.259 -0.516 -0.153 -0.530 0.565* 0.733* 0.733*

*Significant at P > 0.05

collected from Rehri village spring but was within the permit- reported by Aga Khan Health Service, Gilgit, along with peak
ted limits (Table 2). Concentrations of Ca hardness were higliecal contamination suggesting possible linkage between
in both Chashma and Rehri springs (1.2 and 0.53 mg/l), whereatrinking water and diarrhoea diseases (Rezd 1998).

concentrations of Mg hardness were high in storage tank

and earthen jars (Table 2). %‘he low bacterial counts in the main water supply system and

springs indicate that these water sources were less contami-
The (Pearson) correlation matrix showed all metals were posinated in comparison to water samples collected at house hold
tively and significantly correlated (Table 3). The concentra-level in the storage tanks and earthen jars, where handling of
tions of PQ, Cl and Ca hardness were positively correlatedwater may contribute to the source of contamination. In most
with NOsconcentration (r = 0.94, r = 0.53 and r = 0.79, respec-of the households, the water storage tanks or earthen jars were
tively). There was positive correlation between Cl and PO near the cattle sheds and open toilets (personal observations),
(r = 0.51, Table 3). Ca hardness was negatively correlateghich increases the likelihood of fecal contamination. More-
with Cr, Cu and Fe, where as Mg hardness was negativelyver, the counts were significantly higher in all cases than the
correlated with Ca hardness (r = -0.65) and positively correrecommended WHO guidelines for drinking water. The WHO
lated with NH, Cr, Cu and Fe (r=0.69, r = 0.85, r = 0.65 and mjcrobiological criteria for potability is <1 thermo-tolerant
r=0.57, respectively). coliform 100/ml waterThe same guideline also says that the

Water quality analysis of drinking water samples collectegtotal coliform bacteria must not be detected in any 100 ml
from different sources at house hold level showed that 78ample, and for treated water in a larger distribution system
percent samples from storage tanks were in high to very highust not be present in 95 % of samples taken throughout the
health risk category (>500 MPN index/100 ml) and only 50 Year (WHO 1999). Kandhar and Ansari (1998) reported that
percent samples from earthen jars were in low health risk catdhe Hyderabad dwellers were supplied un-chlorinated and
gory (Feachem 1980). Three categories related to water quaq:ontaminated drinking water and the total suspended solids
ity with respect to fecal coliform counts 100/ml are less than(40 to 2250 mg/l) and fecal coliforms (66 to 170 per100 ml)
100 is satisfactory, between 100 to 1000 strong contaminawere high in summer in the drinking water in Hyderabad.
tion and health risk, and greater than 1000 seriously pathoFhey also found iron and hexavalent chromium higher than
genic (Zubair and Rippey 2000). WHO guideline values (Kandhar and Ansari 1998).

The high bacterial counts and fecal counts indicate fecallhe presence of fecal coliform akd coliindicate water
contamination of drinking water possibly leading to gastro contamination with human or animal wastes. Disease cau-
enteric diseases. High incidence of diarrhoeal diseases h&ng microbes (pathogens) in these wastes can cause diar-
been reported from Karachi with increased death rates (Zubaihoea, cramps, nausea, headaches or other symptoms.
and Rippey 2000) and during epidemiological and socio-These pathogens may pose a special health risk for infants,
economic surveys of Rehri village (Qureshi and Hasnie 2001)young children and people with severely compromised
High incidence of diarrhoea diseases in summer were alsonmune systems.
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The spring water at Chashma Goth was highly contaminategrogramme of water and sanitation should encompass not
with fecal coliform. The unprotected springs are likely con- only the supply, but also take into account the knowledge,
taminated due to human and animal activities in the surrounattitude and practices of the community for relevant inter-
dings. Zubair and Rippey (2000) found high level of con- ventions as required. A regular sanitary survey will help in
tamination of ground water with nitrate and fecal coliform in identifying the potential source of contamination. However,
urban areas of Karachi and suggested that ground water quthe preferred method to provide quality drinking water in

lity was likely affected by wastewater infiltration. Karachi would be not only to develop but also maintain

. . . ... effective municipal water purification, delivery and sanitary
In some cases water quality deteriorates in the dlsmbuuoréewerage systems

system itself due to cross contamination. The communities
living in the coastal areas are directly discharging their domesAcknowIedgment
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The application of fertilizers appeared to have no significant effect on the overall growth and productivity. Various salt
types affected various parameters with a tendency of better growth in light textured soils. The plant grew better in full light
condition with optimal soil moisture. The plants wilted to death under shady condition. Both the water stressed and water-
logged conditions reduced the growth performance but the waterlogged condition adversely affected the plants. There-
fore, it is concluded the. usitatissimuntould be grown in semi-arid condition on marginal lands.

Key words:Linum usitatissimugrSoil moisture, Growth, Productivity.

Introduction experiments loamy soil was used except where the effect of
Linum usitatissimuntinn. (Family Linaceae) a medicinal SCil type was to be invgstigated. Weeding was done b.y
plant has various names such as linseed, flaxseed, commdt@nd. The pots were maintained at field capacity (Hussain
flax, flas, lint (English); alsi, alish, tisi (Punjabi and Urdu); €t al 1989) during the experimental period except in ex-
Bazarug, kuman, kuta, tukhme-katan, zaghir, zaghu (persianperiment where the water and different levels of soil mois-
It has many medicinal and other uses (Khan 1969; Khan 197¢ure was tested.

Sahid Leitch 1994). Its seeds are used as demulcent in Car, gee the effect of soil types plants were grown in similar
tarrhal complaints and acute or chronic gastritis. PowderedpotS with equal volume of sandy, clayey or loasojis. The
seeds are used as an emollient in poultices for boils, carbuncleﬁotS were kept in open uniform condition in net house and
festering sores and other skin affections. The seeds Conta%aintained at field capacity (Hussainal 1989). The effect
galactosg, argbmose, rhamnose, .xylose, galagturomc angf fertilizers was determined by applying urea, diammonium
manuronic acids; 30-49% fixed oil, 25% protein, sterols, phosphate (DAP) and organic matter in each pot following

ili - 0, i i -
trilierpenes, 0.1-1.5% cyanogenic glycosides and monoglyco Jalis and Khan (1982). The organic matter was added @ of

sides (Bissent 1994). The_cul.tlvatlon of Ilns_eed_ .has severab_OS% to each pot. The pots were placed in full sunlight, par-
advantages for arable farming interms of profitability, expand- . . . . .

. . _ _ tial light and shade to see the effect of different light condi-
ing demands and adaptability of the crop to various soil types.

. . t'ons (Mubaralet al 1983).

and seasons. Several workers have made studies on its cul-

tivation (Smid 1998) and under different soil moisture lev- To determine the effect of soil moisture on plant growth
els (Tecet al 1989; Lamberéet al1990; Singh and Sharma the pots were maintained at field capacity (control condi-
1991; Ranney and Bir 1991). The present study was con4ion), water stressed and waterlogged condition. Initially
ducted to see the effect of different soil types, light condi- all the pots were saturated. The water stress was created

tions, fertilizers and water levels on the growth perfor- by withholding the water till the temporary wilting was

mance of this plant. evident. They were rewatered and again allowed to reach
the temporary wilting point. In this way four stress cycles
Materials and Methods were run. Pots subjected to waterlogging were kept satu-

Seedlings of. usitatissimurmvere raised in nursery beds with  rated all the time.

loamy soils on October 30, 1998. At an average height of|n all the experiments, the data on growth behaviour such as
5 cm, 10 seedlings were transplanted to equal size (18 qumber of leaves, branches, height of plants, number of flow-
22 cm) pots containing loamy soil. After 7 days, they were ers, number of fruits and seeds were taken on April 20, 1999.
thinned to 5 uniform seedlings per pot. There were 5 repli-The amount of total chlorophyll, a and b of shoots was deter-
cates for every treatment in each of the experiments. In all thénined following the method of Hussain (1989). The results

* Authors for correspondence were subjected to t-test.
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Table 1
Effect of different ecological condition on the vegetative growth performariceusitatissimum
Each value is an average of 5 replicates, each with 5 plants

Growing Height No. of No. of Fresh weight Dry weight Moisture contents
condition (cm) leaves branches (9) (9) (%)
Shoots Roots Shoots Roots Shoots Roots

a. Effect of soil type
Sand 39* 48* 21 2.26* 0.33 1.62 0.20 40* 65*
Clay 48* 45* 25 2.44 0.34 1.56 0.20 56* 70*
Loam 48 49 20 1.99 0.38 1.50 0.27 33 41

b. Effect of fertilizer
Control 44 60 26* 2.00 0.29 1.60 0.16 25 81
Urea 35* 49 11 1.41* 0.22* 1.00 0.15 41* 47*
DAP 49* 69* 27* 1.37* 0.22* 0.99* 0.13 37 69*
oM 40 60 19 1.21* 0.27 0.86* 0.16 41* 69*

c. Effect of different light condition
Full light 53* 55 27 1.67 0.30 0.99 0.18 69 67
Partial light 41 49 19 0.86* 0.20 0.66* 0.13 30 54
Shade -- -- -- - - - - - --

d. Effect of different levels of soil moisture
Field capacity 49 69 30 1.46 0.21 1.09 0.11 32 91
Water stress 32* 19* 23 0.45* 0.11 0.35* 0.06 29 83
Water logged 19* 12* 12 0.37* 0.04 0.27* 0.02 37 100

DAP and OM, respectively diammonium phosphate and organic matter. * Significant at P=0.05.

Results and Discussion moisture contents were least in urea. The chlorophyll con-
Effect of soil typegthe plant height was minimum (39 cm) tents differed insignificantly in various treatments with a ten-

in sandy soil (Table1). The least number of leaves were Ob_dency of least amount in organic matter treatment (Table 2).
served in clay soil while the number of branches were more! e number of fruits and seeds were maximum in DAP treat-

in clay soil. The fresh and dry weight of shoots and roots wasMent (Table 2). The application of fertilizers appeared to have

slightly high in sand and clay soil. The moisture content of N0 profound affect on the overall growth and yieldLof
shoots and roots was slightly high in clayey soil (Table 1). UsitatissimumHowever, Chaubey and Dwived (1995) and
The total chlorophyll and chlorophyll a and b were generally Shahidullahet al (1996) reported that flax and other plants
high in plants growing in clayey (Table 2). The number of had improved growth with the application of fertilizers.
fruits/plant and seeds/plant were high in loamy soil (Table2).Effect of different light condition3he variation in light
Samuiet al (1995) also reported better growth of plants in conditions severely affects the overall growth performance
clay, sandy and loamy and the present findings agree wittof plants as observed in this case. All the plants died in shady
them. Similarly, Guadchau and Marquard (1995) and conditions while the number of leaves and branches, fresh
Khodyankora (1995) reported that flax grew better in sandyand dry weight and moisture contents (%) of shoots and roots
and loamy soil. The present findings show that the number o2nd number of fruits and seeds (Table 2) were comparatively
branches and chlorophyll contents were greater in clayey soiPetter in plants growing to full sunlight condition (Table 1).
suggesting its suitability for the growth bf usitatissmum However, chlorophyll a and b and total chlorophyll contents

and this agrees with findings of Connor (1994). were high il‘.l plants grown in partial Iight (Tgble 2). It.ap—
peared thatinum showed best growth in full light. Queida

Effect of fertilizer Although the application of DAP en- and Desbeiz (1992) and Antuono (1994) also observed that
hanced the height, number of leaves and number of branchegarious light condition affected the yield bihum and this

but plants had greater fresh and dry weight of shoots and rootagrees with our findings. Buret al(1994) stated that bright

in control (Table 1). The plants grown in control and DAP, light conditions induced thickness and hardness of stem and
the shoot moisture contents were least in control and root$eaves that increased the weight.otisitatissimum
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Table 2
Effect of different ecological conditions on the chlorophyll contents ofitatissimum
Growing Chlorophyll a Chlorophyll b Total No. of fruits No. of
condition (mg/g) (mg/g) chlorophyll plant seed/plant
(mg/g)

a. Effect of soil type

Sand 0.56 0.79 0.34 420* 422*

Clay 0.61 0.86 1.47 410* 406*

Loam 0.56 0.79 1.35 530 529
b. Effect of fertilizer

Control 0.56 0.80 1.36 219 317

Urea 0.52 0.80 1.48 182 195*

DAP 0.56 0.82 1.37 343 355

oM 0.49* 0.63 1.12* 100 263*
c. Effect of light condition

Full light 0.56 0.80 1.36 350 352

Partial light 0.62 0.89 1.05* 300 294+
d. Effect of different levels of soil moisture

Field capacity 0.56 0.80 1.36 410 417

Water stress 0.56 0.82 1.38 40 143*

Water logged 0.37 0.54 0.91 18* 54*

DAP and OM, respectively diammonium phosphate and organic matter. * Significant at P=0.05.

