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Abstratt; It is demonstrated that a comprehensive analysis of rainfall data to give useful
agronomic results should use the daily measurements. Two methods of analysis are described
and are illustrated using daily rainfall records for 56 vears from Maradankadawala in the
Anuradhapura district, :

1. Introduction

Though rainfall measurements are recorded on a daily basis the daily data have
seldom been made use of directly. A standard analysis of rainfall data for agricultural
purposes involves first summarising the data to give monthly, or sometimes ten or
seven day totals. These totals are then used as the basic units in all subsequent work.
This approach has many inherent limitations. For example, it is not possible to obtain
useful information on dry spells from this kind of analysis.

The main reason for totalling the daily data has been that the volume of data to
be handled subsequently is greatly reduced. However, much larger volumes of data are
now collected and analysed routinely in many other areas of study. Another reason for
totalling the data was possibly the hope that the rainfall totals could then be assumed
to be approximately normally distributed.'® This assumption is however almost never
appropriate for seven or ten day rainfall totals. Both these reasons for avoiding the
analysis of the daily records are no longer valid. The relevant statistical methods for
handling non-normal data, together with the associated computing facilities needed
for handling the larger volumes of data, are now available in Sri Lanka.

Our first aim in writing this paper is to demonstrate that a comprehensive
analysis of rainfall data for agricultural purposes should use the daily measurements.
At least this level of detail is needed to study many characteristics, such as the risk of
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long dry spells or the probability of the occurrence of erosive rainfalls. Daily rainfall
records are available from more than 400 sites in Sri Lanka and 110 of these have
records for 50 years or more.

LY

The second aim is to compare two methods of analysing daily rainfall data, The
two methods which are discussed in the next sections are described in more detail /415
They are illustrated here using the daily rainfall records for 1923 to 1978 obtained from
the meteorological station at Maradankadawala in the Anuradhapura District.

Our final objective is to contribute to the debate on ways in which climatic data
in Sri Lanka should be analysed to be of maximum benefit to agriculture. The debate
is far wider than the views expressed in this paper, because it relates to a range of other
climatic variables besides rainfall, and also to available crop records. However, the
dependence of crops on water necessitates the study of rainfall patterns, especially in
tropical climates where droughts and crop failure are common. Thus, if it is accepted
that much of the year to year variation in crop yields and in agricultural strategy (such._
as planting dates) may be caused by the variability in rainfall, then many important
questions could be studied via a comprehensive analysis of the rainfall data. We would
like to introduce such a system here.

2. The Direct Method of Analysis

The distinctive feature of what we have called the direct method of analysis is that, for
any event or characteristic of interest, each year of data provides just one number.
Thus if N years of data are available, and monthly totals are of interest, N observations
would result for each month of the year. These observations are then treated as a
simple random sample from a single population. Estimates of the probability of an
event can then be obtained, either directly from the relative frequency of occurrence,
or by fitting a suitable distribution to the sample values.

For example, if we are interested in total monthly rainfall amounts in
November, percentage points can be estimated from a simple ordering of the NV
observations. Thus for Maradankadawala the 20th percentile for instance, can be
estimated by noting that the total rainfall for November was less than 6.34 inches in
20% of the 56 years. The 20th percentile is therefore 6.34 inches and this means that the
chance of receiving more than 6.34 inches rain in November is estimated as 0.8. The
method is straightforward and makes no assumption about the distributional pattern
of the observations. However, the estimates will not be very precise unless data are
available for a very large number of years. This is generally true for all the methods
described in this section,

An alternative approach is to fit a distribution to the 56 monthly totals for
November. For periods of a month or longer, the rainfall totals are often found to be
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approximately normally distributed. The histogram of totals for November shown in
Figure 1 is approximately symmetrical with a mean of 11.4 inches and a standard
deviation of 4.38 inches. So the assumption of a normal distribution for the totals may
be reasonable and properties of the normal distribution then provide an estimate of
the 20th percentile as 6.52 inches.
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Iigure 1. Histogram of total rainfall amounts in November- (1923 - 1978) at Maradankadawala.

In the case when 10-day rather than monthly totals are of interest, the
distribution-free approach can still be used as before, to estimate percentage points.
Some results are shown in Figure 2. However, for 10-day totals, the assumption of
normality is rarely appropriate. Transformations to normality can be used,® but
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Percentiles for the 10 day total rainfall amounts at Maradankadawala (1923 - 1978)
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different transformations are usually needed for different periods of the year. A better
approach is to fit a suitable alternative distribution. One possibility is to fit a gamma
distribution.!!

The type of analysis of amounts described above is useful and does provide
valuable information, but is often all that is done. By making use of the daily data,
many other characteristics of importance to agriculture can be studied. Here the risk
of long dry spells is considered. This risk, defined as the “probability of a dry spell of
greater ‘than a specified number of days” within any period of interest, can be
calculated for different times of the year by using the following method.

Table 1. Daily rainfall measurements (inches) for 1977 at Maradankadawala together with

wet/dry sequences. Positive numbers show sequences of dry days and negative numbers
show sequences of wet days.

Qctober November December

Rainfall dry/wet Rainfall dry/wet Rainfall dry/wet
state ) state state

0.11 -1 st 4 0.11 -1
- 1 L4 . i 1
= i " 0.85 -1 " 2
0.13 = 0.29 2 0.21 -1
1.12 -2 0.07 -3 i I
0.29 -3 L | T 2
b 1 bt 2 0.04 -1
L 2 ** 3 Lad 1
2.06 -] L1 4 L2

1.36 -2 0.72 -1 0.02 -1
** 1 0.34 -2 e 1
0.08 -1 5.31 ; -3 1.48 -1
£T ] 1 T 1 ok 1
1.82 -1 42 2 il 2
0.44 -2 ** 3 " 3
0.16 -3 2 4 0.31 -1
2,02 -4 = 5 2.49 -2
0.42 -5 > 6 0.40 -3
0.29 £ b 7 0.09 -4
1.65 -7 . 8 1.12 -5
2,07 -8 0.08 -1 0.18 -6
1.22 < 0.06 -2 0.38 -7
0.45 -10 1.12 -3 0.30 -8
0.51 -11 0.10 -4 0.02 -9
L 1 0.13 -5 0.27 -10
L] 2 0.19 -6 o f 1
L1 3. % 1 LLE] 2
0.27 -1 it 2 L] 2
- 1 = 3 -+ 4
L 2 % 4 L1 5
i 3 | - 6
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First it is necessary to specify what is meant by a day being dry. A threshold
value is chosen, and a day is classified as being dry if the amount of rain falling on that
day is less than the threshold value. If not it is classified as being wet. The threshold
can be chosen to be large enough to exclude days where the rainfall is so minimal as to
be agriculturally insignificant. A threshold of 0.005 is often found acceptable although
its choice would be dependent on the crop water requirements. The daily observations
are then recorded as a sequence of dry and wet days. Table 1 shows the daily records
from October to December in 1977, the positive numbers indicating a sequence ofdry
days and the negative numbers indicating a sequence of wet days.

Having specified what a “dry™ day is, we can now define a dry spell. An n-day
dry spell is a period of n successive dry days preceded and followed by a wet day. We
also say that the period of interest will include an »n day dry spell if at least #
consecutive dry days are included within the period. It is then simple to calculate the
proportion of years which have a dry spell of n or more days within that period.

Some results are given in Figure 3. This shows for example that there wasa dry
spell of 10 days or more in 96% of years in June compared with 16% in November. This
simple analysis can often give useful information which complements the results from
an analysis of total amounts. It is also clear that such information could not have been
obtained without using the daily data.

Daily rainfall measurements can also be used to obtain results on the
distribution of the start and length of rains!4, An event to mark the start of the rains
can be defined in different ways depending on the ultimate aims of the analysis. For
instance, if 25 mm of rain in one day is needed for planting a particular crop, and if
planting before Ist September is never done, the start of the rains from the farmers’
viewpoint will coincide with the first day with 25 mum or more after 1st September.
Stern'3  gives a more general definition which specifies an carliest possible starting date
D and a potential start date coinciding with the first occurrence of at least'y mm
totalled over n days. They also consider the potential start as a false start if a dry spell
of t or more days occurs in the next m days. Values for D, y, n, t and m are set by
considering the purpose for which the start of the rains becomes important.

The end of the rains can also be definied on the basis of rainfall amounts or by
using in addition, information on soil water storage. When the start and end of the
rains have been satisfactorily established, the length of the rains can be calculated by
subtraction and its distributional pattern iavestigated. This can provide a guide to the
selection of crop varieties.

The direct method of analysis described in this section is very straightforward
and only few assumptions are needed about the underlying structure of the data.
However, the cost that is incurred for this simplicity is that the method can only really
be used for long records and even then the estimates obtained have large standard
errors, A further problem arising from the lack of precision is that the comparison of

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

171

The Analysis of Daily Rainfall Data for Agricultural Purposes

"E[EMEDENUBPRIBIN 1B 9/ 6] -£76] WO1) BIRP mEel 213 Fuisn pajewnsa
‘Yuow yoea ul ‘0z ‘S| ‘0l ‘L 'S = ¥ 10] ‘shep 1.’ yidual jo [(ads A1p E Jo Anpgeqoig ¢ aIndig

000

b S2°0

F0ST0

Hd

FSL'0

SLTTEVE

i

e PR san ¢ "
SR e R T L o0 T

//u......m e

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

172 Savitri Abeyasekera, £. K. Seneviratne, Ann [ eaker and R, D. Stemn

rainfall from different sites is difficult. Because of the limitation of the direct method,
an alternative approach, which involves the fitting of models to the daily rainfall
records, is discussed in the next section.

3. Fitting models to the daily data

Many authors have considered the fitting of models to daily rainfall data?,” However,
little practical use has been made of this approach. One reason may be that use of this
modelling approach involves terminology that has been daunting to all but
statisticians. In addition, the computer packages that permit the routine fitting of
suitable models to the daily data from a number of sites have only recently become
available. It will be shown in this section that it is possible to use models of the patterns
of rainfall on a daily basis to give any of the results that can be derived from the direct
analysis. Because this modelling approach makes efficient use of the data, the estimates
obtained are more precise. The method can therefore be used for relatively short
records, and more accuracy obtained, than if the direct method were used.

When simple descriptions of the rainfall patterns, such as percentage points for
the total rainfall amount during a specified period, are obtained using the modelling
approach, they give results that are “smoothed” versions of those obtained directly
from the data. The probability of long dry spells in a given period® and the probability
distribution of the start of the rains! can also be obtained from the model. The
modelling approach is described in considerable detail. *."* The methods are
illustrated here using the rainfall records at Maradankadawala.

We first describe a very simple model which although inadequate in practice,
shows the way in which estimates can be obtained for the same quantities considered in
the direct method of analysis described above. Suppose that in the N years of data
available, 100p% of days in a given month were rainy. The estimated probability of
rain in that month is then p. A histogram of rainfall amounts on the rainy days in the
month will indicate a suitable distribution that could be fitted to the data. A gamma
distribution is often appropriate? The probability density function of the gamma
distribution is given by ;

Ak kI -kxp

Six) :(-i—) X e %‘(k). X =0,k 4>0.
/

The observed rainfall amounts are used to estimate the two parameters of this

distribution. One of these parameters y, is the mean rain per rainy day, while the shape

parameter, k, can be interpreted by noting that I/ﬁc_is the coefficient of variation of the

distribution.

For example a possible model for rainfall in November at Maradankadawala is
the following. The probability of rain on any day is estimated asp =968 | (30x56)=0.5T6,
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Figure 4. [listogram of daily rainfall amounts in November (1923 - 1978) at Maradankadawala.
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This is assumed to be the sume irrespective of whether the previous day was diy or
wet, The distribution of rainfall amounts is very skew. Figure 4 gives the histogram
of this distribution for the 968 rainy days. The rainfall amounts on rainy days is
assumed to come from a gamma distribution with mean # = 0.64 inches and shape
parameter k:= 0.74. It is also assumed that the distribution of rainfall amounts is the
same on the first day of a wet spell as on subsequent rainy days.

One result that can be derived using the above model concerns the distribution
of the number of rainy days in a given month. With the assumptions of the mode] this
distribution is binomial with n = 30 and p = 0.576. Tables of the binomial distribution
then allow various percentage points to be evaluated. For example, approximately
one vear in six is estimated to have more than 20 rainy days in November. It is also
straightforward to derive results on many other aspects that are of interest such as the
distribution of total rainfall in the month, or the chance of a dry spell of a given Jength
or more."*

Although the model described above is simple, it is too limited to be of real use,
particularly because some of the basic assumptions do not hold. The proportion of
rainy days through the vear, evaluated using 10 day periods, shows that the
assumption of a constant chance of rain is not particularly realistic, even for periods as
short as a month, (see Figure 5). A curve is therefore fitted to the observed proportions
and is also given in Figure 5, This shows ¢learly the bimodality of the pattern of rainfall
occurrence with the chance of rain rising to its highest value of 0.63 in November.

Figure 3. Observed proportion of rainy days together with a fitted curve,
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Very frequently, the chance of rain on any day is conditional on the dry or wet
state of one or more of the previous days. If it can be assumed that this dependence is
limited to the state of the previous day, then two curves are needed to describe the
chance of rain. One of these curves gives the probability of rain on a given day
conditional on the previous day being dry, while the second curve gives the
corresponding probability conditional on the previous day being wet. For
Maradankadawala it is found that four curves are required to model the data
adequately. The observed data are given in Figure 6 and the corresponding fitted
curves in Figure 7. These curves give the estimated chance of rain depending on
whether or not either of the two previous days were dry or rainy. For example, in
November the chance of rain is estimated to be about 0.3 if the two previous days were
dry compared with about 0.8 if both had rain.

In statistical terminology, what has been done in Figure 7 is to fit a Markov
Chain to the data on rainfall occurrence. It is a two state (dry or rainy), second order
chain, with non-stationary transition probabilities. The model has been fitted using
the computer package GLIM "and a binomial error structure has been assumed.

The distribution describing the rainfall amounts has also to be generalised. It is
often found that rainfall amounts per rainy day tend to vary through the year. For
instance at Maradankadawala the average amount of rain per rainy day during the
monsoon is greater than in the intermpnsoonal period. Figure 8 gives the mean rain
per rainy day through the year together with the fitted curve for the rainfall record at
Maradankadawala. The curve fitted was a Fourier series with four harmonics and is
fitted assuming a gamma error structure. It shows for example thatin June, rainy days
had an average of 0.18 inches and that this rose to 0.64 inches in November. Thus
instead of a single gamma distribution to model rainfallamounts, a gamma distribution
with varying mean was used. The second parameter of the gamma distribution, &, was.
approximately constant through the year and was estimated as 0,74,

A more appropriate model for Maradankadawala now consists of the
equations of the curves given in Figures 7 and 8 plus the estimate of k. With this model
and emploving the method of derivation described in Stern,? it is possible to
estimate the percentage points of the 10 day totals. These are given in Figure 9 and it
can be seen that the results are very similar to the corresponding results derived from
the direct analysis, (Figure 2). Figure 10 gives results on the chance of dry spells of
different lengths, which is to be compared with the corresponding results from the
direct analysis given in Figure 3,

One advantage of using the modelling approach is that results for any
characteristic of interest can be derived directly from the model, whereas with the direct
method we have to refer repeatedly to the daily data. A second point to be noted is the
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Percentiles for the 10 day total rainfall amounts at Maradankadawala.

Figure 9.
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smoothness of curves obtained from the model; (compare for instance Figures 9 and
10 with Figures 2 and 3). This makes it far easier to compare the pattern of rainfall at
different sites. As an example, Garbutt et al® discuss the fitting of models simi}ar
to the one adopted here for 11 sites in West Africa and make use of these models to
compare the distribution of the data of the start of the rains.

4, Discussion

The type of model discussed in the last section seems to model the pattern of rainfall
well in many countries®®. The results obtained from Sri Lankan data indicate that this
type of model is also likely to be appropriate here. The necessary computing facilities
are now available in Sri Lanka and it 1s therefore timely to assess the practical use that
could be made of such work.

