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SpecTROscorPIC AND CHEMICAL EvaLuaTioN oF CLAY MINERALS AND THEIR
SUITABILITY FOR THE MANUFACTURING OF ORGANIC CLAY, MEDICINAL CLAY AND
PiLLarRep CLAY

Abdul Mannan Ehsafj' S Imtiaz Hussaiff Sadia Ehsah and Muhammad Shafiq Khah

*PCSIR Laboratories Complex, Lahore-54600, Pakistan

"Department of Food Science and Agricultural Chemistry, Mc Gill University, Quebec, Canada

‘Pharmacy Department, Islamia University, Bawahalpur, Pakistan

(Received June 07, 2003; accepted August 11, 2004)

The levels of trace elements concentration of the clay minerals of Pakistan have been determined. Inductively Coupled
Plasma (ICP) spectrometer was used for the determination of trace elements. The samples of the clay minerals were
digested in the ETHOS microwave oven at #8jC. The trace elements (As, Co, Cu, Cr, Cd, Fe, Mn, Ni, Pb, Se and Zn)

in the clay minerals of Pakistan fall within the global range. Except as all the trace elements fall within the technical
specification of the medicinal clay. The chemical analysis also shows that £8jO,, FeO,, CaO, MgO, NzO, and

K,0) these are within the technical specification of the medicinal clay. Therefore, at present they can be used for external
use only. The trace elements (As, Co, Cu, Cr, Cd, Fe, Mn, Ni, Pb, Se and Zn) of clay mineral as well as the activated clay
minerals were determined and it is observed that during activation Na, K and Ca ions are leached out. The presence of
trace elements of transition metals which are used as catalysts in organic synthesis clearly demonstrate that the catalytic
activity of clay minerals is due to these elements. If any of these elements is more than 1% in these clays minerals the clay
will act as catalysts without activation. If the quantity of these trace elements is very small and leached out during
activation the clay become inactive which is not explained by some workers. Pakistani clays are suitable for making
pillared clays. At 550C, the clay minerals are dehydroxylated and they act as Lewis acid and work as a catalyst in place
of AICI,. It is observed that the clay minerals make complexes with ionic or non ionic surfactant very easily. These
complexes make stable suspension in water and oil. It was observed that alkyl group gives a very good organic clay with
a swelling property and stable suspension and is superior to the imported clay

Key words:Spectroscopic evaluation, Clay mineral, Medicinal clay, Pillared clay, Catalyst, Organic clay.

Introduction Large volumes of Na-clay minerals and Na-exchangaeiVig

There are many medicinal, industrial and chemical uses of'@ minerals and fuller's earth are directly used in foundry,
clay minerals, all of which depend on one or more of theOil well drilling, iron ore, feed palletizing industries also in
unique properties of this group of minerals. These mineral&Vil engineering to impede water movement.

have a sheet structure. They form flat, platy hexagonal cryst arge quantities of Ca-Mg clay minerals are used directly in
tals, white in color when pure. They naturally occur as veryjron foundries, in agricultural industries and for filtering and
fine particles. Water can be absorbed between particles angecolorizing various types of oils. A significant portion of
can hold particles together. Particles slide over each othertga_Mg clay minerals used for decolorizing has been acid
form a plastic clay mass that can be absorbed between pafreated. Large volumes of fuller's or acid earths are commer-
ticles and can be molded and will retain shape when dry. Platgially used for oil and grease absorbents, as carrier for insec-
particles suspended in a liquid will link together to coat andticides, and for decolorizing of oil and fats. Significant vol-
protect a surface when dry. They can be compressed into tames of Na-clay minerals are used for various purposes in
lets to be used as medicine (Attapulgite is sold as intestopange manufacturing of many, industrial, chemical and consumer
melts at high temperature, thermal resistant, electrical insulaproducts, such as medical, pharmaceutical, cosmetic, paint
tor. Found in large deposits in several places and is therefor@rganic clay), building-brick, sewer pipe, roofing tile, gyp-
inexpensive. sum products, pottery-ceramics, radioactive waste disposal,
*Author for correspondence glaze, lubricants, fertilizers, detergents, mortar, catalysts, pa-
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per coating, seed coating, adhesives, water purification andardized by running standard solutions of 1, 10, 20, 30 and
other miscellaneous (Odom 1984). 50 ppm of the elements analyzed. The standard solutions were
repared by using metal standard solutions purchased from
. i - SCP chemical Co, Canada and are traceable to National insti-
increase of knowledge of natural clay minerals. The chemi- .
- . ) : tute of standards and technology (NIST) primary standards.
cal constitution of the clay mineral remains as important to- . .
. . : ) o : Each of the elements in the samples was analyzed at multiple
day as ever it was in its mineralogical description. It is well-

. . } . frequencies in the ICP for accuracy and automatic results vali-
known fact that a small difference in the chemical composi-

. . ) ~— dation. Results are given in Table 1 and 3.
tion of clays can greatly influence the chemical and physical

properties (Newman 1987), measuring this difference mayChemical analysis was carried out by the standard chemical

Spectroscopic evaluation of clay minerals led to an enormou

be quite demanding on the analytical techniques. method (Bennet and Hawley 1965). Results are given in Table
In this study the clay minerals of Pakistan has been subjecte%a and 2b.

to spectroscopic analysis as well as chemical analysis ank-Rays diffraction (XRD) of the clay samples were taken by
their suitability for the manufacturing of the medicinal clay using Siemens D5000 X-Ray diffractometer. (Fig 1and 2).
usgd n pharmaceutlca] anq chemical |ndu§try, organic Clayl'he viscosity of the 30-40% clay solutions in water was mea-
being used by the paint, ink, paper coating and greases.

Pillared clays are used for the development of the catalystgureOI by the RVT Brookfield viscometer. Results are given
. . . . . in Table 4.
required for the organic synthesis and industrial manufactu-

ring. At present Pakistani clay minerals are not being used foActivation. Finely ground clay (about 10.0 g) was treated

medicinal purposes, as a catalyst in organic synthesis. with conc. Slowly HCI (200 ml), which was added slowly
with constant stirring, the mixture was allowed to stand over-
Experimental night with occasional stirring. The clay was washed 4-5 times

. . . with distilled water till the washing becomes neutral, then
The clay samples were digested in the ETHOS-Plus micro-

. . _dried and calcined at 500.
wave system which consists of a programmable 1000-W mi-
crowave oven with fume extraction system, 12 sample hOIderResuItS and Discussion
pressure transducer, computer console, and 12 double-wall _ _ _ _
Teflon decomposition vessels. The vessels have a capacity df€dicinal clay mineralsThere is an increasing use of

100 ml with pressure and temperature limits of 200 psi and\a-clay minerals in the preparation of medicine, pharmaceu-
260°C, respectively. ticals and cosmetics. Various forms of clay have been used in

medicine from time immemorial either as external or internal

Method Clay samples (1.0 g) were accurately weighed. Theyremedies. As an external agent kaolin is useful for its protec-
were directly added to PTFE digestion vessels followed bytive influence and power of absorbing moisture. As a desic-

the addition of 9 ml of 63% HNQm/m) and allowed to sit cant dusting powder, it is some time applied to weeping

for 10 min to subdue exothermic reactions. After addingeczemas, freely discharging ulcers, and similar conditions. A
3.0 ml of conc HCI vessels were assembled and loaded onfpaste of kaolin in olive oil is used to protect skin around ileo-

rotating turntable. The vessels were heated at a temperatustomy or cecostomy opening from the digestive enzymes.
of 180+ 5C for a period of 10 min. After digestion, vessels Internally kaolin has been used as an adsorptive in symptom-
were allowed to cool to at least°@in the microwave for  atic treatment of various forms of entrities. It is thought that

safety reasons and to facilitate the condensation of any volakaolin provides protective coating for the irritated mucosa,

tile elements in the digest and to minimize the loss of analyteand thereby decreases discomfort. It may also diminish the
through any aerosol passing out of the vents. The turntabl®ss of water and electrolytes until specific therapy can be
was then removed and placed in a fume hood to vent anthstituted.

open the vessels. The digests were then transferred to 100 r:?he clay minerals used for medicinal purposes are generally

volumetric flaskand diluted up to mark with deionized . . : ;
. . water washed having high brightness in some cases must also
water. The samples were then stored in a refrigeraté€at 4 I . :
be high in magnesium and the toxic metals such as lead must

;I'rt]edctlay t§amplssfsolut|on§ afFertr?lglecsgoonEv;ere further OII'be less than 10 ppm and arsenic must be less than 2 ppm. Paul
uted ten times betore running in the ) ' (1999) published technical specification of the medicinal clays.

The samples were analyzed by the Varion Vista-MPX CCDThe trace elements limits of phybiosis by Paul (1999) are given
simultaneous ICP-OES model 1998. The ICP was first stani the Table 1 along with trace element analysis of Pakistani
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Table 1
Trace elements in clay minerals of Pakistan
Trace elements in Pakistani clay minerals
clay minerals Fireclay Chinaclay Industrial clays (European  Bentonite clay Burfab clay Medicinal clay
mg/kg mg/kg commission 2001) mg/kg mg/kg mg/kg mg/kg*

As 8.3 5.0 10.0 3.00 3.00 <1
Ba 194.0 45.0 - 36.00 22.00 -
Cd 0.8 0.3 1.0 0.23 0.20
Co 8.0 7.0 - 8.00 7.00 17
Cr 57.4 19.0 100.0 11.00 22.00 -
Cu 38.0 44.0 60.0 10.30 14.00 <29.7
Mn 99.0 210.0 - 163.00 139.00 -
Ni 27.0 15.0 75.0 10.00 25.00 -
Pb 27.0 4.6.0 75.0 2.00 26.00 13 to 22
Se 6.0 120.0 10.60 6.00 <1
Zn 18.0 1237.0 120.0 747.00 16.50 -

(Paul 1999)

clay minerals. The elemental analysis of Pakistani clay minerin drinking water. It causes increase in blood pressure. Dis-
als was undertaken by (ICP-OES Inductively coupled plasmacharge of drilling wastes, discharge from metal refineries and
optical emission spectroscopy) the results are shown in Tablerosion of natural deposits are the main causes of the pres-
1. Literature survey showed that the trace elements present ience of barium in drinking water. Barium is quite high in Paki-
the clay minerals of Pakistan have not been studied before. stani clay minerals.

All these elements are also present in European and Americadmium is used industrially in electroplating and in atomic
can clays (Table 1) (European commission 2001). Some Ofeactors. Its salts are poisonous. United State Environment
these elements are essential for our body and derived frorprotection Agency has sets the limits of cadmium in drinking
food. Some elements are needed by body in greater amoumjater upto 0.5ppm. The cadmium determined in Pakistani
such as calcium and magnesium. The trace elements like chr@jays is 0.2 to 0.9 which is within the limits of EPA. Increased
mium, cobalt, copper, manganese and selenium are needed #nount of cadmium causes kidney damage. Corrosion of gal-
smaller quantities but they can be toxic in excess. vanized pipes, erosion of natural deposits, discharge from

o . . . . . metal refineries, run off wastes from batteries and paints are
Arsenic is present in Pakistani clay minerals is 4-5 mg/kg.

. . _ . ‘nam causes of cadmium presence in water. It is also used as
Minute traces of arsenic are found in vegetable and animal o . o . .
. : . . a stabilizer in PVC pipes used for drinking water in Pakistan.
forms of life. It is a constant element of cell life and is present

in eggs (Thomas 1984). Many household and garden pestiCobalt can be utilized by humans only as the part of vitamin
cides contain various forms of arsenic. All of these are toxicB,,. Average intake are 0.3mg per day. Very high doses
if ingested or inhaled in sufficient quantity. An accumulation (29.5mg per day), which were used in the treatment of certain
of arsenic in the body will cause disorders of alimentery tract,anemias, have proved to be toxic. In Pakistani clays the quan-
nausea, vomiting, diarrhoea, dehydration, neuritis and paralytity of cobalt is within the limits of medicinal clay standards.

sis of vynst and ankle muscles. United States Enylronmenbopper is associated with a number of enzymes. Deficiency
Prot.ect|on Agency (USI,EPA ,2092) has set the limits of ar— has occasionally been observed in malnourished infants. Par-
senic to 1 ppm or Iess_, n ‘?'””k'”g water. It can cause Skln'[icularly, if their initial stores were depleted for example,
plamage or_problem \_N'th circulatory system, and may haVeprolonged feeding of cow’s milk alone (which contain less
increased risk of getting cancer. copper than most foods) Although shell fish and liver are
Barium compounds are usually used in paint industries, tgoarticularly rich in copper, the main sources in the average
kill pests and used to color fireworks. Poising occasionallydiet are meat, bread, and other cereal products and vegetable.
comes from using the soluble salts in place of insoluble sulUSEPA (2002) has set the limits of copper in drinking water
fate. USEPA (2002) has set the limits of 2 ppm or less for bariunup to 1.3 ppm. Short term exposure of copper could cause
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gastrointestinal distress. Long term exposure could cause livesmoke released by the vehicle using lead containing petrol as
or kidney damage. Corrosion of household plumbing systemsan anti-knocking agent. Bentonite and china clay of Pakistan
erosion of natural deposits are main causes of copper in drinkias the lead within the limits of the medicinal clays. All the
ing water. Two samples of Pakistani clays contain coppelPakistani clays meet the standards set for the industrial clays
within the limits of the medicinal clay standards Table 1. by European commission for environment to be used for any

Chromium is involved in the utilization of glucose. It is fairly other purposes than medicinal clays.

and widely distributed in foods those with high content in- Zinc helps the healing of wounds, and is also associated with
clude brewer’s yeast, meat, wholegrain cereals, legumes anfle activity of wide variety of enzymes. Its deficiency many

nuts. A safe level of intake believes to be more than 25 mizontribute to growth retadation, hair loss, delayed wound heal-
crogram per day for adults and between 0.1 and 1.0 micromg, emotional disturbances, etc. It is still under discussion

gram per kg per day for children and adolescents. Enviromentat zinc has its role in sex determination during preganancy.
Protection Agency has set the limits of chromium in drinking

water up to 10 ppm. It can cause allergic dermatitis (USEPA(A‘bOUt one third of the comparatively large amount is present
2000). Discharge from steel and pulp mills; erosion of natu-" the bones. Zinc is present in wide ranges of foods particu-
ral deposits are main causes of chromium in drinking water!arly in association with protein, and meat and dairy prod-
With the exception of two samples of clay all the samples ofYCtS, which are its excellent sources. About one third of zinc

clay have chromium within the limits of drinking water. in the diet is absorbed, but is reduced if large amounts of
whole cereals rich in dietary fibers and phytic acid are eaten,

Manganesel IS presgnt In nl.Jmt.)er of enzymes and aCtlvatea'ilthough the amount of zinc present in the whole grain cere-
others. Tea is exceptionally rich in manganese and plant pmdails is enough to of set this. Average adult intakes are 9 and 12

ucts, including nuts, spices and whole gereals are general muqﬂg per day. High intakes from water stored in galvanized
better sources of manganese than animal products. An essen-

i 3 - containers have caused toxicity.

tial element needed for normal bone metabolism. Deficiency

in humans has not been demonstrated. Pakistani clays are rid¥ational Secondary Drinking Water Regulations (NSDWR),
in manganese. (USEPA 2002) are non-enforceable guidelines regulating con-
ntéa\minants like Al, Fe, Cu, Zn, Mn, Ag that may cause
cosmetic effects (such as skin or tooth discoloration) or aes-
thetic effects (such as taste, odor, or color) in drinking water

(USEPA 2002).

Selenium is needed for an enzyme in the red blood cells, a
the main dietary sources are meat, fish and cereal product
The selenium content of plant varies widely with level in the
soil, and in some parts of the world. Animals fed on local
produce develop symptoms of deficiency or excess. NeithelTrace elements in the Pakistani clays meet the industrial stan-
is common in humans. In 2000 USEPA has set the limits otlards set by the European Commission Directorate General
selenium in drinking water up to 5 ppm. It can cause hair offor environment(ECDGE 2001). But there is slight variation
fin-ger nail loss; numbness in fingers or toes; circulatory prob-in the standards for the medicinal clay. Chemical analyses of
lems. Discharge from petroleum refineries; erosion of naturaklay minerals of Pakistan listed in Table 2 a and b are within
deposits; discharge from mines are the main causes of selghe limits set by the Paul (1999) for the medicinal clays. The
nium in drinking water. Pakistani clay minerals are rich in pakistani clay minerals are suitable for external use only such
selenium. as poultices, masks, baths, creams and lotions.

Nickel as a nickel carbonyl is used in plating metals. It iSThe term “Medicinal clay” used in health care is relating to a
toxic, when inhaled causing pulmonary edema. Nickel is alsqjay mineral that has been extracted solely for the purpose
used as a catalyst in Ghee making industry. The quantity off pharmaceutical or medical usage. It is important to differ-

nickel in Pakistani clays is less than that of in European an@ntiate ordinary clay such as the one used in the manufacture
American industrial clays. Pakistan standard for Ghee indusys ceramics. from medicinal clays. Although the material is

try is 1ppm. the same, the methods involved in the extraction process as

Lead is a metallic element and its compounds are poisonoud'ell as the quality standards associated with its applications
Accumulation and toxicity occur if more than 0.5mg per day are entirely different. At present in Pakistan no clay is ex-

is absorbed. Most cases of lead poisoning occur in childretfacted solely for medicinal purposes.

eat the paint and thus develop signs of toxicity. The otheiClay catalystsiCP spectrometric analysis of trace elements

sources which contribute the lead to the environment are theresent in clay minerals and activated clay minerals are re-
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Table 2a
Chemical analysis of clays
S. Element Bentonite Swat China clay *Extreme
no. Clay 1 Clay 2 Clay3 Clay4 Clay5 *Medicin&€hinal China2 China3 China4 China 5 composition
white bentonite (%)
(%)
1 Ignition loss 8.00 10.70 10.00 6.20 10.10 - 11.85 11.40 15.80 7.16 8.60
2 SiQ, 57.00 46.68 58.80 53.20 49.65 63.5 46.84 44.20 50.30 46.00 44.50 22.8-90
3 ALO, 23.70 14.75 20.45 11.60 15.56 21.4 36.60 36.65 29.75 32.00 37.00 15.6-23
4 FeO, 7.50 3.25 0.50 10.00 3.50 3.78 0.70 0.75 0.25 0.62 1.75 5.4-6.2
5 CaO 0.10 1.40 0.70 1.40 0.70 0.66 2.10 4.25 0.70 10.22 5.02 0.4-13
6 MgO 2.26 6.08 5.87 3.54 4.16 2.03 0.67 2.06 0.50 1.00 2.98 11-12
7 NaO 0.47 5.40 3.00 2.40 4.80 2.70 0.50 0.54 0.27 1.65 0.1-1
8 K0 0.86 0.68 0.60 0.70 0.66 0.310 0.30 0.01 1.80 0.09 3.4-3.7
*Paul 1999

corded in the Table 3. These trace elements (As, Cd, Ni, Mnment, for both activable and non activable bentonites. A pos-
Co, Cu, Phb, Fe, Se and zZn) and their compounds have beesible basis for differentiating between these two classes may
used as catalysts for the synthesis of organic compounds ibe found in the observation by Millikext al (1955) that acid

the laboratory as well as on industrial scale. It is observedctivation of raw kaolinite and halloysite, followed by calci-
that the increase in any one of these elements or more in theations led to catalysts of inferior quality. However, if calci-
clay minerals increases the catalytic activity of clay minerals.nations at 55 precedes the acid leaching step the activity
Ehsaret al(1999) carried out the analysis of red clay by XRF of the catalyst so obtained from either halloysite or kaolin-
spectrometer. In this clay iron and titanium are present irite was greatly improved. Calcination of the kaolin at this
substantial quantity( Fe 17-37%, Ti4.75% ) and even aftetemperature should have caused dehydroxyaltion with its ac-
activation the amount of these elements was less effected @smpanying transition to metakaolin.

compared to the other elements like Ca, Na, K. Ebsah . ) . ) o

(1999) synthesized 9, 10 dihydroanthracene by using red clay1® SPectroscopic analysis of Pakistani clays indicates the
as a catalyst. We believe that unactivated clays may be treatt@lytic activity is due to the presence of transition metals
as potential catalysts. Activated clay catalysts have been usfesent in all the clays. If any of these transition elements
for hydrogenation, polymerization, and hydroformylation for €xceeds more than 1 percent of the clay composition, the clay
cracking. All of these catalysts have been used at much high&fecome active without acid activation. We believe the activ-
temperature than the catalytic activity we observed for out Of the clay minerals is due to these transition metals.

catalyst for Friedel Crafts benzylation. X-Rays diffraction (XRD) pattern of the clay before and after

The chemistry of th id activati d i activation indicated that both are disordered kaolinite
© cnemistry o1 In€ acid activation process and Proberiey o o (oH), and illite trioctahedral KA, Fe, Mg, ) 3(Si,

AlS
and chemistry of the resultant catalysts have been discuss%é)2 2 . . .
: O, . After acid treatment a change is observed in the
by (Mills et al 1950; Thomast al 1950; Hansford 1952; 4710 ¢

- ) proportion of transition metal (Fe, Ti) and Al. X-ray diffrac-
Miliken et al 1955; Rylancet al 1960). Thomast al (1950) _tion of laterite is recorded in Fig 1. The (XRD) of activated

postulated that removal of one of pair of octahedral aluml_Iaterite is recorded in Fig 2. The peak at d = 7.1 of laterite is

num ion from montmorilionite, for example, removes twg completely eliminated in the activated laterite. This shows

hydroxyl groups and leaves the other of the aluminum "Mhat hydroxlated phase in laterite is totally de-hyroxylated

four fold coordination. This tetrahedral aluminum, with its .
. . . and the de-hydroxylated phase is not completely amorphous
charge balancing proton, form a bronsted site and is th i 2)

source of the catalytic activity. However, Mi#sal (1950)
have shown the cracking activities of acid treated bentoniteThe treatment with cold conc. HCI has little effect on the com-

from various deposits cover the range from inactive to a leveposition of the host layer and results in acid treated clay. The
of activity comparable to silica alumina. This range existsacid attack on the clay structure progresses inwards from
despite of almost identical physical properties after acid treatthe edge of the clay platelets leaching alkaline cations, par-
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ticularly Mg, Ca, K and to some extent Fe. Acid activationsis of organic compounds.

causes little damage to the silicate layer and the structure ifhe Pakistani clay minerals contain about 16 times more Fe
the centre of the clay platelets remain unaffected. The tracand three times more Ti than the Indian clay minerals. Sabu
elements in all the clay minerals are affected with even colcet al (1993) calcined the clay then dried the catalyst after acid

acid treatment. This explains if the quantity of the transitiontreatment at 1IC. It has been reported that if clay is heated
trace elements in mineral clays is negligible this will becomeupto 110C so as to remove most of the interlamellar water
totally inactive with acid treatment. This explains why some until only one layer of water remains at about 5% of total

clay minerals have no catalytic activity after activation. Thewater. This increases the Bronsted acidity in Friedel-Crafts

Pakistani clays have all the properties to act as a catalyst itseléaction AIC] is a Lewis acid that takes up an electron pair to
or to actas a pillar to make a suitable catalyst for the synth€foerm a co-ordinate covalent bond. Ehsral (1999) after

Table 2b
Chemical analysis of clays
S. Elements Fire clay Ball High Ball Clay Clay *Medicinal clay
no. Clay 1 Clay 2 Clay3 clay alumina clay (white) (black) (%)
clay

1. Ignition loss 14.20 12.20 15.30 16.00 13.40 10.40 8.20 7.20
2. SIiQ 44.40 47.75 46.00 31.30 33.80 56.20 61.20 58.40 56.70
3. AlLG; 38.25 36.10 34.73 51.18 48.98 32.70 25.00 28.00 23.00
4. FeOs 0.75 1.00 0.37 0.12 0.25 0.10 0.75 5.00 5.83
5. CaO 1.40 0.32 1.40 0.70 0.70 0.15 0.27 1.40 0.45
6. MgO 0.50 0.52 0.50 0.50 0.50 0.07 0.35 0.50 0.07
7. NaO - 0.13 0.65 - 0.03 0.09 0.15 - 0.01
8. KO -- 0.26 0.86 -- 0.01 0.01 0.26 -- 360
*Paul 1999
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Fig 1. X-Rays diffraction of the clay samples by using Siemens D 5000 X-ray diffractometer



Spectroscopic and Chemical Evaluation of Clay Minerals 413

treating the clay with acid calcined it up to 850which re- rillonite clays. These catalysts are not acting at less tha@100
sults in decrease in the Bronsted acidity but increase in Lewifor Friedel Crafts benzylation.
acidity. This resulted in the formation of L 99 catalyst which ) -
. . The L99 has moderate catalytic activity as compared to,AlCI
is ideal for benzylation. o N

Hence the poly substitution and polymerization is not pos-
Commercially marketed clays are montmorrillonite and sjple with L99. This property has enabled us (Etesa1999,
beidellite. These clays are amorphous and have good swelpoo1and 2002) to synthesize following compounds 9,10
ing property. These are marketed as cation exchanged clayghydroanthracene, biphenyl methane, benzyl naphthalene,
or large polyatomic inorganic ions intercalated into montmo- o andp hydroxy biphenyl methane, 1-benzyl 2- napthol and 4-
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e
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2
Q
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Fig 2. X-Ray diffraction of activated laterites of the clay samples by using Siemens D 5000 X-ray diffractometer
Table 3
Catalytic activity of Pakistani clay minerals
S. Trace Bentonite Fire clay Laterite ayhina cl
no elements Unactivated Activated Unactivated Activated Unactivated Activated Unactivated Activated
1 As 3.0 2.4 8.3 7.0 32.0 10.0 5.0 4.00
2 Cd 0.23 0.05 0.8 0.5 9.0 7.0 0.3 0.02
3 Co 8.0 7.0 8.0 3.3 93.0 80.0 7.0 1.2
4 Cr 11.0 11.0 57.4 5.5.0 941.0 785.0 19.0 7.2
5 Cu 10.3 10.0 38.0 126.0 137.0 62.9.0 44.0 12.0
6 Fe 134.0 92.0 170.0 3627.0 - - 11836.0 5968.0
7 Mn 163.0 162.0 99.0 17.7 308.0 93.0 210.0 48.0
8 Ni 10.0 10.0 27.0 23.0 50.0 34.0 15.0 9.3
9 Pb 2.0 2.0 27.0 12.0 61.0 38.7 4.6 6.0
10 Se 10.6 10.0 6.0 7.0 0.8.0 1.0 120.0 26.0
11 Zn 747.0 747.0 18.0 569.0 165.0 84.6 1237.0 1511.0
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benzyl 1- napthol (Fig 3). every continent. Attempts to change Ca-Mg clay minerals to

. . . . so called sodium clay minerals are a common practice in the
Presence of transition metals in the minerals and clay min

erals, elimination of basic cations such as Na, K, Ca and M C:Zy <|jr:adli)z[irti’aerzez(r:(leal'll}/h\év::)enree:cit;;algisslzl:zllln 9 ztr)filrur::a q
and the de-hydroxylation of clay mineral at 35 the essen- yaep ) 9 yp

ol ) for the devel ¢ suitabl I by mixing soda ash (sodium carbonate) with crude, moist
tial requirement for the development of suitable catalyst. clay using various mechanical methods. A simple determi-

Organic clay.Natural sodium clay minerals occur in com- hation of hydration characteristics should be given priority
mercial quantities in only few places, but Ca- Mg clay andin evaluation of clay mineral deposits as so many industrial
fuller's earth deposits of considerable size occur on almostses are dependent on this unique property (Table 4). A num-

CH,Cl CH,Cl

CHo
1.
+ catalyst @ \/© + 2HCI
CHj

9,10 dilrydro anthracene
CH,CI

OH
OH
OH
catalyst
2. + EE—— + + 2HCI
@ 6

O - hydroxy biphenyl - Hydroxy biphenyl
CH,CI Y/ y bipheny! p-Hy y bipheny!
catalyst @ @
3. + —_— + + 2HCI
O O
CH,
CH,CI Benzyl naphthalene

catalyst
4. + » Hy~ + HCI

Biphenyl methane

CH,CI OH OH
catalyst + HCI
5. + —
CHyCI 4- Benzyl 1- naphthol

OH
A OH catalyst
. + — + HCI

. . . 1- Benzyl 2- naphthol
Fig 3. Friedel-Crafts reactions.