Effect of different levels of watefhe plants showed bet- Cambert F J, Bower M, Andrews A C, Billotti W D 1990
ter height, number of leaves and branches, fresh and dry The effects of soil moisture and planting depth on emer-
weight of shoots and roots and number of fruits and seeds in  gence and seedling morphology As$terbla lapacea
control, followed respectively by plants growing in water (Limdl) Domin. Aust J Agri Regd1 367-376.

stressed and water logged conditions (Table 1). The total chlo€Chaubey A K, Dwivedi K N 1995 Effect of N, P and S and
rophyll, chlorophyll a and b were least in waterlogged condi- their interactions on yield and nutrient uptake by linseed.
tion (Table 2). The water stressed plants were relatively bet-  J Ind Soc Soil Sel3 72-75.

ter that those growing in waterlogged condition. Both the waterConnor O 1994 Effect of different soil conditions (sand, peat,

stress (Gustt al1991; Dubey 1994) and waterlogged condi- clay & loam) conditions on linsee@an J Plant Sc74
tion (Dubey 1994; Mahto and Haque 1994; Malilal1999) 111-116.
reduced the yield attributes bof usitatissimunand our find-  Dubey P 1994 Excessive irrigation on yield and yield attributes

ings agree with them. The present study suggests the possi- of Linum. Indian J Agronom$8 91-94.
bility of growing L. usitatissimunin dry marginal lands as a  Fedeniuk R W, Biliaderis C G 1998 Composition and physico-

source of biomass, oil and cover for the soil. chemical properties of linseed mucilageAgric Food
Chem4?2 240-247.
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There was a significant increase in the rate of synthesis of both albumin and globulin as a result of good adaptive
mechanism which prevent hypoproteinemia in children with genitourinary schistosomiasis from endemic areas in Edo
and Delta States, South Eastern Nigeria. Single radial immunodiffusion method and the Mantoux test were used to
evaluate serum acute phase proteins and delayed hypersensitivity skin assay. While the Nytrel filter method of World
Health Organization was employed in the countin§alfistosomhaematobiunova and the serum inhibitory factor to
leucocyte migration was determined in accordance with WHO specifications with modifications in the preparation of
the two antigens and a mitogen - BCG, IMV and PPD. Results were interpreted statistically using spearman’s coeffi-
cient of correlation and regression analysis. Complement factors present in circulating soluble immune complex and
complement dependant cell mediated and killed schistosomulact@ased with increase in numbesdfaematobium

eggs while @(C;C) products increased with severity of infection. There was an acute phase response to tissue damage
by all stages of schistosomes and inflammatory response of immune competent cells against schistosome antigens from
eggs and worm organs, which resulted to increase in transferrin. It was suggested that the heat labile leucocyte migration
inhibitory factors were present in the ser&diaematobiurmfected children, and there was a reduced negative skin
response to tuberculin antigen in the infected children. These facts establish the possession of adequate functioning of
the cytotoxic CD8T lymplocytes in the infected children. The heat labile migration inhibitory factors are products of
immune complexes which when activated by complements result to patechial haemorrhagic manifestations. Leucope-
nia, atypical lymphocytes and plasma cells were observed in the blood which are characteristics of children who have
experienced previous attack®fhaematobiurnmfection.

Key words:Genitourinary schistosomiasis, Immune-complex, Leucocyte-migration, Cellular immunity.

Introduction trickle of anecdotal evidence of the infectivity of the parasite
Most studies orSchistosoma haematobitame on the level supplied by case reports of individual from non-endemic ar-

of epidemiology, pathology, biology, control and prevention. eas who became infected after only a short term exposure
However, immunology of genitourinary schistosomiasis in re- (Warren 1973).

lation to urinary egg count among Nigeria school children hasDuring infection patients undergo immunologic modulation,
not been fully studied. Available information on the immuno- which results to decrease inflammation around the eggs, and
logical studies of urinary schistosomiasis by Lucas and Borosthis allows patients to survive up to chronic stage of infection
(1992) and Newaet al (1992), on experimental animals are (Boroset al1975). The evasion of penetrating schistosomula
inconsistent and focused attention on a few indices. from the destruction of eosinophils and non-specific antibody

The belief that immunity is a major factor controlling the preva- of the host activates the macrophage, as further defensive

lence and intensity of schistosomiasis in men is a deep seate'a]aChan'sm (Olds and Ellner 1984). The importance of mac-

one. It seems impossible to most observer that subjects ir{ophage In schistosome infection derides from increased

endemic areas who are exposed to infected waters are n(ss[ecretlon of granule-poietic colony stimulation factor (CSF)

constantly re-infected. Furthermore, there is a continuousfrom_ monocyte-macrophage and Iymphocytgs ,(B,O“n and
Robinson 1977; Vermaat al1979). Schistosomiasis is asso-

*Author for correspondence ciated with a significant decrease in the bacteria-phagocytic
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Table 1
Mean serum levels of total proteins albumin and globulin in schistosomiasis infected children and control
Subjects No. Total proteins Albumin Globulin
examined (9/100ml) (9/100ml) (9/200ml)
Control 50 7.33+0.62 2.96+0.38 2.60+0.45
Lightly infected children
(<50 eggs/10ml urine) 75 7.02+0.41 2.54+0.15 2.48+0.42
Heavily infected children
(>50 eggs/10ml urine) 75 5.49+0.61 2.15+0.32 1.96+0.43
Control and heavily infected compared 2.40<0.02 1.50<0.01 0.40<0.30
Control and heavily infected compared 3.10<0.01 9.60<0.02 1.40>0.02
Lightly infected and heavily 0.60<0.02 1.00<0.03 2.30<0.02

infected compared

index of macrophages due to reduced proportion of cells enCounting of S.haematobium eggighly turbid or
gaged in phagocytosis (Wellhansen and Boros 1981). Thehaematuric urine sample were diluted appropriately with nor-
objective of this study was to investigate the immunobio- ma| saline or phosphate buffered saline of pH 7.2 before count-
logical effects ofS. haematobiuron children with chronic  ing of S. haematobiureggs. Nytrel filter was used to count
genitourinary schistosomiasis. the eggs microscopically in accordance with World Health

Materials and Methods Organization (WHO 1983).

Two hundred primary school children frd haematobium Serum. In.h!bltory factor to leucocyte migratiorhe
endemic areas were enrolled in the study. These children werg®erim inhibitory factor was based on the Hudson and Hay

5-15 years old, comprising of 75 lightly and heavily infected (1976), with slight modificgtions by inf:luding bgth the sera of

. . . . test and control children in the solution used in the prepara-
children. Their sexes were in equal ratio in each category. tion of the antigens and mitogen (BCG, IMV and PPD).
Controls.There were 50 primary school children whose ages
were within 5-15 years old and were sex matched with the
infected children. These were all apparently healthy and

immune fromS. haematobiuror any other blood helminth

The walls in migration chamber contain cut capillary tubes
topped with medium or antigen - sera medium solutions. These
were done in duplicates. About one volume of 1 in 50 of each
_ _ antigen prepared was mixed with equal volume of 1 in 50 of
infection. both test and control sera each. Then the percentage migra-

Blood collection.Consent were sought from both par- tion due to the presence of antigens and sera were calculated

ents and teachers before blood was drawn from each oPY Using:
their children. About 10ml of venepuncture blood was MIS = Ms 100
drawn from each child and 5ml placed on clean plane glass Mc 1

container till refraction for serum operation. Where MIS is the migration index in the presence of antigen

Exclusion of other parasite®lasmodia, trypanosomes and serum, Ms is the sera of the migration in the presence of
and blood micro filarial agents were all included by thick smear antigen and serum solution and Mc is the sera of migration in
stained with Geimsa of pH 7.2. This was examined under x40medium (15% foetal calf serum).

and later confirmed under x100 objective lens using light mi- Delayed hypersensitivity skin assay using Mantoux
croscope. test.The administration of Mantoux test was through injec-
Serum acute phase proteir&rum acute phase protein tion of 0.1ml (5 tuberculin units-TU) of phenol-preserved and
like the G ,C:C, transferrin, C-reactive proteires,;2-macro-  Tween-80 stabilized purified protein derivative (PPD) using a
globulin, haptoglobulin and caeruloplasmin were determined plastic insulin syringe and gauge 27 steel needle. The injec-
and evaluated using single radial immunodiffusion method oftion site was the middle third of the anteromedial aspects of
Manciniet al(1965). the left forearm. Each vial of 10 dose of PPD was used up
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Table 2
Distribution of acute phase proteins amongst children with urinary schistosomiasis
Subjects No. 3C C, c- reactive Caeruloplasro-2-macro  Haptoglobul in - Transferrin
examined (mg/100ml) (mg/100ml) proteins in (mg/100ml) globulin (mg/100ml) (mg/100ml)
(mg/100ml) (mg/100ml)
Control 50 98.36.5 19.86.2 1.20.1 30.85.2 23.20.1 70.242.1 197.231.0

Lightly infected children 75 10811.2  2%12.1 3.1#1.1 33.46.2 25.21.2 88.858.2 1829.6
(1-50 eggs/10ml urine)

Heavily infected children 75 147.5 12.6 6.3 3.130.2 32.35.4 26.34.3 94.360.2 1726.5
(>50 eggs/10ml urine)

Control and lightly 3.6<0.02 0.30>0.02 6.0<0.01 1.4 >0.02 2.1 <0.02 0.7>0.1 1.2 >0.03
infected compared

Control and heavily 6.2<0.02 4.2<0.01 7.3>0.01 09>0.02 2.0<0.01 1.2>0.1 1.9<0.01
infected compared

Lightly infected and 1.0>0.01 2.4<0.02 24<0.02 01>001 14>0.1 1.2>0.01 1.6 >0.2

heavily infected compared

before the next was opened. The result was read at thanda-2-macroglobulin were compared. Significant differ-
third day after administering the injection and children were ence also existed between the lightly infected when the
instructed not to scratch the site/ point of the injection. Themean values of and C- reaction protein were compared.
results were read as follows: an induration measuring zero t&€- reactive protein and-2-macroglobulin showed a
4mm was interpreted as negative, 5mm to 9mm as intermediatmarked correlation with eggs counted (r = -0.16, p<0.005,
and above 10mm as positive. r=-0.15, p<0.005), respectively. Both C-reactive protein
Statistical methodsResults were interpreted using and haptoglobulin were detected in 26 (52.0%) and 12
Student's t-test, Chi-square JXest, Spearman’s Coefficient (24:0%), respectively from the control.