Cre prerequisite is for agricultural researchers to visualise the wide range of
questions that can be answered together with the necessity to phrase these questions
precisely. A few examples are given below. These were taken from a recent case study
which analysed data from two sites in Kenya,¢ having a bimodal rainfall pattern with
the ‘short’ rains centered around April and the ‘long’ rains round November. The
questions were posed by agriculturalists and are not entirely satisfactory, but they serve
to illustrate some possibilities.

(i)  What is the average date for the beginning of the rainy season? This
event is defined as the first day after 10 March that rainfall reached
20 mm, totalled over three consecutive days. What is the probability that
this event will occur 5, 10, 15 and 20 days earlier or later than this
average date?

(i) A dry spell is requested for weeding after crop emergence. What is the
chance that there will be a dry spell (defined as no rain or as rain
totalling less than 5 mm per day) of at least 5 days duration during the
period 15 to 25 days after the onset of the rains?

(i) ~ What are the chances of getting 20, 30, 40, 50 mm or more in a day
within given 10 day periods? Impressions indicate that heavy showers
fall within the first 30 days of the short rains before a crop canopy is
established and run-off therefore occurs.

(iv) ~ What is the average date for the end of the rains? (A range of definitions
are given for this event®). What is the probability that the end of the
rains will occur 5, 10, 15 and 20 days earlier or later than the average
date?
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Finally, we do not wish to give the impression that the research is over from a
statistician’s point of view and that all that is required is for agricultural researchers to
ask the appropriate questions. Even within the iiuutcd fi21d of the analysis of rainfall
data, there are many important questions which still remain to be explored on the
range of models that can be fitted and the ways in which they can be used. In addition,
at present the analysis is limited to single sites. Little work has been done on the way in
which the results could be extended to allow maps to be drawn showing, for example,
the risk of a long dry spell over a region of the country,

We believe that the application and the extension of the methods of analysis
discussed in this paper are rewarding areas for collaborative research in Sri Lanka,
involving meteorologists, agriculturists and statisticians and we believe that it is possible
for the results to make a significant contribution to agricultural planning in Sri Lanka,
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Abstract: Glycoside fractions [rom ten holothurians were isolated and subjected to a
comparative examination. All ten species contained holothurin A, Except Holothuria edulis
and Havelockia versicolor all other species were found to contain holothurin B. The acid
hydrolysis of glyveoside fractions of all species examived yielded mainly two genins (22, 25 -
cpoxy - 7, 9 (11) holostadien-3-17-diol and its deoxvanalogue) and four supgars namely
glucose, xylose. 3-0-methyl glucoese and guinovose.

1. Introduction

The toxicity of sea-cucumbers has been known for many vears’ The active
compounds, the greatest amount of which occurs in the Cuvierian glands!” of the
animal, have been given the general name holothurins.!! These holothurins are
triterpenc glycosides and it has been ascertained that these glycosides possess diverse
physiological activity?:+1°

Extracts of seca-cucumbers possess antitumoural activity.!® They show
neurotoxic,? cytotoxic,7 antifungal' and antiviral!? effects. They also affect blood.6
stimulate activity of RNA-polymerases in rat liver nuclei.* inhibit seed respiration.® as
well as the incorporation of radicactive nucleosides and amino acids in rat marrow
cells.?

This present study was carried out in order to compare the glycoside fractions
of some of the holothurians found in Sri [.ankan waters with the glycoside {ractions of
the holothurians found in the Pacific waters.?

2. Materials and Methods

2.1 Isolation of Glycoside Fractions:

Dried samples were ground and first extracted with CH,Cl,in order to remove
fat, Extraction was carried out in a soxhlet apparatus. This was followed by
extractions with methanol. The methanol solution was evaporated to dryness (in

# Present address - Department of Chemistry, Mc Master University, Hamilton, Ontario, Canada
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vacuo). Water was added to the dry residue and this was extracted with butanol
with subsequent evaporation of the extract under vacuum until a slight turbidity
appeared. Cholesterol was added to the solution while vigorously agitating (70-
80 mg of cholesterol per | g of dry ethanol extract residue). The mixture was held
at 40-50°Cfor 15 min and left to stand for 24 hrs. The resultant precipitate was
separated by centrifugation’and washed with ether. In order to dissociate the
complex, the residue was dissolved in pyridine (3 ml of pyridine per 0.1 g of
residue} and after being left to stand for 5-6 hrs the solution was diluted with
ether (4-3, v/v). The glycoside residue which separated was washed with ether.

2.2 Thin-layer Chromatography of glycoside fractions

The glycosides were analyseéd on silica gel plates (Merck, Kieselgel 60 F 254)
using the following solvent systems:

(1) Butanol-Ethanol, 5:1, v/v, saturated with water.

(2) Chloroform-Methanol-water, 75:25:1, v/v
Spray reagent-Vanillin (lg) in concentrated sulphuric acid (100ml)!s

2.3 Glycoside hydrolysis

Hydrolysis of the glycoside was carried out in 2N HCI (1 ml per 40 mg of
saponin). After filtration, the residue (aglycones) was extracted into ether and
the ether evaporated.

2.4 Examination of Aglycones

The aglycones were analysed by TLC on silica gel plates (Merck, Kieselgel 60 F
254) using benzene-ethyl acetate; 10:1 (v/v) as the solvent system.

2.5 Analysis of sugars

The sugars were analysed by Paper Chromatography (Whatman, No. 1) using
the following solvent systems.

(n Butanol: Acetic Acid : Water mixture, 4 : 1 ; 2.
Spray reagent - Diphenyl amine, Aniline & Phosphoric acid in
Ethanol.1? :

(2) Phenol-Water mixture, 100: 40 (v/v)
Spray reagent - Phthallic anhydride/aniline in Butanol !5
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3. Results and Discussion

The results obtained for ten species of sea cucumbers are given in Table 1.

All ten species studied contain predominantly the glycosides, holothurins A
and B, except Holothuria edulis and Havelockia versicolor which lacked the latter

HOLOTHURIN B

Iigure 1. Structures of Holothuring A and B
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holothurin. In addition, all ten species. excepl Holothuria edulis and Stichopus
variegarus, contained an unidentified holothurin (denoted as X). The species
Havelockia  versicolor was unigue in that it contained a holothurin (denoted as Y)
which was found to be absent in the other nine species.

It is known that. with acid hydrolysis holothurin A and B from 22, 25-epoxy-7,
9(11). holostadien-3-17-diol (figure 2.1) as the main component, in lesser quantitics its
deoxyanalouge (figure 2.11) and four sugars namely glucose. xylose, 3-0 methyl glucose
and quinovose, '

The acid hydrolysis of the glycosides (of all ten Sri Lankan species) also vielded
the same genins (figures 2.1 and 2.11) and the four sugars.

The results indicate that the glycosides present in the species found in Sri
l.ankan waters do not differ much from those found in the Pacific waters. Flvakov
et.al.3 have reported that Holothuria robilis (Viti Levu Island. Fiji) contained only
holothurin A and genin 1 whereas our studies indicate the presence of both holothurins
A & B and genins 1 & 11, They also report the absence of holothurin A in the species
Holothuria scabra (Efate Island, New Hebrides) whereas the same species studied by
us contains holothurin A. The species Holothuria edulis was found tolack holothurin

~OH

i

Faeure 2. Structurcs of Aglycones
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whereas Elyakov eral have reported its presence in A edulis collected at Maraki
Istands and Gilbert Islands.
The species of Bohadschia marmorata studied by us contains both holothurins
A & B and both genins 1 & I unlike the results obtained by Elyakov et.al which
indicates the absence of any of them. Qur studies on Stichopus chloronatus and
Stichopus variegatus gave completely different results to that obtained by Elyakov
et al. Both species were found to contain both holothurins A & B and also contained
the two genins 1 & [L

Acknowledgements

The authors wish to thank the Natural Resources, Energy and Science Authority of Sri
Lanka for financial support, Prof. G. B. Elyakov for the authentic samples of holothurin
A, B, the genins and the sugars and Prof. A. L. Gunatilake for the authentic sample of
22, 25- oxidoholothriogenin.

References
I, CHANLEY.J] D, MAZZETTI . & SOBOTKA I1. (1966). Tetrahedron letts. 22, 18571884,

ELYAKOV. G. B. & OVODOV, YU. S. (1972). Khim. Prir. Soedin. 6, 697 (in Russian).

Bt

3, ELYAKOV, G. B.STONIK , V. A LFVINA E. V_SLANKA V. P KUZENTSOVA. T. AL & LENIN, V.5
(19730, Comp. Biochem. Physiol. ¥ol. 44 B, p. 325-336, .

4. HIAL S.. OURA, H., ISUKADA. K. & HIRAL Y, (1971} Ghem. Pharm. Bull. 19, 1656,

5. HYMAN, L. H. (1955). “The tnvertebrates- Echinodermara” McoGraw - Hill. N Y.

f. JAKOWSKA, S, NIGRELII, R, F., MURRAY, P. M. & VELTRI. A. M, (1958), Amalyr. Res. 132, 439,
7. LASLEY. B. J. & NIGRELLL R. I, {1970). Toxicon 8, 301

. E MAYEVSKY. AL & MARCHAIM, LL (19721 AL Celll Physiod 13, 927,

9, NIGRELLL R. F. {1952). Zoalogica 37, §9-9(},

1. NIGRELLI, R. F. & ZAHL. P. (1952). Proe. Soe. Fxp. Biol. Med. 81, 379-380.

11 NIGRELLL R, F. & JAKOWSKA, 5. (1960}, Ann ¥ ¥, Acad. Scr. 90, 8R4

12 PETTIT, G. R. et.al. S Pharm, Sci. 65, 1558,

13 RAQL G, S SINSHEIMER, ). E. & COCHRAN. K. W (1974}, /. Pharm. Sci. 63, 471,

14 SCHIMADA. 5. (1969). Science 163, 1462,

15. STAHL, E. (1969). Thin laver Chromarography, Springer-vedag, Herlin-lleidelberg-New York,
16 THRON. C. D, DURANT. R. C. & FRIESS. 8. 1. (1964). Toxic. Appl. Pharmac.6:182,

T YAMANOUCHL T, (1955 Publ. Sero. Marine Riol. Lab. 4, (Part 2) 183,

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

J. Natn. Sci. Coun. Sri Lanka 1983 11 (2): 191 — 202

On the Problem that some known Carcinogens do not appear
to be Mutagens in Short-term Tests
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Abstract: Anexplanationissoughtastowhy certain known carcinogens do not appear to be
mutagens. It is hypothesized that an intermediary substance and not the suspected
carcinogen itself, is the actual carcinogen, A model for the mechanism of carcinogenesis is
constructed utilizing forms of DNA damage and repairas known at present. When equations
are obtained for the carcinogenic response via this intermediary substance, it is found that
these equations can explain not only the commonly observed response patterns, but also.
certain peculiarities in response which have been observed in some experiments. An
experiment to estimate the ratios of the paramcters in the model could show if indced this is
the mechanism that occurs, and possibly identify the type of damage that leads to
carcinogenesis,

Key Words and Phrases: Mutagens, Metabolite carcinogens. mechanism of cancer, Carcinogenesis.
1. Introduction

Some carcinogens that are tested for mutagenic properties do not appear to be
mutagens. For example, the chemical “urethane™ is known to cause tumors in rodents
but has not given positive results in tests for mutagenicity. One explanation may be
that these substances cause mutations in-a way that is different from the process of
formmg mutations in, for example, the Salmonella used in the Ames! test described i in
Ames! Another could be that they cause mutations so severe that the colonies cannot
grow. The first problem can be solved by developing strains of organisms that would
be sensitive to the new substance, and the second problem could be studied by
examining if indeed the organisms are severely damaged. This examination can be
done perhaps by introducing a known mutagen to see if revertants occur again,

Still another explanation comes from the fact that rat liver is sometimes used in
the Salmonella test for metabolic activation. [t could be that some metabolite other
than rat liver might activate the mutation causing substance. The explanation of
interest here is that the substance in its original form is not the actual mutagen. The rat
liver metabolic activation is an example of this. Perhaps the substance in the presence
of some other substance turns into a product which is a mutagen. Or the substance
itself may do nothing, but it may turn into mutagens other substances which are
usually harmless.

Present address — The Institute for Statistical and E pidemiological Cancer
Research, LII Sarikatu, 21 B, 00170, Helsinki 17, Finland.
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Another unusual feature that has recently been noticed is that the carcinogenic
response is linear at very low doses, becomes a guadratic curve as the dose rises,
switches suddenly to a linear form as it rises further, and then becomes a second order
curve again before the response curve finallylstops rising because the substance
becomes toxic at higher doses.

The process described in what follows can be equally well applied to
mutagenicity and carcinogenicity by substituting the appropriate words (for example,
“mutagen” for “carcinogen” and “colonies” for “tumors™). The model used is an
extension of that used in the paper?

2. The Formation of the Actual Carcinogen

We shall call the substance under study SI and the actual carcinogen S2. First, a
supply of S1 has to be provided. Then, either the presence of S1 causes another
substance to transform into S2, or it is S1 itself that transforms into S2 because of the
presence of some other substance. The substance S1 itself, in its original form is not a
carcinogen. The formation of S2 will depend on the availability of S1. The more there
is of 81, the more of 82 will be formed. We shall also assume that there is a process of
repair or elimination. The units of S2 could be made harmless (repaired) by some other
agents or eliminated by either physical removal or transformation into another
substance. We shall be interested in the amount of S2 available at time, say, t. It is this
quantity and not the amount of S1 which will be the “actual dese” of carcinogen.

Assumptions
(i)  The supply of S1 is made available at an instantaneous rate of Df(t),
where D is the dose used and f(t) is some function which vanishes for t<0
and as ttends to infinity while its integral from zero to infinity isequal to

unity. (2.1)

(i)  In a small time period h, the presence of S1 causes a unit of $2 to be
formed with probability vDf(t)h where v is a constant. (2.2)

(i) In the time period h. a unit of S2 can be repaired or eliminated with

OB By s (2.3)
(iv)  The probability that any combination of the events in (ii) and (iii) would

occur in the period h is of small order in h. 2.4
let

pn(t) = P[There are exactly n units of S2 at time t]. (2.5)

These assumptions lead to the equation
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P (t+h)=B_(OVDIOh+P, . (1) (K+Dph+ B ()[1-h(vDI(t) +kp)]
+ o(h). : (2.6)

Multiplying by sk summing over k and letting h tend to zero, we have in the

s

limit an equation in the probability generating function.

ilh

5506, 1. (2.7)

—af-(}(s, 1= (s - 1) yDI®) G (s, 1) + {1 - s)p

If we denote the expected value of the number of units of S2 at time t as R(t)
and its derivative with respect to t by R1(t), we obtain the following equation by par—
tially differentiating (2.7) with respect to s and then putting s = 1.

RI(t) = vDf(t) - PR(1) (2.8)
which is casily solved to yield
t
-pt
R(t) = e ﬁ.r"x vDf(x)dx (2.9)
0

This equation gives the expected amount of the actual carcinogenic substance
S2 which will be available at some time t after the substance S1 is first supplied. Since
this is the actual carcinogen, we will need it in the next section as something similar to
an “actual dose” of carcinogen.

3. Method of Carcinogenesis

We shall assume that cancer cells are caused by mutations or some other sort of
damage that occurs in normal cells. What is likely is that the DNA in a normal cell is
slightly altered, slight enough not to kill it, but altered enough for it to pass on wrong
information and somehow create mutant cells that form growths. If these growths
become large enough, they can be observed as tumors. What causes the DNA damage
could be radiation,carcinogens and perhaps some other malevolent phenomena. Here,
we shall be interested in the case where it is the carcinogens that cause the damage.

The DNA damage can be caused in several ways. In the presence of the
carcinogen a normal cell could be damaged just the right amount to transformitinto a
mutant cancer cell. But it could also be that the damage is too slight for it to become a
cancer cell and that it changes to an intermediate stage which we shall call a primary
cell. After a while, the primary cell could be repaired by the normal repair mechanisms
of the body and revert back to a normal cell. It could also die or divide into two
daughter cells. In division,either of two things could occur. On the one hand, the two
daughter cells could have the same mutations as the mother cell and so be two primary
cells. On the other hand, it has been found that there exists a repair mechanism which

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

194 K. H Abeywickramu

could operate during cell division, and if this occurs, they turn into two normal
daughter cells. If the possibility exists that one daughter cell turns out normal while the
other remains a primary cell, then this leaves the number of primary cells unchanged,
and as far as the number of mutant cells are concerned, nothing has happened. Finally,
the primary cell could undergo a second damage. If damaged too much it will die, but
if the damage is of just the sufficient amount then it will turn into a cancer cell. Cancer
cells could also divide or die, but if tumors are to be formed they should be undergoing
a supercritical growth process.