Spectroscopic and Chemical Evaluation of Clay Minerals 415

Table 4 served that they are stable suspension in oil and water
Viscosity of clays Table 4. Complexes with long chain alkyl ammonium ions
Sample Initial At 30% At 40% showed the best swelling and sedimentation properties. They

no reading  solid leaching solid leaching are better in texture and are suitable for both water and oil
After  After  After  After After paints when compared with imported clays, their properties
03 h 24 h 48 h oah 48h ae better than the imported clays.
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PALYNOSTRATIGRAPHIC STUDIES OF CRETACEOUS DEPOSITS OF ANAMBRA BASIN,
EAsTERN NIGERIA
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Upper cretaceous strata of Anambra basin were spot sampled at two locations. A palynological investigation of the
forty-one samples from the outcrop section, enabled the recognition of five palynological zones based on pollen and
spores. The assemblage zones which are assigned upper Campanian to Maestrichtiaj. dgiealpgtes/Syncolporites/
MatonisporitesAssemblage zone (upper Campanibip)Psilamonocolpites/Zlivisporsssemblage zone (Campanian

- Maestrichtian)c). Retistephanocolpollenites/Monocolpollenites/Propylipoissemblage zone (Maestrichtiaat).
Retidiporites/Verrucatosporites/Buttinidssemblage zone (Maestrichtian) &)dRugulatisporites/Cingulatisporites
Assemblage zone (Maestrichtian). The dominance of the palynomorph assemblage by tril@isgafagsporites

ornatus, Foveotriletes margaritae, Zlivisporis blaneramMerrucatotriletes bullatusind monocolpite@onocolpites
marginatus, Longapertitesp. andMonocolpollenitessp) indicate a swampy environment fringed by herbaceous
vegetation. While the dark grey to black, fissile, sulphur stained, pyretic, lignitic and laminated carbonaceous shale
suggested a tidal flat environment of deposition. This study therefore enabled the recognition of five informal palyno-
logical zones in the upper Cretaceous sediments of Anambra basin and tidal flat environment.

Key words:Palynostratigraphic, Cretaceous deposits, Herbaceous.

Introduction This study unlike the previous traditional ones of dating sedi-
Anambra basin has received a considerable geological atterments of the basin, attempts a fine stratigraphic differentia-
tion since 1903 when exploration for coal started in the basintion. This is done by concentrating on identified index

Over 12,000 meters of sandstones, shales, limestones armghlynomorphs that are useful for delineating locally defined
coal seams accumulated in its thickest part since Cretaceousones and provide a means of correlation with adjoining ba-
time (Agagu and Adighije 1983). Its upper Cretaceous strati-sins. The palynostratigraphic framework established here will
graphic setting of interbedded sandstones and shales witlgreatly amplify the biozonation of the flora succession of the
occasional limestones is suitable for petroleum generatiorbasin in future.

and accumulation (Agagu and Ekweozor 1982; Dankoru 1993)Geological setting of the basifhis basin which is

All Nigeria’'s commercial coal production to date has come adjacent to the lower Benue trough is intracratonic

within the basin with over 1.7 billion tones still in reserve (Whiteman 1982). It is an immediate precursor of the Niger
(David - West 1986). delta basin and trends in a NE to SW direction. A lot of
Palynological studies that have made some significant contriwork has been undertaken to elucidate the stratigraphy
butions to the knowledge of the biostratigraphy of the basin(lithostratigraphy and biostratigraphy), age, palaoenviron-
include (Salami 1983 and 1990; Oloto 1994). Salami (1983 andnent, paleogeography, sedimentary tectonics and origin
1990) studied late Cretaceous and early Tertiary pollen andf the deposits in the basin and the adjoining sedimentary
spores from Southern Nigeria sedimentary basin. He foundbasins. Reyment (1965) and Nwajide and Reijers (1996)
out that the environment of deposition of some lower anddelineated and described a number of lithostratigraphic
upper “coal measures” (Mamu and Nsukka formations) rockssubdivisions. Agagwet al (1985) also divided the

is swamp or marginal marine environment periodically inun- Senonian-Maestrichtian lighostratigraphic units of the
dated by marine water. Mebradu (1990) suggested thre&outhern Anambra basin into eight sections representing
palynofacies and two palynofacies changes in the Enugu/lvahree repetitive delta-building episodes. Swamp or mar-
valley shales from Anambra basin while Oloto put forward the ginal transitional to marginal marine and tidal flat environ-
first dinoflagellate and miospore biozones for Southern Nige-ments of deposition have been suggested (Salami 1983;
ria sedimentary basin. Allix 1987; Akandeet al1992; Nwajide and Reijers 1996).
*Author for correspondence Fluvio-marine sandstones and shales were said to be
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deposited during the tectonically active periods while Results and Discussion

marine shales were deposited during the intervening qui-the palynostratigraphic analysis is based mainly on L2 be-
escent period in response to the globally documented:ayse of its thickness (30 ml), palynomorph abundance and
Albian - Maestrichtian sea level rise (Berquist 1971; Dou- gpecies diversity (28) which made biozonation possible. Five
glaset al1973; Mathewset al1974). The paleogeographic  jnformal assemblage zones were established for the studied
history of this area in terms of tectonic events which gavegections which range in age from Campanian to Maestrichtian
rise to three major depositional cycles reported by Murat(FigS 1 and 2). The main features of the palynozones were
(1972). These are: outlined in ascending order from the base to the top of the

(a) Abakaliki - Benue phase (Middle Albian-Coniacian). sequence. The assemblage zone boundaries were placed where

(b) Anambra - Dahomey (Benin) phase (Campanian—EarIySigniﬁcant changes occurred simultaneously in a number of
Eocene) and species and age determinations rely largely on index pollen

(c) Niger delta phase (Late Eocene - Pliocene) and spores found and documented in the coastal basins of
g P ' West Africa and South America. Photomicrographs of selected
The sediments in the basin were said to be derived mainlyepresentative palynomorphs were taken.

from Abakaliki fold belt (Petters 1978; Ojoh 1992) although 74ne A. Tricolpites/Syncolporites/Matonispories zone
some clastics were basement derived. (Hoque and Ezepugnhe zone is recognized in L2. Its interval extends from 0.4m at
1977). the base to 30m at the top. The lower limit of this zone is not
reached at this location. The upper limit corresponds to the
simultaneous appearancelafngapertites vaneendenburgi,
Forty-one fresh road-cut samples were collected at two locainaperturotetradites lacunosus, MonocolpiggsandProxa-
tions L1 and L2, using spot sampling method. L1 is behindperitites anisosulptus'he most common species within the
Ogbete market while L2 is at 1 Kilometer along Onitsha-Enuguzone isTricolpites synstriatusThe zone is characterized by
Express way. Grey to black shales, sand shales, siltstones arincolporites marginatusnd Psilamonocolpites mediua
shaly sandstones were studied lithologically and processeéddition. The zone is assigned an upper Camapnian age based
for palynomorphs. The standard maceration technique for theon Tricolpites synstriatuandSyncolporites marginaty®an
preparation of palynological samples were followed in this der Hamman and Wijmstra 1964; Jardine and Magloire 1965;
study. This consisted essentially of: Jan Du Chenet al1978).
Zone B.Psilamonocolpites/Longapertites/Zlivisporis
zone This zone is recognized in L2 between 30m and 8.4m.
Its base is fixed at the simultaneous appearance of
Monocolpites marginatus, Anacolosidites luteoiditead
Proxapertites anisosulptu§.he top of the zone coincides
) with the disappearance défnacolosidites luteoiditeand
mounted on mechanical shaker for about 8 h for the pgj i3 mongcolpites mediushe zone is characterized among
reaction to complete. The residues were washed with,ia s by the presencelaingapertites vaneendenbumgid
distilled water. Zlivisporis blanensisvhich appeared and disappeared within
(iii) Addition of concentrated nitric acid (H))OThe resi-  the zone. The acme d¥silamonocolpites mediuand
dues were again washed with distilled water and finally, Tricolpites synstriatusoccurred here. This zone is dated
(iv) 5% Potassium hydroxide (KOH) (60 ml)jwas added, Campanian - Maestrichtian based Blivisporis blanensis
decanted the solution and the residue thoroughlyandLongaper-tites veneendenbuggan der Hamman 1954;
washed with distilled water three times. Pacltova 1961).

(v) The unsieved residues were appropriately treated an(tone C. Retistephanocolpollenites/Monocolpolle-
mounted in a mixture of epoxy A (3 parts) and epoxy B nites/Prypylipollis zoneThe zone is represented in L2
(1 part) following the method of double mounting and present between height 8.4m and 20.Im. The base is marked
(Traverse 1988). Two slides were made from each studyyy high frequency oRetistephanocolpollenites willamsi
ied sample. andMonocolpollenitesp. As well as the initial appearance
(vi) Counting of grains for each sample range between 10Gf Retimonoporites pluribaculensi$he upper boundary is
and 150. These were semiquantatively tallied as showndefined by the disappearance Rétistephanocolpollenites
inFigs 1 and 2. williamsi and the simultaneous appearanc&efidiporites

Materials and Methods

(i) Addition of 60 ml of 50% hydrochloric acid (HCI) to 20g
of each sample and washing the residue with distilled
water.

(if) Addition of concentrated hydrofluoric acid (HF) in
drops until 80ml has been added. Each sample wa
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Fig 1. Stratigraphic range chart of the palynological taxa in L1.

magdalensisEchitriporites triangulisformisand Buttinia few poorly preserved dinoflagellates. Most species encoun-
andreevii. Retistephanocolllenitesp.,Propylipollis tered in this zone also characterize the pollen sequence Ill of
(Proteacidites) dehaarand Foveotriletes margaritaare Jardine and Magloire (1965) on the co-occurrence of the fora-
restricted to the zone. A Campanian - Maestrichtian age igniniferal specie8olivina afraReyment. This zone is there-
assigned to the zone based Rropylipollis dehaaniand fore, assigned to Maestrichtian age.

Foveotriletes margaritadJardine and Magloire 1965;

Germeraagt a 11968) Zone E. Regulatisporites/Congulatisporites zohi.

zone characterizes the interval between 26.1m and 29.4min L2
Zone D. Retidiporites verucatosporites/Buttinia zone. and 1.5m and 4.4m in L1. Its base is fixed at the disappearance
The zone is recognized at the interval between 20.1m and 26.11f |ongaperitites marginatusndRetidiporites magdalensis.
inL2 and 0.4m and 1.5min L1. Its base coincides with the firstThe characteristic species of the zone occur mostly in L1.
appearance oferrucatosporites usmensis, Retidiporites These ared.ongaperititessp., Cingulatisporites ornatus,
magdalensis, Echitriporites trianguliformend Buttinia  proteacidites sigalandRugulatisporites caperatu$he age
andreevii.The upper limitis marked by the disappearance of of this youngest zone in the study area is regarded as
Longaperitites marginatusand Retidiporites magdalensis.  Maestrichtian based oRugulatisporites caperatuand
TheMonocolpites margaritaeccurred here in additionto a  Cingulatisporites ornatugJardine and Magloire 1965;



420 O F Adebayo, A O Ojo

o e =
Aele [Pt o A==l =pRlp{=RE] campeno
] = i Height (m)

r
[ L] Lithology

7
LI R T, Il LI 1]

I m 4191 | gm Assemblange zone
1. Matonisporites major ,-'@
Couper 1958 )
=i— . 2. Longapertites sp.cf. inomatus é:;';'
| Leidelmeyer 1966
| g a_g 3. Syncolporites marginatus %
L L I [ | Van Hoeken Klinkenberg 1964
% 4. Tricolpolites synstriatus Jardine
| | i & Magloire 1965
5. Psilamonocolpites medius {_}
| ! Hamman & Garcia 1965
; | 6. Longepertities vaneendenburgi
- { I .- Germeraad et. al. 1968 @
—_— | | 7. Inaperturatetradites lacunasus %E)
| Van Hoeken Klinkenberg 1964
— 8. Anacolosidites luteoidites E;-.
Cockson & Pike 1954 :
S - Fq 9. Monocolpollenites sp-cf M 'ﬁ
i spheroidites Jardine & Magloire 1964
1 Ir 1 1 10. Proxapertites anisosulptus .'I_-;;‘_ .
- . - Van Hoeken Klinkenberg 1964 .. -
Il ] [ i 11. Dinoflagellate oI
=t | [ g | 12. Retidiporites magdalenensis 'F.T
i | Hamman & Garcia 1965 h===':
= | i 13. Zlivisporis blanensis %
| | | I Paoltova 1961
- 14. Inaperturopollenites sp. cf. 1 Q:E-?
N ' scrabratus Muller 1968
=1 | ] 15. Monocolpites marginatus @
| 1 Van der Hamman 1954
1 16. Retistephanocolpollenites ATy
# willamsi Germeraad et al 1968 i
- 17. Foveotriletes margaritae (Van der L
) Hamman) Germeraad et al 1968 "'-_J'a'!
- = | 18. Retitstephanocolpollenites sp @'
— S - | I 19. Retimonoporites pluribaculensis f‘::}
Salard Cheboldaeff 1974
| 20. Propyllpollis dehaani T
. I - (Germeraad et al 1968) E—__:'
| E | 21. Longapertites marginatus ;;
= L 1 1 Van Hoeken Klinkenberg 1964
— 22. Verrucatotriletes bullatus
! Van Hoeken Klinkenberg 1964
- 23. Buttinia andreevii o
Boltenhagen 1967 i
| 24. Pachydermites diederixi Ef-:_-}'
{ Germeraad et al 1968
= 25. Verrucatosporites usmensis (Van e,
B derHamman) Germeraad et al 1968 L
26. Echitriporites trianguliformis ;,_'i‘_-‘:.t.
Van Hoeken Klinkenberg 1964 o
- 27. Clavatrilletes sp
| - 28. Cingulatisporites ornatus iy
| L [ 1 Van Hoeken Klinkenberg 1964 | ¥.
B=— 2 slACT 5
© $ 0 S2n0nn 2
282, g538§ =&
E29 2 5 68%5
> o o @ =3
2 o 3 % o @
22 3 3 3
LA LD RS AR @

Fig 2. Stratigraphic range chart of the palynological taxa recorded in L2.
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. . . et al1975). Hence the environment of deposition is probably
i a
= L}

tidal flat. Occasional flooding of the area of study by marine
or brackish water probably occurred as indicated by the pres-
i3

Conclusion

The knowledge of palynological zones is essential for dating

formation and exploration for hydrocarbon source rocks. Out-

crop samples are cheap and direct source of information on
rock record. Based on the rich palynomorphs in some of the
samples, the present study enabled the recognition of five
informal palynological zones whose age ranges from Upper
Campanian - Maestrichtian. The environment of deposition

of the rock units is more of a tidal flat.

ence of more miospores in samples 4b and 22 and the incorpo-
ration of some poorly preserved dinoflagelletes at those lev-
e
. l ‘
o

els (Fig. 2).
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The silk fabric was dyed with aqueous extract of Kikar lfAdacia arabicayand Madder barkRubia cordifolia)by

using various metal sulphates as mordants. The three techniques of mordanting were used for dyeing the fabric and are
known aspre-mordantingwhere the fabrics were first mordanted and then dyed with natural dye extract, meta-
mordanting (i.e. dyeing in the presence of mordants) and post- mordanting where the dyed fabrics were treated with
mordants The fastness properties i.e. crock fastness, washing fastness and light fastness of the dyed samples were
determined and comparison was made for control and samples dyed in the presence of the metal ions. The three fastness
of the dyed samples were found to be good to excellent. The color of the dyed silk was investigated on computer color
matching system in terms of Reflectance, K/S and CIE lab color values. The effect of different metal ions have been
studied with respect to their influence on color shade and fastness properties. The mechanism of mordant interactions
with the fabric has been briefly discussed.

Key words:Natural dyes, Mordants, Fastness.

Introduction and Gulrajani 1994; Gulrajaet al1999). Recently there

Natural dyes are generally understood to be colorants (dye§as been growing interest in the use of natural dyes in

and pigments) that are obtained from animal or vegetabléexme applications. This is a result of the stringent envi-
matter without chemical processing. They are mainly mor-"onmental standards improved by many centuries in a re-

dant dyes, although some natural vat, solvent, pigmentSPONSe to the toxic and allergic reactions associated with

direct and acid types are known (Gulrajani and Gupta 1992a):synthetic dyes. Natural dyes exhibit_ bette.r biodegraqlabil-
In recent years concern for the environment has created affy and are generally more compatible with the environ-
increasing interest in natural dyes. Conventional wisdom™Ment. In spite of their inferior fastness, natural dyes are
leads to the belief that natural dyes are amiable to the"ore acceptable to environmentally conscious people
environment than their synthetic counterparts, although the2round the world (Deo and Desai 1999).

issue is not necessarily quite so straight forward (Smith andrhe present study focuses on the dyeing of silk with the
Wagner 1995). Nevertheless, natural dyes do have tremerKikar and Madder bark extract which is sparingly soluble in
dous commercial potential (Verma and Gupta 1994). water but is freely soluble in alcohol. For dyeing three differ-

In recent years, the world has become increasingly aware of Nt techniques named as pre-mordanting, meta-mordanting

environmental issues. Synthetic dyestuffs in particular havea_rI]lS| post-lmo(;dar(;tmghwere ulsj'me f,ahs tnedss .pt:opertles q of
come under severe criticism on the grounds of being highlySI samples dyed with natural dye with and without mordants

polluting in their manufacturing and application. A search for were determined. Methods are intended for determining the

safer alternatives has created a widespread renewal of interr-eS'St‘”’mCe of the color of silk when exposed to sunlight (light

estin natural dyes. Studies conducted on the color characte@smess)’ washed with soap water at the given temperature

- . wash fastness) and rubbing off and staining other materials
istics and fastness properties of natural dyes show that th ) !
crock fastness). Grey scale of society of dyers and colorist

colors obtained are soft and varied and several shades ha . . .
. - . DC) is used as the standard rating scale (1 to 5) to determine

wash fastness ratings similar to those of acid dyes on woo . . .

he change in color of these fastness properties. The rating

and silk (Mmagawa_l ar?d Kawahara 1983; Grie 1985; 1-2 shows poor fastness, 3-4 moderate and 4-5 good and very
Taylor 1986; Gulrajani and Gupta 1992b). .
good fastness properties.

There have been some investigations on the theoretic

basis of dyeing with natural dyes (Arsheichl1954; Gupta a'll'he changes in color properties will be discussed in terms of

reflectance , K/S and CIE Lab values of the dyed substrate.
*Author for correspondence The reflectance is actually the ratio of the light leaving and an
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operat versus the total light that was hitting the object and K/Light fastness of dyed samples was determined by exposing
S is the determination of colorant strength from reflectancethem to sunlight according to ISO BO2. The change in color
measurement. C1E Lab Cartesian coordinates are L*, a* anénd staining on multifibre test fabric was assessed by com-
b*, where L* values represent the difference of lightness of paring sample with Grey scale. The results have been summa-
the color, the a* value corresponds to the difference of color’srized in Table 1 for Kikar bark.

position on the red-green axis and the b* value is the differ-Dyed samples were prepared for color measurement, which
ence of its position on the yellow-blue axis. was carried out by following a standard procedure (Bryan
1987). Color values were evaluated by means of K/S and CIE
Lab color-difference values by spectrophotometer with data
A commercial sample of Kikar and Madder Bark was pur- master V 2.3 software (Data color, international, USA). Four
chased from Akbari Mandi, Lahore. Commercially bleached measurements were made on each of the four samples and the
silk (all 3% o.w.f) cut into rectangular pieces of 10 cm x 12 variation in percentage reflectance values over a range of 400-
cm, weighing 2.0 and 2.5 g, respectively were used in dyeing700 nm was recorded. The reproducibility of the results was
The fabric was washed using non-ionic detergent to removealso checked and found to be satisfactory in all cases. The
any impurities present. Aqueous solutions containing 5 anddyeing performance in the various processes was measured
109/l ferrous sulphate hepta hydrate, aluminium potassiumin terms of K/S value at the, _ using spectrophotometer.
sulphate dodecahydrate (alum) and copper sulphaterhe reflectance and K/S values were recorded for all the dyed
pentahydrate were used as mordants. Dried barks of Kikasamples by using a colorimeter and the result is recorded in
and Madder were crushed (10g/l) and soaked for 16 h fol-Table 1. Changes in color were also measured on the basis of
lowed by boiling for 2 h. The extract was filtered and used for CIE Lab color space in terms of B b’ (Cartesian coordi-
dyeing silk using the same liquor ratio as for mordanting. nates) and the difference in values obtained for original and
Multifibre test fabric was used for assessment of staining. faded samples were measuredB&tand the results are given

Dyeing of silk with Kikar barkTo achieve a 1% owf [nTable3.

shade on unmordanted silk, fabric was entered into the dydyeing of silk with madder barkne controlled and

bath at 60C; this temperature was held for 10 min and then mordanted samples of silk dyed with madder extract were
raised to 85C over 35 min at liquor ratio 30:1. After dyeing the prepared and their fastness properties and color measurements
cloth was removed and raised, soaped at the boil for 15 minwere determined. The results of these studies are indicated in
washed thoroughly and dried. Similar procedures were usedable 2 and 4.

for dyeing 2% and 4% (owf) shades.

The three different methods of dyeing with mordants were
pre-mordanting, meta-mordantiramd post-mordanting.  In the actual dyeing process a mordant combines chemically
Mordant concentration of 5 and 10g/l were used. with a soluble dye to form a very complex, aggregated, in-

In the pre-mordanting method, the fabrics were first immersedSOIUble lake of high molecular weight within the textile fibre.
in an aqueous solution of alum, copper sulphate or ferroué‘ake is formed when solubilized natural dye is rendered in-

sulphatdor 45 min at 30C. All of the mordanted fabrics were soluble by complexing with mordanting salts and makes the
then dyed by the above method fibre resistant to the external influence in washing and finish-

] ] o ing processes. The fastness depends on the formulation of
For the meta-mordantimgethod (i.e. dyeing in the presence |5¢ inside the textile fibres (Ali 1993). The silk fabric was
of mordants) the fabrics were immersed in bath containing 3yed with Kikar bark and Madder bark at 2% and 4% dyeing
mordant and the dye extract. The temperature was raised 1@, centrations with different mordants (alum, copper sulphate
90°C over 30 min and held for 1 h. The fabrics were rinsed atyn ferrous sulphate) at 5g/l and 10g/l concentrations. The
60°C, washed with water, squeezed and dried. results of fastness properties of the two natural dyes are given
In post-mordantingnethod, dyeing was carried out in the in Table 1 and Table 2.

absence of a mordant, followed by mordanting in a separaterpe metals used as mordants are well known for their ability
bath containing a mordant at8Xor 45 min. Further process- 4 form co-ordination complexes and readily chelated with the
ing was the same as described imttega-mordantingiethod.  qve As the co-ordination numbers of copper and iron are 4
Fastness and color measuremeitash fastness of all and 6 respectively, some co-ordination sites remained unoc-
dyed samples was determined by ISO CO2 method and Crockupied where they interacted with the fibre. Functional groups
fastness was carried out according to ISO X 12 test methodsuch as amino and carboxylic acid groups on the fibre can

Materials and Methods

Results and Discussion
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Table 1
Fastness properties of silk dyed with Kikar bark
Samples Mordant Crock fastness Washing fastness Light
concentration Dry  Wet Cellulose Cotton Nylon Polyester Acrylic Wool Fastness
g/l acetate
Control
Natural 3-4 3-4 2-3 2 2 3-4 3 3-4 3-4
Pre-mordanting
Alum 5 2-3 2-3 4-5 45 4-5 4-5 4-5 4-5 4
Alum 10 3 3 4-5 45 45 55 45 4-5 4
Copper 5 3-4 34 4-5 45 45 4-5 4-5 4-5 4
Copper 10 3-4 34 4-5 4-5 45 4-5 4-5 4-5
Ferrous 5 3-4 34 4-5 5-4 5-4 5-4 5-4 5-4 4-4
Ferrous 10 4 4 4-5 5 4-5 4-5 4-5 4-5 4-5
Meta-mordanting
Alum 5 2 2 2-3 3 3 3-4 3-4 2-3 4
Alum 10 3 3 2-3 3 3 45 4-5 2-3 4-5
Copper 5 2 2 4-5 2 2 4 4-5 45 4-5
Copper 10 2 2 4-5 2 2 4 4-5 45 4-5
Ferrous 5 3 3 3-4 3 2-3 4-5 4-5 4 4-5
Ferrous 10 3 3 4 45 4 4-5 4-5 4 4-5
Post-mordanting
Alum 5 2-3 2-3 5 5 4-5 4-5 4-5 4-5 4
Alum 10 3 3 5 5 4-5 4-5 4-5 4-5 4
Copper 5 4 4 4-5 4-5 4-5 4-5 4-5 4-5 4
Copper 10 4 4 4-5 4-5 4-5 4-5 4-5 4-5 34
Ferrous 5 4 4 5 5 4-5 4-5 5 4-5 4-5
Ferrous 10 4 4 5 5 4-5 4-5 5 4-5 4

occupy these sites. These metals can form a ternary complegoor. The silk dyed with these mordants by using the tech-
on one site with the fibre and on the other site with the dye.nique named as post-mordanting showed good fastness prop-
Such a strong co-ordination tendency can enhance the inteserty for all three mordants, the Grey scale being very good for
action between the fibre and the dye, resulting in high dyecellulose acetate, cotton and acrylic fabric for alum and fer-
uptake. rous sulphate.