of Correlation and Regression analysis. Table 3 shows the leucocyte migration index from control,
lightly and heavily infected children, vis-a-vis the serum
inhibitory substances, using tuberculin purified protein
Table 1 shows the mean serum levels of total proteins, albuderivative antigen, with either pooled sera from control,
min and globulin in genitourinary schistosomiasis infected lightly and heavily infected, or heat inactivated pooled
children and control. The mean value of total proteins reducedsera from heavily infected. Migration index of leucocyte
significantly among the heavily infected children and lightly from control was significantly decreased by the addition
infected children when compared with the control. This was of sera of children with either lightly or heavily infected.
not the case when heavily and lightly infected were comparedThe addition of sera from heavily infected children showed
There was a marked reduction of mean albumin level comparhighest migration index. The migration index from control
ing lightly infected with control, lightly infected with heavily was highest in the presence of inactivated pooled sera.
infected and control with heavily infected. The mean serumOnly the sera from heavily infected children imparted a
globulin level was not significantly reduced, comparing con- marked reduction in the mean migration index of leucocytes
trol with lightly infected but there was a significant reduction from lightly infected, and mean migration index of
when globulin level in heavily infected was compared with leucocytes from heavily infected.

gontrol and lightly infec.ted. Ther.e was no signifigant correla- Table 4 shows the result of purified protein derivative (PPD-
tion between total protein, albumin and globulin with egg ,CoumMantoux skin test) on both the control and the infected

(r=2.1,p>001;r=04,p>0.02andr=2.0,p>0.20)in thatchildren— both treated and untreated. The result revealed
order. marked increase in mean diameter of induration - Mantoux
Table 2 shows the distribution of acute phase proteinsskin test reaction, in the heavily infected when compared
amongst children with genitourinary schistosomiasis. Sig- with the control and in the lightly infected, when compared

nificant difference existed between the infected children with the heavily infected before and after treatment. Out of 55
and the control when the levels ofGC C-reactive protein  untreated and 70 treated infected children, 11 and 13 chil-

Results and Discussion
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Table 3
The leucocyte migration index from control, lightly and heavily infected children compared to the serum inhibitory
substances

Sources of sera Control Lightly infected (1-50 eggs/10ml urine) Heavily infected (>50 eggs /10ml urine)
No. Mean % age No. examined  Mean % age migration  No. examined Mean % age
examined  migration index of (n=75) index of leucocytes (n=75) migration index of
(n=50) leucocytes from from lightly infected leucocytes from

control heavily infected

i) Foetal calf serum 10 65.7+1.20 15 61.5+4.30 15 57.9+6.10

ii) Sera from control children 10 60.5+10.1 15 58.3+8.40 15 52.3+7.20

iii) Serafrom lightly infected 10 54.1+9.40 15 56.2+9.20 15 48.2+5.30

iv) Serafrom heavily infected 10 42.2+8.30 15 48.9+10.4 15 33.1+10.2

v) Heat inactivated sera 10 72.8+5.20 15 60.1+8.30 15 55.5+3.40

from heavily infected

Comparison

iandii 1.3>0.01 0.2>0.01 1.2<0.20

i and iii 2.4>0.02 0.4>0.02 1.4<0.01

iand iv 7.3<0.01 1.2<0.04 7.2>0.10

iand v 0.4>0.10 0.4>0.10 0.5<0.02

li and iii 1.2>0.01 1.6>0.01 0.2>0.01

liand iv 34<0.01 0.1<0.02 0.4<0.02

liand v 51>0.01 2.1>0.01 0.3>0.02

iiiand iv 1.0<0.01 1.3<0.02 0.1<0.03

iiiand v 1.2>0.01 1.0>0.01 1.1>0.01

ivand v 3.2<0.02 3.2<0.01 2.3>0.01

dren, respectively had their Mantoux skin test negative byet al (1990) and Husseiet al (1993) that the presence of
having the diameter of their skin reaction less than 4nfm (X  complement factors (C1q,@nd G) in circulating soluble
4.15, p>0.01 and3%2.21, P > 0.01, respectively). While 17 immune complexes and in complement dependent cell
out of the 50 uninfected control children showed negative mediated kill schistosomula.

skin reaction. The correlation coefficient of the skin reaction However, none of the studies did relate complement fac-

diameter of Mantoux test and eggs counted using tuberculingrs and other acute phase reactants to number of eggs of
PPD antigen showed a significant positive result (r = 0.26,schistosoma. This study has established thate€reases

P< 001) While the correlation coefficient of skin reaction di- with increase in the number gchistosom@ggs; while
ameter of Mantoux test and leucocyte migration index usingc, (C,C) products increase with severity of genitourinary
tuberculin PPD antigen showed a negative result (r = 0.41schistosomiasis. This has tallied with the works of Santoro
P>0.02). et al (1980) who detected an increase igd @mongst
heavily infected children witts. mansoniA factor of
complement activation bgchistosomantigens was be-
dIieved to have been responsible for the decreageh@
increased ¢C levels vis-a-vis number of eggs excreted and
{he release of proteinase enzymes by schistosomes. This
reacted directly with complements’ factor, which resulted
in hypocomplementemia.

There was loss of protein from the urine of schistosome
infected children as reported by Ukwaratal (2001) yet,

the mean values of the total protein in both the lightly an
heavily infected children still falls within the normal refer-
ence range of (6.7-8.2 )g / 100ml. This could be as a resul
of good adaptive mechanisms, which prevent hypopro-

teinemia in genitourinary schistosomiasis patients in the _ _ _
form of increase in the synthesis of albumin and globulin. Irrespective of the severity of the disease, yet remarkable

The mean synthesis of these protein have been observe@ecrease in transferrin was observed when heavily infected
in this study to be significantly higher in the heavily in- children were compared with the control.

fected children when compared with the lightly infected This observation could be due to acute phase response to
children and control. It has been established by Rasheetissue damage by all stages of schistosomes that affected



334 NCD Ukwandu, OPG Nmorsi

human. The penetration of the skin by cercariae damaged the Table 4

skin, while schistosome adults adhered to red blood cellsPurified protein derivation (PPD - Mantoux skin Test)
(RBC) and subsequently lysed the RBC. The lysed RBC, thus on control, an®. haematobiunmfected children
released iron which then bound with transferrin. This was (treated and untreated)

then passed directly into the developing erythrocyte to formgyiects No. Mean diameter Mean diameter
haemoglobin. examined (mm) of (mm) of

Mantoux skin  Mantoux skin
testin treated testin untreated

In the alternative, the observed low level tranferrin could
be due to schistosome eggs which destroyed the tissues

children children
during circulation or inflammatory response of immune
. . . Control 50 4.8+ 2.5 4.0£2.0
competent cells against schistosome antigens from eggs’ .
and worm origins. The bacterial infection was a result of Ll'gggy'”fefltgdl , 75 5.2t 34 4.4+ 3.3
low transferrin level added to reduce efficiency of phago—( i -eg.gs mi urine)
cytic cells at the late acute and early chronic stages ofi€avily infected 75 8.£5.6 7.6£5.2

schistosomiasis. This is supported by the fact that trans-(>50 eggs/10mi urine)

ferrin is an iron-binding protein in serum. Low level means Control and lightly >0.02 >001

that free iron is abundant for use by bacteria i.e. iron forInfectGd compared
their multiplication. Control and heavily >0.01 >0.01

) _ o _infected compared
Haptogblobulin was observed to increase with increase mLightIyinfected and <0.02 <0.04

number of eggs. Haptoglobulin is known to bind free haemo-peqyily infected compared
globulin which is then degraded for iron to be saved in the
liver. Stites (1980) showed that a high plasma haptoglobulin

concentration occurred non-specifically as a part of acutetherefore caeruloplasmin increase, during genitourinary schis-
phase reaction during acute inflammation. This work confirmedtosomiasis was obvious, given the possible increase in immu-
inflammation superceding haemolysis in genitourinary schis-nological reactions by immune competent cells against schis-
tosomiasis. tosome antigens.

C - reactive protein (CRP) was observed to increase in themmune modulation of host immune systems against schisto-
infected children when compared with control. This was as asome antigens, to permit adult schistosome worms existed
result of inflammatory response to schistosome antigensand has been established by high serum concentration lym-
Although, it was observed that, CRP reduced insignificantly phokines being associated with acute intestinal schistoso-
in the lightlyS. haematobiurmfected children as compared miasis (Roberet al 1993) and a low level of lymphokines
with the heavily infected. The explanation for this could be asassociated with chronic stage of intestinal schistosomiasis
a result of more complement activation by CRP in heavily (El Missiryet al1994).

infected. To date, inhibitory substances to leucocyte migration in

This CRP, is known to initiate alternate pathway of comple- the serum ofS. haematobuinnfected patients have not
ment activation (Stites 1980) and expected to be signifi-been determined. This work has established that leuco-
cantly higher in heavily infected than lightly infected as cyte migration inhibitory factors are present in the sera of
an inflammatory response to higher number of eggs laidS.haematobiurchildren. This was because the sera from
by schistosome adults. Nonetheless most of the CRP proboth lightly and heavily infected children significantly re-
duced were observed to have been consumed at a fasteluced the migration index of leucocyte when compared
rate in heavily infected by alternate pathway of comple- with the sera from the non-infected control. The result
ment activation. showed the presence of serum factor(s) particularly in

Botha-2-macroglobulin and haptoglobulin were observed to €avily infected children prevent phagocytes from mov-

increase significantly amongst the infected children whenind ©ff the sites of infections. This augmented inflamma-
compared with schistosomiasis free controls. This can beiOn: Phagocytosis and granuloma formation. It increased

explained in line with inflammatory response to schistosomal®Ucopenia from the peripheral blood counts. Acute phase
antigens. proteins and other serum factors had contributed to this

) ] ) ) inhibition of leucocyte migration, since high concentra-
Stites (1980) opined that caeruloplasmin could function as aNion of C-reactive protein was suppressivaninitro lym-

oxygen-radical scavenger in inflammatory circumstances an%hocyte responses (Stites 1980). Incubation of sera from
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S.haematobiurmfected pupils at temperature of &&or Hudson L, Hay FC 197fractical ImmunologyBlackwell

30 min did not significantly inhibit migration of leucocytes Scientific Publication Oxford, London, Edinburge,
in the control and infected children. This showed that Melbourne.

leucocytes migration substance is likely to be a heat labileHussein M M, Ahmed M M, Fayed 1993 Intestinal schistoso-
protein. Inhibitory tendency was high amongst the heavily miasis.J Egypt Soc Parasit@3769-773.

infected, since this category was exposed to constant rekucas N W, Boros D L 1992 Utilization of fractioned soluble
infection and therefore immune complexes were excessively  egg antigens reveals selectively modulated granuloma-

formed due to production of excess antibodies. The im- tous and lymphokine responses during murge
mune complexes with inherent activation were responsible  mansonilnfect Immur603209-3216.
for haemorrhage. Mancini G, Carbonava O A, Hermans J P 1965 Immunochemi-

Negative skin response of genitourinary schistosomiasis in ~ Cal uantitation of antigens by single radial immunodif-
children to tuberculin antigen was markedly low. This was  fusion.Immunochemistrg 235-259.