This may be the mechanism behind the process of carcinogenesis as it appears
at present. We shall attempt to form a model that will conform with this mechanism
and see if the consequences of the model conform with the results of observations,

Assumptions

The DN A damage is caused by the presence of the actual carcinogen. Hence, it appears
reasonable to assume that the chances of any such damage being caused are
propoertional to the amount of the actual carcinogen present at the time. This amount
can be approximated by its expected value, R(t), (2.9). In view of this, we shall base our
maodel on the following assumptions.

In a small space of time h,

(i) a normal cell could be damaged and turn into a cancer cell with

probability KIR(t)h (3.1

(i))  a normal cell could be damaged and turn into a primary cell with
probability Ky R(t)h (3.2)

(iii) a primary cell could be damaged and turn into a cancer cell with
probability K, R(t)h . (3.3)

(iv) a primary cell can divide unrepaired into two primary cells with
probabilityAh 3.4

(v) a primary cell could be repaired. die or be repaired in the process of
division with probability ph (3.5)

(vi) a cancer cell can divide with probability Ah (3.6)
(vil) a cancer cell can die with probability Mh (3.7}

(viii)  the probability that a combination of the above events will occur is of
small order in h. (3.8)
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In the above KO‘ k k2, A ,p, Aand M are constants.

I

We shall also assume that the cancer cells form a supercritical growth process
and that the probability that a cancer cell starting at time t will have grown to be a
tumor and is observable at time T is given by T(1 — t) as calculated in the paper by
Neyman and Scott (1967), The result we require is that when T tends to infinity.

mT-t) —(1-M) 3.9)
Suppose that

Y(t) = number of primary cells at time t;

Z(t, T) = number of tumors counted at time T, which were formed
at time t;

E,= expected value of Y(1);

E, = expected value of Z(t, T);

Pm,nm = P[Y(t) = m, Z(t, T) =n]; and

G(u,v,t) = Probability Generating Function of Y(t) and Z(t, T).

By considering a smal] time interval |t,t+h] and the events that can occur in
it, we get the following equation.

P (=P K ROA(T -0+ B OKRO[L-T(T-0)]

+ Pm-l,n {-t}KOR(t]h
h 1y m(T-
+ Pm+1__n-1“) KZR(t] (m+1) m(T-1)

= Fl’nH,I{t) K_R®h(m + LI - m(T - 1)]

+ Pml-l.n () (m-1) A h+ P'm+1,n (t) (m + )gin

e Ml =h (K RO+ K R@) + (A o+ K R(®) (m)]

+ o(h) (3.10)

Multiplying this by u™? | summing over m and n, and taking the limit as
h tends to zero, we get an equation in the probability generating function.
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% Gluyv) =[@- DK+ (v- DT - Ky + K TR G (uv.)

# (- 1) (Au-p= KR +1(T - ) K (v - 1) R(0)] é% G(u,v,t)
(3.11)

What we now need is an expression for the expected number of tumors. This
will probably depend on the number of primary cells; hence, we seek equations in hoth
E, and F.-y. We do this by differentiating (3.11) in tumn with respect to u and v, and
then by setting both u and v to unity.

—cftr—EY = KR+ P-p+ (K - K) ROTE, (3.12)

_ddt_}z.z =TT - 1) K RO +1(T - 1) KR E+ K RO E,.  (3.13)

Equation (3.12) can be solved through the multiplication by an integrating
factor without much difficulty to yield,

t
E, (1) = e &V IK.OR(y,)e'gN dy (3.14)
0
X
where g(x) = j[)\- o+ (k- Ky) R(w)] dw.
0

Te proceed further we need to postulate the nature of the function f(t). In most
cases, S11s administered in the form of an injection or some other form which is given
suddenly at one dose. Especially in the case of urethane it has been found that it is then
speedily removed from the body. Under these circumstances we choose f(t) to be the
impulse function described in the appendix (A.1). Other cases of interest could be
studied using some other appropriate functions as f(t). Then, using the value of R(y)
(2.9), and the result of integration of impulse functions (A.2.2), we have

i ¢
E (1) = ¢ () IKO,,-De'h(y) ePY gy (3.15)
0

where h(x) = (X - w)x - (K- Kp)uD(e P* - 1y p.

We would like to know what occurs after the mechanism has had sufficient time
to function, which means we have to examine the behavior as t tends to infinity.
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CASE 1. When ) >4

We first consider the case when A -pis positive, so that the probability of a primary cell
dividing unrepaired is greater than the probability of a primary cell being eliminated
without forming a cancer cell. It can be shown that the integral in (3.15) is bounded
from below, away from zero, and that its multiplying factor tends to infinity as t tends
to infinity. Hence,

E (t)#=as t>wwhen A >p. (3.16)

In this case, there being an unlimited supply of primary cells so long as Ko is
non-zero, there will be an infinite number of tumors as T increases. The relationship
with the dose may be obscured by the fact that there are too many tumors, if the dose is
large.,

CASE 2. When )\ < g

We next consider the case when )- uis negative. If p> u -Athe non-negative integral in
(3.15) is bounded above by unity while the multiplying factor tends to zero. as t tends
to infinity. Ifp<p, it can be shown that (3.15) which is non-negative is then bounded
above by an expression that tends to zero as t tends to infinity. Thus,

E (t)» 0 as tswswhen ) <y (37

This is almost equivalent to the case where the primary cells take no part inthe
process of carcinogenesis since they die off too fast. If they do take no part, we can
approximate this process by having K= 0 in case 3.

However, if they do contribute a little and (3.17) still holds true, we cannot
simplify the equations any further.

CASE 3. When ) = ,u

Although it is unlikely that the case A= will hold (.xcu.tlv it is reasonable to assume
that ) and g could be approximately equal.
Now we can use (A.3.1) and integrate to obtain

D(k k) (1-¢ Y

ko
E (1) :_?___[ e’ gl (3.18)
12
In the limit
k ”D(k k}
lim B = 0 [P 21 (3.19)
t—ae L 1‘ k2
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which means that for small doses D, (3.19) is approximately
k v 1‘ (k k )
0. % 2 D2 (3.20)
P 2p2
We are interested in E_(t) only because we need it to obtain F, (t.) Returning to
E_(t), we can solve (3.13) too through the use of integrating factors and get

t
E,0 = ™ TORG) w(T -y [ + KB ()dy (3.21)
X
where r(x) = K j R{w)dw,
1)g

Letting T tend to infinity,m becomes (1 - —~) and using the impulse function as
f, we get

E (t) (I } -T(t)! ['(}’) e Py [KI+ KZEV(Y}]dY (3.22)
0

kl UD -pX

where r(x) is now --E—(e — »-1) and E;, (y) is as given in (3.18).

The integral can be calculated using the result{A.3.1) several times, which will
finally yield

kg K 1-e(ky ©) ey, t)—1
E () =0 -—} [e(l(.l,t) 0712 [e(l(l,l) 2 3 _ li3.23)
Mgy D“ -pt} (ki-k,) k, )
where e(K,t)=e
From this result we get the behavior in the limit:
k k 3 1 e( ) kn z
lim E(t) = (I - ’3\4‘) e (Kp-1+ £ 0~-k—2[e:{K e +e_(__l)_i_]]
o g 2 Kt (3.29)
KuD
where e(K) = ef

For small doses D, this is approximately
M, B kT ek RESS 2)v
S (8 S e S o J [2v Dl (3.2%
A P 2p 2p
4. Resulting Consequences of the Model

At first glance equation (3.25) is a quadratic in the dose D. When the dose is small, the
second order in D will be negligible and it would be a linear response. This quadratic or
linear approximation would fit most commonly observed response curves. However,
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this is not all, the co-efficients of 13 are not necessan]\ constants: Kg. K and sz‘mle
being constant for a particular dose or dose range. could take different values in
certain dose rangcs.

Recalling the definitions of K. K. K;. we see that K represents forming
cancer cells in one stage and, Kgand Kyrepresent forming them in twoe stages - first K
to form the primary cell and then K5 to form the cancer cell. When the dose is very
small the chances are that it is very unlikely that a second damage could occur to the
same cell. In other words, Kywill be very small or negligible when compared to KOt)r K.
As the dose gets larger, Kobecomes a substantial quantity, even of the order of Kbut
still is very likely to be smaller than K.

In view of this, equation (3.25) has some surprising implications. At first, Kois
approximately zero so the terms with K4 drop out. For very small doses, D2 ds
negligible, and hence we have only the first term, Thus, at small doses D, we have an
approximately linear curve which, as the dose gets a little larger, becomes a quadratic
since the second term becomes prominent. At some point, K ybecomes no longer
nepligible and Slﬂl.,l( there is a factor of Ky - K5 in the denominator which are of the
sanie order, (— —~k —) becomes a large quantity and the first two terms are masked.,
The curve bELUilICb IThear again, Next, the second D? term becomes prominent and we
have a second order cirve once more.

FIGURE 1
E
=3
=
=4
o
L =1
iyl
2,
7]
-
2 9]
=
= %)
Lo
B
oy
s o
the dose

Iigure - 1, This figure shows an example of the described phenomenon of alinear curve switching
to a quadratic twice over in the mutlagenic response. The figure is not to scale in order
to show the four scgments cleawrly. AB and CD are the linear segments, while the dose
becomes toxic near FE. (Produced here with the kind permission of Dr. Kendric C.
Smith.)
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This is exactly what some experiments (e.g., Sargentini and Smith 1979) have
shown: a linear curve smoothly becoming a quadratic, a sudden switch to linearity
with a steeper gradient than the previous linear segment, and once again a quadratic
before finally the dose becomes lethal (see Figure 1),

From A to C the dose is too small for a second damage to occur to the same cell, thus
K2 is negligible. From C onwards.

is comparatively large because K2 becomes non-zero and

Ké is of the same order of magnitude as K . Ilence, there are two segments (AC and
CE) where approximately linear curves (AB and CD respectively) switch to quadratics
as the dose increases, before the dose finally becomes toxic around E. (See equation
3.25).

At least in the shape of the curve, the observations seem to agree remarkably
with the model. 1f one assumes the first two terms can be neglected once Kycomes into
prominence, the relative ratios of the K's can be estimated from the experimental data
(all having a multiplicative factor of ;;' only the ratios can be obtained). This
assumption may not be justified, since being masked by other factors in experimental
data does not imply that these terms can be totally neglected when it comes to
estimation. However, some approximate values can be obtained.

To test the theory further, it is conceivable that an experiment can be
performed to check the ratios of different degrees of DNA damage ina random sample
of cells exposed to carcinogens. Would the ratios obtained by fitting equation (3.25) to
experimental data bear any relation to them? If they do, this could even lead to the
identification of what type of damage causes potential cancer tumors and what types
are repairable.

When the assumptions of this model hold true, it is clear that the substance that
should be tested in the short-term mutagenic tests should be the actual carcinogen. The
original substance S1 should be examined in the envirenment that it is to be put to use,
and all by-products that form from it should be carefully identified. The actual
carcinogen S2 is not necessarily formed from S1, but could be a derivative of another
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substance transformed in the presence of 81. Hence, it is important to carefully
examine other substances in the usual environment in the proximity of the original
substance, S1. Any changes in these substances in the proximity could well be a clue to
the identity of the actual carcinogen.
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APPENDIX
A.1 The impulse function

Any function f satisfying
et
ff{w) = 1 and f(w) = 0 for all w=0 (A.1.1)
0
is an impulse function. It also satisfies the following equation for any function F

which is continuous at zero.
a0

L fow)F(w)dw = F(0) (A.1.2)
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L a]

If f is any function such tharji'{w)dw = I'thenusinga l.aplace transform it
can be shown that

J\O'}
R - uD 21
UR(,\)dx » (A2.1)

where R(x) is given by (2.9). When [ is the impulse function of A.3.1, then

¥ e'—py'_ I
_[R(x)(lx = -pD) {A.2.2)
A3 g
A result of integration:
& ‘a-dl
j -t Ae’atlf e - pAC (A3
0 aA
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Abstract: Coconut oil which was mechanically extracted in small scale mills, from
intermittently processed (sun-dried or smoked) Grade III or substandard copra kernels,
was assayed for free fatty acid and aflatoxin Bl. Qil from these samples showed
significantly high levels of aflatoxin Bl (mean value 186 ppb in 115 samples of oil)
than the levels found in oil from adequately processed copra extracted in large scale
industrial mills. The attention of the coconut industry is drawn to this problem as a
potential health hazard to humans and animals, from the consumption of the oil and
press cake from such inadequately processed kernels.

The rclationship between free fatty acid (FFA) content and aflatoxin Bllevels in
100 samples of coconut oil from the small scale mills has been investigated. No correla-
tion was found. The conventionally used FFA content as a chemical index of the ‘qua-
lity’ of oil does not reflect the degree of aflatoxin contamination, making it necessary to
apply separate assays for aflatoxin contanmination in coconut oil, from commercial
sources. Possible reasons for the absence of a correlation between FI'A and aflatoxin
levels in such oils are discussed.

1. Introduction

In recent years, new small scale rural oil extracting mills have been set up in Sri Lanka,
for extracting coconut oil from domestically cured copra. The latter kernels are those
which have been rejected by large industrial mills. We hypothesised that the
incomplete and inadequate curing of these kernels with consequent fungal spoilage
might result in higher degree of aflatoxin contamination than is found in oil extracted
from adequately cured copra, in large industrial mills. In this study, the aflatoxin
levels in oil from these small scale mills were estimated and compared with the levels of
toxin which were detected in o1l from the large commercial mills in a previous study.?
The aflatoxin levels in some of the oil samples from domestically cured copra

- Present address — Department of Medical Microbiology, Faculty of Medicine,
University of Malaya, Kuala Lumpur.
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extracted in the small mills were appreciably higher than those found in the oil from
the large industrial mills, indicating that the domestic curing of kernels entails a
potential hazard through inadequate curing and fungal spoilage of kernels, which
merits early attention.

The free fatty acid (FFA) content is one of the most widely used chemical
indices of the quality of commercial coconut oil. This index reflects the hydrolysis of
the main lipid constituent, the triglycerides, principally by microbial (bacterial and
fungal) lipases in the original copra. The lipolysis results in heavy economic losses to
the coconut industry in respect of both the loss of lipid and the quality of the oil and
residual meal (press cake).

With the discovery of aflatoxins as potent hepatotoxic and carcinogenic
substances, and their frequent occurrence in oil seeds, the assay of aflatoxin levels in
oil seed products (mainly oil and press cake) assumed great economic and biclogical
importance. These assays are however time-consuming and expensive. Since the
predominant cause of FFA accumulation in oil seeds is the lipolytic activity of
contaminant micro-organisms which include fungi, notably aspergilli which are also
the source of aflatoxin, it was considered useful to investigate the relation between
FFA levels and aflatoxin, since a positive correlation between these two indices may
make the conventional FFA estimation, a simultaneous indicator of aflatoxin
contamination. No correlation was found and this absence is discussed in terms of the
origin and fate of aflatoxin and FFA in coconut oil.

2. Experimental

2.1 Coconut oil.

50-100 g samples of oil were obtained from 3 small scale private rural mills in the
Kuliyapitiya District. Each sample had been mechanically expelled from a 10 -50 kg
batch of copra kernels. These copra kernels had been processed domestically
by rural folk, the majority of kernels having been sundried without the conventional
smoke treatment which is applied on copra kernels in large scale industrial mills. The
domestically cured kernels were generally of Grade 111 or discards which were rejected

by the large mills. Further details of the processing of these substandard kernels are
discussed below.

The samples of oil were collected into dark glass bottles to minimise exposure
to light and were stored at 4°C in the dark pending FFA and aflatoxin assay.

2.2 Aflatoxin assay. The oil with its particulate deposit which formed on standing,
was well homogenised by manual shaking. Ten g aliquots in duplicate were extracted by
the aqueous acetone method.® Extracts of aflatoxin in chloroform were titrated on
250 nm TLC plates which were de\»'t_:loped in 3% methanol in chloroform, by visual
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comparison with standard inocula of pure aflatoxin Bl in chloroform. under 365 nm
UV light. Aflatoxin G] was not estimated since its occurrence was infrequent in the
samples tested.