Fastness and color properties of silk dyed with Kikar As shown in Table 1 the crock fastness of controlled sample
barkThe samples dyed were washed with soap water andlyed with natural dye was found to be poor for both dry and
the staining on multifibre test fabric was determined. Signifi- wet crocking. The silk samples dyed under pre-mordanting
cant changes were noted for cellulose acetate, cotton, nylortechnique showed poor dry and wet crock fastness for alum
polyester, acrylic and wool and were compared against theand copper sulphates. With ferrous sulphate dry and wet crock
original samples by Grey scale measurement. The results diastness properties were also poor. In the case of meta-
wash fastness are given for each mordant in Table 1. mordantinghe samples showed again poor dry and wet crock

As shown in Table 1 the staining on the substrates mentionefpstness ratings. The lowest crock fastness was obtained with
above is high for control samples showing poor fastness. Th&OPPer sulphate. In the case of post-mordanting good crock
staining on cotton after dyeing silk with the technique called fastness was found for alum and copper but for ferrous sul-
pre-mordanting showed good wash fastness property, hayPhate the fastness was very poor.

ing high fastness value when dyed with ferrous sulphate. TheThe results of light fastness of dyed samples are presented in
samples dyed with the technique meta-mordargimgwved Table 1. Mordanting with mordant concentrations at 5g/I and
low fastness properties as had been shown by high stainingOg/l were compared with the values found for the control samples
on cotton and nylon when dyed with copper sulphate as comef natural dyes. As shown in Table 1 the light fastness showed
pared to alum and ferrous sulphate where the fastness is aldugh rating of Grey scale which is good to very good.
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Table 2
Fastness properties of silk dyed with Madder bark
Samples Mordant Crock fastness Washing fastness Light
concentration Dry  Wet Cellulose Cotton Nylon Polyester Acrylic Wool fastness
g/l acetate
Control
Natural 34 34 2-3 2 2 34 3 34 34
Pre-mordanting
Alum 5 4 4 4 45 45 45 45 45 4-5
Alum 10 2-3 2-3 45 4-5 45 4-5 45 45 4
Copper 5 4 4 4-5 4-5 4-5 45 4-5 45 45
Copper 10 4 4 4 45 4 45 45 45 4-5
Ferrous 5 4 4 4 45 4 45 45 45 4
Ferrous 10 2-3 2-3 4 4-5 4 45 45 45 4
Meta-mordanting
Alum 5 34 34 4-5 4 45 45 45 45 45
Alum 10 2 2 45 45 45 4-5 45 4-5 45
Copper 5 4 4 4-5 4-5 4-5 45 4-5 45 45
Copper 10 4 4 4 4-5 4 45 45 45 4-5
Ferrous 5 4 4 45 4-5 45 4-5 45 4-5 4
Ferrous 10 4 4 4 4-5 4 45 45 45 45
Post-mordanting
Alum 5 45 45 4-5 45 4-5 45 4-5 45 4
Alum 10 4 4 45 45 45 4 4-5 45 4
Copper 5 45 45 4-5 45 4-5 45 4-5 45 45
Copper 10 45 4-5 45 4-5 45 4-5 4-5 4-5 45
Ferrous 5 45 45 4 45 45 45 4 4-5 4
Ferrous 10 4-5 4-5 4 4 4-5 4 4-5 4-5 4

Reflectance of the dyed silk with Kikar (control sample) has sulphate to 10g/l the values decreased for reflectance and
been found to be 9.67 and the K/S value calculated from thiK/S, respectively.

reflectance is 1.19.The dyeing of silk with Kikar by pre- The color co-ordinates of dyed samples have been determined
mordanting with alum, copper and ferrous sulphate (5g/l) hadyy spectrophotometer with data master V 2.3 software (Data
shown reduction in the reflectance values for alum, copperco|our, International, USA) against the control sample of natu-
and ferrous sulphate, respectively. By increasing the strengthy| dye and inter comparison of different techniques used for
of mordant to 10g/l the reflectance value decreased. Thesgyeing were made by measuring the difference in coordinates

values showed an increase in the strength of color of thq 4+ and 3. The results of these studies are presented in
dyed sample which is confirmed by an increase in the K/STgpje 3.

values at 5g/l concentration of alum, copper sulphate and

. s shown in Table 3 the values of L* were higher for the
ferrous sulphate respectively as compared to the value o .
concentration of mordants at 5g/l as compared to 10g/I
control sample.

showing that color depth is maximum up to 5g/I and de-
The results also showed high values for ferrous sulphatereased after increasing the concentration of mordants.
at the concentration of 5g/l as compared to alum and copimilar trend was observed in all the techniques of
per sulphate. For meta-mordanting similar trends have beermordanting. The variation in a* values of sample dyed
followed for the reflectance and K/S values. In this Casewith pre-mordanting and post_mordantimgchniques

ferrous sulphate showed high reduction in reflectanceshowed negative values as compared to the a* values of
value and highest increase in K/S values at 5g/I concensamples dyed with the meta-mordantimgich had posi-
tration. In the case of post-mordanting the reflectance andjve values. The negative values of a* showed that the
K/S values increased at 5g/I concentration of ferrous sul-color moved towards the green side along the red-green
phate. With the increase in the concentration of ferrousaxis and the positive value of a* showed that the color
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Table 3
Color properties of silk dyed with Kikar bark

Sample K/S values Reflectance Color coordinates CIE Lab difference

DL* Da* Db*
Control
Natural 4.22 9.67
Pre-mordanting
Alum (59/) 6.34 2.72 1591 -(4.09) -(3.71)
Alum (x0gM) 5.82 249 9.08 -(6.05) -(6.32)
Copper (=) 5.12 2.20 9.54 -(9.22) -(8.75)
Copper (x0gM) 4.78 2.05 8.01 -(6.50) -(9.94)
Ferrous (=) 7.66 3.29 8.78 -(4.45) +11.00
Ferrous (aog 750 322 8.46 -(2.70) +13.55
Meta-mordanting
Alum (59/) 12.56 543 13.73 +14.62 +8.53
Alum (x0gM) 854 3.67 13.82 +12.41 +14.60
Copper =N 14.02 6.02 9.81 +6.77 -(5.17)
Copper (aog 9.66 3.29 11.53 +6.31 -(4.07)
Ferrous (M) 15.27 6.56 2.26 +2.99 +6.01
Ferrous (x0gM) 11.36 4.88 175 +1.03 +8.88
Post-mordanting
Alum (59/) 4.78 2.05 13.76 -(5.04) +2.20
Alum (x0gM) 456 1.96 19.00 -(2.24) +3.74
Copper (=) 5.19 221 2252 -(4.50) -(4.15)
Copper (x0gM) 8.84 2.08 25.52 -(3.93) -(3.10)
Ferrous (=) 6.45 277 16.49 -(3.64) +5.29
Ferrous (aog 6.25 2.68 20.06 -(3.22) +5.20

was shifted towards black axis of the CIE L a* b* space. The reflectance and the K/S values were determined for

The changes in b* values of samples dyed with pre-controlled and mordanted samples by following the same

mordanting technique showed negative values with alumprocedure as given for Kikar bark and the data obtained is
and copper indicating color shift towards the blue side presented in Table 4. The reflectance of controlled sample
along the yellow-blue axis. As compared to the ferrous was decreased when the dyeing was performed with mordants
sulphate which showed positive values indicating color by using these three techniques whereas the K/S values in-
towards the yellow side. Whereas in the case of metacreased for the mordanted samples. For all the three tech-
mordanting and post-mordanting, the alum and ferrousniques, of dyeing the samples dyed with copper sulphate at
sulphate showed positive values of b* as compared to10g/I concentration showed highest values of K/S. Increase
copper sulphate which showed negative b* values in thein the K/S values of all the mordanted samples of silk showed

aforementioned dyeing techniques. that the strength of color was increased as compared to the

Fastness and color properties of silk dyed with Mad- controlied samples.

der bark.Fastness to washing, crocking and light was The color co ordinates L*, a* and b* of the controlled and
determined as for the Kikar bark and the results presented imordanting samples with Madder bark are reported in Table
Table 2 showed good to very good fastness values of silk dyed. The L* values of dyed silk increased when the dyeing
with mordants as compared to the untreated or controlled samplavere performed at 10g/l concentration under pre-
The post-mordanting technique of dyeing with mordants atmordanting and post-mordantitgchniques and indicated
5g/l and 10g/l concentrations showed high rating of fastness t& reduction in color strength. The L* values for the mor-
washing, crocking and light as compared to pre-mordantingdanted samples showed an increased value at 59/l as
and meta-mordantinddyeing of silk with the three dyeing compared to 10g/lI concentration.

techniques showed high rating of fastness properties withThe values of a* for samples dyed with pre-mordanting
ferrous sulphate and copper sulphate as compared to alum. and post-mordantingechniques were negative indicating
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Table 4
Color properties of silk dyed with Kikar bark

Sample K/S values Reflectance Color coordinates CIE Lab difference

DL* Da* Db*
Control
Natural 119 24.17
Pre-mordanting
Alum 549/ 3.02 10.23 (18.26) -(1.07) +7.46
Alum (10 g/l 443 9.29 (22.05) -(0.90) +4.73
Copper 5/l 3.94 12.65 8.81) -(0.56) +13.26
Copper (ao0g 7.23 6.10 (10.45) -(2.22) +9.12
Ferrous (=) 3.38 11.56 10.18 -(2.02) +8.83
Ferrous (ao0g 587 7.32 (15.87) -(0.89) +6.22
Meta-mordanting
Alum 549/ 213 24.09 8.01 -(3.66) +7.84
Alum (10 g/l 2.83 18.28 711 -(2.75) +9.82
Copper (5/) 3.68 24.01 10.44 +15.58 -(15.98)
Copper (10 g/l 4.85 23.02 8.68 +20.60 -(15.74)
Ferrous =N 2.83 10.81 4.95 +3.40 +21.66
Ferrous (10 g/l 182 8.60 4.72 +7.33 +23.76
Post-mordanting
Alum 549/ 3.04 12.09 (5.98) -3.71 +2.63
Alum (10 g/l 3.79 10.55 (7.62) -3.59 +5.72
Copper (5/) 5.19 16.28 (18.64) -(1.57) -(3.43)
Copper (10 g/l 5.57 10.56 (24.09) -(2.08) -(1.34)
Ferrous (=) 215 8.13 (18.77) -3.65 +17.73
Ferrous (aog 3.79 321 (21.65) -3.08 +20.61

the shift of color on the green side along the red-greentical dyeing. From the above findings that natural dyes from
axis. On contrast the a* values for samples dyed with metathe two sources exist in a highly aggregated form in silk fibres,
mordanting remained positive showing the position of thereby exhibiting good resistance to washing, crocking and
color on the red side of red-green axis except with alumlight exposures. Following these techniques this work can be
which showed negative values. The change in the b* val-expanded to other plant that yield colorants to examine the
ues of the samples dyed with pre-mordanting and postpossibility of using the dye commercially as a safer substitute
mordantingtechniques showed positive values indicating for synthetic dyes.

yellowish colour along the yellow-blue axis, whereas for

meta-mordanting with copper sulphate at 5g/l and 10g/IReferences

negative values of b* were recorded which indicated the 5|; 5| 1993 Revival of natural dyes in AsiESDC10913-14.
shift of color toward blue on yellow-blue axis. The dyeing Arshad E M. Desai J N. Duff D |. Jain S A. Manencal 1954
with alum and ferrous sulphate under meta-mordanting Natural dye I. The adsorption of brazil wood and

technique, on the other hand, showed positive values of logwood coloring matters by fibre3SDC70392-401.

b* at the both mordants concentrations. Bryan R 1987 Colorimetry and the CIE systemQotor Phys-

ics for Industryed Roderick Mc D. The Society of Dyers
and Colorists, Perkin House Bradford , West Yorkshire ,
Silk fabric was dyed with Kikar and Madder bark dye extract England.

by three different techniques named as pre-mordanting, metabeo H T, Desai B K 1999 Dyeing of cotton and jute with tea as
mordanting and post-mordantinging metal salts as mor- a natural dyelSDC115224-232.

dant. The dyeing behaviour has been assessed by measuri@ierson Su, David G D, Sinclair R S 1985 The color and
K/S values and different fastness properties. In general the  fastness of natural dyes of the scottish highla#@B.C
fastness properties obtained can be sufficiently good for prac-  101220-228.

Conclusion
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ASSESSING THE SPECIATION PATTERN OF LEAD AND ZINC IN SURFACE WATER
CoLLEcTED FROM ABEGEDE CREEK, |JORA AND LAGOS

A A Adeniyi* and O O Okedeyi
Department of Chemistry, Lagos State University, Ojo, P.M.B. 1087, Apapa, Lagos, Nigeria
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A two-stage sequential extraction procedure for the speciation of zinc and lead has been applied to surface water randomly
collected from three sites in Abegede Creek, ljora and Lagos. The determination of the labile and non-labile metals species
was carried out by flame atomic absorption spectrophotometry (FAAS). The mean values of non-labile zinc and lead
concentrations from the three sites, A, B and @d4+ 0.25 mg/l; 0.55 0.26 mg/l; 1.13 + 0.76 mgfiespectively for zinc

and 0.13t 0.09; mg/l, 0.1 0.07 mg/l; 0.42: 0.23 mg/l respectively for lead. These are higher than for the labile species

in the three sites; 0.240.07 mg/l; 0.2% 0.22 mg/l; 0.7% 0.82 mg/l, respectively for zinc and ND; 092.04 mg/l; 0.16

+ 0.22 mgl/l, respectively for lead. The statistical analysis of variance of the distribution of zinc and lead in the three sites
were estimated at 95% confidence level. The values of metals obtained were compared with Nigeria’s background values for
some rivers and the World Health Organization limits for drinking water respectively and found to be generally higher
especially for lead levels. The probable sources of zinc and lead in the Creek are from natural and point sources, although
there could be non-point source contributions from urban run-offs and vehicular exhaust.

Key wordsSpeciation, Heavy metals, Labile, Non-labile, Flame atomic absorption spectrophotometry.

Introduction information (Pardoet al 1989; Deveret al 1993; Calace

In natural aquatic ecosystems, metals occur in low concentra€t /2000, Heet al 2000, Tokalioglet al 2000; Tokalioglu

tions, however, the occurrence of heavy metals in excess oft al2003).

natural loads is of concern (Botkin and Keller 1997; Fatoki andThe objective of this study was to determine the concentra-
Awofolu 2003; James and Okolo 2003). This situation hastjon of the labile and non-labile forms of lead and zinc in the
arisen as a result of increasing urbanization and industrializawater samples collected from the Abegede Creek, ljora and
tion, and laxity in enforcing environmental regulations | agos. This is with a view to ascertain the potential bio-avail-
especially in most developing economies (UNEP 1986; Bineyapility of these metals. The Creek is an important natural fresh
et al1994; Appletoret al2001; Yusuf 2003). reservoir for fishing and other recreational activities. It is

The accumulation of metals in an aquatic environment hagdicined upstream by some major refined petroleum oil mar-

direct consequences on man and the ecosystem (Ferguss§fting companies which discharges waste-waters into the
1990; Holmet al1995: Vincenet al2001; Almeidat al2001).  Creek.

The bio-availability of water-bound metals is of importance paterials and Methods
from an ecotoxicological viewpoint (Deveretyal 1993; Botkin

and Keller 1997; Calaat al2000), Water samples were collected randomly from the Abegede

Creek between the months of October and November, 2001
Legislation governing the maximum permissible levels of a from three different sites A, B and C indicated in Fig 1.
polluting metal in an environmental medium such as water
refers to total concentration rather than the chemical form of® ~ -
that metal (Ure and Davidson 1995). Most of the previous ljora.

works have been limited to the determination of total concen-B — National Arts Theatre, Water Front, Iganmu.

tration of the metals only. However, the determination of © — A Pool of water adjacent to the National Arts Theatre
total concentration of the metals does not give adequate  '9anmu Water Front off the main course of Abegede
information about the bio-availability of potentially toxic Creek.

metals. Fractionation (operationally defined as speciation) iSgrom the samples 100 ml aliquot were acidified with 5 ml 0.01

now acknowledged to be a necessary tool to acquire thig, HNO, for preservation and stored in polyethylene bottles
*Author for correspondence; E- mail: lekeadeniyi@yahoo.com in a refrigerator before analysis (Hodal 1995; APHA 1998)
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Beside Lagos State Water Corporation Headquarters,
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Nature of sitesAn auto-mechanic workshop is located calcium form as reported earlier (Hokhal 1995). Sodium
around site A, there is also a road adjoining the site, whichform resin 27.5 g was weighed and transferred into a glass
carries a high volume of pedestrian and vehicular traffic. Therecolumn, rinsed several times with deionised-distilled
is a continual discharge of effluent of petroleum productswater and shaken mechanically. The fine particles were
(petrol, diesel and lubricating oil) into the Creek particularly decanted and the resin soaked in 1 M HX 8 h in the

by the petroleum marketing companies. Virtually all the major glass column to remove traces of trace metals impurities.
petroleum marketing companies - African Petroleum, National This was followed by the sequential addition of 1 M cal-
Oil, Total and Mobil have their oil installations and storage cium acetate, 0.01 M calcium acetate and 0.01 M calcium
tanks adjacent to site A. Traces of human waste (defecationiitrate respectively, followed by the addition of deionised/
are also found in the site A. For site B, there is heavy vehicudiluted water until effluent and influent pH were identical.
lar traffic on the bridge (Eko Bridge) transversing this site. The resin was then dried at“45in a Gallenhamp Oven
School children and others use site C as a swimming poolmodel 300, for 3 days.

There is also a road from Orile Iganmu transversing this site
This pool of water has the best aesthetic value compared t
sites A and B.

‘Speciation proceduré 25 ml aliquot of sample solu-
®on was added to about 400 mg of modified Amberlite
resin in a bottle and shaken for 24 h in a mechanical shaker.
ReagentsHigh purity chemicals and reagents (purchased The solution and resin were then separated by filtering
from Merck and Aldrich Chemical Company), together with under gravity. The resultant filterates were analysed for
distilled-deionised water were used. Standards were prepareldbile zinc and lead species using flame atomic absorption
from analytical grade chemicals (Merck). Standard stock solu-spectroscopy (FAAS). To the same resin was added 30 ml
tions were prepared from nitrate salts of Pb and Zn in 1% ofof 2 M HNO,. The content was shaken vigorously for 5
HNQO, in calibrated flasks. Diluted standard solutions were min and immersed in a water bath (10Pwith intermittent
prepared from the stock standard solutions. mechanical shaking for 2 h (Fig 2). The resultant filterates

Resin preparationAmberlite CG 120 cation exchange were tE:nAgn?_I;/sidtfc:r notn—llabne zw:_c ar;d(jle;dt:actg(;s
resin (100-200 mesh) sodium form was converted to the'>"9 -+ e toral metal was estimated by the addi-

tion of the individual labile and non-labile metal species
as indicated by Calae al (2000).
Theatre

InstrumentationThe metals were determined with the use
of a Perkin Elmer Oak Brown model 2380, Atomic Absorption
Spectrophotometer. An atomizer with air/acetylene burner was
used for determining zinc and lead. All instrumental settings
were those recommended in manufacturer’s manual. The in-
strument was calibrated with analytical grade metal standard

Eko Bridge

Site B

Nepa Sub
Station

Y

P K | 4 stock solution in replicate. The wavelengths (Pb, 283.3 nm;
< \ Zn, 213.0 nm) used for the determinations and other working
— — — parameters are listed in Table 1.
— Statistical analysisAnalysis of variance was used to esti-

mate statistically significant differences at 95% confidence
level (Sokal and Rohlf 1995).

L Si Wi

Working parameters for the metal determination

by FAAS
Berger

I~

Site A

Element Wavelength Lamp Detection  Calibration
(nm) current  limit (ppm) range
(mA) (ppm)
Lead 28330 1.50-4.00 0.05 0-2.00
Zinc 213.00 5.00-15.00 0.002 0-10.0

Fig 1. Sketch map of the sample sites.
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Results and Discussion values are lower than the standard deviation. This is not un-

The detection limits of zinc and lead investigated and othefc@Mmmon for water sampled randomly over a period of time
working parameters for the FAAS are listed in Table 1. The ffom surface and ground waters (Adeniyi and Huthman 2002;
mean concentration of the labile and non-labile zinc and lead™atoki @nd Awofolu 2003; James and Okolo 2003; Yusuf 2003).

have been determined. The results are presented in Table Zhe non-labile zinc concentrations for the three sites are 0.54
As indicated, the mean values of the labile zinc concentration: 0.25 mg/l, 0.5% 0.26 mg/l and 1.180.76 mg/l, respectively
from the three sampled sites are 1107 mg/l, 0.2} 0.22  (Table 2 and Fig 3) Similar to labile species, non-labile levels of
mg/l, and 0.73 0.82 mg/l, respectively. Similarly, thatoflead |ead are 0.12 0.09 mg/l, 0.1% 0.07 mg/l and 0.420.23 mg/I,
are ND, 0.02 0.04 mg/l and 0.16 0.22 mg/l respectively, for  respectively for sites A, B and C (Table 2 and Fig 4). Thisis in
sites A, B and C. A similar trend has been observed beforeggreement with earlier studies (Hokhal 1995). Lead has
(Pardoret al 1989) in the speciation patterns of Valladolid heen found to occur in relatively smaller concentration than
waters. It should be noted however that some of the meaminc in most natural water source (Pareioal 1989; Gargt al
1992; Mathuthwet al 1993; Vazqueet al 1993; Bineyet al
ﬂ 1994 ; Appletoret al 2001; James and Okolo 2003). This
may not be unconnected with the fact that anthropogenic
activities generating lead are now less widespread because of
ﬂ environmental pressure groups and increasing awareness of
the deleterious effect of lead (Rain 1995; Botkin and Keller
1997; Tokaliogluet al 2000). Non-labile species are not
expected to be bio-available (EEal2000; Calacet al2002).
However, changes in certain physico-chemical conditions in
(B) the river system could result in the conversion of non-labile
to labile species of metals and vice-versa (Ure and Davidson

C/ 1995; Tokaliogltet al2000).

(A)

The statistical analysis of variance of the distribution of labile
zinc and lead were not statistically significant at 95% confi-
dence level. Similarly, the non-labile zinc was not significant
whereas, the non-labile lead distribution was significant at
95% confidence level (Table 3).

(o)}

(A) Stock water sample; (B) Labile (25 ml of water sample + 400 mg . .
Amberlite resin, Stirred for 24 h); (C) Non-labile (25 ml of water The range of total concentrations found in the water samples

Sample +2 M HNQand 400 mg Amberlite resin on water bath are: 068 - 186 mg/l, Zn, 013 - 058 mg/l, Iead Th'S ShOWGd that

for 2 h) the heavy metals were present in considerable amounts in the
Fig 2. Experimental procedure for determination of lead and Creek’s water. Whereas, the total zinc level is lower than the
zinc in the water samples. World Health Organisation (WHO) (1996) limits of 0.5 mg/l for
Table 2
Levels of zinc and lead (mg/l) in fresh water samples from the Abegede Creek

Sampling Metal Labile species Non-labile species Total value NBV (mglyHO (mg/l)
sites
A Zn 0.14+0.07 0.54:0.25 0.680.28 0.02-0.76 5.00

Pb ND 0.120.09 0.1%0.09 0.01-0.02 0.05
B Zn 0.21+0.22 0.5%0.26 0.76:0.45 0.02-0.76 5.00

Pb 0.02:0.04 0.120.07 0.1%0.06 0.01-0.02 0.05
C Zn 0.73:0.82 1.130.76 1.86:0.97 0.02-0.76 5.00

Pb 0.16:0.22 0.420.23 0.58 0.22 0.01-0.76 0.05

ND, Not detected; NBV, Nigeria's background values for some rivers; WHO, World Health Organisation limits for drinkin&ieater;
Beside lagos state water corporation, ljora; Site B, National arts theatre water front, Iganmu; Site C, Adjacent to thetadtieate Iganmu
water front off the main course of Abegede Creek.
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Table 3 0.6 ,
Statistical analysis of variance of the distribution % Total '
of the labile, non- labile and total zinc and lead [ | NO”_"-ab"e
in the different sites 0.5 (] cavite
Nature of metals F,0.05 Fp 0.05
Labile 1.23(1.87) 368 0.4
Non-labile 2.44 (6.60%) 3.68
Total 3.82 (11.78) 368 o
2 03+

Values in parentheses are for lead, the rest are for zinc. *Significant
difference at 95% confidence level.

2 0.2—
1.8 7 -
1.6
Total
1.47 [l Labile 0 A T —— c 1
1o DII Non-labile Lead
Fig 4. Concentration of lead in three different sites A, B and C.
0.8 known to be associated with petroleum products and their
06 % ] effluents (Onianwa 1995; Martinez-Taba@l1997; Adeniyi
and Oyedeji 2001; Adeniyi and Afolabi 2002; James and Okolo
0.4— 2003). With continued activities of the oil marketing compa-
nies, heavy vehicular traffic around the Creek and urban run-
0.2+ offs, (Arienzoet al 2001; Hashmi and Khani 2003) it is ex-
o pected that heavy metals contamination may become wide
A ' B ' c ' spread in the Creek in the coming years. There is the need to
Zing evolve a sustainable environmental remediation programme

Fig 3. Concentration of zinc in three different sites A, B and C. to arrest the level of contamination in the Abegede Creek.
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ADSORPTION OF ACRIDINE ORANGE ON SOME METAL OXIDES
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The adsorption studies of acridine orange from aqueous solution were carried out over calcium oxide, magnesium oxide
and zinc oxide. The adsorbents were subjected to a few pretreatments and the effect of pretreatment was studied on the
extent and mode of adsorption. The adsorption over various pretreated surfaces exhibited three kinds of adsorption pat-
tern, namely, S-type, L-type and H-type. The mode of adsorption is explained on the basis of the adsorption isotherm. The
H-type is explained as flatwise adsorption with some ionic micellisation. The L-type has been interpreted as multilayer
adsorption (flatwise) with the formation of large ionic micelles. The S-type has been explained as edge on (monodisperse)
adsorption. The Freundlich adsorption isotherm are applicable within the limited range of concentration of dye. In few
cases, these equations are not applicable due to the complex adsorption mechanism.