contrary to the opinions of Wilkin and Brown (1977) who Newar O, Akridge R E, Hassan E, El-Gazar R, Daaghty B L,
showed a reduced positive response to tuberculin strepto- ~ <€MP WM 1992 The effect of zinc deficiency on granu-
coccal antigen among. haematobiuninfected Gambians. loma formatlon, I|\./erf|bro.s|s.and antibody responses in
This study affirmed a reduced negative skin response in the ~ €XPerimental schistosomiasism J Trop Med Hyg7
infected children and was a factor of adequate functioning of 259-264. _ _
T- lymphocyctes in these infected children. Skin reaction wasC!dS G_R’ Ellner J J_ 1984 Modulation of macrophage acti-
observed to increase in largeness of diameter of induration ~ Vation and resistance by suppressor lympocytes in
amongst the heavily infected when compared with lightly in- ~ €hronic murine schistosoma infectiahimmunoll33

fected children. This was as a result of high amount of lym- 2720-2724. .
phokines and immune complexes (leucocyte migration inhibi-Rasheed S M, Khashaba A, Madwar M A, Rafik M M, Abdul

tor) in the serum of the heavily infected. Fadi A A, Shash A M 1990 Correlation between circulat-

. L _ ing schistosomal antigen, schistosomal complement
The high amount of serum migration inhibition lymphokines C and intensity of infection] Egypt Soc Parasit@0

and immune complexes retained more leucocytes (phagocytes) 133-139.

at. the site of tubgrculm pgrlflgd protgln dgrlvatlve injection o 1ot N. Butterworth A E, Kiman T, Fulfor AT, Dunne D N,
Wlth the resglta_nt mc;rease in skin reaction d|§meter. Pgst treated Ouma J H, Sturrock R F 1993 Immunity after treatment of
sc_:hlstosom|§5|s ch|.ldren showed more positive andincreased 4 schistosomiasis: association between cellular re-
diameter of |ndurat|_on to Mar_wtoux skin test when compared sponses and resistance to reinfectimfiect Immunol

to the untreated children. This was as a result of the second 614984-4993.

injection of tuberculin (PPD) acting as boost. Santoro F, Prata A, Castro N, Capron A 1980 Circulating
antigens, immune complexes angl@evels in human
schistosomiasis: relationship wigh mansonegg out-
Gratitude goes to the primary school teachers and their pupils  put. Clin Exp Immunob2219-225.

for their immense co-operation and understanding through-Stites D P 1980 Clinical laboratory methods for detection of
out the period of the study. The authors also thank to Mr cellular immunity. In:Basic and Clinical Immunology,
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PRELIMINARY INVESTIGATION ON THE HERBICIDAL POTENTIALS OF THE EXTRACTS
FROM MAIZE INFLORESCENCE ON SEeEDS oF THREE TropricaL ComposiTAE WEEDS

J Kayode* and P O Tedela

Department of Plant Science and Forestry, University of Ado-Ekiti, Ado-EKiti, Nigeria

(Received August 19, 2002; accepted August 28, 2004)

The herbicidal potentials of extracts derived from maize inflorescence were collected at 48, 96, 144, 196 and 240 h after
formation were examined on the weeds, Siam-we€gomolaena odoraja Node-weed Synedrella nodiflorpand Tridax

( Tridax procumbens Two sets of aqueous extracts (A and B) were prepared. Treatment A involved the dispersion of the
powdered extracts from the inflorescence in distilled water, while treatment B involved the addition of sodium chloride to the
dispersed powder in distilled water. The extracts inhibited growth of the seeds of the weeds used when compared to the
control. In both treatments 48 h extract tends to be the most effective. The effectiveness of the extracts decreases with an
increase in the age of the inflorescence. Hence, more extract-treated seeds germinate with an increase in the age of the
inflorescence. The addition of sodium chloride to the extracts tends to increase the potency of the extracts in delaying
germination of weed seeds.

Key words:Herbicide, Inflorescence, Weeds.

Introduction dispersed in 100 ml of distilled water. The mixtures were then
The loss incurred as a result of weeds infestation on farmsfilterecj using Whatman Nbfilter paper and the filtrates used
has made the invention of herbicides the miracle of the lasfOr the experiment named as treatment A.

millennium. Unfortunately, most of the formulations have low  sjmilary, Portions of 5g each of the 48, 96, 144, 196 and
biodegradability rates (Adesimd al 1998) hence were det- 240 h inflorescence powders were measured out. Each por-
rimental to the flora and fauna species of the environmentijgn was mixed with 1 g sodium chloride (NaC1, common
(Taylor 1998). Also, herbicides are expensive and often be-ajt) and dispersed in 100 ml distilled water. The mixtures

yond the reach of resource of poor farmers who invariablyyere then filtered and the filtrates used for the experiment
constitute the major stakeholders (Arendseal 1996). named as treatment B.

The search for a sustainable approach to weed control techy5tured weed seeds &f.odorata. S. nodiflora and T.
nigue that would be environmentally friendly and readily ac- procumbensvere collected from the campus of the Univer-

cessible to the resource-poor farmers has now been the foc%ﬁty of Ado-Ekiti. Two sets of Petri dishes were double lay-
of ecologists and environmental scientists (Akoroda 2000; g req with Whatman No. 1 filter papers. A set of the Petri dishes
Chikoye 2000). Recently, Trebuil (2002) reported the devel- 4 consists of 75 Petri dishes were used for treatment A and
opment of a household weed killer by the paddy farmers iny,a other set of 75 Petri dishes for treatment B.

northern Thailand. The present study is a part of the ongoing

attempt to develop a sustainable weed control method fromEach set of the Petri dish was divided into 3 sub-sets of 25
materials that would be accessible to the stakeholders folPetri dishes each. A sub-set was used for each weed. Five

growing crops in the field. seeds of each of the weeds were placed in each Petri dish and
moistened daily with filtrates of the 48, 96, 144, 195 and
Materials and Methods 240 h of treatments A and B.

Maize (Zea mays)nflorescences were collected at 48, 96, Control experiments were set up for the two treatments with-
144, 196 and 240 h after formation. They were ground in aout adding the extracts. Control experiments for treatment A
mortar and later blended with powders in an electric blenderwere moistened with distilled water. In treatment B, 1g of
. . NaC1 was dissolved in 100 ml of distilled water and the re-
Portions of 6g each of the 48, 96, 144, 196 and 240h inflores- "~ . .
. sulting solution was used for the control experiments. Thus,

cence powders were measured out. Each of the portions were .
each of the extract treatments and the control were replicated

*Author for correspondence; E-mail: josmodkay@yahoo.com five times.
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Table 1 nation was not recorded in all the seeds treated with salt con-
Herbicidal effects of the extracts from maize inflorescence taining extracts. Also, growths were not observed in the seeds
on the germination a€hromolaena odorata treated with the salt free extract derived from the 48h old

inflorescence, but in older inflorescences, growths were ob-

Extracts Treatment Herbicidal Effects* . L .
: served and the total proportions of germination were directly
(hs) C. odorata S.nodiflora T.procumbens . .
proportional to the age of the inflorescence.
1 2 1 2 1 2

48 A NG - NG ] 12 15 Similarly, the effects of the extracts on the germlr_1at|on of the

B NG - NG ] 23 1 weed seeds of. procumbendiave been shown in Tablel.
96 A 10 6 12 38 8 23 Though, germination was recorded in all the extracts of both

B NG - NG - 22 13 treatments and the trend of the effects were still similar to
144 A 9 18 10 54 7 25 those obtained i€.odorata and S. nodiflor&Extracts con-
196 i ';G 3'2 ';G 6'3 205 1358 taining salts (i.e treatment B) appeared to delay germination

B NG i NG i 16 28 cohsidgrably than the gxtracts without s_alts (i.e treatme_nt A).
240 A 8 36 6 71 2 49 This might be responsible for the considerable reduction in

B NG - NG - 12 36 the proportion of germination of the extract B-treated seeds.
Control A 2 93 2 76 2 80

B 3 50 2 62 2 73 Results from this study suggest that aqueous extracts derived

from maize inflorescence possess the potentials to prolong
seed dormancy in these weeds. A number of studies had
been carried out on the seed physiology of tropical weeds.
The range of phenomena discovered amongst them indicated

All the petri dishes were kept at room temperatureg(2g  that they possessed short dormancy periods that are easily

2'C) and the proportion of germination in them were recorded®roken by light which appeared to be the most important
at an interval of 24h. germimination trigger in them (Longman 1969; Auld and

Martins 1975; Kayode 1999). The depressions in growths
might be due to possible release of allelochemicals. The ad-
dition of salts to the extracts tends to enhance its potency.
The effects of the extracts from the maize tassel on the gersajts were the major components of the household weed killer
mination of the weed seeds @f. odoratais shown in  recently developed in Thailand (Trebuil 2002). The effec-
Table 1. The extracts inhibited germination of the seeds wheniveness of the extract from the B®Id inflorescence sug-
compared to the growth recorded in the control. In both treatgests that the active ingredients present in the inflorescence
ments, no growths were recorded in the seeds treated witlire more likely to be concentrated in the pollen grains of
extracts from the 48h old inflorescence. young tassels. Though this study does not consider the ef-
The extracts containing NaCl1, i.e. treatment B, tends to bd€CtS Of the extracts on the already germinated seedlings of
more effective than those without NaC1, i.e. treatment A. these weeds yet field observations had revealed that when-

While there was no germination recorded in all the extracts€Ver the maize inflorescence releases the pollen grains, other

containing NaC1, germination were recorded in 96, 144, 19gPlants around it do not thrive well. Thus the consideration of
and 240 h extracts that lacked NaC1 where 6, 18, 32 and 3694'€ €xtracts on growing weed seedlings and the determina-
of the seeds germinated respectively. Table 1 also revealetjon of the active ingredients in the inflorescence could con-
that the potency of the extracts tend to decrease with an inStitute subjects of further research activities.

crease in the age of the inflorescence. While germination wag\cknowledgement

first observed on the the 10th day in the 96h extract, it WasS%N ish to thank Miss. F.O. Kol le for h ist .
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extract. Thus, as the age of the inflorescence increases, the%)nOIUCtIngl the experiment.

were decreases in the number of days. The germination waReferences
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EFFecT oF AQUEOUS EXTRACT OF AVICINNIA MARINA ON M YOcARDIAL CONTRAC-

TION OF | sOLATED MAMMALIAN HEART

Shahnaz Ahmed* and Atig-ur-Rahman
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Aqueous extract of Avicinnia marina commonly known as mangrove showed a marked inhibitory action on isolated
mammalian heart in-vitro. The degree of inhibition was found to be highly dose dependent. A dose of 100 mg/kg caused
cardiac arrest for few seconds. The force and magnitude of cardiac contractions were regained to pre-injection level after
1.6-2 min. Pretreatment with atropine was found to have no effect on myocardial contractions. The amplitude of cardiac
contractions was reduced slightly after the administration of adrenaline.

Key words : Avicinnia marina, Mangrove, Mammalian heart.

Introduction

Avicinnia marina Linn. (Verbenaceae) commonly known as
mangrove is a coastal vegetation. It fringes shores and estu-
aries and also proliferate luxuriantly in swamp and marshy
places. It is found abundantly all along 150 miles coast line

of Sindh (Jafri 1966, 1973; Saifullah 1982).

Mangrove plant is not only a land builder and retainer but
showsan interesting array of diverse usesi.e commercia and
industrial uses in paper, plywood, adhesive, leather, dying
and textile industries ( Combs and Anderson 1949; K oeppen
and Cahen 1956; Julia 1965; Vetter et al 1995; Sowunni
et al 1996) and as afood and feed for livestock and marine
organisms.(Borris et al 1949; Taedo 1962; Julia 1965). Also
used in medicines locally as well as internally (Julia 1965;
Shahnaz et al 1995; Itoigawaet al 2001).