2.3 FFA determination

About 10 ¢ of oil was weighed accurately into 30 mil of 96% ethanol. Phenolphthalein
indicator (0.5 ml) was added und the misture was heated to boiling point in a water
bath. The hot solution was titrated against 0.IN potassium hydroxide until a pink
colour which persisted for 15 sec appeared to signify the end point of the titration.

3. Results

3.1 FFA levels

The frequency distribution of FEA levels in the 100 samples of oil examined. is shown
in Figure 1; the modal value was between 0.5 and 1% in a range from 0.33 to 19
The mean FFA content of the series was 3.50%

it

>

SRR R SR T R TS T SR TR R T
FFA®,

Figure 1. Frequencey distribution of free fatty acid (FFA)Y fevels texpressed as a pereentuge by weightioe
100 samples of coconut oil, mechanically extracted from substandard copra kernels,
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3.2 Aflatoxin levels

The frequency distribution of the aflatoxin BI levels in 105 samples of oil. is shown in
Figure 2. The values ranged from 0 (below 1 ppb) to 250 ppb. In 10 further samples
the levels ranged from 500 ppb (3 sumples) through 1000. 1750, 2000, 3000 1o
5000 ppb. The mean aflatoxin B1 content of the 115 samples was 186 ppb (ugike). This
value is significantly high at 5% level in comparison to mean value for large scale mills.

3.3 Correlation between FFA content and Aflatoxin B1 content

-

Fisure 3 shows the relationship between the FFA content (%) and aflatoxin Bl
coneentrations fiea’kg® ppblin 100 samples of oil, There was no correlation between
these two indices (v = + 0.0048).

401

301
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201
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[ Ir e B I

ottt L 11 [ 1 | —
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Iigure 2. Frequency distribution of Aflatoxin Bl levels (i.g/kg parts per billion-PPB) in 105
q : : :
samples of coconut oil, mechanically extracted from substandard copra kernels.
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[igure 3. Relationship between free fatty acid (FEA} content 1% Yand Aflatoxin Bl levels (PPB)in 100

samples of coconut oil. mechanically extracted from’ suhstandard copra kernels.

4, Discussion
4.1 Aflatoxin B1 levels

Sumarajeewa? concluded from an cxtensive survey of aflatoxin contamination of
industrial coconut products (mainly oil. copra and copra press cake) that an appreciable
proportion of the samples of oil which were processed during the dry or wet scasons had
cconomically significant levels of aflatoxin Bl with reference to the recommended
permissible maximum of 30 ppb (ug/ke) of aflatoxin B1 (WHO/FAOQ/UNICLF), These
coconut oil sanples were derived by miechanical extraction from copra processed in
lurge industrial mills, From 116 samples of coconut oil which were collected during
the wet and dry seasons in 1973, the mean level of aflatoxin Bl detected was 50 ppb
with a range fsom O to 400 ppb. None of the samiples had levels ubove 400 ppb. [n
contrast. the mean level of aflatoxin B1 detected in the present study of 115 samples
from small scale mills in the same district was 186 ppb with 10 samples having had
levels of 500 ppb (5 samples) or more (5 samples having had 1000, 1750, 2000, 3000
and 3000 ppb respectively).
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Coconut oil is extracted from smoke cured copra in Sri Lanka, mainly by large
scale industrial mills which use power driven mechanical expellers. Small quantities of
oil for domestic use were cxtracted in stone mills (‘sekku’) at the village level three to
four years ago. At the houschold level oil, was extracted by the traditional technique of
boiling aqueous homogenates of coconut milk and decanting the supernatant oil after
separation of the phases on standing. However, with the cxtension of electrification to
rural areas, numerous small scale mills have been set up for the extraction of oil by
electrically powered mechanical expellers. The starting material for these small mills is
copra which has been ‘cured’ domestically. The majority of these kernels had been
merely dried by exposure to sunlight whenever available; this process was therefore
intermittent and excluded smoke treatment. A small proportion of the kernels was
smoked in domestic kitchens on shelves above the hearth. Hence as with sunlight
exposure, the smoking was intermittent allowing of fungal colonisation during the
intervening periods. The promotion of the growth of Aspergillus flavus in broth by low
degrees of smoking (whereas higher degrees of smoking inhibit the growth) was reported
by Samarajeewa.?

In addition to such improper or inadequate curing, domestically processed
copra has the added disadvantage of improper storage leading to insect and rodent
attack which promote fungal colonisation.

Such factors in the curing and storage of copra kernels are the probable
explanation for the higher levels of aflatoxin which were detected in oil which was
extracted from these domestically processed kernels,

The consequences of such contamination are however not economically
significant in relation to the export market since these products (oil and press-cake)
are solely for domestic use in the villages. The notable effect of this contamination
would on the other hand be in relation to intoxication of human and farm animal
populations which consume the oil and press cake derived from such substandard
copra kernels,

The health hazard posed by domestically processed copra is heightened by two
factors. (a) The contaminated kernels in domestic batches are not mixed asin the large
mills, with non-mouldy kernels, with the result that the aflatoxin levels are not reduced
by dilution; (b) the consumers of these products are either the rural folk who process
these kernels for their own use or are those living in the vicinity of the mills, both
categories of persons being regularly exposed to such contaminated oil. This is in
contrast to the products from the large mills which are distributed by sale in a wider
area both within and outside the district making it less likely that consistently
contaminated oil or press cake is consumed by humans or animals in a restricted
locality.
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42  Relation between aflatoxin and FFA levels. Eyre* reported that of 13 strains of
Aspergilli from mouldy copra which were tested, all had lipolytic activity. Hiscocks?
noted that 4. flavus in common with Aspergillus niger, Aspergillus fumigatus and
Aspergillus awamori had marked lipolytic activity among 9 species of Aspergilli tested.
Since strains of Aspergillus flavus-parasiticus are the source of the aflatoxins and arc
common contaminants in mouldy copra, it is theoretically possible that a proportion-
ality between levels of FFA as hydrolytic products of lipolytic activity and aflatoxin
may be found. This expectation is supported by the demonstration that both . glycerol?
and fatty acids especially lauric acid® which.is a major constituent of coconut
triglyceride, are promoters of aflatoxin production. Pattee and Sessoms? reported a
correlation between fungal growth score and both fatty acid and aflatoxin concentrat-
ions in peanuts which had been experimentally inoculated with an aflatoxigenic strain
of A.flavus. Diener and Davis® however found no correlation between free fatty acid
and aflatoxin in experimental cultures on peanuts.

The conclusion from the present study that no proportionality existed between
the FFA and aflatoxin levels in field samples of coconut oil, may be explained on the
basis of several considerations:-

(a) While strains of A flavus tested by Eyre? and Hiscocks® were markedly
lipolytic, only a proportion (approximately 75%?¢ or 43%!) are aflatoxigenic. Hence
contamination with A.flavus would result more uniformly in the accumulation of free
fatty acid than of aflatoxin. Moreover other species of contaminating Aspergifli, some
of which are also actively lipolytic, could also contribute to the FFA content but not to
a parallel increase of thé aflatoxin concentration.

(b) Apart from fungal lipases, bacterial and endosperm lipases and spontaneocus
non-enzymatic hydrolysis may also increase the FFA levels, in copra and the
derivative oil. Such FFA release will not be paralleled by an increase of the aflatoxin
level.

(c) It has been shown that the aflatoxin level in contaminated coconut oil
decreases with age of the oil ! resulting probably from exposure to daylight.® The
FFA level will conversely tend to increase due to the action of residual lipases derived
from the original kernel.

Thus the multiplicity of factors which increase the FFA level is in contrast to
the single source of aflatoxin and this together with the non-parallelism of the increase
or decrease of the levels of these two components, could in our opinion explain the
absence of a correlation between the FFA and aflatoxin levels in coconut oil.
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Abstract: Investigations carried out earlier showed that the phosphate in  Eppawela apatite
can be converted into a citric acid soluble form by treatment with soda ash. In the present
series of experiments apatite obtained from the grinding plant at Eppawela was used.
Calcination of this powdered apatite at 1400°C., complete conversion of P,O, to citric acid
soluble form was obtained. The chemical and the energy dispersive spectrometer analyses of
the powdered sample of apatite showed that it contains alumina, iron oxide and silica as
main impuritics. These impurities fuvoured the conversion of P, 0, in apatlte to citric
soluble form, Treatment of pure apatite with red (,l.xy containing alummd, iron oxide and
silica also showed a positive effect on the conversion of P, O, to citric soluble form.

1. Introduction

Laboratory studies carried out on the beneficiation of Eppawela apatite showed that
by calcining a mixture of apatite and soda ash the phosphate (P »05) in Eppawela
apatite can be converted into citric acid soluble form.,

X-ray diffraction studies of the calcined product showed the formation of
sodium calcium phosphates (eg. NaCaPQ;, Na3Caﬁ(P04]5'etc.}.The product has been
reported to be substantially more effective than superphosphate on several acid
tropical soils, because of its alkalinity and resistance to fixation by the soil# In some
crops or soils the sodium or soil-soluble silica may be beneficial.

in the present investigation attempts were made to develop a product with high
citric soluble phosphate (P,05), without addition of alkali salts in the process of
calcination,

2. Experimental
2.1 Starting Material

The term commercial apatite is given to the sample obtained from grinding factory
and pure apatite for sample obtained from primary deposit.

Both samples were ground to pass BS 100 mesh sieve and used in the present
investigation.
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Chemical analysis of both starting materials were carried out according to
standard method?

2.2 Calcination

Calcination experiments were carried out upto 1400°C in platinum crucibles in
temperature controlled furnaces. The experiments were carried out in duplicate.

The calcined products were analysed for 29 citric acid solubility according to
official method of analysis AOAC,? P, Os .content was determined by a
spectrophotometric method using ar:monium vanadate reagent.

2.3 Differential Thermal Analysis

Differential thermal analysis curves of both samples and the clay used were taken by
using model spectromom 190 A, Derivatograph.

2.4 XRD Studies

X-ray diffraction patterns of the samples were taken using JEOL JDX-8S. type X-ray
diffractometer fitted with graphite monochrometer.

2.5 Scanning Electron Microscope

Scanning Electron Microscope microphotographs of the samples were taken using a
JSM T-200. JEOL Scanning Electron Microscope.

3. Results and Discussion
3.1 Preliminary Studies

3.1.1 Chemical Analysis
Given below were the results of the chemical analyses carried out on pure apatite and
commercial apatite (Table 1).

Table 1. Chemical Composition of the Apatite Sample used

Constituent Commercial Apatite Pure Apatite
Yo Wiw % wiw
CaO 48.11 55.52
PO, 31.65 39.35
510, 1.96 0.35
MgO 0.19 0.10
Al,O, 3.20 0.63
Loss on ignition 0.95 0.21
Moisture 394 —
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The effectivencss of these apatite samples as a phosphatic fertilizer were
determined as 26 citric acid soluble I-’ 0 content and results obtained were as follows
(Table 2).

Table 2. Crtrie Acid Solubility of Apatite Samples

Sample 2% Citric Acid Total PyOy %Conversion
soluble P05 P,O;5 to Citric
% % Acid soluble form

3
o0
T
2
i
T

Pure apatite ! . 13.16
Commercial apatite 4.63 31.65 19.61

3.1.2 Xeray Diffraction Analvsis

X-ray analysis showed that Eppawela Apatite is mainly in the form of h\‘droxyl apatite
Ca (PO ,);(OH.CLE) with a little amount of fluorapatite Cas(POy) b it feure 1)
In the case of commercial apatite peaks due 1o small amounts ofe-quartz. l‘mlhm wis

ohserved
} 3
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Figure 1. XRD Patterns of Apatite
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From this it was clear that pure apatite consists mainly of apatite material and
commercial apatite contains small amounts of clay, goethite, silica sand as impurities
along with apatite materials.

3.1.3 Scanning Electron Microscopic (SEM) Studies

SEM photographs taken on a apatite rock are given in Figure 2. The white patches
indicate the presence of impurity in the rock.

The SEM microphotograph of the sample used for Energy Dispressive
Spectrometer (EDS) studies is given in Figure 3,

The EDS analysis of the top surface of the rock labelled as ‘A’ showed that it
consists mainly of clay and ‘B’ of pure apatite with silica as impurity.

These results clearly show that the green surface ‘B’ is pure apatite and the
brown surface ‘A’ from matrix of the deposit. Brown surface consists of mainly
alumino silicates (from clay).

From this preliminary analysis we can conclude that:

(a) Greenish pure apatite contains mainly apatite materials such as hydroxyl
apatite and fluorapatite.

(b) Commercial Apatite contains alumino silicates, goethite and silica as
impurities, These impurities have come to apatite material from the brown
surface on the green apatite rock material.

3.2 Calcination of Apatite

‘Calcination of commercial and pure apatite samples upto 14009C were carried out
and the citric solubility of the samples were determined. The results are shown in Figure 4.

It is clear that the citric acid soluble P,O5 percentage rapidly increase with the
calcination temperature for commercial apatite. It was observed that the reason for

this was the formation of [Ca;(POy,] calcium phosphate which is readily soluble in
citric acid.

The XRD patterns of the calcined products are given in Figure 5.

XRD studies also showed that the major constituents in the residue after
dissolving calcined commercial apatite (1400°C) in 2% citric acid was unreacted
apatite and clay. Calcination of pure apatite at 1400°C resulted in the formation of
stoichiometric hydroxyl apatite. Formation of hydroxyl apatite did not increase the
citric acid solubility of pure apatite at high temperatures.
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Figure 4. Effect of temperature on citric solubility of Apatite

The preliminary investigation clearly shows that,

(a) Increase of citric acid solubility in calcined samples is due to the presence of
appreciable amounts of silica, alumina in commercial grade of apatite which
would have come to the sample from gangue material clay or from free silica.

(b} These impurities had influenced the formation of citric acid soluble Ca ;(PO,),
from the hydroxylapatite.
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Corresponding results for pure apatite were very low, due to the absence of these
impurities and hence formation of purely crystalline hydroxyl apatite,

Further experiments were carried out on commercial apatite samples by

calcining with powdered silica sand (100 mesh) from Nattandiya to investigate the effect
of free silica on the conversion of P,04t0 citric acid soluble form.
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Figure 5. XRD Patterns of calcined apatite.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

218 J. Amarasekera and M. G. M. U. Ismail

3.3 Calcination of Commercial Apatite with Silica Sand
3.3.1 Preliminary Analysis of Silica Sand

3.3.1.1 Chemical Analysis
Following were the results of the chemical analysis on Nattandiya sand used. (Table 3)

Table 3. Chemical Analysis of Nattandiya Sand ik
Constituent % wW/w
Sio, 99.02
F82Q3 0.18
AI203 0.88

3.3.2 Calcination Studies — Commercial Apatite and Silica

Calcination of commercial apatite with different proportions of finely powdered silica
sand were carried out up to temperature 1300°C, Figure 6 represents the effect of

addition of silica sand to commercial apatite on the citric solubility,

Calcination of pure apatite with silica sand has already showed that the
solubility could not be increased.

XRD patterns of these samples showed apart from unreacted apatite the
presence of CaS(PO4 }2 SiOzwhich is not soluble in citric acid.

It was clear that

(a) There is no correlation between the citric acid soluble P205c0ntem and amount
of silica added to the samples.

(b) The samples obtained by adding extra silica to commercial apatite gave lower

citric acid soluble 13205 content than that obtained by calcining alone.

(¢) Increased citric acid soluble P, O content of the commercial apatite alone was
not due to the presence of free silica in the sample.

3.4 Calcination with Clay
3.4.1 Preliminary Investigation of Clay

Clay from Biyagama arca was selected for the investigations. Figure 7 gives the DTA of
Biyagama clay.