Key words:Acridine orange, Metal oxides, Aqueous solution.

Introduction second or second and third region depend on the exchange-
The adsorption of the cationic dye acridine orange by Nasa_able metallic cation initially present in the clay (Granfinkel-
Sheweky and Yariv 1995). It has also been found that satu-

ponite and the colloidal properties of the aqueous solution ) _
were investigated by Garfinkel-Shweky (1995) using visible rated adsorption amount of the dyes on activated carbon was

spectroscopy. It was found that organic cations were adsorbef0related with the electrostatic forces between charges on the
by the mechanism of cation exchange. When small amounfarbon surface and ionic dyes. There exist the electrostatic
of the dye was adsorbed, the dye penetrates into the interlay@rmaCtive or repulsive forces between the activated carbon
space and most of it undergoes metachromasy due to intera@nd 1onic dyes. The adsorption forces are the sum or diffe-
tion between the aromatic entity and the oxygen plane of thd€Nce of dispersion and electrostatic forces. This conclusion
clay. But at greater amounts of acridine orange the metachro¥as further supported by the kinetic and thermodynamic para-
masy results from the aggregation of dye in the inter particleMeter that was calculated from experimental data (Minguang
space. In excess acridine orange, the clay was gradually peﬂ-997)- The adsorption characteristics of types of dyes in aque-
tized. Grafinkel-Shweky and Yariv (1997) observed that the OUS solutions on 9 types of amorphous oxide gel were exa-
adsorption of cationic dye acridine orange by different Mined. The adsorptive ability was affected by the pH of the
monoionic laponites leads to changes in the colloids properdye solution and composition of the gel (Motoshal 1990).

ties of this synthetic mineral in agueous solution. The organicrhe surface Enhanced Raman Scattering (SERS) spectra of
cation was adsorbed by the mechanism of cation exchange, . idine in Ag solution was studied by Seatcal (1991).
Small amounts of ad_sorbe_d dye keep the clay in the pe_pt_lzeq-he presence of halide ions was a pre-requisite for the obser-
state with all metallic cations. Greater amount of acridine, .+ of SERS. Different SERS spectra were obtained using
orange resulted in the neutralization of electric charge of clay,jitrarent pH solutions. At neutral pH, acridine was adsorbed
and its flocculation. In excess acridine orange the c.harge Obn the Ag surface via its N lone pair electrons while in acidic
clay platelets bec.ame positive gnd the clay was peptized. Thf“nedium it adsorbs as the acridinium-chloride ion pair through
colloidal properties were studied by the absorbance Curves . | atom. The charge transfer effect appears to play an

in which the absc_)rban_ce was described as a func_:tlon of Fh?mportant role along with the electromagnetic effect. On the
degree of saturation with constant clay concentration or with . . . . .

_ other hand, photoreaction readily occurs in a highly basic
constant dye concentration. In the absorbance curves three

. be identified. The t ion bet first dmedium. This was concluded in terms of the competitive
regions can be identiied. The transftion between Hirst an adsorption of Cl and O ions on Ag. Nonetheless, the acidity

*Author for correspondence of acridinum ion seemed to be far greater on the surface than
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in the bulk agueous phase(Seeng@l 1991). Effect of pH on  investigations. In a series of adsorption experiments, calcium
adsorbed amount of methyl orange was studied by Shimadayxide, magnesium oxide and zinc oxide were used as such
et al(1992) on AJO,. Red colored AD, showed adsorption without further treatment called as “fresh” calcium oxide, mag-
of methyl orange. Langmuir type isothermal curve was obtai-N€Sium oxide and zinc oxide. In third series of adsorption
ned (Shimadat al 1992). Safranine T in agueous solutions eXPeriments, these adsorbents were used after washing with
was adsorbed by different samples of silica exhibiting repre-0-1 N HCI solution followed by heating at 200in the muffle
sentative S-, L- and H-type isotherms, mostly S-type curvesfurnace for 1-2 h and subsequently cooling gradually to room
were observed. A typical sigmoid type adsorption behavior lemperature called as “washed”. All these solids were placed

was found for preparative layer chromatographic silica In desicator (CaCJ) to avoid contact of moisture with the
sample. The adsorption was inhibited in an alkaline media@dsorbents.

while acidic media promotes adsorption (Mietaal 1992).  Adsorption studiesTo study adsorption phenomenon the

Adsorption isotherm of 3,6 diamino acridine on Kaoline clay following procedure was adopted. Prepared test solution ran-
showed that the dye molecules penetrate into the interlayeging in concentration from 1 ppm to 10 ppm in 100ml mea-

space of the alumino-silicate layer of the clay, while in the syring flasks. Weighed 1g adsorbent in a series of 50 ml mea-
case of alumina the dye molecules cover only the surfacesyring flasks. Then to each flask added test solution from
This shows that dye existed as a monolayer in the adsorbegpove series, made the volume up to the mark. The flasks
state.The emission of dye adsorbed on clays was quenchegere then tumbled for about half an hour and then kept sta-

completely even in dilute solution which shows thaf Af  tionary under thermostating condition away from light for a
the alumino-silicate layer of the clay might partly be respon-period of an hour. The amount of solute adsorbed was calcu-
sible for the quenching of the adsorbed dye (Ran&ra]  |ated from the difference in initial reading (without adsor-
1992). bent) and final concentration of the solution measured

The work with clean metal surfaces has emphasised the conf2bsorptiometrically on the spectrophotometer at490 nm
plexities that undoubtedly occur when metal powders chemi-(Mirza et al 1995). The absorbance of the sample should be
cally deposited metal films, oxides of metals and non metalsaccording to Beer-Lambert law. The amount of the adsorbate
are used as adsorbents.This more complicated surface phéemoved by adsorption (x) was determined by subtrac-ting
nomenon cannot therefore be restricted. In this recent studfin@l concentration (Ce) of solution from initial concentra-
we have investigated the behavior and the extent of adsorpion (Co) and amount of the adsorption per gram of the ad-
tion of acridine orange on some inorganic metal oxides. TheSorbent (x/m) was calculated by dividing x with amount of
adsorption of acridine orange at room temperature was foun@dsorbent taken (usually 1g). Plotting x/m against Ce directly
to be suitable for surface area measurements on a wide varRroved the applicability of the Freundlich adsorption iso-
ety of solids, including carbon, cement, fibres, organic pig- therm.

ments etc. This work will provide the guideline to the che-

mists for the adsorption of dyes on some organic and inor-Resur[S and Discussion

ganic solids. The results obtained from the adsorption studies of acridine
orange on various adsorbents such as calcium oxide, magne-
Experimental sium oxide and zinc oxide are discussed in the following

Chemically pure grade solid acridine orange from E-Merck sections.

(Germany) was used without purification. Ethyl alcohol was Three major types of adsorption isotherms regarding adsorp-
distilled and used whenever required. Water was doubly distion from solution of acridine orange on different metal oxi-
tilled and used for the preparation of solution as well as fordes have been classified by Gitsal (1964).These are dis-
washing glassware. Sodium hydroxide and conc. HCI wascussed as H-type, L-type and S-type. The S-type (Figs 1,3
used for preparing 0.1 N solution for washing metal and 7) is initially convex to the solution concentration and
oxides.The stock solutions of dye were prepared by dissolthen a plateau. The H-type (Fig 6) adsorption isotherm starts
ving an appropriate amount of the dye in the solvent followedWwith positive value against the equilibrium concentration,
by making up the volume up to mark. For adsorption pur-usually, a sharp rise on vertical axis. In such isotherms the
poses, further test solutions, ranging from 1-10 ppm for solution has high affinity for the adsorbent. The L-type (all
acrdine orange, was prepared.The adsorption studies werether figures) adsorption isotherm is initially concave to the
carried out with acridine orange over various adsorbentssolution concentration and then plateau. In L-type adsorp-
namely calcium oxide, magnesium oxide and zinc oxide fortion isotherm, initially it is like H-type, then a plateau, fol-
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Table 1
Mode of adsorption and monolayer capacities of acridine orange on metal oxides
Adsorbent X/m (mono) X/m (max) Isotherm type Monolayer/Multilayer  Figure
Fresh MgO 1.29 6.46 S-type Multilayer 1
MgO washed 2.87 8.44 L-type
in 0.1N HCI Multilayer 2
MgO washed 0.846 9.4 S-type
in 0.1N Na OH Multilayer 3
Fresh CaO 1.13 7.45 L-type Multilayer 4
CaO washed 0.941 8.56 L-type
in 0.1N Na OH Multilayer 5
Ca O washed 1.45 6.6 H-type
in 0.1 N HCI Monolayer 6
Fresh ZnO 0.4 6.63 S-type Multilayer 7
ZnO washed 0.134 3.34 L-type
in 0.1N NaOH Multilayer 8
ZnO washed 0.632 1.36 L-type
in 0.1 N HCI Multilayer 9
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lowed by another rise and possibly another plateau. The ini-al'O’
tial rise in adsorption depends upon the number of adsorp-!\gl
tion sites available. The plateau signifies the completion of&O 5 |
monolayer i.e., saturation of surface and further adsorption?‘i< '
takes place only on new surface developed. The length of the
plateau in an isotherm indicates a high energy to be over- o ) ‘ ‘ ‘ ‘ ‘
come before additional adsorption can occur on new sites. 0 2 4 6 8 10 12
The start of a plateau indicates a monolayer completion. Fur- Ce (ppm)

Fig 9. Adsorption of acridine orange on washed ZnO in 0.1N

ther rise in an adsorption isotherm signifies the multilayer _
HC1 solution.

formation. The L-type isotherms are very commonly observed

in the present studies. The isotherms are related with the mOd'?his is an interesting case because the basic dye shows the

of adsorption, orientation of adsorbed species, adsorptior}everse case as was observed in our previous paper (Mirza
affinity monolayer or multilayer formation. The adsorption et al 1988). This is due to the fact that metal oxides itself

data like isotherm monolayer capacity, possibility of multi- shows some interaction with the acridine. In case of fresh

layer formation for acridine orange is shown in Table-1. metal oxides , the adsorption capacity is less because there is
The monolayer adsorption capacity was determined from therepulsion between basic dyes and the solid oxides, whereas,
plateau (Brunaur’s point) on the isotherm. The results indi-in case of ZnO the situation is different because ZnO is not a
cate that the metal oxides surface treated with sodium hybasic in nature. But in case of base treated substances there
droxide possess an increase in adsorption capacity as conis some type of interactions develop between solid metal
pared to those of acid treated surfaces. This trend has beepxides and the basic solution. In this regard there is greater
observed overall in metal oxides. This may be attributed duenteractions between the metal oxides and acridine dye. On
to acid-base interaction of the adsorbate with the adsorbenthe other hand when solid surface treated with HCI, then there
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is strong force of attraction between solid surface and acid  diagnosis of adsorption mechanism and in measurement
molecule appears and weak interactions between acid treated  of specific surface areas of solidChem So08973-3993.
surface and dye occurs. Thus comparing to NaOH treatedMlinguang D J 1997 Adsorption of cationic and anionic dyes
surface, the adsorption capacity in acid treated surface is fur-  on activated carboiColloid Interface Scil98(1) 6-10.
ther decreased. This anomolous behavior is due to the fadtlirza M L, Wadood A, Igbal J, Nawaz S 199®rption of
that repulsion occurs between oxide surface and dye mole-  acridine orange on cellulos&Res Sc¥(1-2) 13-16.

cules, as seen by metal oxides and acridine, both have somdirza M L, Wadood A, Igbal J, Nisa Q 1992 Sorption
basic properties. Therefore as compared to acid or base treated behaviour of Safranine-T on siliciNat Sci and Math
substances adsorption is less in case of fresh metal oxide. But 31 (2) 185-191.

on the other hand if the metal oxides are treated with NaOHMotoshi N, Yoshio M, Hiroshi S 1990 Adsorption character-
then metal oxides show some type of acidic behavior and  istics of amorphous mixed-oxide gels for dyes in aque-
more interaction with basic dyes . Itis also clear that adsorp-  ous solutionsHamamatswapar432 81-87.

tion of dye on the surface of these oxides are less as comSeong T, Kim K, Myung 3991 Adsorption and surface reac-
pared to the acid treated dyes as well as base treated. Thus tion of acridine in silver sol: Surface-enhanced Raman
the adsorption of dyes on ZnO is less as compared to MgO  spectroscopic study. Phys Cher85(22) 8844-8849.

and CaO due to the transition nature of the metal. Shimada H, Maru Y, Yasuoka T 1992 Development of tea-
ching materials by using adsorption of methyl orange
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Plant anatomical characters presumably influencing resistance and susceptibility to yellow stem borer (Y SB) infestation
were studied. Rice varieties having broader and thicker sclerenchymatous hypodermis, compact parenchyma cells of
ground tissue, small air spacesin the ground tissue, more vascular bundleswith narrower spaces between vascular bundles,
ridged stem surface containing vascular bundles and narrower pith are considered to be charactersfor resistance. Whereas
thinner sclerenchymatous hypodermis, loose parenchyma cells of ground tissue, larger spaces between vascular bundles,
wider pith and larger air cavities, might be responsible for the susceptibility to (Y SB). In the present study TKM6, BR1
and Nizersail were found to be resistant to (Y SB), while TN1, IR8, BR3, BR4 and BR14 were susceptible varieties.

Key words: Rice varieties, (Y SB) yellow stem borer, Anatomical characters, Resistance.

Introduction

Stem borers are major pests of rice in Bangladesh. The pre-
dominant species is Scirpophaga incertulas (Walker). The
other pyralid, Chilo polychrysa (Meyrick), Scirpophaga
innotata (Walker) and the noctuid, Sesamia inferens (Walker)
occur in varying proportions, depending upon the locality
and the extent of cultivation of rice and other graminaceous
crops. The yellow rice stem borers could be controlled con-
siderably by modern organic insecticides, but the effective-
ness of this measure depends on the proper timing of the
insecticide application to coincide with the vulnerable stages
of the pests. Theinsecticide control istemporary, and the use
of insecticide islimited because they destroy natural enemies
of the pest, as well as because of their toxicity to mammals
and fish. Moreover, in areas where overlapping insect gene-
rations occur, repeated treatments are required to keep their
numbers below levelsthat will cause economic damage. The
problem is further complicated when frequent rains remove
insecticide residues (Pathak 1967).

Thus, it is important to study control measures, which will
result in cumulative reduction in the insect population. The
use of relatively resistant varieties as a means of control in
endemic areas, in addition to the other control methods, has
great economic potential (Isragl 1967). This method has been
found to be particularly effective against insect pests, like
yellow rice stem borer, which have high host-plant specific-
ity and because of feeding habits and difficulty to reach with
conventional methods of control. The host-plant resistant
method operates at al levels of the pest population and is
compatible with other methods of control.

Stem borer larvae haveto eat their way into the stem, it would
be expected that stems with thick culm tissues would offer
resistance to larval boring (Pathak et al 1971). Experiments
showed that varieties with a narrow stem lumen were less
susceptible to borers (Seko and Kato 1950 a and b; Van and
Guan 1959; Isradl et al 1961). Stems with thick layers of lig-
nified tissueswerelessinfested, and distance between vascu-
lar bundles of the stem directly correlated with susceptibility.
V arietieswith vascul ar bundles arranged closer than thewidth
of the larval head offered resistance to larval boring. Also,
varieties with thick layers of sclerenchymatous tissue were
generally less infested than varieties, which had thin layers.
Van and Guan (1959) believed that thickness of sclerenchy-
matous tissue to be the major basis of resistance.

The present research work was undertaken to study the plant
anatomical characters presumably influencing resistance and
susceptibility to Y SB infestation.

Materials and Methods

Resistant and susceptible varieties of rice plants were grown
in the BAU Farm in aus and aman seasons of 1996. Twenty
onericevarietiesin aus (TKM6, TN1, IR8, IR29, BR1, BR2,
BR3, BR6, BR7, BR8, BR9, BR12, BR14, BR15, BR16,
BR20, BR21, Dular, Gomvir, Hashikalmi and Purbachi ) and
elevenricevarieties(TKM6, TN1, BR4, BR10, BR11, BR22,
BR23, Kalizira, Nizersail, Purbachi and Tulsimala) in aman
season were grown for this study. Specimens of rice stem
from basal partswere collected after 100 days of transplanta-
tion and fixed in FAA (Formalin-aceto-alcohol) fixative. The
stem parts were washed in running water for 5-6 h and dehy-
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drated in a series of ascending grades of acohol (i.e. 30, 50,
70, 80 and 90% upto absolute alcohol for 5-10 min each. The
dehydrated specimens were kept in cedar wood oil for a
period of ¥2 h to overnight. The cedar wood oil was removed
formthetissueby placingitinxylenefor ¥2to 1 h. It wasthen
transferred to melted paraffin, a commercial embedding
compound of M.P 56 to 58°C and placed in an incubator at
60°C. Severa changes of the paraffin (e.g. %2 xylene + Y2
paraffin for 1 and Y2 h liquid paraffin for 2 h pure paraffin
at 60°C for overnight) were made over a period of approxi-
mately 8 h to overnight and the tissue was embedded in it
and blocks were prepared.

A rotary microtome adjusted to cut section 5-10 micronsthick
and was used. The ribbon of section was placed in hot water
bath at atemperature of 50°C and after thefilmwasuniformly
stretched the ribbon of sectionswas transferred to moistened
dide that had been coated with a very thin film of Mayer's
egg albumen fixative. Slideswereusually left on the hot plate
(approximately 45°C) overnight for drying. Heidenhainsiron
hematoxylin and safranin following the methods of Grideley
(1960) and Metcalfe (1960), stained the sections in slides.
The stained sections were covered by a cover slip, mounted
on Canada balsam and these were examined under micro-
scope to study the variation of anatomical cha-racteristics of
resistant and susceptible varieties.

Results and Discussion

Anatomy of stem of rice varieties in transverse section is
shown in Fig 1-8. The hypedermis of rice variety TKM®6, is
found to be composed of three layers of heavily lignified
sclerenchymatous cells (Fig 1aand 1b). Vascular bundlesare
fairly and closely arranged in two distinct circles, the outer
one is either within or attached to the hypodermis and the
inner one is distributed in the middle of the ground tissue.

. B
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There are five vascular bundles in the outer circle and six in
theinner circle (Fig 14).

The hypdermis of BR1 consists of threelayers of sclerenchy-
matous cells. The parenchymacells of ground tissue are much
compact. Vascular bundlesare arranged intwo rows, the outer
row isinthe middle of the ground tissue (Fig 2aand 2b). A half
ring of smaller sized compact parenchymatous tissue con-
nects the vascular bundles of outer circle. A small air cavity
is seen within the half ring. The arrangement of one vascular
bundle of outer and inner circle is in the same radial line
whereasthereisan another vascular bundleintheinner circle
appearing just below the half ring. There are two vascular
bundlesin the outer row and four in the inner row (Fig 2a).

The hypodermis of Nizersail consists of three layers of scle-
renchymatous cell. There are two rows of vascular bundles;
the outer row is located within the hypodermis and the inner
is in the ground tissue (Fig 3a and 3b). The surface of the
stemis not smooth, but with some ridges each containing one
vascular bundle. There are four vascular bundlesin the outer
row and fivein the inner row (Fig 3a).

The hypodermis of TN1 ricevariety consists of three layer of
sclerenchyma (Fig 4a and 4b). The parenchyma ground tis-
sues are loosely arranged. There are two rows vascular
bundles; the outer row embedded in the hypodermis forms a
dlight ridges on the epidermis and theinner row is distributed
in the middle of the ground tissue. Five and four vascular
bundlesare observed in the outer and inner rows, respectively
(Fig 4a).

The hypodermis of IR8 variety consists of twoto three layers
of sclerenchyma. Hair like projections is observed in the
cuticle. Vascular bundles are arranged in two distinct circles,
the outer circle isin the hypodermis forming slight ridgesin
the epidermisand theinner circleisinthe middle of theground

Fig 1a&b. Transverse section of the stem of TKM®6 showing fairly closely arranged vascular bundles (1a) and heavily lignified hypo-
dermis (1b) (1a, X85; 1b, X340). (h, hypodermis; vb, vascular bundle).
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tissue with prominent protoxylem lacuan (Fig 5a and 5b).
Three vascular bundles in the outer circle and four in the
inner circle are seen (Fig 5a). Intercellular spaces of ground
tissues are moderate.

Transverse sections of stem of BR3 rice are shown in Fig 6a
and 6b. Three to four layers of sclerenchymatous cells are
seeninthe hypodermis. Epidermisformsdight ridgesinwhich
vascular bundles of outer circle are located. The vascular
bundles of inner circle are not properly arranged in arow but

M Shahjahan

centered in the middle of the outer circle with a prominent
protoxylem lacuna. There are four vascular bundles in the
outer circle and four to five in the inner circle (Fig 6a). The
parenchyma cells of the ground tissue appear to be loosely
arranged. Intercellular spaces are moderate.

In the transverse sections of stem of BR4 rice variety three
layers of sclerenchyma are observed in the hypodermis. A
row of conspicuous air cavities of unequal sizesand variable
outlines, formed by the fusion of parenchymatous tissue, is

Fig 2a& b. Transverse section of the stem of BR1 showing highly lignified hypodermis (2b) and radially arranged doubl e circled vascular
bundles, the outer one connected by a half ringed compact parenchyma beneath which lie an additional vascualr bundle (X85).
(ac, air cavity; h, hypodermis; pt, parenchymatous tissue; vb, vascular bundle).

Fig 3a& b. Transverse section of the stem of Nizersail showing ridged epidermis bearing outer rows of vascular bundle, the inner rows of
vascular bundle being grounded in the ground tissue (3a, X85; 3b, X340). (re, ridged epidermis; vb, vascular bundle).
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Fig 4a&b. Transverse section of the stem of TN1 showing
loosely arranged ground tissues, the outer rows of
vascular bundle embedded in the hypodermisand the
inner rows distributed in the middle of the ground
tissue (4a, 85; 4b, X340). (gt, ground tissue; h, hy-
podermis; vb, vascular bundle).

present in between the outer and inner circles of vascular
bundles. A half ring of compact parenchyma surrounds each
air cavity and this half ring connects the vascular bundles of
outer circle. Vascular bundles are fairly and widely spaced
and arranged in two distinct circles, the outer circle being
closed to the hypodermis and the inner circleisin the ground
tissue between therow of air cavitiesand the hollow centre of
theculm (Fig 7). Only two vascular bundlesin the outer circle
and three in the inner circle are found (Fig 7).

In the transverse sections of stem of BR14 rice variety, three
to four layers of sclerenchymatous cells are found in the

Fig 5a& b. Transverse section of the stem of IR8 showing hy-
podermis bearing outer rows of vascular bundle. The
vascular bundle of inner rows shows prominent pro-
toxylem lacuna (5a, X85; 5b, X340). (h, hypoder-
mis; pl, protoxylem lacuna; vb, vascular bundle).

hypodermis. A row of air cavities is observed in the ground
tissue just in between the outer and inner circles of vascular
bundles. The vascular bundles of outer circle are closed to
the hypodermis, whereas the inner row is situated in between
the air cavities and the hollow culm (Fig 8a and 8b). A half
ring of fused parenchyma surrounds each air cavity. There
are three vascular bundles in the outer circle and three in the
inner circle (Fig 8a). The parenchyma cells of ground tissue
are rather less compact.

Therate of infestation of Y SB to different rice varietiesindi-
cates that TKM6, BR1 and Nizersail are resistant and TN1,
IR8, BR3, BR4 and BR14 are susceptible to the insect pest
(Shahjahan 1995). The results of the present study are in
agreement with earliers (Akinsola 1973; Alam et al 1985;
Chaudhary et al 1984; Heinrichs et al 1982) who reported
that TKM6 and BR1 were resistant and TN1, IR8 and BR3
were susceptible.
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Fig 6a& b. Transverse section of the stem of BR3 showing outer circle of vascular bundles embedded in the hypodermis, the inner circle
centered in the ground tissue in between the two outer bundles with a prominent protoxylem lacuna (6a, X85; 6b, X340). (h,
hypodermis; gt, ground tissue; pl, protoxylem lacuan; vb, vascular bundle).

Rice varieties having comparatively broad and thick scleren-
chymatous hypodermis and small air spaces in the ground
tissue are considered to be resistant to Y SB (Van and Guan
1959; Isradl et al 1961; Pathak 1967). Seko and Kato (1950
b,c) reported that varieties having narrower spaces between
vascular bundlesalso exhibitsresistanceto Y SB. Ricevariet-
ies with ridged stem surface having vascular bundles were
generally reported to be lessinfested by Y SB than those with
smooth surface (IRRI 1965). In the present study it isrevealed
that in BR1 rice variety the hypodermis consists of compact
cells and has more vascular bundles with narrower spacesin
inner circle. InTKM$, the spaces between the vascular bundles
are much narrower. The additional vascular bundlein thein-
ner circle may be one of the factors of Y SB resistance. There
areno air spacesin the ground tissue of TKM6 and Nizersail.

Fig 7. Transverse section of the stem of BR4 showing conspi
cuous air cavities in between outer and inner circles of
vascular bundle (7, X85). (ac, air cavity; pt, parenchy-
matous tissue; vb, vascualr bundle). Thicker hypodermis and ridges containing the vascular

: ! G L) 4
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Fig 8a& b. Transverse section of the stem of BR14 showing conspicuous air cavities in the ground tissue in between outer and inner
circles of vascular bundles (8a, X340). (ac, air cavity; gt, ground tissue; vb, vascular bundle).
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bundles in the outer surface of epidermis might also contri-
bute to resistance to Y SB in Nizersail.

Thinner hypodermis, loose parenchyma cells of ground tis-
sue, larger spaces between vascular bundles and wider pith
might be responsible for the susceptibility of TN1, IR8, BRS,
BR4 and BR14 to the YSB (Seko and Keto 1950 a and b;
Israel et al 1961; IRRI 1964 and 1965; Isragl 1967; Pathak
et al 1971). In addition, larger air spaces of BR4 and BR14
make them more susceptible to the insect pest (Isragl 1967).
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Tylenchorhynchus fatimasp.n was collected around the roots of coconut field, Malir and coconut plants from PCSIR
campus, Karachi is described and illustrafedfatimaesp.n comes close . brassicagSiddiqi 1961),T. tuberosus
(Zarina and Magbool 1994, tritici (Goldenet al1969) andr. rubustoidegThorne and Malek 1968) but differs in stylet
length, general shape of the body and DGE@ocenamus rugosiiBhorne and Malek 1968) Brezeski 1991 is reported for
the first time from Pakistan are listed. MeasurementSamicenamus rugosuse given from paratype and rest of the
measurements from illustration are mentioned in Table 1.