Anampledataavailable on the chemical composition of man-
grove reveal s the presence of anumber of chemical constitu-
entsand bioactive compounds (Gosh and Patra1979; Kokpol
Udom et al 1990; Adrian et al 1998; Sharaf et al 2000; Ito
et al 2000; Bandara-nayake 2002) beside minerals, amino
acids, vitamins, fatty acids, lipidsand waxes (Drudeet al 1986;
Rashid et al 1986; Misra et al 1987; Joshi and Kumar 1989;
Mohan et al 1998; Datta et al 2003). While on the other hand
very little data is available on its biological and phar-
macotoxicological properties. Therefore, it was decided to
study the pharmacotoxicological propertiesof A. marinawith
profound basis regarding the search for a new useful phar-
maceutical product capable of benefitting both applied and

basic research sides.

*Author for correspondence
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Materialsand M ethods

Callection and i dentification. Mangrove plant was collected
from the coastal areas of Karachi, identified by ataxonomist
and a voucher specimen was kept in our laboratory under
PCSIR Herbarium No. 585 for future reference.

Preparation of extract. The collected plant material was
washed thoroughly first with tap water and then with dis-
tilledwater. Driedin air at room temperature and then chopped
into small bits. 1.0 kg of chopped material was soaked in
95% ethanol for a period of 5 days with continuous stirring
for 6 h per day. Solvent was then decanted and concentrated
under reduced pressure at room temperature. The resultant
gel like alcoholic extract was partitioned with (V/V 2:1 ratio)
water and pet ether with vigorous shaking in separating fun-
nel. The resultant agueous layer thus formed was separated
and concentrated to maximum dryness in rotary evaporator.
Themassthusobtained asagueousextract wasused for the

study.

Sandard reference solutions. Adrenaine, acetylcholineand
atropine were used as standard references. These solutions
were madein sterile distilled water.

Test solution. Mac. Ewen’s solution (Robert 1971) having
the following formulawas used to perfuse the isolated heart.

NaCl 7.60¢g NaHCO; 2.10g
KCl 0249 Dextrose 2.00g
CaCl, 0199 Sucrose 4509
(anhydrous)

Double glass distilled water Vol. madeto 1 liter.




Pharmacaotoxicological Properties of Avicinnia marina

Animal used. Healthy adult rabbits (2.5 - 3.0 kg) of either
sex were used and kept under observation for a period of 7
days before using for the experiment.

Experimental procedure (Lagendorff 1895). Rabbit was
killed by dislocating the neck and the beating heart was im-
mediately taken out of the body with at least 1.0 cm aorta
attached by cutting the chest wall with sharp scissors. The
heart wasimmediately immersed in adish containing 200 ml
of Heparinized (100i.u. of Heparin) Mac Ewen solution main-
tained at 37'C. The heart was gently squeezed to remove blood
or any blood clot present in it. All the rudiment and tissues
attached to the aortawere removed with care and precaution.
The aorta was then cut from the point where it divides and
the heart was tied to the perfusion apparatus on glass can-
nula. Perfusion of the isolated mammalian heart averages
3.24cc per gram of the organ, in conditions similar to those
taking placein the body at rest (Aldo 1954). Care was taken
to avoid air bubblesto enter the aorta. The oxygenated perfu-
sion solution maintained at a constant temperature of 37°C.
The perfusion pressure was also kept constant. One end of
the thread was attached to the apex of the heart by ahook and
other end to aspring lever through asystem of pulliestorecord
the amplitude of cardiac contraction on the smoked kymo-

graph.

The drug wasinserted in the heart through a cannulaattached
to the perfusion apparatus near the aorta. The height of trac-
ings were taken as a force of cardiac contractions. The only
modification made in this method was that instead of using
ringer solution, McEwen’s solution was used, which also re-
sembles much to, plasma minus protein like Ringer’s solu-
tion (Aldo 1954).

Mangrove extract in a dose of 25 mg/kg, 50 mg/kg and 100
mg/kg was used to assess the affect on myocardia contrac-
tions. Before the administration of extract normal responses
of an isolated heart against the standard known drugs i.e.
adrenaline and acetylcholine were checked.

Resultsand Discussion

Isolated perfused rabbit heart showed a normal behaviour
against the standard known drugsi.e. adrenaline and acetyl-
choline. Adrenaline showed a positive inotropic effect as
shown in Fig 1.

Aqueous mangrove extract showed a significant action on an
isolated heart. It significantly reduced the force of cardiac con-
traction. Decreasein cardiac contractionswerefoundto be highly
dosedependent (Fig 2). Thiseffect becomesprogressively more
intense and marked asthe concentration of drug isincreased. A
dose of 100 mg/kg stopped the heart in partial diastolic condi-
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Fig 1. Contractions of isolated rabbit heart on asmoked drum.
Note: Positiveionotropic action of adrenaline & atran-
sient reduction in the force of cardiac contraction at a
dose of 50 mg of aqueous mangrove extract

Fig 2. Dose proportionate cardiac inhibition. Extract causes
thetransient cardiac arrest in partial diastolic condition

tion for few seconds (4 -7 sec) which gradually regained the
pre-injection level after 1.6-2 min (Fig 2).

Effect of atropinisation. Atropinewhichisstandard known
anticholinergic drug when injected in a dose of 2.0 mg/kg
abolished bradycardiainduced by cholinergic agent (i.e ace-
tylcholine) and resulted in partial heart block. The agueous
mangrove extract in adose of 100 mg/kg when administered
after atropinization produced sameinhibitory effects on myo-
cardial contractions as before the administration of atropine
i.eheart stopped in partial diastolefor 4 - 7 sec and then gradu-
aly regained the pre-injection level, (Fig 3). It was further
noticed that the amplitude of cardiac contractions were re-
duced when extract was administered after standard drug i.e
adrenaline.

From the study it was evident that the aqueous mangrove
extract decreases the contractility of myocardium in isolated
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Fig 3. Effect of atropinization and 100mg/kg dose of aqueous
mangrove extract on cardiac contraction

rabbit heart preparation in a dose dependent manner (Fig 2).
It resulted in cardiac arrest / inhibition for few seconds in
higher doses. Assoon asthe action of the extract waswashed,
the heart again regained the force and magnitude of contrac-
tionsto preinjection level.

The amplitude of cardiac contraction was reduced slightly
after the administration of adrenaline. Atropinization failsto
inhibit the action of extract. This indicates that the extract
does not act either through the cholinomimetic or adrenergic
mechanism. It can be assumed probably that the mechanism
of action of the extract seemsto be through sodium channel
blockers such asin Quinidine. Literature citation depictsthat
Quinidine in higher concentration decreases myocardial
contraction and produces transient asystole (Andres 1976;
Laurence and Bennet 1992) a negative ionotropic effect, as
produced by aqueous mangrove extract. Furthermore, the
chemical composition of mangrove reveals the presence of
polyphenols, tannic acid and napthaquinones (Gosh et al
1979; Kokpoludom et al 1990; Ito et al 2000; Itoigawa et al
2001) which also strengthens its mode of action like Quini-
dine. However, crude extract needsto be further processed to
have pure compound(s) which can then be tested for the
claimed pharmacological activity.
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AND CHOLINESTERASE ACTIVITY
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Toxicity of Clerodendrum inerm@umdum leaves extract) and cyhalothrin (Pyrethroid) was tested against adult beetles of
Rhizopertha dominicérilter paper impregnation method was adopted for the determination afd<e. LG dose ofC.
inermeand cyhalothrin was found to be 1460 pugfamd 0.00063 pg/chnrespectively. Biochemical estimation revealed
that both the products inhibited the acid phosphatase and cholinesterase activity to some extent.

Key words Rhizopertha domimi¢aCyhalothrin, Acid phosphatase, Cholinester&erodendrum inerme.

Introduction cidal and growth disrupter effects on insects. There are no
estimates of dumdum leaves production in Pakistan. How-

Lesser grain boreRhizopertha dominicégs a cosmopolitan N L .
. ) . . ever, it is widely grown in Sindh and Punjab and some farmers
insect and a serious pest of stored grains especially wheat

and flour. According to our food requirements wheat has adre aware of its pest control properties.

prominent place in our daily diet. In Pakistan farmers storeAs the synthetic insecticides are toxic and hazardous, so
about 60% of wheat for food and for sowing requirements. phytopesticides which are much less toxic and biodegrad-
Unfortunately about 5-7% of wheat is destroyed by insectame, the present extract was used ag&nsiominica

pests.

The insect also attacks the germ part of the grain, feeds upoMaterials and Methods

the endosperm and fills the burrows with excrement whichgpizopertha dominickeetles were obtained from PARC,
leads to poor quality of seed. In Karachi, the lesser grain boreq—ARC’ University Campus, Karachi, reared under controlled
damages more wheat in Dockyard areas probably due to damgonditions i.e., 283°Cand 65t 5% R.H. Sterilized wheat was
climate which softens the hard pericarp of wheat grain. Con-yseq as rearing medium. All experiments were carried out with
ventional (synthetic) pesticides are used for the control of; days old adults of uniform size. Cyhalothrin was purchased

this insect pest. But their indiscriminate use causes problemgom market and extraction @flerodendrum inermiaves
like pollution, residual toxicity and insect resistance (Zettler

1982; Holidayet al 1988; Saleem and Shakoori 1993). Syn-

thetic pyrethroids are rapid in action, have low mammalian EXtraction of sampl@50gC. inermeeaves, collected from
toxicity and wide controlling range (Baghervedlal 1994). Karachi University Campus, were washed for the preparation
Several workers have reported effect of biopesticides on cer0f extract. Leaves were macerated in 50% methanol (D1 H
tain enzyme levels of insects (Bandyopadhyay 1982; HoyaokapHgOH)- The macerated leaves were left for 24 h in 250 ml of

and Dauterman 1982: Shakoori and Saleem 1989: Shatoori 90% methanoMaceration of leaves was done in Ultra Turax
al 1994, Ahmadbt al2001) grinder and homogenized for 30 min . Finally, it was filtered

twice and stored in a refrigerator af@0

was prepared in the laboratory.

Plant products kill insects, however, they have low mamma-

. . ; _ For the treatment of insects filter paper impregnation method
lian toxicity, leave no toxic residues and do not pollute the

. was employed. After preliminary test 236, 475, 950, 1900 and
environment. 3800 pg/cridoses of. inermeand 0.000316, 0.000633, 0.00126,
Extracts from dumdum leaveSlerodendrum inermecan be 0.00253 and 0.00507 pg/édoses of cyhalothrin were selected.
used effectively to protect stored grains from insect infesta-These doses were applied on the filter paper of 2.5 cm diam-
tions. The extract possesses anti-feedent, repellent, insecteter with the help of pipette. TwenR. dominicaadults of
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same age were released in each petri dish separately. For the Table 2

estimation of acid phosphatase and cholinesterase 300 adultsToxicity of cyhalothrin againg®. dominicabeetles
were treated with L dose, a day prior to enzyme assay. -
Thereafter, 150 surviving beetles were crushed in 2 ml doubld?0S€ I Mean sb SE Range at 95%
distilled water with the help of mortar and pestle and thenpg/cn?  mortality % %) &) confidence limit
homogenized for 10 min at 1,000 rpm & & he homogenate

were centrifuged in Labofuge 15,000 at 3,500 rpm for 20 min ’Control i i i i
placed in cold chamber. Supernatants were taken in separafé000316 32 10.90 04.88 22.44-41.56
tubes andised for biochemical estimation of acid phosphatase0.000633 48 10.90 04.88 38.44-57.56
activity by thymolphthalein monophosphate using QCA kit 00126 60 1414 0634  47.58-72.42
;nd Kc:cr:(())I(lsrg)esterase activity was estimated by Clonital’s Kit 0.00253 7 29 80 1022 5121-9231
© ' 0.00507 9% 1788 0802 76.28-107.72

Results and Discussion

Toxicity of C. inermeextract and cyhalothrin was deter- Table 3
mined by using five different doses of each compound Acid phosphatase inhibition in
againstR. dominicalt was observed that the rate of mor- R.dominicatreated withC. inermeand cyhalothrin

tality gradually increased with the increase in dose of
each pesticide (Table 1-2). LOvas calculated by using
log-log graph paper. By plotting the mean mortality values

against the dose of the compound. | 6f C. inermewas Control ~ 502.53  565.80 327.0 138.3 - 114.3  00.0
C.inerme 397.30 403.40 233.2 59.7 - 854.3  20.9
found to be 1460 pg/cin

Cyhalothrin 296.33  247.20 143.1 16.3 - 576.3 41.0

Compound Mean of S.D. S.E. Range at 95% Inhibition
unitj /1) @) &) confidence limit %

R. dominicareated with cyhalothrin showed mean mortality
of 32,48, 60, 72 and 92%, respectively after 24 h . By plotting

the mean mortality value against the dose, the, ot In present study Lg;of cyhalothrin andC. inermewas found

cyhalothrin was found to be 0.00063 ugfcm to be 0.00063 pg/chand 1460 pg/cidor R. dominicaeetles.