DTA curve of the clay used show three endothermic  peaks at temperatures
around 110°C, 300°C and 530°C and a weak exothermic peak at 900°C. Normally
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kaolinitic clays show a weak peak below 200°C and endothermic peak around 570 -
580°C and exothermic at 970°C. Ferruglnous materials (mainly goethite) show an
endotherm around 350°C but the peak temperature may vary according to the
crystallinity of the material. Kaolinite - gibbsite clays show an endotherm around
320°C and other kaolinite peaks at 580°C (endotherm) and 970°C (exotherm).
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Figurc 6. Effect of addition of S]O on citric solubilify of commercial apatite af different tempe-
ratures.
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XRD study (Figure 8) of clay show the presenge of kaolinite, quartz, gibbsite and
goethite. Hence the clay used is a kaolinite - gibbsite - goethite tvpe clay.

25

Q- quartz (low)
b - gaethite

e U’J” WLMW,JMJJMM ARy
30 35 40 45

¢ ~ gibbsite
d - kaolinite

Vigure 8. XRD pattern of Biyagama clay.

3.4.2 caleination
Pure apatite samples were calcined with different proportions of clay and citric acid
soluble PZO‘1 contents were determined. The results are shown in Iigure 9.

Phascs present in these samples were analysed using X-ray Powder
Diffractometer (Figure 10}.

From these it 1s clear that,

(a) Apatite could be converted to citric acid soluble form by fusing with clay.

(b) Citric acid soluble [’205 content increased with increasing temperature,

(c)  Citric acid soluble constituent in these calcined products is :mamly- Ca_( P(‘%).2
b )

(d) With increase of apatite to clay ratio bevond 10:4 the solubility decreases. This is
due to unreacted clay remaining in the sample.
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4. Conclusion

Commercial grade Eppawela Apatite and Pure Apatite are not suitable as
fertilizers since they have a low citric acid soluble P2 O percentage.

Commercial Apatite can be converted to a product having almost all the
phosphorous in citric acid soluble form by calcining it at 1400°C.
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(3)

(4}

(3)

(6}

Pure Apatite cannot be converted to a more citric acid soluble form like
commercial grade. by simply calcining to high temperature.

Reason for higher citric acid soluble phosphorous in calcined commercial
apatite 1s the presence of alumino silicates,  which acts as a flux.

Pure apatite also could be converted to more citric acid soluble form by
calcining with clay at high temperature (above 1200°C)

In all experiments the citric acid soluble phase obtained was (.‘33(17(}4]2.
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Pieure 10, XRD patterns ol caleined apatite with clay .
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Abstract: Forty five large scale mills in the ‘Coconut Triangle’ of Sri Lanka were studied over
a one year period, for aflatoxin contamination of their products — mainly copra, oil
and press cake — to determine the incidence and levels of aflatoxin contamination, and
the origin of such contamination.

Of 344 samples, approximately 50 contained medium-high levels (0.05 to 1pg/g,ppm)
of aflatoxin Bl. None of the samples had levels over 1 ppm. In 99 selected copra kernels with
heavy fungal colonisation, the levels ranged from 0.05 to 4 ppm in 50% of the kernels.
Only 2 kernels had higher levels with 10 and 20 ppm: 29% of kernels had levels betw-
een a trace and 0.05 ppm while no aflatoxin was detected in 18%. The levels detected
in cured copra products were lower than those reported in other oilseeds; reasons are
discussed.

The aflatoxin levels in the products from 25 mills which were in continuous
production during the survey period, were classifiable as ‘regularly high’, ‘occasionally high’,
‘regularly medium-low” and “low or nil’. These patterns were correlated with rainfall
techniques for curing of copra. conditions of storage, prolonged storage of copra, admixture

of high quality copra with substandard kernels for oil extraction and the lack of quality
control measures.

1. Introduction

Oilseeds have been shown to be good substrates for the growth of aspergilli and
aflatoxin production. The major oilseed in Sri Lanka is cocdnut; its products are
important food items for both humans and animals in this and several other tropical
countries, apart from being items in their export economy.

The economic losses incurred in copra manufacture in Sri Lanka due to fungal
spoilage, have been estimated to be approximately 25% of the total production.’
Extensive data on the biological effects of the aflatoxins, with reports of acute
intoxication in both humans and farm animals, with indirect evidence for a possible
aetiological relationship between the aflatoxin loads in foods and the incidence of
cancer of the human liver, necessitated a detailed study of the aflatoxin prohlem in

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

226 U. Samarajeewua and S. N. Arseculeratne

relation to coconut products. This need was accentuated by the demonstration? that
fresh coconut was an excellent medium for the accumulation of large amounts of
aflatoxin. The economic implications of fungal spoilage in terms of the losses of
substrate and lowering of export quality were further reasons for an in-depth study.

A preliminary survey ol retail samples of coconut products in the Kandy
District! did show economically significant levels of contamination. The present
survey was undertaken to provide more detailed data on the incidence and origins of
aflatoxin contamination in coconut products in the major coconul producing area in
Sri Lanka. with special reference to the formulation of remedial measures for the
prevention and control of contamination.

Toconut based animal feedstuffs were also included in this study on account of
the adverse effects of aflatoxin ingestion by farm animals such as on meat production
and egg oulput, as well as on the possibility of ingestion by humans of milk containing
the toxic metabolite aflatoxin M1 derived from aflatoxin Bl after ingestion by
lactating animals.

2. Experimental

2.1 Samples — Samples were collected from 45 out of 58 registered coconut oil mills in
the area within the ‘coconut triangle’ bounded by Chilaw, Kurunegala and Colombo,
and along the coastal belt from Puttalam to Beliatta. The few mills in the Jaffna peni--
nsula were not surveyed as this was not a major coconut industrial area. Thirteen regi—
stered mills in the ‘coconut triangle’ which were not functioning during the survey
period were excluded from this study.

Samples of the major coconut products - copra, copra press cake (copra meal,
poonac) and coconut oil were collected during the three scasons January to April,
May to August and September to December in 1973, to investigate the effect of rainfall
as reflected in the wet and dry periods of these seasons. In addition, samples of parings,
parings oil, parings press cake. coconut refuse (‘Polkudu’). refuse oil refuse press cake,
animal feed containing coconut, and desiccated coconut (both export quality and
rejected) were also coilected for assay from these mills whenever they were available,

Single copra kernels which showed heavy [ungal colomsation with aspergilli
and penicillia were selected from copra stores for separate analysis.

2.2 Sampling Coconut Oil — Samples were withdrawn from bulk storage tanks
by lowering a bottle into the oil. The oil in the tanks was assumed to be homogeneous
as regular addition and removal of oil was expected to result in some degree of mixing
of the contents of the tank; no other means of homogenising the contents of the tank,
was available,

2.3 Copra powder and press cake — Samples (10 g) were withdrawn from
adjacent layers, 30 cm inheightin the case of conical heaps. The number of samples
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withdrawn from each of such layers starting from the top of the heap, were in the ratio
of volumes 1 : 7:19:37: 61:91......, these being the ratios of volumes in a cone when
horizontal layers of equal thickness were considered. When long beds of material
were sampled, they were assumed to be a series of cones and the samples were
withdrawn accordingly. :

The withdrawn samples were then mixed and subsamples were used for
analysis,

2.4 Preparation of samples for assay- — The press cake samples were pulverised in
a sponge mill No. 3. The resulting product had the following sieve (BS) analysis:

10 mesh retained approximately 109,
10-20 mesh retained approximately 50%
20 mesh through approximately . 40%

The copra samples were minced to a particle size of 2 mm or less.

2.5  Aflatoxin assay — The samples were extracted by a modified 70% aqueous
acetone procedure with 3 successive homogenisations instead of shaking as in the
original procedure.® Titration of the extracts inchloroform was done on 250nm silica
gel G (Merck) thin layer plates, by visual comparison with inocula of pure aflatoxin
Bl and G1 in chloroform, under UV light at 365 nm. On account of the predominant
occurrence of Aflatoxin B1, only the values relating to B1 are shown in the tables and
figures.

3. Resuits
3.1 Aflatoxin levels

Following the classification of aflatoxin levels in foods suggested by the Tropical
Products Institute, London® the samples were assigned to 4 groups as follows:

_group Aflatoxin Bl content
peg/g (part per million)
Low or negative less than 0.0%
medium - 0.05 to 025
high 025 to 1.0
very high more than 1.0

About 509 of all the samples tested contained medium or high aflatoxin levels.
The distribution patterns of aflatoxin Bl in the products are shown in Table 1.

The mean aflatoxin levels detected in copra powder, coconut oil and copra
press cake collected from 45 mills are 0.08, 0.05 and 0.09 { ug/ g respectively. Among 99
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copra kernels which showed heavy colonization with fungi, only two samples had
levels of 10 jug/g or more, with 10 and 20 /¢ p/ g respectively; both these samples were
collected from the same mill but on two different occasions. Aflatoxin Bl levels ranging
from 0.05to 4 ug/gwere present in 509 of the copra kernels. Low levels (below 0.05
Heg/ ) were detected in 29 (299%) samples. These were only 18 (18%) samples which did
not contain detectable aflatoxin.
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Figure 1. Variation of Aflatoxin Bl contamination patterns in commercial coconut oil, copra
press cake and in copra powder with season. Figures on bars refer to the number of
samples assayed. Aflatoxin levels represent mean values.
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3.2 Aflatoxin levels in relation to rainfall: The rainfall figures recorded during the
survey period showed same pattern of monthly variation in intensity at ali the stations
along the coast from Puttalam to Beliatta with slightly higher figures in the Kalutara
District. The Kurunegala District had low rainfall throughout this period. In all
Districts the maximum and minimum rainfall were recorded in the following months :

Month Pattern
December (previous year) Maxima
January/February Minima
April{ May : Maxima
August/ September Minima
October/ November Maxima

The mean aflatoxin levels detected in copra powder, coconut oil and copra
press cake during the three collections are shown in Figure 1. The aflatoxin levels were
high in all the samples of all three products which were collected during January to
April' period. The levels were lower in samples collected during May-August period.
The levels in copra powder and copra pressed cake increased following the high rainfall
in August-September while the aflatoxin levels in coconut oil however did not showa
corresponding increase during this period. .

3.3 Afiatoxin Bl levels in samples from individual coconut oil mills

Data from 20 mills which were not in continuous production during the survey year,
was insufficient for a comprehensive analysis and is excluded from this record.

The data presented below is from 25 mills which were sampled continuously
throughout the test year; their contamination levels showed a definite pattern and
these 25 mills were classified as follows according to the levels of aflatoxin in their
samples:

(a) ‘Regularly high’ Two mills which processed lower grade copra fell into this
category. The aflatoxin levels in their products are shown in Figure 2a.

(b) Occasionally high' High levels of aflatoxin were observed in these 6 mills.
These levels were related to high rainfall. Their pattern of contamination is shown in
Figure 2b.

(c) 'Regularly medium low’ These 4 mills purchased under-smoked or
contaminated substandard copra as starting materials, from a few producers. This
copra was mixed with good quality copra prior to oil extraction or before deposition
for storage. The levels of aflatoxin detected in the samples from these mills are shown
in Figure 2c.
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product of their desiceated coconut dustry or had ther own smoking kiins which
produced high quality copra. Their aflatoxin levels are shown in Figure 2d.
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4. Discussion

4.1 General aspects: The aflatoxin levels detected in copra and its products were app—
reciably lower in comparison with the levels attained in fresh coconut, experimentally
contaminated with Aspergillus parasiticus or Aspergillus flavus®. The observation that
colonisation of field samples of copra kernels by A4. flavus-parasiticus was evident in
adequately smoked kernels only in and around the areas which were damaged by
breakage or rodent attack provided a possible explanation for this paradox, i.e. the
mechanical or rodent damage to copra kernels exposed the depths of the kernel which
were not exposed to the deposition of the constituents of the smoke, This led to the
hypothesis that these smoke constituents were probably inhibitory to fungal
colonisation and/or toxin production, a hypothesis which was confirmed
experimentally, > For the same reasons the low levels of aflatoxin in smoked cépra
kernels and the coconut oil contrast with the high levels which are sometimes detected
in other oilseeds notably groundnut, which are not smoked but merely dried during
their processing.

4.2 The infiuence of moisture on aflatoxin accumulation in coconut products: Fun gal
colonisation occurs in copra which contains more than 6% moisture. The curing of
copra reduces the moisture content to 4-6%. However the average moisture content of
copra in the field lies between 7-9%.7 During the rainy season, the kernel absorbs
moisture from the humid atmosphere resulting in sufficient moisture levels for fungal
colonisation. This process is promoted by the practice of some millers who store copra
for up to 4 months before expelling oil, as it is claimed by them that, oil is expelled
more easily from kernels which have a higher moisture content and which are partially
deteriorated.

The higher allatoxin levels which were detected in the first batch of samples
(Figure 1) were probably associated with copra stored through high rainfall which
occurred during the last few months {October-December) of the previous vear before
the collection during January-March. The low rainfall during January-February is
reflected in the lower values of aflatoxin in the products which were cured and stored
during this period. Storage during this dry period would not have led to rehydration of
the processed kernels with consequent aflatoxin formation, The higher levels observed
again in samples of the third batch collected during the September-December period
are likewise probably correlated with the high levels of humidity consequent on the
heavy rains in April-May,during which period these samples were processed and then
stored for a few months beyond that period. The coconut-production is high during
April-May and it is quite probable that large amounts of copra are produced and
stored for oil expulsion during lean periods towards the end of the vear,

The pattern of contamination of coconut oil however differs from that shown
by copra and press cake described above. In the oil, there was a continuous drop of
aflatoxin levels with the three samplings during the year. The explanation for the
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decrease ol aflatoxin levels in the oil contrasting with a rise in the levels in press cake, is
obscure,

4.3 Variation of contamination with mili: Among the four categorics of mills,
those which belonged to the ‘regularly high’ category consistently bought low grade
copra at cheap rates. to achieve greater profits. The high. demand for coconut oil
throughout the year and the lack of quality control measures would have also
permitted the use of low grade copra for oil extraction and press cake manufacture.

The lack of proper storage facilities and the lack of knowledge on the part of the
millers on the origins of fungal colonisation, are apparently serious causes of the high
levels of contamination observed in association with rainfall in the ‘occasionally high’
category of mills,

Although the mills which showed ‘regularly medium-low’ levels were also
compelled to buy substandard copra from outside to keep their mills running
throughout the vear, their practice of mixing different grades of copra (including high
grade copra) as revealed by most of the millers at discussion would have contributed to
the overall lower degree of aflatoxin contamination in the samples from these mills.
The extent of mixing was found to vary depending on availability of different grades of
copra.

The mills of the low-nil” category used copra which was cured in their own kilns
and did not purchase copra which was cured elsewhere. These two factors would have
ensured the use of high quality copra which was reflected in the ‘low-negative’ values
for aflatoxin, :

[t appears that the problem of fungal contamination is more associated with
the lack of the millers’ knowledge of the mechanisms of spoilage and its consequences
or with financial constraints in setting up their own processing plants. both of which
result in the purchase of low quality copra for processing.

4.4 Millers’ practices which encourage fungal spoilage and aflatoxin
accumulation: During the stage of curing, underdrying of copra is a major problem,
Man_\_-' copra producers admitted that they do not subject copra to more than five
rounds of drying. The resulting moisture levels in copra would be above 7 per cent?
‘The main constraint appears to be economic — the reduction of fuel needs and the
achieving of higher weights of the copra produced. The millers’ belief that mould
growth facilitates oil extraction or is an index of optimum drving is a further
constraint to the proper curing of copra. Practices such as wiping off. of the fungal
growth before mouldy copra 1s sold — a practice which some producers resort to
does not remove the aflatoxin which is already accumulated in the kernel. At the point
of milling. substandard contaminated copra is processed again, for whal appearsto be
economic reasons. Underdried copra is used to provide sufficient stocks of starting
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material to keep the mills running and to ensure a regular stock of oil for sale. In
addition this copra is stored for prolonged periods supposedly for easier extraction of
oil, Such prolonged storage leads to deterioration of both copra and the extracted oil.

Another practice which results in the overall contamination of bulk oil and
press cake is the mixing of substandard,mouldy kernels with high grade kernels, for oil
extraction. The disadvantage of this mixing in respect of groundnut was illustrated
by Goldblatt* “If just one peanut with a million ppb of aflatoxin is admixed with
10,000 kernels that contain none, the whole lot will assay at the relatively high level of
100 ppb of aflatoxin.”