Key words Coconut, NematodesTylenchorhynchus fatimasp.n.

Introduction genus intaMerlinius (1970) and later he kept his genus into

The genudylenchorhynchuwas established by Cobb (1913) ScutylenchuasS. rugosug1979). Whereas, Brezeski (1991)
when he discoverd that cylindricuswas found in soil from lateron, after a comprehensive studies placeq this genus.mto
reclaimed coastal swamp lands in Southern California. In hi€>0cenamuasG. rugosug1991). We have studied the speci-
excellent review of the genliylenchorhynchygllen estab- ~ Mens collected from Sindh, Pakistan and reported it.

lished its taxonomic criteria #055. Goldert al(1987)raised
the subfamilyTylenchorhynchina€Eliava 1964) to family
rank and provided a key to the six genera included at thathe soil samples were collected around the roots of various
time. Hooper (1978) discussed the history of the genus. IDate Palm trees in PCSIR Campus and later soil samples were
descri-bing four newl'ylenchorhynchuspecies Sturhan also taken from coconut farms, Malir. These samples were
(1966) recognized 73 valid species in the genus and indibrought to the laboratory and kept & % incubator. These
cated 10 additional forms as species inquirendae. By 1970yere processed by following Cobbs sieving and gravity
96 species were described. Most of the species included umethod (Cobbs 1918) and later modified by Baermann’s
derTylen-chorhynchubave now been placed in new genera method. Nematodes were collected under stereoscopic bino-
by diffe-rent workers. The most important characteristic usedcular, relaxed by gentle heat and processed by slow method
in distinguishing these genera is the number of lines, rangingf glycerin according to Thorne (1961) and mounted in anhy-
from three to six, in the lateral fiellylenchorhynchusow drous glycerin and sealed with zut cement. lllustrations were
contains those species having four lines in the lateral fieldmade with the help of Camera Lucida attachment.

Tarjan (1973) gave a valuable key and a table of diagnostic

data on species. Siddigi and Jairajpuri (1982) proposed resur- Tylenchorhynchus fatimae**n.sp. (Fig 1)

rection of the subgenw&itylenchugFilpjev 1934) under the
genusTylenchorhynchuand Jairajpuri (1982) gave a key to
16 species of the subgemBitylenchusBy 1984, 79 species
of Tylenchorhynchusrere described.

Materials and Methods

Holotype female L=0.6 mm; a=37.2; b=5.32; c=15.2; ¢'=2.4;
V=54.6

Paratype females L=0.57-0.65 (03178)mm; a=27.3-34.2
(30.75t4.8); b=5.2-6.5 (5.860.91);

Here one new specie ®flenchorhynchuis described from c=13.5-16.8 (15.1H2.3); ¢'=2.48-3.2
Pakistan. Comments are added3@ocenamus rugoswvhich (2.84+0.5); V=54-56.4% (55.21.2);
was previously described by Siddigi (1963), who then put his spear=14.6-14.8 (14£0.1um
*Author for correspondence. *Name of the specie is given in the Paratype male L=0.62-0.64 (0.681.4)mm; a=35-38
memory of Miss Nighat Fatima, who lived for Nematology and died (36.72.4); b=4.2-5.5 (4.860.56);

for Nematology. c=14.4-15.2 (14480.56); T=64.2-67

446



New Species of Tylenchorhynchus 447

(59.1#5.1); spicules=22.2-23.4
(22.8t0.8)um; gubuernaculum=11.5-12.2
(11.5£0.35)um; spear=14.5-14.9
(14.#0.2)um

Description Heat of the body relaxed nematode ventrally
arcuate slightly. Cuticle marked by fine annulations, b
thick near the mid body. Lip region prominent, broadly
rounded, 3.2-3.¢um in height and 6.2-6.Am wide; spear
knobs 2.3-2.44um in breadth. Lateral field 4.4-418n wide

in middle region of the body containing four lateral lines, outer
incisures are crenate. Orifice of dorsal esophageal gland
2.4-2.6um behind spear base; body width at basal knobs 9.6-
10.2 um. Procorpus prominent, 34-3fn in length and
metacorpus prominent 9-10n with valve; Isthmus tubular,
narrow, 24-33um long; nerve ring encircling isthmus in the
middle. Excretory pore located at the distance of 88435
from the anterior region. Hemizonids located just above a few
annules anterior to distinct excretory pore. Basal oesophageal
gland cylindrical 10-12 x 19-2@m with prominent nucleus

at the center; cardia conoid, 4.5-am in length, vulva trans-
verse, slit like and vulval opening covered by the lateral cuti-
cular membrane, 9-1Am long; oocytes arranged in a single
row; spermathica prominent, 4én in diameter with rounded
sperms. Posterior intestinal sac present. Tail subcylindrical,
43.5um in length bearing 35-40 annules; tail terminus smooth.
Phasmids located anteriorly to the middle of the tail.

40 pm

Male. Similar to female in general shape of the body. Spear | {1,2,34

14.2 um in length; spicules paired, cephalated with distal _ _

flanges, 21.51m long; gubernaculum and bursa typical of ~ Fig 1. Tylenchorhynchus fatimaen. sp., 1=Fully body length;
the genus with crenate margin enveloping tail. 2=Esophageal region; 3=Female tail and 4=Male tail.

Type locality Collected f th il d th ts of
yp y .0 ected from the sol arouh © roots o T. fatimaeis also similar tdrl. tritici (Goldenet al 1987) in
coconut palms, in PCSIR Campus, Karachi and also from ) .
. . . general shape of the body but differs in D.G.O length (DGO
the soil samples taken from coconut plants, Adil farms, Malir; o . .
area in T. tritici 2.1-2.5um. T. fatimae2.4-2.5um). T. fatimaen.sp
' is also different fronT. tuberosusn having well developed
Type slideHolotype and paratype slides deposited in Nema-fasciculi (serpentine canals). Whereas small serpentine
tological Collection, Food and Marine Resources Researclganals present ifi. tuberosusT. fatimaen.sp. also differs
Centre, PCSIR, Karachi. from T. rubustoideg¢Thorne and Malek 1968; Siddigi 1986)
in shape of the lip region, short stylet being 1516 in

Diagnosis Tylenchorhynchus fatimagsp comes close to X . .
g y y P T. rubustoidesgnd 14.5-14.9m in T. fatimae

T. brassicadSiddiqgi 1961) in general shape of the body but
differs in having smaller spear, anteriorly located vulva andGeocenamus (Thorne and Malek 1968) Brezeski.1991
presence of vulvular flap. SpiculesTinfatimaen.sp. 22-23.4  Diagnosis (amendedBelonolaimidae. Body length 0.5-

pm whereas irT. brassicae?3.6-25.3um. T. fatimaen.sp. 1.1 um. Lateral field with six distinct incisures, although
looks apparently similar 0. tubersus(Zarina and Magbool  additional lines may be present. Longitudinal body striations
1994) in general body shape but differs in body length, smalkre either present or absent. Deridis may or may not be present
stylet (stylet inT. fatimael4.4-14.8um. T. tuberosuf0-22 opposite to excretory pore in four incisures of the lateral field.
um) T. tuberosusalso differs fromT. fatimaen.sp. in DGO  Labial region continues with body contour or set-off to
(DGO inT. tuberosug2.4-3.2um. T. fatimae2.4-2.5um) varying degree. Labial disc rounded, hexagonal or slightly
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laterally elongated. Lateral sectors of labial region may beComments

somewhat smaller than dorsal and ventral sectors. AnterioBody slightly arcuate after relaxing by gentle heat, annula-
head annuli is divided into six sectors by longitudinal ridgestions of body prominent, lateral field marked with six distinct
(not observed is.varianiug. Stylet thin to robust,length of incisures, the outer most crenate. Lip width with 5-7 annules,
known species vary from 9-138n, cone is seldom larger set-off by deep constriction. Internal framework of head mod-
than 55-60% of total stylet length.Dorsal esophageal glanctrately developed, lip width (13.851.2) um, stylet 21-27
orifice 1-3um posterior to stylet knob. Oesophagus off-set (24 + 4.2) um long, stylet knobs 4-4.5 (4.250.35)um di-

from intestine. Female tail cylindrical to conical, c’usually ameter on anterior face. Oesophagus tapering to a narrow tube
2-4, thickened terminal cuticle not pronounced. Male spiculeswvhere it attaches to the median bulb. Excretory pore are 110-
are without distinct velum. Gubernaculum, epiptgyma and113 um from anterior region or opposite to anterior of the

hypotgyma are present.

Type speciesseocenamus tenuiderfEhorne and Malek
1968; Brezeski 1991).

Syn.Tylenchorhynchus polonici®ycyziel 1970.
Syn.Merlinius polonicugSycyziel 1970) Tarjan 1973.
Syn.Geocenamus polonicuéSycyziel 1970) Sturhan 1981.

Geocenamus rugosud horne & Malek 1968) Brezeski,
1991 (Fig 2)

500 L=0.70-0.82 (0.A2.6)um; a=25.6-30.2 (2748.2);
b=5.3-5.6 (5.480.21); c=13.3-18.2 (15.%3.46);
€'=2.2-2.5 (2.3%0.21); V=53-56 (54.52.12);
stylet=21-27 (244.2)um; nerve ring=90-11Qum;
lip width=13-14.7 (13.851.2),

Male not found.

30 um

50 pum

11,2,3,45

Fig 2. Geocenamus rugosud=Fully body length; 2=Esoph-
ageal region; 3=Vulval region; 4=Esophageal gland and
5=Tail region.

basal bulb. Cardia somewhat discoid. Intestine is packed with
large and dark granules. Female reproductive system
diadelphic and amphidelphic outstretched, vulva prominent.
Female tail composed of 16-24 annules of equal width. Tail
slightly conoid, tapering to a smooth blunt end, phasmid some-
what variable in position. (This is the first record of this specie
from Pakistan).

RemarksG. rugosugBrezeski 1991) is simildo G quettensis
(Magboolet al1984) in body shape but differs in stylet length
(G. rugosu24+ 4.2um, G. quettensi®1um), in the length
of excretory pore from anterior region and also differs in tail
annulations G. rugosusl 6-24pum, G. quettensi®4-30um).

G. rugosusimilar toG. baluchiensigMaqgboolet al1985) in
body shape but differs in ¢’ valu&(rugosus2.35+ 0.21
pum, G. baluchiensis3.0 £ 0.05um) and in stylet length
(G. rugosus24 + 4.2 um, G. baluchiesis 17+ 0.4 um). It
also differs in length of excertory por&.(rugosusl10-113
pm, G. baluchiensis90-95um). G. rugosussimilar to

G. niazag(Magboolet al 1983) in body shape but differs in
stylet length G. rugosu®1-27um, G. niazael4-16um) and
also in tail annuli G. rugosusl6-24, 45-52 in numbers).

Other species

. adakensi¢Bernard 1985) Brezeski 1991

. baluchiensigMagboolet al 1985) Brezeski 1991

. bravaricug(Bavaricus 1966; Siddigi 1970) Brezeski 1991
. brevidengAllen 1955; Siddigi 1970) Brezeski 1991
. koreanugChoi and Geraert 1971) Brezeski 1991

. hiazag(Maqgboolet al 1988) Brezeski 1991

. nanug(Allen 1955; Siddiqi 1970) Brezeski 1991

. quadarifer(Andrassy 1954) Brezeski 1991

. quettensigMaqgboolet al 1984) Brezeski 1991

. rugosugqSiddiqi 1963) Brezeski 1991

. siddiqii (Mulk 1978) Brezeski 1991

. soboleviMukhina 1970) Brezeski 1991

. stegugThorne and Malek 1968) Brezeski 1991

. thomasiSkwiriz 1984) Brezeski 1991

. tetylus(Anderson and Ebsary 1982) Brezeski 1991
. variabilis (Shahalina 1983) Brezeski 1991

. varians(Thorne and Malek 1968) Brezeski 1991

ODOOOOOOOOOOOLOOOO®
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Geocenamus koreanu&hoi and Geraert 1971) Locality and hostsCollected the soil around the roots of
Brezeski 1991 (Fig 3) wheat, Tricticum vulgarg, Malakundh Agency and some
500 L=0.86-0.95 (0.908.056)mm; a=37-38.5 unknown grasses.
(37.75:1.06); b=7.2-8.6 (7£0.98); c=12-13.6 Acknowledgement

(12.8t1.13); ¢'=3.4-4 (3.20.42); V=68-69
(68.5£0.7); stylet=21.5-26.1 (23t3.25um
Male not found

Authors are grateful to Dr. Rabia Zuberi HRD, PCSIR Labo-
ratories Complex, Karachi for encouragement and providing
necessary facilities for working especially on computer.
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Plant breeders are more interested in genetic variance rather than phenotypic variance because it is amenable to selection
and bring further improvement in the character. Twentyeighgrégenies were tested in two environments so as to
predict genetic variances, heritability estimates and genetic gains. Mean squares for locations were significant for all the
five traits suggesting that genotypes performed differently under varying environments. Genetic variances, in most cases,
however, were about equal to that of phenotypic variances consequently giving high heritability estimates and significant
genetic gains. The broad sense heritability estimates were; 94.2, 92.9, 33.6, 81.9 and 86.9% and genetic gains were;
30.19, 10.55, 0.20, 0.89 and 1.76 in seed cotton yield, bolls per plant, lint %, fibre length and fibre uniformity ratio,
respectively. Substantial genetic variances and high heritability estimates implied that these characters could be improved
through selection from segregating populations.

Key words Genetic variability, Heritability estimates, Upland cotton.

Introduction heritability estimates for five quantitative traits of upland cot-

Plant breeders can easily observe and measure phenotyd@"- Ten plants from each genotype were randomly tagged
variation in plant populations, which is conditioned by the fOr recording on seed cotton yield per plant in g, number of
joint action of both genetic and environmental factors. How-PlIS Per plant, lint percent, fibre length measured in mm and

ever, breeders are more interested in determining the propotNiformity ratio. The experiment was carried out in rando-
tion of genetic variation from available total phenotypic mized complete block design with four replications at two

variance, whereas environmental effect is considered unimlocations, one at Sakrand and other at Ghotki during the
portant and hence is neglected. crop year 2002. The combined analysis of variance was done

according to Gomez and Gomez (1984) with MSTAT-C soft-
The success of any breeding venture, therefore, dependgare. The row-to-row and plant-to-plant distances were 2.5
mainly on the presence of abundant genetic variability for &eet and 9.0 inches, respectively. All the inputs like fertilizer
traiti.e. is amenable to selection. Thus, the knowledge of deg(150 kg/ha Nitrogen in three split doses), irrigation (eight irri-
ree of genetic variability that is transferable to the progenyyations with 15 days intervals) and insecticides (two sprays
referred to as heritability is also of great importance inimpro-fo, sucking and two for bollworsm pests) were applied as
ving any quantitative trait. recommended for our local conditions. Broad sense heritabi-

From total genetic variability, it is again additive variance lity estimates on entry mean basis were calculated as the pro-
and additive gene action, which play an important role in selecPortions of genetic variance®) over phenotypic variance
ting and improving multigenic traits. Though, lot of work on (0°p) by Fehr (1987). The genetic gain was calculated accor-
genetic variability and heritability estimates have already beerling to Falconer (1989) with little modification as: G*h

carried out, yet the differences always existed due to eithéfynere R is broad sense heritability and D is the selection
material and methodology used and environments in whichyitterential. Broad sense heritability is defined as the propor-

the material is tested (Meredith 1984; Efe and Jancer 1998, ot otal genetic variance over the phenotypic variance as:
Khadiet al1998; Moseet al1999; Baloch and Bhutto 2003). . = 6%glop, Where D = lap and k is selection differential in

The main objectives of present study were to determine herigiandard units at 10% = 1.76 aod is the square root of
tability and genetic variances and to predict genetic responseshenotypic variance.
to polygenic traits.

Results and Discussion

Materials and Methods Genetic variability and heritability estimates are considered

Twenty eight  progenies were developed from 28 different as very important parameters for the improvement of any
cross combinations so as to determine genetic variability anduantitative trait. The mean performance, genetic variances,
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correlation coefficients, heritability estimates and geneticwords, genotypes were not consistent in their performance
gains were obtained from 28 upland cotton crosses ifhe over testing sites. However, the genotypes’ mean squares for
results depicted in (Table 1) indicated significant differencesall the traits were greater than genotype x environment com-
in the mean performance of genotypes for five quantitativeponents, which also demonstrated that environment though
traits, seed cotton yield per plant, number of bolls per plantjargely affected genotype’s performance, yet substantial
lint percent, fibre length and uniformity ratio. The seed cot-improvement is possible in the traits studied. Correlation
ton yield varied from 60.6 to 135.5 gm, bolls per plant from stydies help plant breeders in two ways, i) to bring simulta-
21.8 to 48.5; lint % from 35.1 to 36.4; fibre length from 25.4 heous improvement in two or more traits if they are posi-
to 28.7 mm and uniformity ratio from 44.1 to 49.9 %. tively correlated, ii) to improve the traits through indirect
The analysis of variance presented in (Table 2) indicates sigselection if the targeted trait is difficult to select. Correlation
nificant effect of the environment on all the five polygenic coefficients between yield and other traits were therefore
traits. The interactions between genotype x environment werworkedout (Table 2) which suggested significant positive
also significant, further suggesting that the genotypes’ percorrelations with bolls per plant (r = 0.999), positive but non-
formance have changed over the test environments. In oth&ignificant with lint % (r = 0.450), negative and non-signifi-

Table 1
Means of 28 Fprogenies for various polygenic traits in upland cotton evaluated in two locations

S. F progenies Seed cotton Boll per plant Lint (%) Fibre length Uniformity
no. yield/plant (g) (mm) ratio (%)
1. VH-137 x FH-1000 127.80 46.00 35.30 26.60 46.60
2. FH-901 x FH-1000 102.60 36.60 35.30 27.30 46.80
3. CRIS-476 x FH-1000 116.30 41.10 35.70 27.30 46.40
4. Cyto-51 x FH-1000 107.00 38.30 35.60 26.50 46.90
5. CRIS-468 x FH-1000 60.60 21.80 35.60 26.60 45.60
6. CRIS-467 x FH-945 70.70 25.50 35.10 26.90 48.00
7. Cyto-9/91 x FH-945 91.00 32.60 36.10 27.20 47.30
8. Cyto-51 x FH-945 76.10 27.30 35.40 26.60 46.40
9. CIM-473 x FH-945 85.10 30.50 35.30 27.40 47.10
10. VH-137 x FH-945 109.70 39.30 35.80 27.10 47.40
11. FH-901 x CIM-707 91.10 32.60 36.20 27.30 44.30
12. VH-137 x CIM-707 85.70 30.70 36.00 28.70 46.00
13. Cyt0-9/91 x CIM-707 86.90 31.10 35.50 26.70 45.80
14. Cyto-51 x CIM-707 86.90 31.30 35.20 27.40 48.20
15. CRIS-468 x CIM-707 69.70 25.00 35.40 26.80 46.00
16. Cyto-9/91 x CIM-473 83.30 29.90 36.40 26.60 45.60
17. Cyto-51 x CIM-473 110.70 39.60 35.70 25.40 46.50
18. CRIS-468 x CIM-473 80.30 28.70 35.70 26.80 46.30
19. CRIS-467 x CIM-473 95.60 34.20 35.70 26.40 47.10
20. FH-901 x CIM-473 107.00 38.30 35.50 26.70 46.40
21. Cyto-9/91 x CRIS-468 135.50 48.50 36.00 25.90 47.70
22. FH-901 x Cyto-51 84.60 30.30 36.10 26.90 46.40
23. Cyto-51 x CRIS-467 121.40 42.90 35.40 26.80 47.00
24. CRIS-468 x Cyto-51 91.20 32.60 35.60 27.00 49.90
25. CRIS-468 x Cyto0-9/91 117.80 42.20 35.10 28.00 45.80
26. VH-137 x CRIS-467 102.60 36.70 35.60 26.10 46.30
27. CRIS-467 x Cyto-9/91 87.80 31.40 35.70 26.90 44.10
28. CRIS-467 x CIM-707 84.60 30.30 36.10 26.60 45.30

Population mean 95.30 34.10 35.70 26.90 46.50

LSD (5%) 5.18 1.88 0.40 0.62 0.79
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Table 2
Mean squares for five polygenic traits in studied 28rBgenies of upland cotton
Source of variation  Degrees of Mean squares
freedom Seed cotton yield Bolls per plant Lint % Fibre length  Uniformity ratio

Location 1.0 366.18 62.16™ 208.090" 44.286" 158.458"
Rep/Loc. 6.0 29.47 3.75 0.657 0.143 0.795
Genotypes 27.0 2668.55 335.23* 0.9086* 3.0758* 10.646"

Loc. X Geno. 27.0 155.39 23.69" 0.602* 0.556 1.37%

Pooled error 162.0 27.49 3.54 0.159 0.389 0.624

Correlatios: Yield with bolls r, 0.999; Yield with lint % r, 0.450; Yield with fibre length r, -0.070; and yield with unijoratio r, 0.131
** Significantly different at 1%probability level

cant with fibre length ( r =-0.070) and small but positive with and bolls per plant, phenotypic coefficient of variability was
uniformity ratio (r = 0.131). Mosaat al (1999) also observed almost equal to that of genotypic coefficient of variability,
significant and positive correlations between lint yield andthus these characters had high heritability estimates of 82.9
boll numbers (r = 0.98) and lint yield with lint per seed (r = and 94.3%, respectively. Efe and Jancer (1998) also observed
0.85). 59 and 47% broad sense heritability estimates in seed cotton

Genetic variancessfg), heritability estimates hand pre- yield and bolls per plant respectivélgm half-diallel hybrids.

dicted genetic gains (G) were calculated (Table 3) so as thint percent in cotton was significantly affected by the envi-
predict genetic advance that could be made through selectioonmental factors because genetic variagég£ 0.038) was
in segregating populations. The genetic variangg € smaller than its phenotypic varianegg = 0.113). Moderate
314.145) for yield being about equal to its phenotypic vari-heritability estimates fh= 33.6%) and small but still compa-
ance ¢”p = 333.568) and high heritability estimate$(84.2 rable genetic variance to phenotypic variance further suggested
%) indicated that yield, though is influenced by the environ-that improvement with more efforts is also possible in lint
ment, yet significant improvement is possible in cotton yield. percent. Similar to our results, Efe and Jancer (1998) also
High heritability estimates of?l+ 92.9% coupled with sig- reported moderate heritability estimate of 63%, whereas,
nificant portion of genetic variance® = 38.943) connoted Lancon (1998) observed on an average of 72% heritability in
that environment had rather smaller impact on the number dlint % over two spacings i.e. crop spacing (normal spacing)
bolls, therefore selection in segregating generations can band nursery spacing (narrow spacing). Regarding fibre length,
very effective to improve this trait (Baloch and Bhutto 2003). about equal portions of genetiw’§ = 0.315) and phenotypic
Large portions of genetic variances, high heritability estimatesvariances ¢’p = 0.385) resulting high heritability estimates
for bolls per plant and its significant positive correlations with (h? = 81.8%), demonstrated that fibre length is significantly
yield (r = 0.999), all suggested that indirect selection throughcontrolled by genetic factors, therefore, higher responses to
bolls per plant could also make considerable improvement irselection from segregating populations could be obtained for
yield. Khadiet al (1998) noted that in characters like yield this trait. Contrary to our results, Efe and Jancer (1998) repor-
ted moderate broad sense heritability estimate of 38% in
Table 3 fibre length. However, variable heritability estimates, ranging
Genetic and phenotypic variances, heritability from 23.0 to 81.0 % were also reported by Meredith (1984)
estimates and genetic gains for some polygenic ~ for fibre length. About equal genetio® = 1.159) and phe-
traits in upland cotton notypic ©@°p = 1.333) variances, consequently high heritabi-
lity estimates (F= 86.9%) revealed that environment had little
influence on uniformity ratio in cotton, implied that signifi-
Yield / pl. (g) 314.145 333.568 94.2 30.19 cant improvement can be expected from selection in segre-
Bolls per plant 38.943 41.904 92.9 10.55 gating generations.
Lint (%) 0.038 0.113 33.6 0.20
Fibre length (mm) 0.315 0.385 81.8 0.89
Fibre uniformity (%) 1.159 1.333 86.9 1.76

Traits o’y ao’p 17 G

Substantial genetic variances and high heritability estimates
are very important contributing parameters towards genetic
gains for a trait. Results in Table 3 revealed 30.19 gm, 10.55
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The taxonomyf CaloglyphuslemensandC. cingentiswas studied. These species were encountered from two different
host materials. A key for all the known hypopodes from Pakistan, their comparison of characters, similarity matrix and
phenogram have been included.
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Introduction and biological informations. Multivariate analyses of variance

Mites occunwidely in a variety of stored products, including We'® used to interpret morphological differences between
foodstuffs causing considerable damage. During Iong—terrﬁhe two species in relation to factors that influence their mor-
storage of cereals like wheat, mites become more serious arf10!09Y in @ laboratory and field settifig the present study,
damaging pest than weevils or other storage pests. Mite€ N€W species have been identified and described.

penetrate the seeds through the epicarp and destroy the gepiarge number of species in this genus are also found in
as well as consume some of the endosperm. Interestingly, thefrakistan, which are necessary for undertaking the present
damage is considered to be of great economic significance study.