Activity of acid phosphatase was found to be inhibited by These results are in close conformity with those of Bengeston
20.9% (when treated wiB. inermeat dose of L i.e 1460 et al (1981) and Ahmaet al (2001) for pyrethroids and
ug/cn?) and 41% (when treated with cyhalothrin at dose of Islam (1987), Naqvi (1987), Vollinger (1987), Azetial (1998)
LC,,i.e. 0.00063 pg/cfriTable 3). and Ahmadet al (2000) who used plant products (Safer

, . ) pesticides).
Cholinesterase activity was reduced upto 23.61% W®@ith
inerme at a dose of 1460 pg/érand upto 30.53% with  In the present investigations cyhalothrin was found to be
cyhalothrin treatment at a dose of 0.00063 pé/(dmble 4). more effective tharC. inermeagainstR. dominicaadults.
Bengeston (1981) also found that fenvalerate, permethrin and

diphenothrin were not effective against malathion resistant

Table 1 T. castaneumand S. oryzaewhereas, cypermethrin and
Toxicity of C. inermeagainstR. dominicabeetles decamethrin showed satisfactory effectiveness.
Dose Mean S.D. S.E. Rangeat95%  Treatment ofC. inermeand cyhalothrin inhibited acid phos-
in pg/cnt mortality % ¢) ¢) confidence limit phatase and cholinesterase enzymd®.idominicaadults.
Control - - - - Many workers reported inhibition of acid phosphatase and
0237 12 447 200 08.08-15.92 cholinesterase enzymes in storage insects after pesticide treat-
0475 26 547 245 21.20-30.80 ments (Ahmaeat al2000; Rizwaret al 2000; Azmiet al 2001
0950 40 707 317 33.80-46.20 andRizvi et al2001).
1900 62 adr 200 58.08-6592 The enzyme cholinesterase is involved in detoxification of
3800 82 447 200 78.85-92.41

insecticide (Saleem and Shakoori 1993; and Shalaal
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Table 4 alomma anatolicumnindian Vet 711073 - 1076.
Cholinesterase inhibition iR. dominicareated with Bandyopadhyay R 1982 Inhibitor of acetylcholinesterase by
C. inermeand cyhalothrin permethrin and its reversion by acetylcholitmelian J

Compound Meanof S.D S.E Rangeat95% Inhibition Expt B|0|20488_491_' ) )
Bengeston M 1981 Fenitrothion plus (IR)-phenothrin and

enzyme z)( (¥) confidence % o .
unit 1) limit p_rlmlphosmethyl plus _carbaryl as grain protectant com-

bination for wheatPestic Scil1471- 482.
Control 5844 4562 26.36 6.78-110.21 00.0 Bengeston M, James M D, Breck H, Ronald H, John H M,
C.inerme 5357 1261 7.3114.92-43.54 23.61 Robert M N, Graeme S, Jack T S, Rexsticka A 1981
Cyhalothrin 36.52 1260 7.28 22.3-50.72 30.53 Synergized cyfluthrin and cypermethrin as grain

protectants on bulk whe&estic Sck123 - 38.
red flour beetle (Coleoptera: Tenebrionidae) infesting
stored peanuts in the Southeastern United SthEsson
Ent8174-77.
It could be concluded thal, inermeextract prove better al-  Hoyaoka T, Dauterman W C 1982 Induction of glutathion-S-
ternative pesticide for controlling insect pests. They have _transf_erase (EC2.5- 1-_18) by Ehenobarbltal ar_ld pe§t|C|des
low mammalian toxicity, less persistent and do not pollute the  in various housefly strain and its effects on toxiétgstic

use exhibits potency of the poison.

Conclusion

environment. Biochem Physidl7113-119.
Islam B N 1987 Use of extracts from Meliaceae and Annonaceae
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The influence of seven different stabilizers i.e. pectin, guargum, carboxymethylcellulose (CMC), carrageenan, sodium
alginate, corn starch and gelatin was studied at 0.4% levels in buffalo milk with 16.6% total solids, cow milk with13.5%
total solids and mixture (1:1) of both having 15.0% on syneresis, body/texture, flavor, acidity and color in yoghurt.
Results showed that corn starch gave best results in controlling synerises in yoghurt followed by gelatin, pectin, sodium
alginate, carageenan, guargum and CMC in buffalo milk as compare to mixture and cow milk. Treatineawi(ly

0.4% corn starch and 16.6% total solids got maximum scores in flavor, body/texture, acidity and appearance than all other
six stabilizers. This sample had firm coagulum, less separating whey, good aroma, pleasant taste and rheologically supe-
rior to all other samples. Statistical analysis showed that the treatments, storage intervals and total solids hadta significan
effect (P<0.05) on syneresis, body/texture, flavor, acidity and color of the yoghurt samples.

Key words Yoghurt, Milk stabilizer, Syneresis.

Introduction Whey separation or syneresis is a major problem of yoghurt
Yoghurt is defined as the product of fermented milk made\’vgl'ch oceurs V\t/1hen the body thyOthfm IS CfUt anhd undgf?r-
from whole, low fat or skim milk. Yoghurt is so popular that abie watgr_y (whey) comes on the surface oryog urt. Di e

rent stabilizers are used to over come this problem during

it contains all the food value of the milk from which it was . d st ¢ hurt. Stabil i
made (Krause and Mehan 1984). It has different forms e.gprocessmg and storage of yoghurt. Stabilizers (sometimes

stirred, set and frozen liquid yoghurt. Among all varieties, setLei;edri"ned as hydrocoll0|.ds) have .tWO typgs of .act.lon e. the

. . : g of water and increase in the viscosity in yoghurt
yoghurt with a rather firm body is most common (Potter and(BOyIW 1972). The stabilizers permitted by FAO/WHO in
Joseph 1995). 1976 are natural gums including plant extracts (pectin),
In Pakistan, yoghurt is prepared in two ways i.e. by tradi-seed flour (guar gum), cellulose derivatives (CMC), seaweed
tional and by commercial methods. In traditional methodextracts (carrageenan and sodium alginates) and cereal
“Dahi” is prepared at home and by shopkeepers. It is comstarches (corn starch). From animal source includes gelatin
paratively cheaper but has short shelf life with poor body(Glicksman 1979).

characteristic and problem of syneresis. These defects yield e most common inoculating material used by the modern
product of variable nature and of low quality. The COMMEr-gairy plants is the culture comprising Streptococcus ther-
cial yoghurt manufacturing in this country is in growing stage, mophilusand Lactobacillus bulgaricusn the ratio of 1:1,
which mainly depends upon a high degree of mechanizationyailable either in powder or in tablet form. These grow toge-
and sanitation. With the development of science and technaher symbiotically and are responsible for the production of
logy, chemical additives are used in foods and dairy indusgood taste and aroma in yoghurt. This fermentation process
tries on commercial scales. also causes pre-digestion of protein, carbohydrates, fats,

In the last few years, attempts have been made to improve tHBFreaS? in_ _B—Vitamins,. enzy.mes and enhance the_calcium
quality of yoghurt but further research is required in this field, bio-availability (Shahani 1983; Kawgt al 1987). So far I|ttle”
particularly on milk composition and whey separation. Milk research work has been conducted on the effect of stabilizers

solid not fat (MSNF) play an important role in preventing on the Physico-chemicgl charactgristips, particularly on
whey separation in yoghurt. Richtet al (1979) found that syneresis of yoghurt. It is the continuation of our previous

MSNF was the most important component affecting the ﬂa-.Stuoly (Ayub and Siddiq 2003), which has been undertaken to

i . . improve the quality of yoghurt by controlling whey separa-
;gghruhr?ologlcal properties and overall acceptability of thetion with added stabilizers in fresh dairy farm milk of buffalo

and cow ( 1:1 and individual), available to common consumer
E-mail: ayub120@yahoo.com in any season.
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Materials and Methods Syneresis or whey separati@usceptibility to syneresis

Preparation and formulation of raw materiguffalo was determined by using the drainage test described by Molder

milk (Sy), cow milk (S) and mixture of both (1:1).Swith €t &l(1983), using 120 ml container of yoghurt.

total solids 16.6, 13.5 and 15.0% were used for all trails.Organoleptic evaluationSamples were evaluated for
Hydrocolloid @ 0.4% was added as a stabilizer in formula-flavor, body texture, physical appearance and taste or sen-
tion of yoghurt mix. Samples were pasteurized at a temperasory acidity by a panel of three judges using the score card as
ture of 85C for 15 min in water bath, and cooled to a tem- approved by American Dairy Science Association (Nelson
perature 4ZC. The mixture was inoculated with already and Trout 1964).

prepared starter culture (@ 2%) f thermophilusand

L. bulgaricushaving pH 4.2. After stirring for 1 min the mix
was filled in polystyrene cups (125 ml) and sealed. The cu
ture mix was incubated at a temperature Al setting

of the body to pH (4.20.05) and acidity (0.850.05%). The
yoghurt was cooled to’@ in order to stop further fermenta-
tion. The product was stored for 15 days &Clfor further ~ Syneresis/whey separatiorable 2 shows the mean val-
studies. Samples prepared for this study with different milkues of syneresis of yoghurt samples. The mean values for

Statistical analysisThe data obtained was statistically
I_analysed using three factors factorial design according to
Steel and Torrie (1980).