We would therefore recommend that substandard copra be processed
separately for oil which could either be refined or diverted to the soap industry while
the residual press cake be detoxified prior to use in animal feeds.

The storage conditions in most mills are unsatisfactory. There are often no
proper store houses and the copra kernels both adequately dried as well as
substandard and mouldy, are left together on the floor of dark, ill-ventilated rooms,
exposing them to insect and rodent attack and to humidity. The contaminated mouldy
kerncls provide the fungal spore inoculum for colonisation of the rest of the heap
which occurs with increasing moisture levels with rain, and the exposure of the
unsmoked depths of the kernels caused by pest attack. Proper storage to minimize pest
damage would be of greater importance with copra kernels than with press cake
(poonac) since the occurrence of fungal colonisation and toxin accumulation could
result from absorption of moisture by copra but not in press cake which has been
rehydrated.!

An integral part of the aflatoxin control program would appear to be the
education of the millers and producers on the mechanisms of fungal colonisation and
the implications of aflatoxin accumulation and resultant intoxication in both humans
and animals.

45  Comparison of coconut products with other oil seeds and their products in
respect of aflatoxin contamination.

Data on the aflatoxin problem in coconut products processed in other tropical
countries is scanty; Jones® recorded the following levels from a worldwide information
survey of aflatoxin contamination in a variety of substrates: '

Country product number of aflatoxin content
samples average level
p— (ppb)
Philippines copra 171 10
copra meal 2 6
Marshall Islands copra 4 30
Caroline Islands copra 2 below 5
Western Samoa copra 3 below 5
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Table 1. Classification of Coconut products into grades according to Aflatoxin Bl content. Figures
refer to numbcer of samples.

Aflatoxin Bl content (pgig. parts per million)

Product
low or medium high total number
negative of samples
less than 0.05 0.05 025 0251 tested

Copra powder i 28 6 63
Press cake 34 49 9 92
Coconut oil 2 41 2 95
Pairings 10 3 { 13
Pairings press cake 6 7 2 15
Parings oil 10 1 0 11
Coconut refuse

‘polkudu’ ! 4 5 0 9
Coconut refuse

press cake | 8 { 9
Coconut refuse oil 4 0 4
Industrial cocanut oil 6 0 0 6
Desiccated coconut 5 0 4] 5
Desiccated coconut* 2 { 0 2
Coconut based animal leeds 9 9 0 18
Total 169 151 19 339

* rejected

In general the levels of aflatoxin in coconut products are lower than those
which have been reported from technologically underdeveloped countries in other
oilseeds and their products. This is in contrast to the excellence of fresh coconut as a
substrate for colonisation by Aspergillus flavus-parasiticus and aflatoxin production
I comparison, even with groundnut which is reported to be perhaps the most
extensively contaminated oilseed. Some of the high levels of aflatoxin which have been
reported in groundnuts are as follows (sec Jonest):

couniry produet number of aflatoxin content
saumples average level (pph)
India groundnur cake 2200 302,000
2340 JR3060
2850 986000
580 350
602 290
911 320
405 ' 770
RBrazil groundnut meal 7 T0q)
38 LEOD
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This difference between coconut products and groundnuts is apparently due to
the smoking process which the copra kernels are subjected to during their curing, a
process which is not applied to other oilseeds including groundnut. The inhibitory
effect of smoke on aflatoxin accumulation has been commented on above.

In economic terms however the aflatoxin levels in coconut products are higher
than the recommended permissible maximum (WHO,;FAQ; UNICEF) of 30 ppb. in
an appreciable proportion of the samples tested. In view of the possible adverse
cconomic consequences of such contamination on the export industry. the attention of
the coconut industry is drawn to this problem.

Conversely in biological and toxicological terms, the levels of aflatoxin found
in our copra products are perhaps too low to result in acute intoxication of either
humans or farm animals. This situation is in contrast to the intoxication of humans
and animals, which has been reported to have been due to the consumption of
aflatoxin contaminated maize and groundnut respectively. Moreover the inhibitory
effect of smoking of aflatoxin accumulation and conversely the excellence of
unsmoked coconut as a medium for aflatoxin production was illustrated by the
intoxication and deaths of farm goats which had been fed mixtures containing
aflatoxin contaminated coconut refuse.?
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Abstract: V/Mn ratios with the organic carbon content and a C-29 sterol compound
indicative of higher plants in a terrestrial environment have been used to demarcate the
different palaeo-environments of algal mats and peat deposits of Sri Lanka. These chemical
parameters were found to be especially usefulin the delineation of marine, tidal-flat, lagoonal
and terrestrial environments of deposition. '

1. Introduction

Algal mats and peat are now being studied for their metal distributions as they may
provide useful clues to the formation of certain metal-bearing mineral deposits, even
during Precambrian times' ' '8 The classic work of Renfro!® on the genesis of
evaporite associated stratiform metalliferous deposits in sabkha environments laid the
foundation for further research. Both algal mats and peat, being organic materials, are

the subject of studies on metal trapping properties by naturally occurring organic
matter, 2- 5. 7,13,14,17

A fundamental necessity in all these studies is the reconstruction of the palaeo-
environment of the deposits and the conditions of deposition. It is the aim of this paper
to make use of certain inorganic and organic constituents of the deposits to trace the
source materials and the environments of deposition using two such deposits from Sri
Lanka.

2. The Muthurajawela peat deposit

The Muthurajawela peat deposit(Figure 1)is the largest in Sri Lanka, but up to the
present, this deposit has not been utilized. The area studied consists of flat land
perennially in a water-logged condition with the depth of water varying from place to
place. Specialized vegetation characterized by brackish water plants is prevalent. The
swamp area representing the southern extension of the Negombo lagoon, is bounded
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on the east by a belt of laterite(Figure 1yand on the south by a succession of 1aterite,
peaty sand; and coastal sediments. Northward it is bounded- by sandy peat and peaty sand.

The peat deposit covers an area of approximately 21 km2; the average thickness being
3.7 m. The maximum thickness is in excess? of 5§ m.

Along the sea coast on the western side of the swamp, a beach sand belt
containing heavy minerals occurs. Thére aré no sharp contacts among the lithological
variations, sand, peaty sand, and sandy peat passing gradually into each othef. On the
eastern side, peat is mixed with lateritic mud, and no obvious boundary exists. These
intermediate areas are covered by paddy fields.

3. The algal mats of Mannar

These algal mats are located in the Mannar Island tidal flats off the northwest coast of
Sti Lanka(Figure 2).They are laminated blue-green algal mats forming in the intertidal
zone of a clastic (non-carbonate) tropical and lagoonal tidal flat. Gunatilaka® studied
these algal mats in detail and recognized three different types namely:

(a) a smooth rounded mat zone wnh discrete structures,
(b) a crinkled and blistered Zone,"’
(c) a smooth flat-mat zone.._\?__mhout any perceptible relief.

The mats were formed by the trapping and binding of sediment particlesontoa
sticky mucilaginous complex of algal filaments. All three zones are characterized by
laminations produced by the alternation of thick sediment with thin algal-rich layers
and show an accretion rate of 5-15 mm/ week. For a detailed account on the biology
and sedimentology of the present-day Mannar algal mats, the reader is referred to
Gunatilaka?®

4. Material and methods

Peat samples from three bore-holes A, B and C (figure 1) were taken at various depths
and air-dried. Each air-dried sample was crushed, ground and the minus 63 um
fraction retained for analy: sis.

Approximately 0.5 g of the ‘;ample was weighed in a teflon cruc1ble and heated
for 20-25 minutes with 15 ml conc H, SO, until the organic matter was thoroughly
decomposed. A 70% mixture of conc HNO: and conc HC! were then added and
carefully heated to dryness. 20 ml of 6097 HF was added to the residue to dissolve any
silica present. The final solution was then taken up in 25 ml of 3N HCL. The Vand Mn
contents were determined by Inductively Coupled Spectrometry (1CP)using a Bausch
— Lomb ARL instrument.
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The organic contents of the samples were determined by the pyrolysis and
method of difference technique. The f-sitosterol contents of the peat samples were
determined by ethyl acetate extraction and preparative thin layer chromatography
(TLO).

The algal mat samples were collected from the inter-tidal zone and analyzed by
the same procedure as mentioned above.
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Lgure 2, The source arca of the algal mats of Mannar, So Lanka.
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5. Results and discussion

Table 1 shows the analytical data obtained. In order to identify the nature of the source
materials in the peat deposit, the compound B-sitosterol was used. In recent advances
in organic geochemistry certain specific compounds have been used as environmental

- markers. As an example, the sterols are widely distributed as distinctive constituents
of oceanic and terrestrial plants. The presence of branched side chains and asymmetric
centres in the polycyclic sterol skeleton have allowed the development of a high
specificity of certain sterols to certain types of plants!?

The qualitative differences in the sterol contents of sediments depend on the
diversity of floral population and hence on the environmental and biological sources,
Huang and Meinschein!® have observed a relationship between C-27, C-28, C-29 sterol
composition and the depositional environments (Figure 3). It is of interest to note that
vascular plants, the primary producers of terrestrial organic matter, have a tendency
to synthesize g-sitosterol (a C-29 sterol) as the major sterol!?

It has been established that although 10'2 combinations of structural and
optical isomers of C-27 to C-29 alcohols are theoretically possible, less than 10
distinctively structured C-27 to C-29 sterols comprise more than 90% by weight of
biclogical sterols, It is the highly restricted number of structures which make it
possible to use sterol analyses in ecological and environmental investigations? 1
These observations serve as guidelines in this study to evaluate the different
environments that prevailed during the deposition of the Muthurajawela peat deposit.

Figure 3 illustrates the concentration of g-sitosterol as a function of depth for the
locations A, B and C. The concentration of f-sitosterol is highest in the middle
horizon whereas in the top and bottom horizons, its content is lower. It is clear that the
anomalous increase in the sterol concentration coincides with the less decomposed
tree trunk debris in the middle horizon. This indicates that the middle horizonis of an
origin different to the top and bottom horizons.

Figure 4 illustrates the variations in sitosterol concentration in the sample versus
V/Mn ratios. The latter ratio was chosen in view of the fact that the V content could be
used to distinguish between terrestrial and non-terrestrial sources, V being more abun-
dant in marine materals. From Figure 4 it is seen that the depositignal environments
for the top. middle and the bottom herizons of the peat deposit can be distinguished.

The negative correlation observed for the middle horizon is clearly a feature
caused by abundant terrestrial input and a corresponding increase in the g-sitosterol
content. With the increasing influx of terrestrial material there is a corresponding
lowering of the ¥V Mn ratio due to the lower V contents of the terrestrial materials. A
further point of interest is the higher gradient of the point clusters observed for the
bottom horizon when compared to that of the top horizon, It appears that the bottom
horizon constitutes partly terrestrial and partly marine source materials.
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Table 1.— Analytical data for the peat‘and alpal mat samples from Sri Lanka.
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The use of V/Mn ratios to delineate terrestrial and marine;semi-marine
environments can be illustrated further in.Figure 5. The different environments namely
(a) geosvnclinal (b) tidal flat (¢) lagoonal (d) terrestrial — the top. middle and the
bottom horizons of the peat deposit, {¢) marine are demarcated.

The top. middle and bottom horizons of the peat deposit of Sri Lanka are again
clearly distinguished and it is worthy of note that the more marine based samples of the
lagoonal environments in the peat deposit plot closer to the marine samples. These
samples were also observed Lo contain marine pelecy pods. As shown in Figure 5, the algal
mats from the tidal flats of Mannar.Sri Lanka all plot on the negative side of the log
V! Mn scale and are clearly distinguished from the other environments of deposition.

0351

o 30

0187

0-057

ViMn

Figure 4. Plots of sitosterol concentration with V! Mn ratios for the top. middle and bottom
horizons of the peat deposit of Sri Lanka.
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log V/Mn
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Figure 5. Plots of log V{ Mn with the organic carbon ¢/ for the three horizons ol the peat deposit of
Sri Lanka and for other samples from differcent environments,
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Abstract: A total of 183 samples of consumable items of food and drink exposed for
sale in the Kandy Municipal area were subjected to bacteriological examination with
Tegard to its hygienic quality. Only 19 per cent of the samples of ice cream examined
were within the limits of the bacteriological standards laid down by the Sri Lanka
Bureau of Standards. Other desserts (Fruit salad, Wood-apple cream) show lower mean
bacterial densities (Escherichia coli I, faecal streptococci and total viable count) than
ice cream. The levels of faecal contamination of the fruit drinks did not vary with the
place of preparation, This was due to the low pH, The faecal streptococci appears to be
better indicator of faecal contamination than E. coli type I under freezing and at low
pH.

1. Introduction

Diarrhoeal disease due to consumption of unhygienic food is a common feature among

the population of Sri Lanka. The enteric disease agent once it enters food,usesit as a
medium for dissemination.

The control of the food borne diseases could be effected on application of
correct control measures at the most appropriate link in the epidemiological chain of
cvents leading to disease. A knowledge of the critical control points in the food
processing and distribution system is required for such a control.

A previous study on the bacteriological quality of ice cream in the city of
Colombo has shown the hygienic quality to be very poor.?

The present study was carried out within the limits of the Kandy Municipal
Council to determine the hygienic quality of food served to the public within this area.
2. Experimental

2.1 Sampling and Preparation of Samples

A total of 183 samples of food were examined. The food under investigation included
products such as ice cream (42), other desserts such as fruit salad, watalappan, etc (26),
diluted fruit drinks (34), pastries (37) and fermented milk products (44). The samples
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of ice cream investigated were from large and small scale producers. The small scale
producer exposed their own ice cream for consumption within the premises. Samples
of diluted fruit drinks included those prepared and sold in reputed establishments and
on the pavement,

Collection of all products were done with the assistance of the Food Inspector,
Kandy Municipal Council. Sterile precautions were taken during the opening of the
packages and collection of samples. Representative samples of the food under
investigation were obtained and examined within one hour of collection. Data
pertaining to the manufacturer, date of manufacture were recorded.

Solid food were minced and 10 grams of the sample were shaken with 90 ml of
sterile normal saline, Decimal dilutions of liquid food were directly prepared in sterile
normal saline down to 10-%,

2.2 Bacteriological Analysis

In the enumeration of Escherichia coli I and coliforms, Violet Red Bile Agar (BB L 11807)
was used. One ml of the sample and dilutions respectively were inoculated using the
standard pour plate method. Incibation of the . inoculated plate at 37°C was carried
out to determine the number of coliforms. Similarly at 44°C to determine the number
of E. coli I, The spread plate method using Slanetz and Bartley medium (MERCK
5262) at 37°C was employed to enumerate faecal streptococci. Plate count agar (Oxoid
C M 325) was used to determine the total viable count at 30°C. The pour plate method
was employed using 1 ml amounts of the samples and the decimal dilutions.

To determine the presence of Salmonella , approximately 10 ml or 10 grams of
the sample was incubated in a selective enrichment broth (PREUSS Potassium
tetrathionate broth, Merck No. 5173) at 37°C for 16 hours followed by cultivation on
solid selective media, Brilliant green lactose saccharose agar (Merk No. 7237) at 37°C,
Suspicious colonies were confirmed by biochemical and serological tests.

3. Results

Results show that there are marked differences in the three indicator densities, the
coliforms, £. coli I and faecal streptococci in the different types of food.

Of the 42 samples of ice cream examined,only 19 per cent were free of £. cofi [
These were from reputed large scale manufacturers. The balance 81 per cent of the
samples were mainly from the small scale producers where the consumption was
within the place of manufacture.