GenusCaloglyphuswas erected by Berlese in 1923 and he
designatedCaloglyphus berlesévichael (1903) as its type
species. Zakhvatkin (1941) made a comprehensive review dflites are numerous and diverse in most of the areas of
this genus and described 4 new species and redescribedPakistan. For the purpose of present study, samples of diffe-
species with improved descriptions. Nesbitt (1944 and 1949)ent stored commodities were collected from various part of
and Samsinak (1966) added 1, 3 and 1 new species to thRakistan, but more frequently from Punjab and N.W.F.P. pro-
genus, respectively. Mahunka (1973, 1974 and 1978) desrinces. Throughout the sampling, main emphasis was laid
cribed 2, 1 and 2 new species, respectively from his area afown upon the grains that were severely infested by insects
research. Hughes (1976) contributed a good addition of knowto observe various species of mites. The samples were sorted
ledge to this genus. Tseng and Hsieh (1976) redescribed ihto various species of gen@aloglyphus,using binocular
species with improved description. Samsinak (1980) revisednd their drawings were made with the help of phase contrast
the tribeCaloglyphini re-established the genGaloglyphus  microscope. The identification of both these specimens up to
and described 1 new species. Channabasawdraél981),  specific level was made by following Zakhvatkin (1941) and
Raoet al(1982) and Ashfaq and Chaudhri (1983) included 1, yyghes (1976) and compared with already reported species
1 and 4 new species, respectively, in this genus. Samsingk the literature to help to build a background for this genus.
(1988) mentioned 1 new species of the titaoglyphini An identification key, comparisons of characters, similarity
Zou and Wang (1989), Sevastyanov and Radi (1991), Shefatrix and phenogram for the already known species of this

et al (1991), Klimov (1996) and Eraky (1999) added 1, 3, 2, yenys including the new species have been presented.
1 and 1 new species, respectively to this genus. Klimov (2000

reviewed acarid mites of the triligaloglyphiniwith des- Results and Discussion

cription of a new species. Klimov and Oconnor (2003) pub- . .

lished phylogeny, historical ecology and systematics ofKey to Pakistan species of gertbaloglyphugHypopodes)
some mites including full descriptions of each taxon, keysl. Sternum 2gt2) Present ........coocccvveriiieeeeeiniieeeennieeeeens 2
*Author for correspondence Sternum 24t2) abSent ......ccceuvviiiiiiiieee e 6

Materials and Methods
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2. Apodeme 34p3 meeting apodeme 4g4 ................ 5 segment 10 myy), bifurcated anteriorly, 1 pair arista, 32 mp
Apodeme 34p3 not meeting, apodeme 4@ ......... 3 long, 3 pairs small setae (Fig 1b). Apodemafdl) largely

3. Palposoma lateral margins parallel; paragenital peta ( Y-shaped, continuing with sternumstY. Sternum 1st) free,
bifid .......... C. multaniensig\shfaq and Chaudhri (1983),
Palposoma lateral margins not parallel; paragenital seta

(Pr) NOL DIfid ..o 4
4. Setaesciandsceforming straight line; apodemesapd)
not meeting medially ................! C. opacatusAshfaq

and Chaudhri (1983)
Setaesci andscenot forming straight line; apodemes 4
(ap4 meeting medially ....C. trigonellumSher, Ashfaq
and Parvez (1991)

5. Palposoma notched posteriorly; hysterosomal shield
SMOOth ......cceeevieeeee. C. merismaAshfaq and Chaudhri
Palposoma not notched posteriorly; hysterosomal shield
dotted ....... C. faisalabadiensiSher, Asfaq and Parvez.

6. Palposoma extended beyond the body; apodenagei (
meeting medially ........ C. morosug\shfaq and Chaudhri
Palposoma not extended beyond the body; apodemes 4
(apd not meeting medially ...........ccccvviieierieee s 7

7. Coxal field Il open; genital disgdi3) and suctorial
shield with radial striations .............. C..clemengn. sp.
Coxal field Il closed; genital disg(i3) and suctorial
shield without radial striations ...........! C..cingentisn.sp.

DescriptionsCaloglyphus clemensew species (Fig 1a, b),
Hypopus.

Dorsum Body 285 mp long, 200 mu wide, divided into
propodosomal and hysterosomal shields. Propodosomal
shield 75 mp long, 183 mu wide, with rostral projection
antero-medially, dotted antero-laterally, remaining shield
smooth; seta®i, ve, sci, scandscs each 1 pair, simple,
measuring 12 my, 5 my, 9 my, 16 mp and 28 my in length,
respectivelysci-sci28 my sce-scé0 mu andci-sce20 mu
apart; setaesci and sceforming a semi-circular line.
Hysterosomal shield 235 mp long, 200 mu wide, smooth,
medially, anterior margin with broken transverse striations
while lateral margins with longitudinal broken striations,
turning towards ventral side. Hysterosomal shield with 11
pairs setae, 4 pairs visible pores. Sethe d2 = 6 my, d3 =
d4= 8 my;hi 9 mp,he10 mysla 9 my,lpl =Ip2 = 13 musae

42 mp,sai 15 my, longdl - d179 mp,d2 - d270 mu,d3 - d3

73 mp,d4 - d480 mp;d1 - d238 myd2 - d365 mud3 - d460

mu andla - la 158 mp apart. Hysterosomal shield anterior
margin overlapping propodosomal shield posterior margin
by 25 my, with transverse, broken striations Fig l1a.

Venter Palposoma broad at base, slightly tapering anteri-
orly, 2 segmented, 22 mu long (basal segment 12 my, distal Fig 1b.Ventral side view.
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46 mp long. Apodeme 22 free, curved at tip. Apodeme 3 the species show the following differences;
(ap3 meeting apodeme 4y§4). Apodemes 4gp4) not mee-

ting medially. Apodeme 4ap4 and apodeme 5 not
meeting each other but a thin membranous line continuingZ
from the tips of both apodemes making broad, rounded tip™—”
anteriorly, not meeting with same structure from other side.
Sternum 2 §t2) absent. Metasternal serat§ 1 small pair,
each seta in encircled area of apodemegp4)(and apodeme

5 (@p9. Setahv 1 pair, 15 mu long. Coxal fields | and II, I X e i
and IV open, smooth. Ventral shield separated from genital ~ '€2f-like setae in this species.

shield. Genital shield smooth, genital slit elongated with 2ca10glyphus cingentjNew Species (Fig 2), Hypopus.

pairs genital suckers, 1 pair paragenital spta fhesad to

genital disc ¢di3). Coxal discslil anddi2 present, conoids, P0rsum Body 255 my long, 180 my wide, divided into
Genital disc ¢di3) rounded with radial striations. Suctorial Propodosomal and hysterosomal shields. Propodosomal shield
shield 70 my long, 80 my wide, dotted, concave anteriorly83 MH long, 160 mu wide, with rostral projection antero-
rounded posteriorly with radial striations medio-laterally Medially, dotted medially, remaining shield smooth, antero-
having 1 pair of suckers medially in striated area, 1 pair of@teral parts with broken striations; setagve, sci, scand
anterior suckers, oval, its discs slipped out on latero-anteriof¢S:€ach 1 pair, simple, measuring 14 my, 6 my, 20 my, 12
side, anal suckers 1 pair, rounded with radial striations, andi"H @nd 22 mu in length, respectivedyj-sci32 mpsce-sce
suckers larger than anterior suckers, 1 pair lateral and 1 paff® MK andsci-sce8 my apart; setagci andsceforming a
posterior suckers, conoids, 2 pairs vestigial suckers. Suctg€Mi-circular line. Hysterosomal shield 205 mp long, 180 mu

rial shield separated from posterior body end by 10 mu qvide, smooth, medially, dotted and striated anteriorly, lateral
distance smaller than suctorial shield length Fig 1b. margins with broken longitudinal striations and turn towards

the ventral surface. Hysterosomal shield with 11 pairs setae,
Legs Strong and stout, I-IV measuring 108 my, 100 My, 78yith 3 pairs of visible pores. Setdé 6 my, d24 my,d3 8
mu and 70 mpu long, respectively (trochanter base to tarsu,gm'd44 mi:hi 7 mp,he11 musla 4 mplpl =1p2 = 10 my;
tip). Setae and solenidia on legs I-1V segments: coxae 0-0-0s56030 mu,sai 12 my, longgl - d1112 mpd2 - d270 my,
0, trochanters 1-1-1-0, femora 1-1-1-0, genua 3-3-0-1, tibiagy3 _ 4385 mu,d4 - d454 mp;dl - d253 mp,d2 - d370 my,
3-3-2-2, tarsi 14-9-7-6. Tarsi | and Il 35 mp and 30 mu 1ong,43 . 4472 mp anda - la 184 my apart. Hysterosomal shield
respectively. SetaF on femora I, Il and 111 30 my, 38 MU 4nterior margin overlapping propodosomal shield posterior

and_20 mu long, _respectively, absent on femur IV. e y414in by 15 my, with transverse, broken striations and dots
tarsi I-IV measuring 30 my, 18 my, 28 mp and 25 my |0”97|:ig 2a.

respectively. SetmmG on genua | a spine, on Il simple seta;

hT on tibiae | and Il each lancet-like, 21 my, 11 my, 20 muVenteeraIposomaZ segmented, slightly tapering anteriorly,
and 13 mp long, respectively. Tarsi Il and | each with a21 mu long (basal segment 13 my, distal segment 8 mp),
solenidionwl 25 mp and 22 mp long, respectively. Tarsi I1I bifurcated anteriorly, 1 pair long arista, 30 mu long, 2 pairs
and IV short and stout. Setaon genua I, a simple seta 35 Small setae. Apodeme d((1) Y-shaped, sclerotized, continu-
mu long, on Il, a solenidion 11 my long. Dorsal sptan  INg with sternum 1¢t1). Sternum 14t1) 45 mu long. Apo-
tibiae | and 1l 70 mp and 43 mp long, respectively. Bata deme 2&p2) free, curved. Apodeme 8(§3 meeting apodeme
on tarsus | 22 my long. Tarsi I-IV provided with 1 spoon- 4 (@p4). Apodemes 4ap4) not meeting medially. Apodeme
shaped + 4 leaf-like; 3 leaf-like + 1 spoon-shaped:; 3 leaf-like# (@p4) and apodeme &5 meeting making broad rounded

+ 1 spoon-shaped; 3 leaf-like + 1 spoon-shaped setae, reip anteriorly, not meeting with it structure from other side.
pectively. Setal on tarsus IV 20 mu long Fig 1b. Sternum 2 §t2) absent. Metasternal setat§ 1 pair, 7 mu
long each in encircled area of apodemap¥) and apodeme

5 (@pH. Setahv 1 pair, 8 mu long. Coxal fields II, IV and |
Ppen, Il closed all smooth. Ventral shield separated from
genital shield. Genital shield smooth, genital slit elongated
with 2 pairs genital suckers, 1 pair paragenital ggaafitero-
medial to genital dis@(i3). Coxal discslil anddi2 present,
RemarksThis new species is neares€ccingentisanother  conoids. Genital disg(li3) rounded, without radial striations.
new species recorded from different host material but botlSuctorial shield 56 mu long, 62 mu wide, dotted, concave

Palposoma with 2 pairs small setaeCincingentisbut
with 3 pairs small setae in this species.

Coxal field Ill closed irC. cingentidut open in this spe-
cies.

Genital discqdi3) without radial striations i€. cingentis
but with radial striations in this species.

Tarsus | with 3 leaf-like setae @ cingentisbut with 4

Type Holotype, hypopus, collected from mille®gnicum
americanumL.) in Charsadda on 15.10.1994 (Sarwar) and
deposited in Acarology Research Laboratory, Department o
Agricultural Entomology, University of Agriculture,
Faisalabad.
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‘I ariana &

1pl

Fig 2a.Dorsal side view. Fig 2b.Ventral side view.

anteromedially, wavy anteriorly, rounded posteriorly having Type Holotype, hypopus, collected from Sheikhupura from
2 suckers below; anterior suckers 1 pair, anal suckers 1 pairice (Oryza sativd..) on 12.9.1994 (Sarwar) and deposited in
larger than all other suckers, 1 pair lateral and 1 pair posterioAcarology Research Laboratory, Department of Agricultural
conoids, 2 pairs vestigial suckers towards periphery. SuctoEntomology, University of Agriculture, Faisalabad.

rial shield separated from posterior body end by 15 my,

distance smaller than suctorial shield length Fig 2b. EhemarkSThls new species is separable fraxloglyphus

merismaAshfaq and Chaudhry (1983) by the presence of fol-
Legs Strong and stout, I-IV measuring 103 my, 80 my, 70lowing characters:

mp and 68 my in length, respectively (trochanter base tq
tarsus tip). Setae and solenidia on legs I-IV segments: coxae
0-0-0-0, trochanters 1-1-1-0, femora 1-1-0-0, genua 3—3—0—12.
tibiae 3-3-2-2, tarsi 11-8-7-7. Tarsi | and 11 32 mp and 30 mp
long, respectively. Seta on femora | and Il 29 mp and 28 3
mu long, respectively, absent on femora lll and IV. Seta

tarsi I-1V 26 my, 17 my, 15 mp and 16 my in length, respecy,
tively. SetamGon genu I, a spine, on genu Il, a simple seta;
hT on tibiae | and Il each lancet-like, 13 my, 17 my, 16 Mig
and 16 mp long, respectively. Setan genu |, a simple seta,

on genu I, a solenidion 31 mu and 9 my long, respectively.
Tarsi Il and | each with a solenidianl 17 mp and 21 mpt After going through the key, this new species comes closer to
long, respectively. Tarsi Il and IV short and stout. Dorsal ~ Caloglyphs clemensew species but can be distinguished
setad on tibiae | and Il 54 my and 40 my long, respectively.  fom it due to following characters:

Setaba on tarsus | 20 mu long. Tarsi I-IV provided with 3 1. Palposoma with 3 pairs of small seta€irclemengut
leaf-like + 1 spoon-shaped; 3 leaf-like + 1 spoon-shaped; 3  with 2 pairs setae in this species.

leaf-like + 1 spoon-shaped; 3 leaf-like + 1 spoon-shaped se2. Coxal field Il opensiiiC. clemendut closed in this spe-
tae, respectively. Sethon leg IV tarsus 40 mu long Fig 2b. cies.

Palposoma parallel laterally and notched posteriorly in
C. merismaut not so in this species.

Sternum 24t2) present irC. merismabut absent in this
species.

Apodemes 4ap4) meeting medially irC. merismabut

not meeting in this species.

Suctorial shield not rounded posteriorlyGn merisma
but rounded in this species.

Leg | tarsus with 5 leaf-like setaeln merismaut with

3 leaf-like setae in this species.
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Table 1
Comparison of characters in species of gebaieglyphusBerlese

S. Characters C. multa- C. opa- C. me- C. mo- C. faisala- C. trigo- C. cin- C. cle-

no. niensis catus risma rosus badiensis nellum gentis mens

1. Propodosomal setae - - + - - - - -
(sci, sce of equal size

2. Propodosomal setae - + - - - - - -
(sci, scg forming a straight line

3. Propodosomal setae - - - + - + + +
(sci, sc@ posterior in position

4. Hysterosomal shield dotted + + - - + + - -

5. Gnathosoma parallel laterally + - - - + - - -

6. Gnathosoma notched posteriorly - - + - - - - -

7. Gnathosoma distal fork + + + + + + + +
separated from basal joint

8. Gnathosoma with 2 pairs + + + + + + + -
small setae

9. Sternum 14t1) bifid posteriorly + + - - + + -

10. Sternum 2gt2) absent - - - + - - + +

11. Apodeme 3gp3) not meeting + + - - - + - -
apodeme 4ap4)

12. Apodemes 4ap4) meeting medially - - + + - + - -

13. Coxal field Ill shut + + + + + + + -

14. Ventral shield separated from + + + - + + + +
genital shield

15. Coxal discsdil, di2) conoids + - + - - + + +

16. Genital discddi3) kidney-shaped + + - - + + - -

17. Genital discddi3) with radial + - - - - -
striations all around

18. Paragenital setpr) antero-medial - + - + + + - -
to disc gdi3)

19. Paragenital setan) bifid + - - - - -

20.  Suctorial shield rounded posteriorly  + + - + + + + +

21. Suctorial shield anal suckers + - - - + + - -
equal to anterior suckers

22.  Suctorial shield with lateral and + - + - + + + +
posterior conoids

23. Setao on genu |l a solenidion + - + - + + + +

24. Leg | tarsus with 2 leaf-like setae + - - + - - - -

25. Leg Il tarsus with 3 leaf-like setae + + - - - - + +
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é B The first cluster comprises of 4 species, in this group an affi-
" 2 & o E 5 g % nity of 88% is deplgted l?etwe@temensandf:lrlgen.tlspallr,
E 5 5 § s ﬂé g g whereas the specigserismaand morosusjoin this pair,
g g E g E 2 § E respectively at 66% and 60% affinity levels. As the later three
G 6 666 6 6 U6 G species are the dwellers of arid plains, their affinity could
100 thus be attributed to the similar ecological niche they inhabit.
90 |_J On the other hand, specielemenss a dweller of separate
80 locality, as such their affinity could be attributed due to the
o sharing of common genetic characters at generic level.
% ;Z ] [ The second cluster also consists of 4 species; in this cluster,
Iz the speciefaisalabadiensisndtrigonellumconstitute a pair
o 50 exhibiting 80% similarity level. As these two species are the
g 40 - commoners of the same habitat, having the identical host
8 materials, thus it revealed that affinity of these species could
g 307 be attributed to the same ecological zones they occupy. The
20 A specie®pacatusandmultaniensisn turn join this pair at 70%
10 4 and 65.33% affinity level, respectively. Since these two spe-
cies are the dwellers of similar arid ecological zones, their
0 Taxa relationships could be the attribute of ecology. This second

. o ni i
Fig 3.Phenogram of species of ger@aloglyphusBerlese. cluster shows a linkage of 45.75% with the first cluster.

It is noteworthy from the data that species of this genus have
a wide range of distribution in Pakistan; because they have
] ) . ) . been collected from discrete, diverse ecological habitats like
Tarsillland | W't_h 4and3 Ieaf-Ilkg setae, respectlvgly n hills, sub-mountainous areas, arid plains and coastal areas
,C' cllemensb.ut with 3 and 2 leaf-like setae, respectively which indicates that species have an ability to adopt diverse
in this specie. ecological habitats; and hence can be presumed to have a wider
The genusCaloglyphuswas previously represented in genetic plasticity. The linkages further show a strong genetic
Pakistan by 6 species. Now the authors have collected anblasis of the characters used in this study. Further, it is obvi-
described 2 new species, thus raising the total to 8 species ous that species collected from similar ecological habitats show
this genus from Pakistan. The phenogram (Fig. 3) of the spea high level of affinity among them but they exhibit a rela-
cies of genuLaloglyphusbased on comparison of charac- tively lower level of affinity with those collected from differ-
ters(Table 1) and similarity matrix (Table 2) indicatesajor ent ecological zones and under such conditions, the affinity
clusters, which show different levels of linkages with one could rather be the attribute of sharing of common genetic

3. Genital discddi3) and suctorial shield with radial stria-
tions inC. clemendut not so in this species.

another. characters at generic level rather than their ecological param-
Table 2

Matrix showing percentage of similarity in species of gebakwglyphuBerlese

Species C. multa- C. opacatus C. merisma C. morosus C. faisala-  C. trigo- C. cingentis C. clemens
niensis badiensis nellum

C. multaniensis XX - - - - - - -

C. opacatus 60 XX - - - - - -

C. merisma 44 44 XX - - - - -

C. morosus 82 56 56 XX - - - -

C. faisalabadiensis 68 72 56 52 XX - - -

C. trigonellum 68 68 56 60 80 XX - -

C. cingentis 56 56 72 68 60 64 XX -

C. clemens 52 44 60 56 48 52 88 XX

Letters xx are showing Zero similarity in species.
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eters. The ability of these species to adapt to diverse ecologi- Tarsonemida) aus Afrika.lActa Zool Hund 9(3-4) 289-

cal habitats and yet sharing numerous characters reflects the 337.

occurrence of stable generic characters at this level and theMahunka S 1974 Auf insekten lebende Milben (Acari Acarida

adaptive amplitude to varying ecological zones. Tarsonemida) aus Afrika IlActa Zool Hung20 (1-2)
137-154.

Mahunka S 1978 Schizoglyphidae family new and new taxa

The present study provides a basis for the comparison of the of Acaridae and Anoetidae (Acari Acarid#)cta Zool

representatives of the gen@aloglyphustheir characteris- Hung24 (1-2) 107-131.

tics are most important with reference to taxonomic point ofMichael A D 1903British TyroglyphidaeRay Soc London,

view. More sampling is still needed in order to gain better UK, Vol Il , pp 183.

understanding about their distribution and potential pestNesbitt H H J 1944 Three new mites of the sub-family

status. Storage habitat supports a diverse species of acaroid RhizoglyphinaeCanad Entomo¥6 (2) 21-27.

mites to stay there. In view of importance of storage mitesNesbitt H H J 1949 Six new Mexican mites of the sub-family

the stored commodities should be properly protected by  Rhizoglyphinae AcarinaPan Pacific EntomoPR5 (2)

giving the due attention to storage. 57-70.

Rao N S K, Ranganath H R, Channabasavanna G P, Krishna
N S R, Rao N S K 198Raloglyphus karnatakaenssp

Ashfag M, Chaudhri W M 1983 Four new (Hypopi) species nov (Acari Acaridae) from India with taxonomiomments

Conclusion
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SKELETAL ANOMALIES IN FisHESs CoLLECTED FROM KoRANGI CREEK AND BAck-
WATER OF SANDSPIT ALONG THE COAST OF K ARACHI
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Vertebral anomalies have been reported in Liza carinata, Valamugil cunnesius and Therapon jarbua from Korangi creek
and L. carinata collected from backwaters of Sandspit. Detail examination of external morphology and X-rays of fishes
showed kypholordosis and scoliosis in the vertebral column. It is presumed that these effects are results of pollutantsin
the coastal systems of Korangi creek and Sandspit backwaters where heavy pollutants and domestic sewage of the Karachi
city isdischarged untreated. This study suggests the need of effective management measuresto save fisheries resources of

the creeks and coastal waters.

Key words: Skeletal anomalies, Fishes, Backwaters, Creeks, Karachi coast.

I ntroduction

Skeletal and body anomalies in fishes have been reported in
numerous research works. Normally such anomaliesin wild
fish are caused by environmental degradation due to the direct
discharge of untreated pollutants, nutritional deficiencies,
physical shocks and infection at early developmental stages.
Some of the studies on such anomalies are that of Douglas
(1978); Hussain (1979); Ferguson (1989); Roberts and Bul-
lock (1989); Schéperclaus(1992); Endo et al (1994); Al-Hassan
and Shwafi (1997); Al-Hassan and EI-Silini (1998), etc. Such
abnormal fishes have also been reported from freshwater,
creeksand mangrove areas al ong the coast of Karachi (Hussain
1979; Jafri et al 1998; Hussain and Khatoon 1998).

Present study reports the occurrence of abnormalitiesin five
fishes. The detailed study of X-rays reveals scoliosis and
kypholordosis resulting loss of hard parts (vertebrae, caudal
skeleton and spines), which cause body deformation.

Materials and Methods

Five abnormal specimens were collected in gill nets during
theregular fish samplingsfrom Korangi creek areaand back-
watersof Sandspit area(Karachi coast, Northern Arabian Seq).
The detail sampling technique is described in the final report
of Pakistan Science Foundation Project no. 319 (PSF 2003).
The described specimens are catal ogued, VValamugil cunnesius
two specimens no. 4001 and no. 4002 CEMB; Liza carinata
two specimens no. 4003 and no. 4004 CEMB and one speci-
men of Therapon jarbua no. 6001 CEMB. Fishes were iden-

* Author for correspondence
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tified, measured, dissected, X-rayed and compared with nor-
mal specimens.

Abbreviations used: TL = Total length: measured from snout
to the end of the caudal fin; SL = Standard length: measured
from snout to last vertebrae; HL = Head length: measured
from snout to the end of operculum; TW = Total weight:
Number of vertebrae were counted on longitudinal axisfrom
chondrocranium to urostyle.

Results and Discussion

Valamugil cunnesius. Specimen no.4001 CEMB, was caught
by gill net mesh size, 38 mm, at Bakran creek, Station 82,
Lat. 24°4703N and long. 67°1746E on 26" March 2001 at
11.00 A.M. Immature (sex not discriminated), TL 157 mm,
SL 120 mm, TW 42.8 g. Dorsal fin 1V, |, 8; pectoral fin |1, 14;
pelvicfinl, 5; ana fin 111, 9. Scalesin lateral series 34; head
length 38.4% (41.6% normal specimen) inthe SL; body depth
40.8% (48.0% normal specimen) in SL; eye diameter 9.6%
(10.8% normal specimen) in head length; pre-dorsal distance
75.6% (83.2% normal specimen) in SL. The head and the
anterior contour of the specimen develop ahump like appear-
ance at the nape (Fig 1).

Meristic features of the abnormal fish show distinct diffe-
rence from the normal specimen. The body depth is 48% of
SL in normal specimen compared to 40.8% of SL in abnor-
mal fish. Pre-dorsal distanceis83.2% inthenormal fish com-
pared to 75% of the SL in abnormal fish.

Radiograph. The X-ray of theabnormal fish reveal ed marked
rotato-scoliosis of vertebrae, with degenerative changes at the
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Fig 1a. Abnormal Valamugil cunnesiusno: 4001 CEMB; b. Nor-
mal V. cunnesius.

L3
]

Fig 2. Radiograph of abnormal Valamugil cunnesius no: 4001
CEMB.

proximal and distal vertebrae in thethoracic region. Thefirst
two vertebrae do not have neural spine; the third and fourth
vertebrae have weak neural spine while the normal neural
spine appearsin fifth neural vertebra (Fig 2).

Valamugil cunnesius. Specimen no: 4002 CEMB, was col-
lected by gill net mesh size 38 mm from Bakran creek at St.
112, Lat. 24°4714 N long. 67°1744 E on October 30", 2001
at 10.00 A.M. TL 155 mm, SL 120 mm, TW 39 gm, immature.
Dorsal fin IV, |, 8; pectoral fin I, 15; pelvic fin 1, 5; ana fin
no spines, has only 6 rays. Scales in lateral line series 32;
head length 25%, body depth 26.6% in SL; eye diameter
6.6% in HL, pre-dorsal distance 50%; pre-pelvic distance
16.6%; pre-ana distance 72.5% in SL. Loss of three spines
and pre-sence of 6 raysin anal fin, depressed caudal fin from
the dorsal side and degenerated epurals in caudal are diffe-
rent from normal fish (Fig 3).
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Fig 3. Abnormal Valamugil cunnesius no: 4002 CEMB.

Fig 4. Abnormal Liza carinata no: 4003 CEMB.

Radiograph. Radiograph of specimen shows degenerated
epuralsand dorsal caudal raysareweak. Spinespresentinthe
anal fin in normal fish are absent.

Liza carinata. Specimen no: 4003 CEMB was collected
from Shun creek at St. 94, Lat. 24°4312N and long. 67°1205E
caught by gill net mesh size 38 mm, on 28" June 2001 at
11.30 A.M.

TL 134 mm, SL 101 mm, TW 29.9 gm, immature male dorsal
fin IV, 11, 7, pectoral finl, 14, pelvic fin I, 5, ana fin 11, 9,
scalesin the lateral line 35.

Head length 34.65% (29.56% normal specimen) in the SL;
body width 33.66% (26.95% normal specimen) in the SL;
eye diameter 22.8% (23.52% normal specimen) in the HL;
pre-dorsal distance 52% (59.13% normal specimen) in SL.

The head of the abnormal specimen bends down at the
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anterior end with hump like elevation at the origin of the dor-
sal fin, which isthe widest part of the body while the normal
specimen is straight dorsally, progressing backwards with
prominent keel or crest on the head. The widest part of the
normal fish isin the middle of the body.