Results and Discussion

composition and stabilizers are presented in Table 1. pectin (T,), guargum (%) and CMC (T) treated yoghurt
samples (0.9, 0.933, 1, 1.433, 1.333, 1.433, 1.933, 1.967 and
Table 1 1.9 ml) in S, S;and S gradually increased (8.533, 8.467,
Plan of study for yoghurt samples 8.767, 11.367, 11.4, 11.433, 15, 14.833 and 14.7 ml) during
Code Stabilizers Concentration  Milk % TS 15 days storage. Samples with carrageenaha(id sodium
alginate (F) showed mean values of 2.333, 2.3, 2.367, 3.2,
T Control Nil Buffalo  16.6 3.267 and 3.267 ml which was gradually increased to 18.233,
T, Control Nil Cow 135 18.4, 18.567, 16.2, 16.233 and16.233 ml, respectively. The
T, Control Nil Mixture 15.0 mean values of samples with added corn starghaid gela-
T, Pectin 0.4% Buffalo 16.6 Fin (Te) (0.533, 0.467, 0.5, 0.8, 0.733 and 0.733)_ gradually
T, Pectn 046 Cow 135 B s () showed a higher ncrease (fom 19,
Ts Pectin 0.4%  Mixture 150 4 g57 and 2.033 to 21.333, 20.833 and 21.1 ml) in syneresis
T Guargum 0.4% Buffalo 16.6 during storage (Foley and Mulchahy 1989; Rouse and Moore
Ty Guargum 0.4% Cow 13.5  1973), as compared to those samples having stabilizers. Our
T, Guargum 0.4% Mixture 15.0 results showed that syneresis decreased with the increase in
T, CMC 0.4% Buffalo 16.6 total solids in yoghurt samples. Among all added stabilizers
T, CMC 0.4% Cow 13.5 corn starch gave best results in controlling syneresis in
T,  CMC 04%  Mixture 150  Yoghurtsamples.
T, Carrageenan 0.4% Buffalo 16.6  Statistical analysis showed that storage intervals and stabili-
T, Carrageenan 0.4% Cow 135 Zers had. a significant effect (P<0.05) Qn syneresis of the.prod-
T, Carrageenan 0.4% Mixture 15.0 uct; the mtgracuon bgMeen storage intervals a_nd stabilizers
, ) was also highly significant. These results are in agreement
T Sodium alginate  0.4% Buffalo 16.6 with the findings of ealiers (Nielson 1974; Christensen and
Ty Sodium alginate  0.4% Cow 135 Trudsoe 1980; Anderson 1981; Porsdal and Jakobsen 1983;
T Sodium alginate  0.4% Mixture ~ 15.0  Anon 1993), who determined that yoghurt with increased to-
T, Corn starch 0.4% Buffalo 16.6 tal solids, had a resistance in developing syneresis.
T Corn starch 0.4% Cow 135  Body/texture The body/texture of the product is the next
T, Corn starch 0.4% Mixture ~ 15.0  important factor in organoleptic evaluation. For body/texture
T, Gelatin 0.4% Buffalo 16.6 excellent score was 30 and 24 for acceptable. The mean score
T, Gelatin 0.4% Cow 13.5 for body/texture of samples from ™ Ts (30, 24, 24, 22, 16,
T Gelatin 0.4% Mixture 15.0 10, 22, 16, 12, 16, 12, 8, 24, 20 and 12 jnSsand S) de-

N
N

creased (28, 24, 22, 18,12, 8, 14, 8, 8, 12,6, 6,22, 16 and 12)
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Table 2
Effect of storage time on syneresis of different yoghurt samples
Milk Treatments Storage time (days) Average (ml)
0 5 10 15

Buffalo (16.6% T.S) T 1.900 7.967 14.100 21.333 11.325
T, 0.900 2.500 6.133 8.583 4.517
Ts 1.433 2.733 6.633 11.367 5.542
T, 1.933 2.900 7.167 15.000 6.750
Ts 2.333 6.067 12.433 18.233 9.767
Ts 3.200 5.500 11.433 16.200 9.083
T, 0.533 1.433 5.200 6.800 3.492
Te 0.800 2.067 5.900 8.000 4.192

Cow (13.5% T.S) T 1.867 7.733 13.500 20.833 10.933
T, 0.933 2.500 6.233 8.467 4.533
Ts 1.333 2.700 6.733 11.400 5.542
T, 1.967 3.400 7.167 14.833 6.842
Ts 2.300 6.100 12.467 18.00 9.817
Ts 3.267 5.667 11.567 16.233 9.183
T, 0.467 1.533 5.300 6.867 3.542
Tsg 0.733 2.167 5.967 8.000 4.225

Mixture (15.0% T.S) T 2.033 8.067 14.00 21.100 11.300
T, 1.000 2.467 6.333 8.767 4.642
Ts 1.433 2.667 6.800 11.433 5.583
T, 1.900 3.167 7.233 14.700 6.750
Ts 2.367 6.133 12.500 18.567 9.892
Ts 3.267 4.800 11.667 16.233 8.992
T, 0.500 1.667 5.367 6.900 3.608
T 0.733 2.267 6.033 7.907 4.250

T,, Control; T, Pectin; T, Guargum; T, CMC; T,

5 Carrageenan; TSodium alginate; TCorn starch; J, Gelatin.

during storage. The mean score of sampjemd (30, 30, Color and flavor For color maximum score (excellent) was
24, 30, 24 and 24) remain same during storage, while in cont0 and 7, for minimum. The mean values for color of samples
trol samples it significantly (P<0.01) decreased during stor-T, to T, (8.66, 32.66, 6, 5.33, 2.66, 2, 6, 4.66, 2.66, 5.33, 4, 2,
age, due to weak body development and lumps productios.66, 5.33 and 3.33) decreased (8, 6.66, 4, 3.33, 2.66, 2.66, 4,
(Table 3). 2.66, 2, 4, 2.66, 2, 6, 4, and 2) during storage. The initial

Comparative study of the samples showed a significanfn€@n scores of samplesand were 10, 9.33, 7.33, 10, 8
(P<0.01) increase in the score of body texture of yoghur@nd 6.66. In control samples the mean score (8.33,and

sample, with added corn starch as compared to other stabilR-33) decreased (7.33, 4.66 and 2difjng storage. Among
zers and control. Our overall results showed that body/texall yoghurt samples treatment, T with added corn starch

ture consistently and gradually decreased during storage ifibtained maximum score, while samples with added guargum
all samples. got minimum score, which developed a velvety and gummy

- . . ..__appearance. Sampledlso showed same results. The results
Statistical analysis showed that storage intervals, stablllzersIOIO ple

and total solids had highly significant (P<0.01) effect on bodyshowed that samples_ with a_d_ded corn starch gave best results
. for color than other six stabilizers and control samples.
texture of treated yoghurt samples. Interaction between
storage intervals and stabilizers was also significant. Thes8tatistical analysis showed that storage intervals, stabilizers
results are in accordance with the findings of (Mehanna andnd total solids had highly significant (P<0.01) effect on
Gonc 1988; Rohm and Kneifel 1993), who reported a decreappearance of treated yoghurt samples. These results are in
ase in the score of texture in yoghurt samples during storagegreement with the results of ealiers (Radha Krishna 1972;
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Table 3 Table 4
Mean score of judges for the body/texture of Mean score of judges for the acidity of different
different yoghurt samples yoghurt samples
Milk Treatments  Storage time (days) Average Milk Treatments Storage time (days)  Average
5 10 15 5 10 15

Buffalo Buffalo

(16.6% T.S) T 28.0 22.0 26.0 25.33 (16.6%T.S) T 14.67 14.67 13.33 14.22
T, 30.0 28.0 28.0 28.66 T, 13.33 14.67 16.00 14.67
T, 22.0 14.0 18.0 18.00 T, 1467 18.67 13.33 1557
T, 22.0 10.0 14.0 15.33 T, 12.00 13.33 17.33 14.22
T, 16.0 8.0 12.0 12.00 T, 16.00 16.00 12.00 14.67
T, 24.0 18.0 22.0 21.33 T, 13.33 12.00 16.00 13.78
T, 30.0 28.0 30.0 29.33 T, 20.00 17.33 20.00 19.11
T, 30.0 28.0 30.0 29.33 T, 16.00 20.00 13.33 16.44

Cow Cow

(13.5% T.S) T 22.0 18.0 20.0 20.00 (135% TS) T 10.67 12.00 12.00 11.67
T, 24.0 24.0 24.0 20.00 T, 9.33 12.00 12.00 11.57
T, 16.0 8.0 12.0 12.00 T, 10.67 13.33 10.67 11.57
T, 16.0 6.0 8.0 10.00 T, 8.00 8.00 10.67 8.89
T, 12.0 6.0 6.0 8.00 T, 12.00 12.00 9.33 11.11
T, 20.0 14.0 16.0 16.66 T, 8.00 8.00 12.00 9.33
T, 30.0 24.0 28.0 27.33 T, 16.00 16.00 16.00 16.00
T, 24.0 24.0 28.0 24.00 T, 12.00 17.33 8.00 12.44

Mixture Mixture

(15.0% T.S) T 18.0 14.0 14.0 15.33 (15.0% T.S) T 6.67 8.00 8.00 7.56
T, 24.0 18.0 22.0 21.33 T, 5.33 9.33 6.67 7.11
T, 10.0 6.0 8.0 8.00 T, 6.67 8.00 6.67 7.11
T, 12.0 6.0 8.0 8.00 T, 4.00 4.00 4.00 4.00
T, 8.0 6.0 6.0 6.66 T, 5.33 10.67 5.33 7.11
T, 12.0 6.0 12.0 10.00 T, 4.00 5.33 8.00 5.78
T, 24.0 22.0 24.0 23.33 T, 1467 12.00 12.00 12.89
T, 24.0 18.0 20.0 20.66 T, 8.00 12.00 4.00 8.00

Tl,Control; T2, Pectin; 'I;, Guargum,; ]’, CMC; Ts,Carrageenan;GT Tl,Control; T2, Pectin; 'I;, Guargum,; ]’, CMC; TS,Carrageenan;GT

Sodium alginate; TCorn starch; ], Gelatin. Sodium alginate; TCorn starch; J, Gelatin.

Mehanna and Gonc 1988). In a similar study, Varbioff (1979)maximum scores; compare to other samples (k). The
determined that yeast and molds mainly affect the appeardata showed that fresh samples got an acceptable range for
ance of yogurts during storage. flavour both for treated and untreated samples, which was

Flavor of the product is one of the most important factor forSIme'(.:""m.Iy (P<0.01) decreased during storage. The flavor
retention in corn starch samples,diTwas comparatively

determining the consumer’s response. The flavor score foh_ her th th les duri ‘
excellent was 45 and for acceptable 36. The mean values for Jner than ofher samples during storage.
flavor of samples I- Ts (42, 36, 36, 24, 24, 15, 21, 15, 12, Statistical analysis showed that storage intervals, stabilizers
24,18,12, 33, 24 and 21 in,&and 3) decreased (39, 36, and total solids had highly significant (P<0.01) effect on the

33,21, 21, 15,18,12,9,15, 9, 9, 30, 27 andigiipg storage.  flavor of treated yoghurt samples. Interaction between stor-
The mean score of samplesand (45, 45, 42, 45, 39 and age intervals and stabilizers was also significant. Our results
36) showed no changes in flavor during storage. Our resultare in agreement with the findings of (Abrahamsen 1978;

showed that samples with added corn starch @btained  Resubakt al 1987; Rehman 1987).
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Acidity. The mean score for acidity (excellent) was 20 and  pp 830-848.

for acceptance was 14. The mean score for acidity of samplédehanna N M, Gonc S 1988 Manufacture of yoghurt from milk
T,to Ty (13.33, 9.33, 5.33, 14.67, 10.67, 6.67, 12, 8, 4, 16, 12,  fortified with whey powderEgypt J Dairy Scil6(2)
5.33,13.33, 8 and 4) increased (16, 12, 6.66, 13.33, 10.67, 6.67, 239-248.