The results in Table! indicates the number of samples and the percentage of the
same, that belong to each category of indicator densities tested, namely<l10, 11-100,
101-1000 and >'1000 per m! of ice cream.
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Table 1. Numbérs of samples of different foods containing the indicators of contamination
~ in the 4 categories - :
(<10, 11-100, 101-1000 and >1000 per gm or ml) indicated)

Number of samples in the 4 categories

Total No. Type of 1 2 3 4
Food of samples Indicator <10 11-1000- 101-1000 >1000

(per gm or ml)}(per gm or ml)(per gm or ml)

No.of @ -Naef % Noof % No.of %

samples samples samples - samples
Coliforms 3 T4 4 95 15 357 20 47.6
Ice cream 42 Ecolil 9 214 6 142 13 309 14 333
Faecal Streptococci 11 26.19 2 .47 9 214 20 476
: Coliforms 3 115 7 269 14 538 2 176
Other Desserts. -
Fruit salad 26 Ecolil 9 346 11 423 6 23 0 0
Woodapple cream T
Faecal Streptococci 16 61.5 2 76 7 269 1 38
Coliforms 32 B64 3 84 1 27  FR,
Pastries 37 Ecolil 35 945 00 1 27 1. 27
Faecal Streptococci 36 97.2 0 0 1 27 0 0
Coliforms 29 85.2 4 11.76 1w a2 0 0
Fruit drinks 34 Ecolil 34 100 o 0 0 0 0 0
| Fiscal Steeptoencsi: 32 864 1 20 1 20 0 O
Coliforms 20 454 12 27.2 8 18.1 4 9
Ecoli I 44 100 0 0 0 @ 0 0
Fermented =
milk products 44 Faecal Streptococci 20 454 818.1 8 '18.1 8 18.1

A< 10 B11-100 C101-1000 D>1000 Coliforms E Colitype I Faecal Streptococci

The faecal,indicator densities of the second group of food such as fruit salads,
woodapple cream,etc are lower compared to ice cream, With this group of feod (fruit
salad etc) none of the samples showed E. coli I densities exceeding 1000/gram.

t
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In the third group of food that were investigated, which were pastries (rolls,
patties, cutlets,etc), around 95 per cent of the samples indicated faecal streptococm and
E. coli I densities < 10/ [gram.

The results of the 34 samples of fruit drinks show that 85 per cent of the samples
belong to the Ist category (Tablel) where the indicator density is less than 10 with
regard to coliforms and faecal streptococci. None of the fruit drink samples were
positive for £. eoli I. The E colil densities of all the samples of fermented milk products
are below 10/gram.

The distribution of the per centages of samples of the different types of food in
the four categories A, B, C and D representing indicator densities < 10, 11-100, 101-
1000 and = 1000/gram is illustrated in FigureI.

A greater percentage of the samples of ice cream fall into category D with
indicator densities > 1000/gram. A greater percentage of pastries and fermented milk
products fall into category A. In other types of desserts the samples are distributed in
categories A, B and C.

The mean total viable count, the mean counts of the indicators E. coli [,
coliforms and faecal streptococci and the pH range of the different types of food are
shown inTable 2.

Table 2. Mean total viable count, mean counts of E coli I, coliforms and faecal streptococci and
the pH range of the different types of foods examined.

Meau total  Mean demrry Mean density  Mean density

p viable com:r Ecoli [ Coliforims Faecal

Type of Food at 30°C streptococei pH range
fper gm or mi) (per gm or ml) (ver gm or mi} {per gm or mi)

Ice cream 32x 10 726 1436 1425 55-6.5
Fruit salad &
Woodapple cream ete. 651 x'102 173 423 258 3.1-37
Pastries 115 x 10° 36 55 12
Fruit drinks 280 0 8 10 21-27
TFermented :
milk products 342x 107 112 202 439 32-38

lce cream shows the highest mean bacterial densities among the non-fermented
food.

The pH ranges from 5.5 to 6.5 in ice cream:
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Figure 1. Distribution of the % of samples in the 4 categories (A, B, C & D) of Bacterjal Indicator
(Coliforms, E.coli type 1, and Faecal Streptococei) densities of the four different types
,.of foods examined.

All food, except pastries show a significant difference between the meanE. coli 1
count and the mean faecal streptococei count. The faecal streptococei count is higher
than the £. coli /count in these samples. None of the food samples examined were
positive for salmonella species.

4. Discussion

The results of this survey indicate the risk involved in the consumption of a variety of
food and beverage served to the public within the limits of the Kandy Municipal
Council.
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Tee cream is the most contaminated product of the five types of food under
study. The hygienic quatity of pastries and fruit drinks were found to be higher when
compared to ice cream. The average bacterial courits in these food products serveasa
basis of a general evaluation of the food.

In ice cream the average [, coli fcount was found to be 726 per ml. This reflects
the poor hygienic standards of the majority of the food manufacturers. 33 per cent of
the samples showed £. coli I densities higher than the above mentioned average.
According to the Bureau of Standards.ice cream should be free of £. coli I8 With the
methodology used in the present study only 19 per cent of the samples of ice cream
examined conformed to the standard laid down by the Bureau of Standards. The

balance 81 per cent of the manufacturers need vast improvements in their hygienic
standards. i

The observed mean total viable count of ice cream at 30°C is slightly higher
than the permissible total count.® A high viable count at 30°C indicate contaminated
raw materials, unsatisfactory sanitation, improper storage. This excludes food
prepared by means of fermentation activity of living organisms..

The present study reveals that faecal bacterial indicator densities are highly
dependent on the pH of a particular food. A pH of 6-7 as in ice cream affords the
environment for survival of a majority of bacteria. The survival of faecal bacteria are
checked as the pH approaches 2-3. The pH of fruit drinks are in the range 2-3. Thus
there was no difference in the bacterial densities of fruit drinks whether prepared on
the pavement or inside reputable eating establishments.

The significance of micro-organisms used as indicators of faecal contamination
of prepared food deserve some comment. The two species of intestinal bacteria which
are of particular interest in food hygiene are E. coli I.and faecal streptococci.! The
numbers of faecal streptococci in faeces are usually lower than the number of E.coli I3
but they differ in their sensitivity to various physiochemical actions. Due to the
significant difference that was observed between faecal streptococci and E. coli Tcounts
in ice cream and fermented milk products, it can be said that faecal streptococci '

- survive better than £. ¢oli /in an acid environment and during freezing. In addition to
the value of faecal streptococci as an indicator of faecal contamination in treated food,
it has been shown that faecal streptococci has a food poisoning potential?s

In conclusion, it should be stated that production hygiene of food such as ice
cream and fruit salads should be improved.
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Abstract: The abundance, distribution and composition of various groups of zooplan-
kton; Nauplii, Copepoda, Rotifera, Cladocera and Ostracoda inhabiting Bolgoda
Lake 11, Sri Lanka were studied. Some physical factors influencing the seasonal
abundance and pattern of fluctuation were described. This investigation revealed
that wind and rainfall were the major factors that contributed to the abundance of the
zooplankton population during the monsoonal periods. The nauplii and the
copepoda contributed about 70 of the zooplankton in the lake and their densities
varied with depth.

1. Introduction

In Sri Lanka, .a great deal of scientific research is now focussed on limnological
studies of inland lakes and reservoirs#:10.11.17  egpecially with the development of
inland fisheries. Studies on the hydrobiology of Colombo lakes referred to monthly
production of the total zooplankton while the density of zooplankton’ for periods
August-September 1979 and March-April 1980 have been determined for Parakrama
Samudra, Sri Lanka. The importance of the abundance of zooplankton has been

stressed in understanding the limnology for tropical countries Africal* Indial

and South East Asia!l® Larval fishes depend on zooplankton as the main food
source? and some adult fishes feed on plankton exclusively or at certain size
ranges. Zooplankton constituted the major food item for Oreochromis
mossambica (Tilapia mossambica) of 25 mm® Since Sri Lanka reservoirs are
stocked with Tilgpia as a protein source for human consumption, studies on
zooplankton abundance and composition are essential in assessing success of
Tilapia - production in various water bodies of Sri Lanka. Hence this study deals
with the composition, distribution and population pattern of zooplankton taxa at
Bolgoda Lake 1L

2. Study Area

Bolgoda lake 11 (Figure 1)is a man-made lake situated 22 miles to the south of
Colombo at 79°55°E, 6°41°N at an elevation of 7.5 meters above sea level in the
wet zone of Sri Lanka. The lake is shallow with an average depth of 1.93 meters
and an area of 298 hectares. The inflow of water is from the Bplgoda Ganga
(river) and the monsoonal rains, while the outflow is via the Talpitiya canal into
the sea. The outlet into the sea is kept closed by a sand bar which is opened
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Figure 1. Geological Map of Sri Lanka.

periodically when the waters of Bolgoda Lake Il begin to flood. During the
period of study (October 1980 - September 1981) the sand bar remained closed.
The sea water could enter the canal only through seepage.

The lake is used as a water source for irrigation of neighbouring paddy
fields and fishing by inhabitants living in the vicinity of the lake.
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Table 1. Composition of Zooplankton at Bolgoda Lake II during the Year 1980 — 1981.

Category I — Nauplii
(1) Copepod nauplii
(2) Prawn nauplii (Palaemonidae)

Category 11 — Copepoda
(1) Mesocyclops leukartii
(2) Microcyclops sp.
(3) Diaptomus sp.
(4) Eudiaptonus sp.
(5) Atteyella sp.

Category 11 — Rotifera
(1) Asplanchna sp.
(2) Brachionus caudatus
(3) Brachionus falcatus
(4) Brachionus nilsoni
(5) Keratella earlinae
(6) Keratella cochlearis
(7) Keratella sp.
(8) Euchlanis sp.
(9) Trichocerca sp.
(10) Polyarthra vulgaris
(11) Polyarthra sp.
(12) Synantherina semibullata
(13) Testudinella patina
(14) Lecane lunaris

Category IV — Cladocera
(1) Allona sp.
(2) Bosmina sp.
(3) Chydorus sp.

Category V — Ostracoda
(1) Cypricercus sp.
(2) Cypridiopsis sp.
(3) Cypris sp.
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3. Materials & Methods

Six stations (Figure 1 - Stations 1 to 6) were chosen (inlet, outlet, edge and centre)

for this study. Preliminary sampling was done in order to determipe a suitable
sample size. Ten litre sample size was chosen as a satisfactory measure of the
zooplankton in the lake. A Ruttner sampler was used to collect the zooplankton
from the surface, middle (at half the depth) and bottom (slightly above muddy
layer) at each station. Sampling was done in the mornings till afternoon (9.00
am to 2.30 pm) at all stations, monthly. Each 10 litre sample was sieved through
a 60 # mesh and the zooplankton collected in 150 ml bottles in 4% formalin for
storage. The samples were analysed in the laboratory using a Zeiss inverted
microscope and numbers per litre determined.

The monthly rainfall and windspeed values (Table 2) were obtained from
the Department of Meteorology from their recording station at Ratmalana (S.W.
of Colombo) which' is about 4 km from the study area. Other physical factors
(Table 2) such as depth, temperature, transparency and turbidity were measured
at each station. The- mean values of these physical factors for the lake were
calculated from these measurements obtained at each station. The monthly depth
was measured by sinking a weighted tape, the air temperatures by a standard
thermometer and the water temperature at the surface, middle and bottom at
each station by using a temperature probe (Dectan Model ECT-8). The
transparency of the water was measured by a Secchi disc and the turbidity of the
lake determined by using the method outlined by the American Public Health
Association:!

4. RESULTS

4,1 Composition of fauna

Zooplankton fauna collected were identified 38915  and grouped under the
categories Nauplii, Copepoda, Rotifera, Cladocera and Ostracoda. In the samples
the protozoans being extremely low were omitted from population studies of the
plankton. Species present in zooplankton during the period October 1980 -
September 1981 are listed (Table I). The copepods were represented by the
cyclopoids (Mesocyclops and Microcyclops), the calanoids (Diaptomus and
Endiaptomus) and the harpacticords by a single genus Atteyella, Ceylopoids being
abundant in this category. In the rotifers the species richness was exhibited with
nine genera and fourteen species. The Keratella and Brachionus were the.most
abundant. The cladocerans and ostracods were not common together contributing
less than 7% of total zooplankton collected (Table 4) and represented éach by
three genera.


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

260 . S. Wignarajah and P. Amarasiriwardena

Table 2.  Monthly variation of Turbidity, Depth, Transparency, Air and Water Temperatures,
total monthly rainfall and mean windspeed at Bolgoda Lake II for the year 1980 — 1981

(+2 SE).

: Mean Mean Mean Mean Mean Total Mean Wind

Month Turbidity Deprh Trans- Air Water Rain-  Speed
(NTU) {Meters) parency  Temperature Temperaiure fgll - M=Morning

(MEIPTS) (DC)‘ o) frm.m.)  Axdfiernoon

tk.mfhr)

October 960 + 273 224 + 0.13 1.39 + 0.13 2978 * 0.63:2990 + (27 3703 M - 4.3
A - 63

November 541 + 336 L8B3 + 0.13 1.44 + 0.03 30.75 + 049 2970 + 027 3335 M - 36
A - 53

December B.51 # 3.46 1.94 + 0.18 1.54 + 0.37 30.83 + 0.47 2851 + 0.13 211.1 M - 50
A - 90

January 242 £ 072 191 + 0.09 1.66 + 0.11 31.33 + 1.08 2926 + 049 1552 M - 4.1
A - 87

February 097 £ 1.03 1.98 +0.057 ].J67 + 0.20 31..20 * 088 29.86 + 042 833 M - 38
A - 93

March 247 + 1.14 1.86 + 0.14 1.35 + 0.24 3371 + 0.68 32.08 + 027 694 M - 4l
A - B89

April 266 + 062 2.06 + 0.06 1.38 + 0.19 3255 + 0.52 31.93 + 034 2686 M - 4.0
A - 61

May 217 £ 033 193 + 0.10 1.54 + 0.11 3278 + 051 31.25 + 0.37 5289 M - 46
A - 65

June 3.00 £ 0.36 2.11 + 0.07 1.61 + 0.09 30.05 + 0.61 28.59 + 0.48 1876 M - 8.1
& = 85

July 2:63 + 1.53 1.76 + 0.09 1.49 + 0.09 30.0 + 0.85 2867 + 037 196 M - 11.4
A - 105

August 206 £ 0.26 1.77 £ 0.15 1.59 = 0.15 3158 + 0.70 2946 + 026 977 M - 7 4
A- 73

September 234 + 048 1,73 £ 0.04 1.50 + 0.08 31.25 + 0.61 2998 + 040 1445 M - 85
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Table 3.  Rations and Degrees of Freedom for Zooplankton Density Distribution at Bolgoda

Lake II.
‘F-values
Taxa (*=0.01 and =22 (),001)
Station Depth Month
(5,187) (2,187) (11,187)
Nauplii 21.14%* Q.4 7H* IT",99““
Copepoda 15.61%* 5.03* 25.35%+
Rotifera 9,42%* 2.06 40.05%*
Cladocera 3.18% 2.74 .17
Ostracoda 3,35+ 2.90 21.42%*

Table 4. Relative Abundance of Zooplankton at different stations at Bolgoda Lake II for the year

1980 — 1981.
Taxa Sampling Stations

1 2 3 4 5 6
Total Zooplankton 3914.8 20214 2640.9 2906.7 3494.1 34404
Naugplii % 48.2 38.9 35.1 38.7 42.0 40.7
Copepoda % 31.2 33.6 35.7 35.4 32.8 33.2
Rotifera % 14.2 184 194 7.7 18.2 174
Cladocera %, 3.8 6.4 6.1 4.4 4.1 5.0
Ostracoda % 2.6 2:7 3.7 3.8 2.9 3.7

4.2 Population Structure

Highest zooplankton recorded were at stations 1,5 and 6 (Table 4). Stations 5
and 6 are near the point of discharge of waters and debris from the Bolgoda
Ganga. Station I was at the outlet of the lake: the entrance to the Talpitiya canal
where large amount of debris was collected from the submerged and surrounding
vegetation. A noteworthy feature was that the fish traps were placed by the
fishermen close to stations 1,5 and 6.

The nauplii and copepods contributed to more than 70% of the total
zooplankton in all the six stations (Table 4 ) while the rotifers, cladocerans and
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.ostracods formed less than 30% of the total zooplankton . (Table 4). The nauplii
which formed the major zooplankton were copepod and prawn nauplii. The
standing crop of nauplii increased during the monsoonal months of October and
May, the lowest recorded in the intermonsoonal months of January and August
(Figure 2). The copepods (Figure 3) reached a maximum in January and August, the
lowest numbers recorded were in October and April. The rotifers (Figure 4) showed
pulses in March, June and September with lowest recorded in December and
May. The cladocerans (Figure 5) showed a maximum in January and July while the
population remained low for most months of the year. The ostracod (Figure 6)
population disappeared in the months of December, January and July while a
significant peak occurred in March.