Meristic features of abnormal fishes show dlight difference
from normal specimen (Fig 4).

Radiograph. X-ray of abnormal fish shows fusion of first
2" and 3“ thoracic vertebrae with loss of disc space. Thisloss
of space may be attributed to the effect of infection during
early embryonic development.

Liza carinata. Specimen no: 4004 CEMB, was collected
from Chari Kund channel, backwater of Sandspit, St. 70, Lat:
24°5025N, long: 66°5652E, on November 213, 2001 at 11.45
A.M. by gill net mesh size 38 mm.

SM Hussain, Z Khatoon

TL 105mm, SL 79 mm, TW 12.5gm, HL 28 mm; BD 28 mm,
eye diameter 5 mm; immature. Dorsal fin IV, |, 8; pectoral
fin 14; pelvicfin 1, 5, ana fin 111, 8; scalesin the lateral line
37; total number of vertebrae 34; eye diameter 21.4% in HL;
body width 35.4%; HL 35.4% of the SL; pre-dorsal distance
79%; pre-anal distance 79.7% of the SL. The body contour of
a normal fish is straight however in the abnormal fish the
dorsal and anal margins have become wavy dueto the abnor-
mal rotation of the vertebrae in longitudinal axis. The head
and eyes have become prominent. Anal fin is situated at the
rear end and extends slightly posterior (Fig 5).

Radiograph. Vertebral column shows continuous elevation
and depression giving a wavy shape to thoracic and trunk
vertebrae. At places where vertebral column has rotated, the
gap at the union of two vertebrae has developed indicating

Fig 5. Abnormal Liza carinata no: 4004 CEMB.

Fig 6. Radiograph of abnormal Liza carinata no: 4004 CEMB.

Fig 7. Abnormal Therapon jarbua no: 6001 CEMB.

Fig 8. Radiograph of the abnormal Therapon jarbua no: 6001 CEMB.
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loss of some anterior bones of centrum and probably has
weak articulation (Fig 6).

Therapon jarbua. Specimen no: 6001 CEMB, was collected
by gill net mesh size 57 mm from Port Qasim at St. 105, Lat.
24°4617N and long. 67°1857E, on August 23, 2001 at 6.30
P.M., (Fig 7).

TL 165 mm, SL 123 mm, TW 77.53 g, female spent stage,
dorsal fin X. 1. 10; anal fin I11, 8; pectoral fin rays 13; Pecto-
ral length 27 mm, pelvic fin I, 5 rays. Scales in the lateral
series 85, HL 39.83% of SL (normal fish 35.2%); body width
62.54% (normal fish 42%); Eye diameter 4% (normal fish
2.96%); distance from snout to anal fin 76.27% (normal fish
65.91%); distance from anal to caudal fin 9.32% (normal fish
16.19%) of the total length.

The abnormal specimen differs from the normal specimenin
body shape. Dorsally a deep vertical depression occurs in
vertebral column at the union of 1% and 2™ dorsal fin, which
further extends ventrally to the end of the anal fin. The 2
dorsal and anal fins extend further reducing the length of cau-
dal peduncle. The shape of anal fin differsfrom normal speci-
men in having smaller base adjusting itself with the changes
that have occurred in the vertebral column. The changes in
the shape of vertebrae have resulted in the wide body cavity.
Abnormal specimen has large liver and even large gonads.
The gonads were empty without eggs suggesting spent con-
dition.

The abnormal fish differsfrom normal in having bigger eyes,

large body width, distance from snout to anal fin is longer,
and short caudal peduncle.

Radiograph. X-rays shows marked rotato-scoliosis of verte-
bral bodieswith degenerative changesin the thoracic and cau-
dal vertebrae. The first three vertebrae are degenerated and
fused due to which the whole vertebral column has become
wavy with two swell one at the anterior and the other at the
posterior end with a depression in the middle. In the normal
fish all neural spinesfrom thoracic to trunk region are curved
backwards but in the abnormal fish the neural spines of tho-
racic and trunk vertebrae are pointed forward and backwards
(Fig 8).

Body anomalies have been reported to occur in fishes col-
lected from the western and eastern coasts of Karachi. Mostly
such abnormalities are congenital in origin often occurringin
laboratory reared larvae as a result of exposure to cadmium
and other chemicals found in industrial and oil pollutants
(Manning 1980; Woodworth and Pascoe 1982; Barahona—
Fernandes 1982). Endo et al (1994) have reported occurrence
of kypholordis by the pathogens as Myxobolus buri and M.
spinacurvatura in snappers.
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Reports on the presence of heavy metals and other trace ele-
mentsinwatersof Karachi coast are available (Beg et al 1992)
which can be the sources for devel oping such skeletal defor-
mation. High level of copper concentration in organisms is
reported for functional derangement and anatomical chan-
ges (Finlayson and Verrue 1985; Reid and McDonald 1988).
Korangi creek and Sandspit backwaters from where these
specimenswere collected are rich with pollutants. These pol-
lutants are composed of heavy metals that affect the nursery
grounds of fishes perhaps causing infection at an early larval
stage and may cause high mortality, those, which survive,
may develop abnormalities. Occurrences of such abnormali-
ties are rare and show no statistical significance.
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Three genotypes of muny¥i@na radiatg i.e. BRM-188, BRM-195 and BRM-202 along with two check varieties
(NM-92 and NM-98) were evaluated at five different locations (i.e. Bahawalpur, Multan, Vehari, Khanewal and Dera
Ghazi Khan) in Southern Punjab for two consecutive years (2001 and 2002). The genotype BRM-195 was found to be
the most stable genotype across a variety of location/environment with regression coefficient (bi) of 1.062 and disper-
sion (Sd) of 0.052 followed by BRM-188 and BRM-202. The genotype BRM-195 performed better across all the
locations (3056 Kg hg by producing 46.2 and 60% higher yield than the check varieties i.e. NM-92 and NM-98,
respectively. The genotype BRM-195 was being evaluated as a candidate variety in National Uniform Mung Yield
Trials by the Coordinator Pulses, National Agricultural Research Centre, Islamabad, for its release for general cultiva-
tion in the Southern Punjab.

Key wordsMung genotypes, Stability, Locations, Grain yield.

Introduction sess improved/wider yield stability in a variety of environ-
Pulses are the rich sources of protein and essential amingients. Itis essential and a reported fact that the evolution of

acids, particularly the lysine (cereals are low in lysine). Pulseg? New cultivar normally_ takes a_bout 10-12 yeqrs and n_egds a
are also highly nutritious and generally contain high percent_Iot of funds to develop it. For this purpose_, various staft_lsncal
age of protein, carbohydrate and vitamins. These are thénethods have been proposed to determine the stability of a
cheapest source of protein in the indigenous diet. ProteirP_evv cultlvar.. Most C_Ommon')/,“sed method is the joint regres-
contents range from 20.8 to 33.1%. Their seeds contain twice'ON analysis for yield stability (Eberhart and Russel 1966;

or thrice as high percentage of protein as cereals and 70% (ﬁraln and Siddiqi 1977)' Acgo_rdlng tf) Eberhart and Russell
, . ; (1966), the regression coefficient (bi) and the average qua-
the world’s protein comes directly from vegetable sources

. . . 2
(Akhtar et al 2003). These are the natural supplements todra'tIC depgrture f_rom the regression line‘jSie th_e two

. o . athematical indices for the assessment of stability param-
cereals; cereal-pulse combination thus supports the idea o

“Dal & Roti” of Pakistani diet. It is an established fact that feters. Gehotypes with high bi andzﬁaia.\ct readily to.chénges .

o . ._in the environment and possess considerable variability, while
pulse protein is normally cheaper than the animal protein_ . o

. . , cultivars with bi<1.00 and an Sdear to zero react weakly to
mostly obtained from meat, milk, poultry and fish. . ) . .

changes in growing conditions and are considered to be stable

Mungbean (green gramYigna radiatalL. Wnezck) is an  inyield (Finlay and Wilkinson 1963). According to Finlay and
important pulse crop in Asia, particularly in the Indian sub- Wilkinson (1963), genotype with bi near to 1.00 and a high
continent and South-East Asia. This crop is generally suit-mean yield were regarded as being well adapted to all environ-
able for multiple-cropping systems, enabling better use of landments at growing conditions. The objective of the present
Mung is rich in easily digestible protein and iron (Aklegal studies was to assess the yield stability of newly developed
20083). It grows rapidly until harvest. More clusters, more seedmung strains (BRM-188, BRM-195 and BRM-202) in compari-
per pod and high seed-weight form an ideal plant type. ltsson with the check varieties (NM-92 and NM-98) under the
seed-color is green and black. local growing conditions.

In Pakistan, mung crop was cultivated on an area of 215.8 anﬂ/laterials and Methods
239.2 thousand acres with a production of 102 and 115.4 tho

Sffind tons, respectively, duri.ng 20(.)1'02 (Anon_2002). AVerageBRM—lQS and BRM-202 developed at the Regional Agricul-
yield was 472 and 482 Kg h Punjab and Pakistan, respec- tural Research Institute, Bahawalpur along with two check

tively. Due to its low average yield, the plgnt breeders almecjvarieties (NM-92 and NM-98) were evaluated at five different
at for the development of new mung cultivars that may pos-

locations (i.e. Bahawalpur, Multan, Vehari, Khanewal and Dera
*Author for correspondence Ghazi Khan) in the Punjab Province for two consecutive years
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Table 1
Analysis of variance of the grain yield data

Sources df Mean squares F value Probability
Replications 3 2278880.1 176 0.000
Locations (E) 4 12064032.8 93.2 0.000
Genotypes (G) 4 2032101.5 15.7 0.000
ExG 16 280955.1 22 0.010
Error 72 129492.5

Table 2

Yield (Kg ha') performance of mung varieties at 5 locations during the years 2001 and 2002

Varieties BWP Multan \ehari Khanewal D.G.Khan  Av.

Year 2001
BRM-195 3315 3068 2950 3200 3192 3145a
BRM-188 2538 2358 2100 2669 2645 2462b
BRM-202 1482 1385 1679 1725 1319 1518d
NM-92 (check) 1895 1968 2035 1628 1754 1856¢
NM-98 (check) 1628 1857 1588 1905 1547 1705c

Year 2002
BRM-195 3182 2713 3008 3042 2885 2966a
BRM-188 2580 2445 2710 2800 2740 2655b
BRM-202 2255 2085 2100 1972 2318 2146d
NM-92 (check) 2448 2267 2123 2295 2492 2325¢
NM-98 (check) 2076 1965 2325 2100 2109 2115d

Table 3

Yield (Kg ha') performance of mung varieties during the years 2001 and 2002 (average of 5 locations)
Genotypes 2001 2002 Av. (2years) % over checks
NM-92 NM-98
BRM-195 3145a 2966a 3056a +46.2 +60.0
BRM-188 2462b 2655b 2559h +22.4 +33.9
BRM-202 1518d 2146d 1833d -12.4 -05.0
NM-92 (check) 1856¢ 2325¢c 2091c - -
NM-98 (check) 1705¢ 2115d 1910d - -
Table 4 2001 and 2002. The experiments were laid out according to
Stability parameters Randomized Complete Block Design with four replications at

each site during each year. Seed beds were prepared by two

. - . . 2
Genotypes Regression coefficient (bi) Dispersioh (Sd deep ploughings followed by plankings and use of rotavator.
BRM-188 1.054 0.049 Six rows each of 5 meter length per genotype were sown. Row
BRM-202 1.201 0457 to row distance was kept as 30 cm. Normal inputs like fertilizer
BRM-195 1.062 0.052 (1 bag DAP per acre before sowing), weedicides (1.5 litres

Stomp per acre before sowing) and two irrigations were ap-
NM-92 (check) 0.990 0.060 . . . . .

plied during the growing period. All the cultural practices were
NM-98 (check) 0.692 0.242 carried out during the growth period. At maturity, the central
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Table 5

Consolidated results of mung national uniform yield trial-kharif-2002 [yield (K{j]heceived from coordinator pulses, NARC, Islamabad
Code/
Source Genotype L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 3 LAw.
A/L5 98cmg003 114328 149325 270.36 1346.80 108550 776.66 507.70 554 303.72 455.62 9267 22990 1136.33
B/L5 98cmg 016 142475 148450 42291 182520 93520 74018 56643 525 17792 39031 7413 21487 885.08
C/L5 98cmg018 535.15 126725 169.93 1863.16 123580 96431 45835 417 11954 44127 1390 21376 131181
D/L1 NM-1 1848.70 2204.75 41144 2123.68 109107 84790 53341 551 26688 41688 90.35 136.94 709.60
E/L1 NM-2 126143 1527.75 353.06 2173.60 104097 67241 40936 421 23561 39478 7645 25273 1066.48
F/L10 SM-1 1310.08 167525 32943 156156 100200 846.16 35237 498 317.12 42297 5560 183.14 936.86
G/L4 C1/94-4-19 77493 180550 57511 167596 81273 886.13 45314 404 26549 37071 6718 278.89 983.77
H/L4 C2/94-4-42 115023 1163.00 22588 188396 779.33 74018 47260 432 31970 396.71 7413 28112 859.72
/L2 BRM-188 20155 1336.75 399.63 152048 57893 48233 45662 624 12302 40378 5560 197.06 854.16
J/L2 BRM-195 378.78 2065.75 56191 143156 77507 50561 50561 639 9313 391.87 3938 90.18 698.48
K/L2 BRM-202 22588 141500 21232 136656 57893 49693 50735 412 11.20 37050 1853 124.36 940.34
L/L14 Mung-1 84790 152750 41283 151743 93520 83400 45453 593 13205 37929 5792 308.95 854.50
M/L14 Mung-6 1098.10 2006.75 539.67 1789.84 91293 61759 51847 407 21893 33331 2317 2267 860.06
N/L15 L1P5/5/89 42743 126725 386.07 153868 979.73 79647 41909 545 40178 44320 12193 15754 954.93
O/L13 NCM-209 656.78 151050 55531 114660 1030.03 100254 42117 417 18279 42182 2317 19428 1240.23
P/L13 VC3960A88 107868 147575 35619 143780 99087 66720 41353 418 31136 44938 7413 212.09 955.97
Q/L13 VC3960A89 128228 136950 74713 162292 99643 95910 44341 414 34403 36592 12510 165.89 113424
R Check NM-92 63940 126725 34820 201448 102427 94868 377.73 417 321.09 36213 6487 21432 882.65
S Check NM-92 112069 148425 501.79 224952 796.03 99038 32491 419 39824 356.77 14363 228.23 944.16
Locations
L1 NIAB, Jhang Road, Faisalabad L9 Agricultural Research Station, Ahmad Wala Karak
L2 Regional Agricultural Research Institute, Bahawalpur L10 Agricultural Research Station, Mingora, Swat
L3 Agricultural Research Institute, Dera Ismail Khan L11 Barani Agricultural Research Station, Jarma, Kohat
L4 Arid Zone Research Institute, Bhakkar L12 Barani Agricultural Research Station, Fateh Jang
L5 Barani Agricultural Research Institute (BARI), Chakwal L13 NARC, Islamabad
L6 KARINA, Juglote, Gilgit L14 AARI, Jhang Road, Faisalabad (Trial rejected due to disease)
L7 Pulses Research Station, Tando Jam L15 Nuclear Institute of Agriculture (NIA), Tando Jam, Sindh
L8 RRI, Dokri, Sindh
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four rows of 4 meter length were harvested for grain yield yielded 2066 kg hain the National Trial at Bahawalpur

determination. The data were subjected to stability analysisccompared with 1267 and 1484 kgiaf the check varieties

according to the method of Eberhart and Russell (1966). ~ NM-92 and NM-98. BRM-195 also out yielded the check
varieties NM-92 and NM-98 at Dera Ismail Khan and

Results and Discussion Mangora in NWFP and Tandojam and Dokri in the Sindh

Analysis of variance of the data for grain yield is given in province (Table 5).

Table 1, which revealed that genotypes (G), locations (envi-m the light of the present results, it is suggested that a new

ronments) (E) and G x E interaction mean squares were highl3(/ariety of any crop must not be released/approved for general

significant (P< 0.01) for grain yield. Average grain yield ¢ yivation until and unless it is tested across different loca-
(Kg ha') of various genotypes over years and across theions of the province/country.

locations is presented in Tables 2-3. These data revealed that

the genotype BRM-195 yielded the highest (3056 K¢ ha References

followed by BRM-188 (2559 Kg hg and check NM-92 (2091
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Animal samples include two different types of snakes, frog and five different types of fishes. The flesh, bones, scales
and heads of the animals were separated and analysed for moisture, ash and minerals. The minerals, were not detected
from any sample. Cu, Cd, Pb, Co and Cr. The moisture content was generally low. The ash was consistently highest in
the bone but consistently lowest in flesh among the fish and in the scale among the snakes. The concentration of the
minerals was highly varied among the body parts. The Ca/P ratios ranged from excellent to poor. The Na/K ratios were
generally on the high side ranging between 0.55-1.05. The mineral safety index was generally good for Na, P, Mg and Ca,
poor for Fe but very bad for Zn. It is an indication that the samples were contaminated by Fe and Zn.

Key words:Animal samples, Ca/P and Na/K ratios, Mineral safety index.

Introduction and Oshodi 1993; Adeyeye 1994). The health implications of

Nigeria is predominantly an agricultural country although therethe_ mineral dlstrlputlon in the fish samples haye not been
is an active petrochemical industry in the Niger Delta area ana;enou;ly erpphasa.ed. In the currept report, mlne.ra.ls were
industrial development is expanding, particularly in the Southdetermlned in five different types of fishes, an amphibian and
(Welcome 1979). Heavy urbanization along coastal rivers andWO YPes of snakes. The flesh, heads, bones and scales of all

lagoons, and intensive agriculture for cash crops in some othépe animals Were separgted appropriately before each part W_as
parts of the country, may give rise to local pollution problems.fmalysed' This SepafaF'O” was necessary because when fish
is roasted or smoke dried (as these samples) head, flesh and

Fish, an important source of animal protein of high biological bone become soft enough for easy consumption. While it is
value, vitamins A and D, and also contain several minerals, ., yhe flesh, scales and bone that can be consumed in the
suchasCa, Fe, Cd, Pb, etc., which may be beneficial or toxic tgnakes but not the head. Based on the mineral composition
man de.pendlng on the e.xpo.su.re. level (Bowen 1979;_Muqam.bilesults, the following parameters were further calculated: cal-
and Rajagopal 1981). Fish is in increasing demand in N'ge”acium/phosphorus (Ca/P) and sodium/potassium (Na/K) ratios

_due to high .populayon growth rate, increasing n""t'onaland mineral safety index (MSI) of the various sample parts.
income and increasing cost of meat and other sources of

animal protein (Adeyeye 1997). The relatively high per caputyiaterials and Methods
consumption of fish has been attributed to greater availability

of this product at relatively cheaper prices (Osajuyigbe 1981).The samples of animal were purchased from the Oba market

Currently, about 40% of animal protein consumed in the coun—(AdO'Ekiti' Ekiti State, Nigeria) in dry form. The samples were
try is derived from fish identified and each sample was divided into head, flesh, bone

] ) o . ) and scales as appropriate. Part of every sample were homog-
Biological magnification could lead to toxic levels of minerals enized in Kenwood major blender, packed in labeled plastic

in fish, even when the exposure is low. The proven toxicity Ofcontainers and stored in the laboratory refrigerator for

high concentrations of heavy metals in water to fishery andyen,qing analysis. Analyses were carried out without further
wild life (Cain et al 1980) poses the problem of an ultimate processing

disequilibrium in the natural ecological balance. Apart from

destablishing the ecosystem, the accumulation of these toxiP€termination of moisture and aﬁfetween 0.5217g- .
metals in the aquatic food organisms is a potent threat to pu2-6275g of samples were weighed for moisture content determi-

lic health. The Minamata Bay epidemics remains a classic exnation and dry ashing (AOAC 1990). Samples were dried &£105
ample (Goldwater 1971; Laws 1981). until constant weight while ashing was carried out at a tempera-

Some reports have been published on the correlation betweetf’iIre of 540C in the furnace (NEY M-525) to constant weight.

minerals in fish and their environment (Okoye 1991; Ipinmoroti Determination of mineral€ach ashed sample was trans-
*Author for correspondence ferred into a 50 ml beaker, crucible was washed with 25 ml,
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20% (v/v) nitric acid into corresponding beaker and then

Table 1

E | Adeyeye, F J Faleye

heated the beaker to boiling to break the ash. The solutiorScientific and vernacular names of the animal samples

was carefully filtered and transferred into 50 ml standard volu- onimal  Animal Sample Vernacular English
metric flask and made up to the mark with distilled de-ionisedsample part

water (AOAC 1990). The phosphorus was determined colori-
metrically by Spectronic 20 (Gallankamp UK) as described by
Pearson (1976). Cu, Cd, Fe, Pb, Co., Zn, Cr, Mg and Ca were
determined using a Perkin EImer model 306 Atomic Absorp-

tion Spectrophotometer, while Na and K were determined
using a flame photometer (Corning, UK, Model 405). All de-
terminations were in duplicate. Earlier, the detection limits of

the metals had been determined using the methods of Varial rog
(1975). The optimum analytical range was 0.1 - 0.5 absorbance
units with a coefficient of variation of 0.87% - 2.20%. All chemi-

cals used were of analytical grade (BDH, London). Both the
moisture and ash contents were reported as g/100g while alfish
the minerals were reported as mg/100g.

Statistical analysesCalcium/phosphorus (Ca/P) and
sodium/potassium (Na/K) ratios were calculated for all the
samples (Niemaeat al1992) and mineral safety index (MSI)
(Hathcock 1985) as appropriate. The differences between the
standard mineral safety index and the mineral safety index of
the samples were also calculated. Mean standard deviation
and coefficients of variation percent were also calculated
where appropriate (Steel and Torrie 1960).

Results and Discussion

The scientific and vernacular names as well as the body parts
used in the analyses are all shown in Table 1. The heads of the
shakes were not analysed because they are normally not con-
sumed as food. The other parts analysed can be consumed
although the part consumed can depend on an individual
choice.

Systematic
number name?(Y)hame name
Snake Flesh A Oworu  Cobra Serpentes
ophidia
Bone A "
Scales A
Flesh B Ogbara Wart Channa
obscura
Bone B "
Scales B "
Flesh G Konko African Rana
bull frog adspersa
Bone G " "
Head G
Flesh P) Abo Sole Cynoglossus
senegalensis
Bone D, "
Head D
Scales D
Flesh E Kalamu Fresh water Pellonula
sardine afzeliusi
Bone E " "
Head E
Flesh R Doje Silver fish  Notopterus
ater
Bone R "
Head R
Scales b
Flesh G Epiya Tilapia Oreochromis
niloticus
Bone G "
Head G
Flesh H Abori Mudfish  Clarias
anguillaris
Bone H "
Head H

Table 2 depicts the moisture content of the various samplesay, voruba.

Only sample Ehad a high moisture content of 39.10g/100g,
this might be due to the fact that the drying process had not
been completed. All other samples had low moisture content
values, this would ensure a fairly long keeping quality for the

nautes africanus africanugfhdeyeye 2002).

of the male and female samples of fresh water (Satdana-

samples. This is a good advantage because frequent electridhe mineral elements analysed for are also depicted in
ity failure is rampant here. The ash content of the samples iSable 2. The minerals were not detected in the samples are Cu,
depicted in Table 2. The ash content of any sample is an indiCd, Pb, Co and Cr while Fe was not detected,iarfd G, also
cation of its mineral content. In all the samples, the bongs (A Zn was not detected in,Ot is gratifying that both Pb and Cd

B,, C,, D,, E, F,, G, and H) were consistently highest in their ~were not detected in any of the samples since both metals are
ash levels; while scales had the lowest levels of ash in snakesot needed in the body for any biochemical process. In litera-
(A, and B), the flesh had the lowest levels among the otherture, the values of Pb Ilisha africanafish from fresh water

aquatic samples (€D, E, F,, G, and H). The high ash val-

ponds ranged between 0.56-2.52ppm in various body parts on

ues in the bones were consistent with the high ash levels idry weight basis (Adeyeye 1993), while the values in fresh,
the cheliped, thoracic sterna and small thoracic appendagédagoon and sea water fish samples ranged from 0.000 - 0.151ppm
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Table 2
Moisture, ash and mineral contents of the various samples
0/100g Minerals (mg/100g)
Sample Moisture Ash  Cu Cd Fe Pb Co Zn Cr Ka Mg Ca P
A, 7.8 11.6 ND ND 84 ND ND 302 ND 40.2 53.0 383 47 106.3
A, 74 67.0 ND ND 6.8 ND ND 545 ND 16.5 16.8 12.9 14.8 30
Az 50 24 ND ND 257 ND ND 458 ND 158.2 290.0 1151 1581 4053
B, 10.3 95 ND ND 103 ND ND 549 ND 155 16.7 145 94 28.6
B, 7.6 40.1 ND ND 6.3 ND ND 597 ND 126 19.2 153 158 32
Bs 2.2 52 ND ND 370 ND ND 491 ND 116.7 170.9 616 1255 354.2
C 6.8 80 ND ND 114 ND ND 317 ND 17.9 225 16.1 171 18.0
G 58 57.0 ND ND 6.2 ND ND 311 ND 37.7 60.6 50.1 345 104
G 46 328 ND ND 50 ND ND 356 ND 224 294 25.2 19.7 74.1
D, 10.7 8.7 ND ND 52 ND ND 174 ND 216 212 16.3 142 36.4
D, 24 47.6 ND ND 227 ND ND 474 ND 2205 3230 2429 1932 332
D, 6.9 233 ND ND 7.7 ND ND 15.9 ND 78.6 92.7 825 533 1285
D, 9.0 26.1 ND ND ND ND ND ND ND 784.0 950.0 8217 5582 17118
E 11.0 7.2 ND ND 53 ND ND 240 ND 145 20.3 16.8 101 25.2
E 6.2 57.8 ND ND 57 ND ND 388 ND 94.8 120.7 97.1 97.3 205
E 39.1 33.6 ND ND 116 ND ND 439 ND 42.1 40.1 38.7 327 1049
F 10.3 85 ND ND 45 ND ND 108 ND 11.2 165 128 1280 150
F, 15 504 ND ND 75 ND ND 835 ND 196.7 191.8 150.1 136.6 28.8
Fs 2.8 255 ND ND 4.6 ND ND 396 ND 1478 147.8 1222 90.1 1325
F, 04 184 ND ND 37.2 ND ND 574 ND 346.3 442.1 39 4294 6050
G 89 9.7 ND ND 7.7 ND ND 19.2 ND 239 343 29.2 347 571
G 0.2 534 ND ND ND ND ND 366 ND 2294 3847 2892 1582 907.7
G 4.7 455 ND ND 94 ND ND 307 ND 415 494 485 395 1414
H, 101 50 ND ND 84 ND ND 269 ND 28.8 355 28.6 315 14.7
H, 6.1 435 ND ND 110 ND ND 464 ND 94.1 116.1 1108 1020 24.0
Hs; 121 16.5 ND ND 7.9 ND ND 26.6 ND 37.3 432 34.3 33.6 95.2

ND’, not detected.

in various parts on wet weight basis (Odukoya and Ajayi absorption of iron from other sources for example, the addi-
1987). The corresponding Cd values in the references wer¢ion of meat to a legume/cereal diet can double the amout of
0.10-0.34 ppm (Adeyeye 1993) and 0.000- 0.857ppm (Odukoyaion absorbed and so contribute significantly to the preven-
and Ajayi 1987). This means that the current samples werdion of anaemia, which is so wide-spread in developing coun-
safer from these two metals. tries like Nigeria (Wheby 1974; Bender 1992). Iron facilitates

It is well-known (Buss and Robertson 1976: Mertz 1981: the oxidation of carbohydrates, p.rotems and fats. Many of
tthe samples are good sources of iron.