17.33, 10.67, 4, 12, 9.33, 5.33, 16, 12 and 8) during storagé/lolder HW, Larmand M E, Lin G, Frochilch D, Emmons D B
The mean values of samplesafid §(20, 16, 14.67, 16, 12 and 1983 Physical and chemical properties of yoghurt stabi-
8) slightly decreased (20, 16, 12, 13.33, 8 and 4) during sto-  lized with milk protein.J Dairy Sci6§(3) 422-429.

rage. The mean values of samplalo (14.67, 10.67 and 6.67) Nelson J A, Trout G M 1964dudging Dairy ProductsThe

decreased (13.33, 12 and 8) during storage (Table 4). Olsen Pub. Co. Milwaukee Wis, USA' @d.

o Nielson J P 1974 The influence of cooling and storage tempe-
Our results showed that the mean score for acidity decreased | atre on the quality of yoghurt in relation to the content

(due to increase in acidity) during storage. Among all the ¢ sqlid not fat in the milk. In19" Int Dairy Congress
yoghurt samples, treatment with added corn starch obtained pp 737.

maximum mean score for acidity followed by samples with potter N N, Joseph H H 1995 Milk and milk produétsod
added gelaton. Sci 5"ed, pp 279-315.

Statistical analysis showed that storage time, stabilizer an&orsdal P K, Jakobsen O P 1983 Freeze thaw stability of gels.
total solids had a highly significant (P< 0.01) effect on acidity ~ In: 16" Int Congress on Refrigeration, Pairs, 198813-716.

of treated yoghurt samples. Interaction between storage intefR@dha K N 1972. MSc. Thesis, Andhra Pradesh Agric. Uni-
vals and stabilizers is also highly significant. The results are in ~ Versity Hyderabad, India. _ .
agreement with the findings of previous (Saljiand Ismail 1983R¢hman A 1987 Some microbiological aspects in relation to

Rehman 1987: Mehanna and Gone 1988; &if1.991). quality control of yoghurt. MSc. Thesis, Deptt. of Food
' ’ Technology, University of Agric. Faisalabad, Pakistan.
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CoMPARISON OF HYPER PRODUCER Fermentation techniqueitric acid was produced by sur-
face culture technique, following the method of Simglal

ASPERGILLUS NIGER CULTURES (IFS'S; (1998). Conidial inoculum (1xICconidia/ml), prepared in

IFS-6 AND ||:S_17) ForR Citric AciD sterilized distilled water was used. The optimum conditions
for citric acid production were investigated in 250 ml Erlen-

FERMENTATION IN SURFACE CULTURE meyer cotton wool plugged conical flasks, containing 25 ml
fermentation medium. The flasks were incubated &€ 36r

7 days. The results are sum mean of three parallel replicates.
aBiotechnoIo_gy Research Cerltre, Department of BOtanyAnalysis Dry cell mass was determined according to
G C University, Lahore, Pakistan Kirimura et al(1992). Residual sugar was estimated by DNS

"Centre of Excellence in Molecular Biology, University Méthod (Ghose and Ghen 1970) while pyridine acetic anhy-
of the Punjab, Lahore, Pakistan dride method was employed for the determination of citric

acid as reported by Marrier and Boulet (1958). The kinetics
(Received March 17, 2002; accepted August 20, 2004)  of time course was also undertaken (Pirt 1975).

lkram-ul-Haq ®, Sikander Al? and M A Qadeef

Citric acid fermentation byAspergillus nigeris an aerobic ~ Time course study is one of the most critical factors, which
process and the organism needs a fairly high and constafietermines the efficacy of the process along with product
oxygen supply for its growth (Hang 1988; Hejal 2000).  formation (Elimer and Ewaryst 1995). The data of Table 1
Surface culture technique (SCT) is a conventional method ophows the biosynthesis of citric acid at different intervals of
citric acid production. Most of the pilot plants are using this time. Three different mutant strainsAfniger(IFS-5, IFS-6
technique due to low energy consumption and manpoweﬁnd IFS-17) were used for their time course comparison. These
involved (Singhet al 1998). In SCT, the substrate remains Cultures were incubated at'8for 1-11 days. The maximum
stationary and organism form mycelial mat on the surface ofroduction of citric acid (48.14 g/l) with mutant IFS-5 wéaga-
medium. The relation between constitution of the fermenta/ned 10 days after incubation, which seems to be uneconomi-
tion medium and rate of citric acid production has beenca@l due to longer fermentation period. When IFS-6 was used
investigated (Elimer and Ewaryst 1995). Sucrose salt mediurfP" inoculating the culture medium, a maximum citric gmio-

as synthetic fermentation medium while cane or beet molasduction of 31.52 g/l was obtained with a high degree of con-
ses as natural fermentation medium have long been emp|(§_umable sugars (96.0 g/l). Although the fermentation period
yed as usual routine basal media @tlial 2001). Clarket al became very short (5 days) as compared to mqtant IFS-5 but
(1965) obtained 80% conversion of available sugar, 8 day%he yield of product was too low for an economical process.
after incubation. Faroudt al (1977) pointed out that the age The maximum production of citric acid (46.22 g/l) by mutant
of culture also affect the yield of citric acid. Both of these strain ofA. nigerlFS-17, was achieved 7 days after the ino-
authors used synthetic mediumtheir study on citric acid  culation. The dry cell mass and sugar consumed were 23.20
fermentation. The mutant strains have greater ability to pro-and 94.0 g/l, respectively. Further, increase in the incubation
duce citric acid. The present investigation deals with the timegperiod did not enhance the production of citric acid, rather it
course study during citric acid production by surface culturewas decreased. It might be due to the reduction of sugar con-
technique using three different mutant cultureg\ofiger tents in the fermentation medium and accumulation of other
(IFS-5, IFS-6 and IFS-17) and theimparison on kinetic basis. by-products. Thus incubation period of 7 days was found to

. . . be optimum for maximal citric acid biosynthesis. Our results
Organism In the present study, 3 different mutant strains of =~ " : o
are in agreement with the findings of many workers (Jaszwry

A. n_|ger (hyper producers of citric acid) were used, Theseet al 1971; Singtet al 1998). For maximum citric acid pro-
strains (IFS-5, IFS-6 and IFS-17), have already been devel; . . . . . .
_ , A duction, the optimum time of incubation varies from organ-
oped by mutation (Alet al2001) in Biotechnology Labora- . . : . . .
. . . . ism to organism depending on fermentation medium provided
tories, Government College University, Lahore and main-

. : gEIimer and Ewaryst 1995).
tained on potato dextrose agar medium. The cultures wer
stored at &€ in a refrigerator. The kinetic study of time course during citric acid fermenta-

tion by mutant strains @&. nigerwas also worked out. There

Culture mediumSucrose salt medium containing (9/); \yas a marked difference of product yield coefficients (Yp/s
sucrose 150.0, MgSOH;0 0.25, KBPG, 2.5, NHNO; 2.5 41 yp/x) among different mutant straires, maximum Yp/s

at pH 3.5 was used as the basal fermentation medium. value in case of IFS-17 (0.492 g/g) was much higher as
*Author for correspondence; E-mail:ikrhag@yahoo.com compared to mutants IFS-5 and IFS-17 (0.384 and 0.328 g/g)
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Table 1
Time course study during citric acid fermentationAspergillus niger
Fermentation Dry cell mass (g/l) Sugar consumption (g/l) Citric acid (g/)
period (h) IFS-5 IFS-6 IFS-17 IFS-5 IFS-6 IFS-17 IFS-5 IFS-6 IFS-17
24 2.50 3.72 4.00 46.5 24.5 35.0 1.56 2.13 0.67
48 5.05 9.10 7.50 54.2 56.6 49.5 2.10 6.25 1.26
72 6.55 16.25 10.61 69.5 79.1 56.2 6.26 9.55 4.50
96 9.00 24.80 12.31 79.5 88.5 73.0 9.55 16.12 16.80
120 13.25 26.45 17.22 87.4 96.0 86.0 13.18 31.52 20.04
144 16.40 29.05 20.11 96.0 100.8 89.5 16.52 26.27 38.55
168 21.15 32.46 23.20 98.5 114.5 94.0 23.55 21.05 46.22
192 24.52 36.62 26.19 104.6 121.0 99.5 32.16 18.66 37.50
216 28.90 37.15 29.27 121.0 126.2 100.6 39.25 18.50 29.53
240 34.62 40.65 31.12 126.5 132.5 106.5 48.14 17.16 27.62
264 39.46 41.20 31.50 128.5 135.6 118.0 42.66 17.05 19.40

Sugar added 150 g/l, Initial pH 3.5, Temperatur€30

0.6 -

Yp/s (9/9)

24 48 72 96 120 144 168 192 216 240 264

Fig 1. Comparativestudy of product yieldoefficient(Yp/s, g/g)
during citric acid fermentation b§. nigerstrains (IFS-5,

Incubation time (hours)

—4— FS-5 — IFS-6 —&— IFS-17

Ypix (9/g)

2.5 -

24 48 72 96 120 144 168 192 216 240 264

Incubation time (hours)

—— |[FS-5 —— IFS-6 —&— IFS-17

Fig 2. Comparativestudy of product yieldoefficientsYp/x, g/g)
during citric acid fermentation b4. nigerstrains (IFS-5,

IFS-6 and IFS-17). The value of Yp/s was determined by

product (g/l)/substrate utilized (g/l).

IFS-6 and IFS-17). The value of Yp/x was determined by

product (g/l)/cell mass (g/l).

and the maximum Yp/x value in case of mutants IFS-5 and1986) described that the optimum period of fermentation
IFS-6 (1.402 and 1.192 g/g) was lower in comparison withwas dependent on the intensity of fermentation and got bet-
ter citric acid production (28.65 g/l), 8 days after incubation.
citric acid as compared to others. Meyrath and Ahmed (198950, our finding (46.22 g/l) citric acid, 7 days after inoculation
have attempted to reduce the fermentation time by vermicuby mutant IFS-17 is more encouraging and significant as
lite addition and found that time is reduced from 0-9 days.compared to Shamrai and Orlow (1986).

IFS-17. So, the mutart. nigerIFS-17 is better producer of

Lakshminarayaret al (1975) incubated cultures @&f. niger

The mutant strain of. niger IFS-17 is a better citric acid
for 6 days and achieved good results. Shamrai and Orlovproducer (i.e. Yp/s=0.492 g/g) due to faster growth rate. Time
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required for maximal citric acid production depends mainly Hang Y D 1988 Microbial production of citric acid in fixed-
on the fermentation design, type of the strain and composi- bed column bioreactorBiotechnol Lettl0 421-426.

tion of basal medium. Mutation can raise the status of ferHaq |, Khurshid S, Ali S, Ashraf H, Qadeer M A, Rajoka M |
mentation process. The mutant IFS-17 is D-glc-resistant and 2000 Mutation ofAspergillus nigefor hyper production
has been preserved in paraffin oil as a master culture. Proper of citric acid from black strap molass®@gorld J Microbiol
aeration, suitable depth and*Cions addition in the fermen- Biotechnoll7 35-37.

tation medium may increase the mycelial branching level andlaszwry H P, Henryk P, Kaminsh S 1971 Microbial produc-
subsequently citric acid productivity. Better performances tion of citric acid.Citric AcidsCockcrow79 141-143.

can be obtained by more quantitative analysis and mathemag<irimura K, Sarangbin S, Rugsaseel S, Usami S 1992 Citric

tical modelling, which are left for further study. acid production by 2-deoxyglucose resistant mutant
L . . . train of A ill iger Appl Microbiol Biotechnol
Key words Citric acid, Biosynthesis, Fermentati@gkspergillus :sggz:gs(_)sgpergl Us nigerAppt Microbiol Blotechno
niger Lakshminarayan K, Chaudhary K, Ethiraj K S, Tauro P 1975

Fermentation method for citric acid production using
sugar-cane bagas$iotechnol Bioengirl7 291-293.

Marrier J R, Boulet M 1958 Direct determination of citric
acid in milk with an improved pyridine-acetic anhydride
method.J Dairy Sci41 1683.

Meyrath J, Ahmad S A 1989 Reduction of incubation time in
citric acid fermentation by vermiculitExperimentef?2
806-808.
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