Oshodi and Ipinmoroti 1990; Fagbemi and Oshodi 1991) tha
mineral elements are necessary for life. Major role of iron is in Zinc was widely distributed among the samples except in D

the formation of haemoglobin. Fe was highest in their groupwhere ND was recorded. Zinc is present in all tissues of the
for A, (25.67mg/100g), B(37.04mg/100g) and,k37.23mg/ body and is a component of more than 50 enzymes (Bender
100g) which were in all scales but ND was recorded for an-1992). Meat is the richest source of zinc in the diet and sup-
other scale sample (P Half of the iron in meat is present as plies one third to one half of the total zinc intake of meat

haeme iron (in haemoglobin). This is well-absorbed, about 15eaters. Zinc dietary deficiency has been found in adolescent
-35%, a figure that can be contrasted with other forms of iron,boys in the Middle East eating a poor diet based largely on
such as that from plant foods, at 1-10% (Bender 1992). Notunleavened bread (Bender 1992). Families and individuals who
only is the iron of meat well absorbed but it enhances themay be using vegetable and cereal sources of protein be-
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Table 3
Ratios of Na/K and Ca/P; mineral safety index of Na, Mg, P, Ca, Fe and Zn for the various samples
Ratio Mineral Safety Index
Na Mg P Ca Fe Zn

Sample NaK CaP VeV D Tv.CV D TV CVv D TV CV D TV CV D TV CV D

A, 08 004 48 04 44 15 14 136 10 09 92 10 004 100 67 37 30 33 664 -334
A, 10 50 48 02 46 15 05 145 10 002 100 10 012 299 67 30 37 33 1198 -868
A, 06 04 48 15 33 15 43 107 10 32 68 10 13 87 67 115 48 33 1008 -67.8
B, 09 03 48 014 47 15 05 145 10 02 98 10 01 99 67 46 21 33 1207 -87.7
B, 07 49 48 012 47 15 06 144 10 003 100 10 013 99 67 26 41 33 1313 983
B, 07 04 48 11 37 15 11 137 10 28 72 10 10 90 6.7 1868 33 1081 -75.1

C, 08 09 48 02 46 15 06 144 10 014 99 10 014 99 67 51 16 33 698 -368
C, 06 33 48 04 44 15 19 131 10 01 99 10 03 97 67 28 39 33 684 -354
C, 08 03 48 02 46 15 09 141 10 06 94 10 02 98 67 23 45 33 784 -454
D, 10 04 48 02 46 15 06 144 10 03 97 10 012 299 67 23 44 33 384 54
D, 07 58 48 21 27 15 91 59 10 03 97 10 16 84 67 184 33 1042 -712

D, 09 04 48 08 41 15 31 119 10 10 89 10 04 96 67 34 33 33 340 -20
D, 08 03 48 75 -27 15 308158 10137 -37 10 47 54 67 - - 3B - -

E 07 04 48 014 47 15 06 44 10 08 98 10 01 99 67 24 43 33 520 -190
E, 08 47 48 09 39 15 36 14 10 02 98 10 08 92 67 26 41 33 853 -523
E, 11 03 48 04 44 15 14 36 10 08 92 10 03 97 67 52 15 33 966 -636
F, 07 8.7 48 01 47 10 05 45 10 01 99 10 102 02 67 20 47 3B 237 93
F, 10 47 48 19 29 15 56 94 10 03 98 10 11 89 67 33 34 33 1837 -150.7
F, 10 07 48 14 34 15 46 104 10 11 89 10 08 93 67 20 47 33 870 540
F, 08 07 48 33 15 15 01 149 10 48 52 10 36 64 6.7 188 33 1263 -933

G 07 06 48 02 46 15 11 139 10 05 95 10 03 97 67 34 33 33 421 91
G, 06 02 48 22 26 15 108 42 10 73 27 10 13 87 67 - - 33 805 475
G 08 03 48 04 44 15 18 132 10 11 89 10 03 97 67 42 25 33 676 -346
H, 08 21 48 03 45 15 11 139 10 01 99 10 03 97 67 37 30 33 591 -261
H, 08 43 48 09 39 15 42 108 10 02 98 10 08 92 67 49 18 33 1020 -690
H, 09 04 48 04 44 15 13 137 10 08 93 10 03 97 67 35 32 33 586 -256

*TV, Table value’CV, Calculated sample valu®, Difference in value; *-, Not calculated.

cause of low incomes or as an attempt to cope with inflationThe calcium levels were reasonably distributed among the
may not be able to meet the zinc allowances (about 15-20mggamples. They were particularly high in the scales followed
per day. The zinc in these sources is not available as in animaly the bones. This meant these samples could serve as good
sources (NAS 1971). sources of the element. Calcium, in conjunction with phos-

The animal samples were good sources of magnesiumPNOrus, magnesium, manganese, vitamins A, C and D, chlo-
sodium and potassium. The sodium and potassium levels hefd@ne and protein, are involved in bone formation but calcium is
were lower than the levels @yprinus carpioandClarias  the principal contributor (Fleck 1976). Calcium plays an impor-
gariepinusfish (Adeyeye 1996) and also lower (together with tant role in blood clotting, in muscles contraction and in cer-
magnesium) than in three different types of land snails con-ain enzymes in metabolic processes. Calcium tends to be a
sumed in Nigeria (Adeyeye 1996). Magnesium is an activatorkind of co-ordinator among inorganic elements, if excessive
of many enzyme systems and maintains the electrical potenamount of potassium, magnesium or sodium are present in the
tial in nerves (Shils 1973; Shils and Young 1988). Potassium idody, calcium is capable of assuming a corrective role (Fleck
primarily an intracellular cation, mostly this cation is bound to 1976). Although rickets in children is generally attributed to
protein and with sodium influences osmotic pressure and conthe lack of vitamin D, insufficient intakes of calcium and phos-
tributes to normal pH equilibrium (Sandstead 1967). phorus, as well as an imbalance of these two minerals, may
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Table 4
Mean (x) standard deviation (sd) and coefficient of variation percent (CV%) for the various parameters
determine din the sample

g/100g mg/100g Ratio Mineral safety index
Sample Moisture Ash  Zn Fe Na Mg K Ca P Na/K Ca/P NaCaznMg Fe P

Ar-AzX 6.7 27.0 435 13.6 71.6 554 1199 59.2 1715 0.8 1.8 0.7 95.7 0.5 21 6.1 1.4
SD 1.5 349 12.3 10.5 75,9 53.2 148.4 85.8 208.9 0.2 2.8 0.7 27.1 0.7 2.0 4.7 1.7
CV% 22.4 129.3 28.3 77.1 106.0 96.0 123.7 145.0 121.8 49.0 152.8 105.8 28.3 146.9 96.2 77.0 121.9

B1-BsX 6.7 21.3 546 179 483 30.5 689 50.2 128.7 0.8 1.9 0.5 120.0 0.4 1.1 8.0 1.0
SD 4.1 24.2 53 16.7 59.3 27.0 883 653 1957 29.0 2.6 0.6 11.6 0.5 1.0 7.5 1.6
Cv% 61.6 113.7 9.7 93.6 122.9 88.7 128.1 130.0 152.1 19.7 141.6 123.9 9.7 128.6 88.6 93.6 151.5

Ci-Cs;X 5.7 32.6 32.8 7.5 26.0 305 375 134 10.8 0.7 1.5 0.2 722 0.2 1.1 3.4 0.3
SD 1.1 24.5 2.5 3.4 104 17.6 20.3 8.7 7.0 0.1 1.6 0.1 54 0.1 0.7 1.5 0.3
CVv% 19.4 75.2 7.5 452 39,9 57.8 54.1 64.7 67.0 12.3 106.0 41.7 7.5 40.0 57.9 45.2 103.7

Di-Dg;X 7.3 26.4 26.9* 11.9* 276.2 290.9 346.8 204.7 477.5 0.9 1.7 2.7 59.2 1.7 109 5.3 3.8
SD 3.6 16.0 17.7* 9.5* 348.7 366.4 422.3 247.9 824.1 0.1 2.7 3.3 39.0 2.1 13.7 4.2 6.6
CV% 49.6 60.7 65.9* 79.7* 126.3 126.0 121.8 121.1 172.6 16.5 156.3 126.0 65.9 121.1 121.1 79.8 172.5

ErEsX 18.8 32.9 35.6 7.6 505 50.9 604 46.7 50.2 0.9 1.8 0.5 78.0 0.4 19 3.4 0.4
SD 17.8 25.3 10.3 3.5 40.8 415 53.2 45.2 47.5 0.2 2.5 0.4 23.2 0.4 16 1.6 0.4
CV% 94.8 77.1 29.0 46.6 80.8 81.6 88.1 96.8 94.5 20.0 139.0 81.3 29.7 97.4 82.1 46.4 95.0

Fi-Fs;X 3.7 25.7 47.8 13.5 1755 72.3 199.6 471.0 195.3 0.9 22.0 1.7 105.2 3.9 2.7 6.0 1.6
SD 4.5 17.9 30.6 15,9 138.3 74.7 178.0 526.5 278.1 0.2 39.9 1.3 67.3 4.4 28 7.1 2.2
CVv% 120.1 69.6 64.0 118.2 78.8 103.4 89.2 111.8 142.4 19.5181.6 78.1 64.0 111.7 103.3 118.3 142.3

GrGsX 4.6 36.2 28.8 85 98.3 122.3 156.1 77.5 368.7 0.7 0.4 0.9 634 06 46 3.8 3.0
SD 4.4 23.3 8.9 1°2113.9 144.9 198.1 69.9 468.7 0.12 0.2 1.1 195 0.6 5.4 0.5 3.7
CV% 95.2 64.4 30.8 13.8 115.9 118.4 126.9 90.2 127.1 16.9 59.5 116.0 30.8 90.6 118.6 13.9 126.8

Hi-Ha; X 9.4 21.6 33.3 9.1 534 57.9 64.9 557 446 0.8 2.2 0.5 73.2 05 22 4.1 0.4
SD 3.0 19.8 11.3 1.7 355 459 445 40.1 441 0.03 2.0 0.3 24.9 0.3 1.7 0.8 0.3
Cv% 32.2 91.3 34.0 186 66.4 79.3 585 720 987 3.6 87.1 66.7 34.0 71.7 79.3 18.7 97.1

3D4 not used to calculate for X, SD, CV%a, not used to calculate for X, SD, CV%.

result in the disease. Osteomalacia, the adult rickets may als®able 3 depicts the Na/K and Ca/P ratios as well as the mineral
be due to this condition. Osteoporosis (bone thinning) is saidsafety index (MSI) for Na, Mg, P, Ca, Fe and Zn. Modern diets,
to be more common among older people, females and whitesyhich are rich in animal proteins and phosphorus, may pro-
according to Moldsweet al (1965), than among younger mote the loss of calcium in the urine (Shils and Young 1988).
people, males and non-whites. This shows that normal levelThis has led to the concept of the Ca/P ratio. If the Ca/P ratio
of calcium in the diet should be maintained throughout life. is low (low calcium, high phosphorus intake), more than the

Low values of phosphorus were generally observed for thenormal amount of calcium may be lost in the urine, which

bones (4, B, C, D, and E) butvery high (907.69mg/100g) in result_ to decrease the galcium level in bohes. In animals, a Ca/
G, Other samples had good yield of phosphorus. PhosphoP ratio above two (twice as much calcium as phosphorus)
rus is always found with Ca in the body, both contributing to helps to increase the absorption of calcium in the small intes-
the supportive structure of the body. It is present in cells andin€. Such samples in our results includedd) C,, D,, E,, F,,

in the blood as soluble phosphate ion, as well as in lipids,F» H;2nd H. This may help to increase the calcium content of
proteins, carbohydrates and energy transfer enzymes (NA®oOnes. Some researchers are advising that one should eat
1974). Phosphorus is an essential component in nucleic acidgore foods that are high in calcium but low in phosphorus.
and the nucleoproteins responsible for cell division, repro-Table 3 outlines the calcium to phosphorus ratio of the
duction and the transmission of hereditary traits (Hegstedsamples. Food is considered “good” if the ratio is above one
1973). Our current report in phosphorus were generally lowerand “poor” if the ratio is less than 0.50 (Niemetral 1992).

than the values observed for various parts of male and femal@his meant 50.0% of our samples were poor in Ca/P ratio. A
fresh water cral{Sudananautes africanus africanus) good consumption of vegetables will correct this anomally.
(Adeyeye 2002). This concern to the sodium and potassium ratio (Na/K). For



476 E | Adeyeye, F J Faleye

prevention of high blood pressure, a Na/K ratio of 0.60 is (Ogunsola 1994). The inwash of the corroded vehicles into
recommended (Niemaet al 1992). The Na/K ratio of our the aquatic environment could lead to high biological accu-
samples were mostly above 0.60 with 96.15% samples greatenulation of iron and zinc in the samples (Montaque and
than 0.60 while only 3.846% of the samples were slightly lowerMontaque 1971) hence their high concentration in the samples.

(0.5, sample A3). In other words, most of the samples WOUIdThe statistical results for all the samples are shown in Table 4.

promote h_|gh blood pressure d|§ease. Foods that.have IOV}S\II the parameters analysed for or calculated were highly
sodium, high-potassium values include mostly fruits, veg- _ . . ) . .
varied in the various samples. The high coefficients of

etables and low sodium cereals (Nieratal 1992) which can variation percent in the majority of the samples attested to

be consumed with the animal protein samples. this. However, for all the samples the Na/K ratio CV% were
The standard mineral safety index (MSI) for the minerals aregenerally low with values ranging between 3.61 - 28.95.

Na (4.8), Mg (15), P (10), Ca (10), Fe (6.7), and Zn (33). For Na,grom the above, it is seen that the samples were good sources
all MSI values were low except for,Qwith a value of 7.53) ot he nutritionally valuable minerals. Itis also seen that each
with positive values for the difference between the standard, ¢ gifferently concentrated the minerals to different levels.
value of MSI and the calculated value of MSI. This meant \yhjje, some of the Ca/P ratios were good and the Na/K ratios
that the samples might not be overloading the body rich withy;q 4 require nutritional correction in terms of consumption
SOd'U”_‘- For MSI of Mg only Pwas above the USRDA by |oy sodium and high potassium foods with them. Efforts
15.81 times (Hathcock 1985). For P, Ca and Fe, the odd sampleg,id be made to reduce drastically the pollution of environ-

out respectively were [X-3.69), E_ ('0-_23); A (-4.77), B ~ment by iron and zinc which could accumulate to deleterious
(-9.86), D, (-3.44) and [{-9.94). The implication of the above is o\ |5

that abnormally high levels of Na, Mg and P were present in
D, CainFandFeinA B, D,and F. Samples 4 B,, D, and References
F, could cause the reduction of zinc absorption in the small
intestine (O’'Dell 1984) and iron poisoning particularly in s } _ .
children (Herbert 1987). With the exception of&ll the Zn fish organs and tissue I: lead and cadmiGivana J Chem
MSI values were greater than 33. This meant all the samples 1(8) 377-384. o )
have Zinc values far above the recommended adult intake'.Adeye)_/e El _1994 Dgtermmagon of trace heavy. metgls n
The minimum toxic dose is 500mg, or 33 times the RDA afrlcanaflsh_and in assouatet_j water a_nd soil sediments
from some fish pond#$nt J Environ Studie45231-238.

(Hathcock 1985). High doses of zinc can be harmful. Zinc . . )
supplements can decrease the amount of high density |ipOAdey§ye E11996 Waste yield, proximate and.mlneral C_OmPO'
sition of three different types of land snails found in Ni-

protein circulating in the blood, increasing risk of heart

disease (Anon 1986). Excess zinc interacts with other miner- ~ 9€ria.IntJ Food Sci Nut#7111-116.

als, such as copper and iron, decreasing their absorption. Ifdeyeye E | 1997 Water quality criteria and the relationship
animals, zinc supplements decrease the absorption of iron so  between the distribution and concentration of some min-
much that anaemia is produced (Greger 1987). When patients ~ eral elements in soil sediments, ambient water and the
are given 150 mg of zinc per day, copper deficiency results. ~ body parts ofClarias gariepinusfish in a freshwater
Intakes of zinc only 3.5mg/day above the RDA decrease cop-  pond.Ghana J Cher8 (2) 42-50.

per absorption (Festa 1985). In animals, copper deficiencyAdeyeye E | 2002 Determination of the chemical composition
causes scarring of the heart muscle tissue and low levels of  of the nutritionally valuable parts of male and female com-
calcium in the bone (Anon 1986). Excess zinc also decreases mon West African freshwater craBudananautes

Adeyeye E |1 1993 Trace heavy metal distributioafiicana

the functioning of the immune system. From the foregoing, africanus africanusint J Food Sci Nutb3 189-196.
most of the samples would lead to excess zinc consumptiomdeyeye E I, Akinyugha N J, Fesobi M E, Tenabe V O 1996
with its deleterious effects. Determination of some metals @larias gariepinus,

The sources of the high levels of iron and zinc in the samples ~ CYPrinus carpioandOreochromis niloticugishes in a

could have been due to either from the foods they consumed  Polyculture freshwater pond and their environments.

or from their environments or both. Zinc is of particular inter- Aquaculturel47205-241.
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The importance of pyrolysis of preceramic organometallic compounds is increasing year by year as a key technology for
the synthesis of new inorganic materials. According to this process, preceramic polymers are synthesized from monomer
units. After cross-linking of such precursors, the obtained preceramic networks are transformed by pyrolysis into amor-
phous materials. Further increase of the temperature yields thermodynamically stable crystalline materials. In this paper,
the general methods of the synthesis of ceramic materials based on the Si-B-C-N system via thermolysis of preceramic
compounds have been reviewed. Bulk materials, coatings and fibers of such materials reveal quite interesting high tempera-
ture properties.

Key words Pyrolysis, Preceramic compounds, High temperature ceramics.

Introduction I11) One can control the thermal activation in the amorphous

In the process of the pyrolysis of preceramic compoundsStage for material transport mechanisms. So the technique

(Fig 1) proper monomer units are polymerized and cross-linkedinetically stabilizes the less stable phases and microstruc-
into organometallic preceramic networks. The networks aretUres With morphologies not possible by common synthetic

then subsequently pyrolized at elevated temperatures prol€Cnniques such as melting or sintering.

viding inorganic materials of great scientific and technical |v) Taking advantage of the various fabrication capabilities of
interest. Since the first proposal of this concept (Popper 1967b0|ymer process engineering, components such as fibers,
several research groups in Germany, USA, Japan and Frang®atings, infiltration and complex-shaped bulk parts can
have been working in this field. The achievements of thesemostly be produced in an easy manner.

groups and the ongoing activities in the exploration of chemi- h ¢ thi . line th | hods of
cal synthesis routes for the production of proper preceramicT € purpose of this paper is to outline the general methods o

networks, the controlled decomposition of the preceramicsthe synthedS|s _cl)_Lgeramll.c matirlals V'_a th;:‘rmolyssl 9f fprecergmlc
into inorganic materials as well as the characterization and*ompounds. This outline will consist of general information

technical aspects of many different materials have beentakenfromthe literature.

reported in several articles (Laine 1986; Bill and Aldinger 1995; Precursor synthesisSince the type of the backbone and
Birot et al1995; Baldus and Jansen 1997) The idea behind thehe functional side chains of precursor molecules substan-
process of the pyrolysis of preceramic compounds is to buildta|ly influence the ceramic yield, chemical composition, and
up organometallic polymeric chains of structural units of the mjcrostructure of precursor-derived ceramics a variety of dif-
ceramic materials. The goal is to synthesize the macromolferent compounds has been investigated as starting materi-
ecules at first and then to condense them at relatively lowgg Figure 2 shows examples of the polymers which have
temperatures into inorganic materials. been synthesized from monomers for the preparation of sili-
Several aspects make this technique most attractive for theon carbide and silicon nitride-based ceramics.

development of new materials and compounds such as: . :
P P These polymers are characterized by a direct attachment of

) With this technique one can easily produce amorphoussilicon to carbon or nitrogen. Boron-containing polycarbo-
materials with compositions not obtainable with common syn-sjjazanes (Bilkt al1995, Riedebt al1996) carbon containing
thetic routes. polyborosilazanes and silylated borazine derivatives (Seyferth
Il) Because of the low mobility in predominantly covalent et al1991) have been shown to be excellent precursor mole-
bonded materials the amorphous stage can be thermally stabRilles to ceramic materials in the quaternary system Si-B-C-N.
to very high temperature before transforming into crystalline In general, these molecules consist of Si-N skeletons, which
phases. are more or less cross-linked via B, B-N, B-C or borazine units,
*Author for corresondence carrying different substituents bonded to the silicon centers.
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] ThermolysisThe reactions which occur during thermolysis
( Monomer unit ) are still not cleared up in detail. Figure 3 describes schemati-
cally the formation of ternary $i,/SiC composites from
Synthesis cyclic oligosilazane (Aldinger 2002). NMR studies (Aldinger
et al1998, Billet al1998, Banfeldt al1999) have shown that
at temperatures below 5@ cross-linking by reactions like
( Polyfr?;(r:/lglis;c:mer] dehydrogenation between N-H _and Si-H groups occurs. Bet-
ween 500C to 700C, ceramization takes place and methyl
groups split off yielding an amorphous silicon carbonitride.
Cross linking At temperatures higher than 9@residual hydrogen is
removed. 29Si and 13C solid state NMR studies (Aldinger
( Preceramic j et al1998) were performed on a series of ternary silazHtess
network thermolysis of a commercial polyhydridomethylsilazane

(PHMS, NCP200 of Chiosso Crop., Tokyo, Japan). The results
at different temperatures revealed a short range order of the
elements consisting mainly of tetrahedral SICxNy (X +y =4)

units and sp3-hybridized carbon. However, the short range

Ceramization

Amorphous order of silicon carbonitrides is directly correlated with the
covalent molecular structure of the polymer. This has been demon-
ceramic strated in the case of the thermolysis of a commercially avail-

able polyvinylsilazane (PVS, VT50, Hoechst AG, Germany)

Crystallization

CH
CH, H s H
H\ 3 / H\ |_ /
Crystalline SI—N /SI N\
covalent A\ N Sl——-
ceramic -—N /5'—" \ N
SI—N /S\l —N
Fig 1.Material design by molecular architecture. H,C \CH3 [H H cqy | H H3C| cH, H

SEIY CH
: : : / NV
[spiwd, [si, Ksi{cH, HeN S N

Polysilane (M) Polysilane Polycarbosilane /SI—N\
\

Monomer
(DN s) (© KS)<C) G-, l
Polysilazane @ @ Polycarbosilazane o N
units N— P /\ /\\ Amorphous
N ONZ g \ ~ covalent
SIANYARN //S"N ceramic

AN __—N \\ /
[SD{s), W) [s)N=C=] /¢ N C
Polysilasilazane [@ ®'] n Polysilylcarbodi-imide l

Polysilazane (M)

(M=B, PTI, Al...) |
C N
Fig 2. Formation of non-oxide organic silicon polymers from /|\ | / |\ Sl3N4/SIC
monomer units. //S|\\ N/S' \\N Composite
C\C' _c | ~N—
Recently, substantial progress has been made by the synthe- sic | SLN
3'%4

sis of boron-modified polysilazanes and polysilylcarbodi-

imides (Weinmanet al 1999, Billet al2000) using vinyl groups Fig 3. Schematical description of the formation ah\&ISiC com-
for the attachment of boron. posites from cyclic oligosilazane.
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Fig 4.Preparation of ceramic materials by precursor processing.

which results in SiN4 tetrahedral units and sp 2-hybridizedtaining chlorosilanes or chlorosilylaminodichloroborane).
carbon. Against this, the effect of boron on the reactionsA new class of Si-B-C-N precursors are boron containing
during thermolysis is not clearly understood. polysilylcarbodi-imides which can be obtained from a non
oxide sol-gel process of bis (trimethylsilyl) carbodi-imide and

hydroborated vinylchlorosilanes. The advantage of this non
cursor-derived ceramics takes advantage of highly developed

oxide sol-gel process as compared to common methods (e.g.
polymer process engineering. Powders, fibers, coatings, bulk®

ammonolysis of chlorosilanes) significantly facilitated work-
materials, infiltration and other types of preforms can be pro- .
. . up. It has been shown that polymer solutions of boron con-

duced by techniques well known from polymer process engi-

. . . . taining polysilazanes of convenient viscosity are applicable
neering followed by a pyrolysis step (Fig 4) (Ramakrishnan
ot aIZOg()l) y & pyroly P (Fig 4) ( for both, the production of oxygen resistant fibers and coa-

tings. Moreover it has been determined that boron modified
The production of dense bulks material is of special interestpolysilylcarbodi-imides are outstanding precursors for the
This is not trivial, since the condensation reactions duringproduction of dense bulk ceramics. The obtained preceramics
pyrolysis are combined with the evolution of gases like H are then transformed into amorphous ceramics by subsequent
NH; and CH. These species degas easily with the manufac-thermolysis. Depending on the structure of the amorphous
ture of fibers or coatings, i.e. with shapes which are thin in atstate, which is still not known in detail, the metastable amor-
least one dimension (Heimaahal 1995, Gadow and Kienzle  phous ceramics crystallize at higher temperatures into the ther-
1998, Kamphowet al1998, Weinmanet al1999, Billet al modynamically more stable crystalline materials.
2000) Coatings have been produced by dip coating substrates
into precursor solutes and subsequent conversion into inorReferences
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