The copepod and rotifer females with eggs octurred throughout the year
but in most cases the eggs were detached. In the cladocera, the eggs were outside
the brood chamber. This may bedue to agitation.while sampling and transport.
However an estimate of females with eggs could not be made.

The zooplankton categories Nauplii, Copepoda, Rotifera, Cladoceraand
Ostracoda were statistically analysed in relation to stations, depths and months as
indicated in Table 3. The nauplii abundance varied significantly ~at the 0.001
level for stations, depths and months. The copepoda also varied significantly at
the 0.001 level for stations and months and at the 0.01 level for depths. The
densities of rotifers, cladocerans and ostracods differed significantly with stations
and months as shown in Table 3,

The relative abundance (Table 4) of nauplii was observed in stations 1, §
and 6, with densities ranging from 35 - 49%. The copepodids were abundant at
stations 3 and 4, and their percentage composition ranged from 31 - 36%.
Similarly the densities of rotifers ranged from 14 - 209 with the largest density at
station 3; the cladocera from 3 - 7% with abundance at stations 2 & 3; the
ostracoda from 2 - 4% with highest densities at stations 3, 4 & 6.

4.3 Physical Factors

The highest rainfall (Table 2) was recorded during the monsoonal periods of the
S.W. Monsoon in April, May and June and the N.E. Monsoon in the months of
October, November and December. Comparatively less rain fell in the
intermonsoonal periods January to March and July to September. In addition to
the total rainfall the lake received water from the Bolgoda Ganga which in turn
connects with Bolgoda Lake I and the Panadura Estuary (S.W. Colombo). The
lake was calm in the mornings with windspeed (Table 2) increasing in the
afternoons causing the water to be turbulent. This phenomenon existed from
October to May. From June to September, the windspeed was approximately the
same both in the mornings and in the afternoons.
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The mean air temperatures ranged from 29 - 34°C while the mean water
temperature varied from 28°to 32°C. The hottest periods were the intermonsoonal
months, The depth varied from 1.7 m to 2.2 m. Various factors such as rainfall,
windspeed, decomposition of debris, accumulation and movement of allocthonous
material and seepage may be responsible for the change in depth of the lake. The
transparency varied from 1.3 to 1.6 meters while the turbidity ranged from 0.9 to
9.6 NTU during the period of study. The turbidity was high during the
monsoonal period, October to December.

5. Discussion

According to the trophic classification of lakes!¢ the Bolgoda Lake II could be
characterised as eutrophic. Unlike Parakrama Samudra!” in the dry zone, the
Bolgoda Lake lies in the wet zone and the water level varies only slightly per
month even though the mean annual depth fluctuates during the year between 1.7
and 2.2 meters. The water level rises during the monsoonal periods to compensate
for the loss during the prevailing dry season. Similarly there is not much disparity
in the monthly water temperatures, It is difficult to draw any suitable conclusion
regarding the relationship between water temperature and the zooplankton
population’ However it could be said that it is a combination of several external
factors that govern the plankton fluctuations. The main external factors, wind
effects, monsoonal rains, input from the Bolgoda Ganga, the movement of
allocthonus material and bottom deposits probably play a role in the process of
zooplankton production as evidenced by the largest concentration (Table 4) of
zooplankton at the inlet (stations 5 & 6) and the outlet (station 1). These
concentrations in population could be attributed directly or indirectly to the
major external factors mentioned above. These factors in turn determine
underwater light conditions and the nutrient necessary for phytoplankton
production’? on which the zooplankton feed. The interrelationship of the
zooplankton and the phytoplankton at Bolgoda Lake will be discussed in a subsequent

paper.

It was evident that in the zooplankton populations only the nauplii peaks
coincided with the monsoonal periods. The nauplii population in the lake could
only result from two sources (a) the population in the lake and (b) the
contribution from the Bolgoda Ganga. These zooplankton included the larval
stages of the copepodid and palaemonid prawn nauplii. Sampling was done at
Bolgoda Lake in the mornings and in the afternoons at different depths and the
analysis of densities (Table 4) of nauplii at different stations indicated a
variation with depth, showing the possibility of migration or diurnal variation,
Costa & De Silva* reported that the nauplii showed a tendency for migration to
the surface only in the evening for Colombo Lake.
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The noicworthy feature was that the rest of the zooplankton populatlons
(Copepoda, Rotifera, Cladocera, Ostracoda) show.d seasonal fluctuations with .
peaks during the intermonsoonal period. The copepodids showed peaks in
January and August, rotifers with a major peak in March and minor peaks in June
and September, the cladocera with peaks in the intermonsoonal months of
January and July with the ostracoda in March. ‘However the accumulation of
zooplankton at the inlet and outlet of the lake were much greater and hence the_ :
fishermen had located their traps: at these points for a better catch of. fish.

The variation of nauplii densities with months confirmed the peaks'-’j'
obtained in October and May (Figure, 2). The change in nauplii densities with depth -
may be connected with feeding or. linked with other prevailing enmronmf;mal-- _
factors. The copepodids being plankton feeders follow the movement pattern of -
the phytoplankton and zooplankton. The nauplii were the most abundant and
hence the copepodids may have fed more on the nauphl rather than the rest of
the zooplankton. Support for this phénomenon is seen in the alternation of the -
copepodid peaks with those of the natiplii. Furthermore a significant change in -
the copepodid densities with depth’ (Tabiﬂ '3 ) was observed which indicates: the
possibility of diurnal variation. The change in copepodid densities with months .
confirmed the peaks obtained in J_\ v and August. The variation of roﬁfer
cladoceran and ostracod densities with_period confirmed the occurrence of* peaks
as observed in Figures 4,5 and 6, réspectlvely However as no varation occurred
with depth it could be assumed that th): l'Otlfch cladocerans and ostracods were‘j__‘
uniformly distributed. o e

The zooplankton form the food of different species of fish and it is ewdﬁn‘t-: ;
that a knowledge of their species composition and seasonal fluctuation pattcm? Y
are of great value in the culturir “fish. Thus the data on mapiankton'_'
presented could be the basis for furthér. research as it could be utilised in the
development of inland fisheries. 4 -

)
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categories of zooplankton. The'“category rotifera mﬁ’@mmdm:b@ﬁiwﬁ

mmﬂm@hmaﬁﬁmmwmmwn

o o
,\ A

Digitized by Nleaha Fbundation.
noolaham. org [ rfoo fatfam.media



http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Some Aspects of the Limnology of Bolgoda Lake 267

(5) The major factors effecting population abundance were wind and rainfall
. during monsoonal periods while other environmental factors mentioned
were of minor importance.

(6) The nauplii and copepodid densities varied with depths while the other
categories such as the rotifera, cladocera and ostracoda were uniformly
distributed with depth.
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Abstract: This paper describes the resulfs of a study concerning the amount of nitrate
present in drinking water and soil in selected locations in the Jaffna Peninsula. In
several places the ameunt of nitrate-nitrogen is above the safe level specified in the
WHO International Standard for drinking water.

1. Intreduction

In the Jaffna Peninsula there is a small acreage of Paddy lands but the majority of
the cultivated lands is used for agricultural activity concerned with short term
crops. Water for these is obtained from wells situated close by. Drinking water is
also obtained from wells. In villages,each house or a group of houses has its own
well. But in the Jaffna town and coastal areas like Kayts water is supplied by the
Municipality and for this purpose the water is drawn from wells in the adjoining
villages — Thirunelvely and Kondavil. These villages have a reasonable
agriculturai activity. Over the years it has been noted that Jaffna farmers have
been using increasing quantities of fertilizers and attempts have been made to
study the effect of large scale use of fertilizers on the ground water and soil, One
of the serious problems is the increasing levels of nitrates and nitrites in drinking
water which can be hazardous. Other sources of nitrates and nitrites are animal
and human urine and excreta. It is also possible that some of the other nitrogen
containing compounds are oxidised to nitrites and nitrates over the years.

It is well known that nitrates and nitrites above a certain level in drinking
water and soil may cause serious health problems due to their toxicity. It has
been reported!® that if the drinking water contain more than 10 ppm nitrate-
nitrogen (45 ppm - nitrate), it could affect the health of infants and children.
Apparently a microorganism in the gastrointestinal tract can convert nitrate into
nitrite which under the biochemical conditions oxidises the Fe *' in haemoglobin
to Fet** | producing methaemoglobin. Methaemoglobin cannot transport oxygen
in the blood and the resulting oxygen deficiency produces the characteristic bluish
skin colour 85°1%. Therefore nitrates in the water consumed by infants may give
rise to methaemoglobinaemia (blue babies).
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That methaemoglobinaemia "is associated with high nitrate content in
drinking water, was first discovered in 1945. Since that time about 2000 cases of
blue babies have been reported from North America and Eurgpe.8

Excess of nitrate in the drinking water could also affect older children and
adults. The nitrates can be converted to the nitrites which in turn can produce
nitrosamines by reaction with suitable amino compounds in the body, 10
Nitrosamines are carcinogenic and hence a hazard to human health.

Increased nitrogen in the soil also may cause serious health problems
because some plants such as carrots could store this excess nitrate and then
reduce it partly to nitrite within itself. The nitrites could convert haemoglobin to
methaemoglobin or produce nitrosamines and thus the carrots containing excess
nitrate is a health hazard?

2. Experimental Methods and Materials

Several methods® are available for the estimation of nitrates. One method is to
determine the total oxidised nitrogen and then subtracting the colorimetrically
estimated value for the nitrite! The alpha naphthylamine-pink colour method!
may be employed to determine the amount of nitrite colorimetrically. Reduction
of nitrate and nitrite with hydrogen generated by either iron filings in sulphuric
acid or Devardas alloy in alkaline solution has been employed to estimate total
oxidised nitrogen. The reduction of nitrate to nitrite could be carried out by
cadmium—copper reagent? and «-naphthylamine-pink colour method could be
used to determine the total oxidised nitrogen. (It should be noted that o -
naphthylamine is carcinogenic). Another method uses 2:6 xylenol as indicator in a
colorimetric determination of nitrates.

In our investigation, the nitrate-nitrogen was estimated by nitrophenol-
disulphonic acid yellow colour methodS This method depends upon the nitration of
position 6 of phenol-2,4-disulphonic acid.

o OH

e O,N :
\— SO;H : SO,H

HNO,
T
\ ; H,S0,
S0t SO;H
{FDSA)
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Phenol-2, 4-disulphonic acid was prepareds by heating a mixture of phenol
and conc H_SO in boiling water bath.
2 g

OH OH
; .

/ N o

| H2504 |

Ny S

: SO,H (PDSA)

The amount of sodium, potassium and calcium in water samples were
determined immediately after collection using a Corning Model 400 flame
photometer. The flame intensities for sodium were corrected for interference by
~calcium by the standard - addition method’ The samples were collected in clean
dry dark glass bottles with bakelite screw caps and when necessary they were
stored at O°C. The nitrate-nitrogen was determined within three days of
collection,

Two litres of water samples were concentrated and made up to 25ml with

distilled water in a volumetric flask. These samples were used for colorimetric
determinations.

The samples for colorimetric measurements were prepared as follows:

Concentrated Water sample (25ml) Soil sample

Ag, S0, Sieved

(Shake for 15 min.) 22 - 60 mesh size
Filtrate ; 0.29; CaSO4

Shake with Ca(OH)2 and solution
4 MgC03 ‘Extract
Filtrate Shake with

(i) Pipette 5.0 ml Ag, 804

(i) Evaporate on a Filtrate

steam bath Shake with Ca(OH),

Rtsidue o MgCOJ

(i) Phenol-2, 4-disulphonic Filtrate

_acid : (i) Pipette 25.0 ml

(i) Add .20 ml water after (ii) Evaporate on a
& 15 min steam bath
Solution Residue

NH ,OH (i) PDSA

Alkaline solution (Yellow) (i) add 20 ml water

(made to 100 ml with distilled ik after 15 min.
¥ wate). Solution

NH,OH
Alkaline solution
(Yellow) (made to 100 ml)
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The aqueous extract of the soil or water sample was evaporated to dryness
previous to determination since the reaction must be effected in the virtual
absence of water. The product behaves as a nitrophenolic type indicator - it is
colourless in acid and yellow when neutralised or in alkaline solution.
Ammonium hydroxide was therefore used to shift the pH to the yellow range for
colorimetric determination.

The optical densities of test solutions were measured in a colorimeter
(Corning 252) using a 420nm filter and from the results obtained nitrate-N
content was calculated using a reference graph.

Standard nitrate solution containing 10xg nitrate-nitrogen per ml was
prepared according to.known procedure.s 5.00, 10.00, 12.00, 14.00, 16.00, 18.00,
20.00, 23.00, 25.00 and 30.00 ml aliquots of this solution were taken and
subjected to identical procedure? as in the case of test samples and optical
densities were measured.

3. Results and Discussion
3. 1 Nitrate in Soil '

The results (Table I) shows that in several areas in the Jaffna Peninsula the soil
samples have nitrates above the safe level. In plots where there is no cultivation, -
the amount of nitrate in soil adjoining the well is below 20 ppm in majority of
cases. But in those plots where there is cultivation the soil adjoining the well
seems to have fairly large quantity of nitrate, usually above 30 ppm. The results
however are not conclusive.

3.2  Nitrate in well water

The water samples from wells in plots where there is no cultivation have relatively
low nitrate-nitrogen levels. Thus the wells in the following localities where there is
no cultivation have less than 18 ppm of nitrate-nitrogen.

(i) Post Office and Hospital of the Jaffna Town
(i) Kopay houses

(iii) Naranthanai

(iv) Karaveddy
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(v) Thavady

(vi) Vannarponnai
(vii) Kokuvil
(viii) Uduvil

(ix) Trupalai
_ (x) Nallur

(xi) Kadduvan
(xii) Tellippalai
(xii) Mirusuvil.

The water samples from the wells in plots where there is agricultural
activity have nitrate-nitrogen levels between 20 and 50 ppm. The villages of
Kondavil and Urumpirai where there is intense agricultural activity have very
high nitrate-nitrogen level (30-50 ppm). Even water samples from wells in plots in
these villages where there is no cultivation have more than 20 ppm of nitrate-
nitrogen.

The water samples from the wells in Thirunelvely and Kondavil from
which water is drawn for town supply have a high nitrate-nitrogen levels (26-33
ppm) which are about three times the safe level. Our investigations also indicate
that the nitrate-nitrogen levels in the water of the wells used for town supply
gradually increases year by vear. Thus the nitrate-nitrogen level of Thirunelvely
water supply well water increased from 15 ppm in December 1976 to about 22
ppm in December 1980 and to about 27 ppm in May 1982 (Table I1). Similarly
the nitrate-nitrogen level in the water sample from the town water supply well
from Kondavil increased from 22 ppm in December 1976 to about 30 ppm in
December 1980 and to about 34 ppm in May 1982

It is apparent that the indiscriminate use of fertilizer is the chief reason for
the rapidly increasing nitrate-nitrogen level in well water. We feel that the Jaffna
farmers are using fertilizers far in excess of what is required. This conclusion is
supported by the fact that the quantity of fertilizer sold in Jaffna is very large.

In certain parts of the Jaffna town area where there is no cultivation the
nitrate-nitrogen level in well water approaches 20 ppm. This is probably due to
inadequate sewerage disposal facilities. Also in thickly populated areas the wells
are situated close to the soakage pits of the toilets and this may result in
increased nitrate-nitrogen levels in well water. With increasing demand for houses,
the local authorities are willing to reduce the minimum distance between the wells
and septic tanks from 35 ft to about 25 ft. This could cause serious health
problems in a district like Jaffna where the limestone rock is fairly close to the
earth surface and hence minimum soakage and absorption is possible.
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Table 1. Amount of Nitrate-Nitrogen in well water and soil and the amounts of Na,
K and Ca in well water

Amount of Nitrate N

Locality

in ppm in

In well water samples
amount of

Soil* Well Water* Na+/ppm* K+/ppmCa2+/ppm

. Jaffna Town (not cultivated}

a) Post Office : 1)
i}

b) Hospital i)
ii)

¢} Station Road i)
ii)

d) Koddady East i}
i}

e} Koddady West i)
if)

. Vannarpannai (not cultivated) i}
ii)

. Nallur (not cultivated)
. a) Kokuvil (not cultivated)

b) Kokuvil (cultivated)

. ) Thavady (not cultivated)

b) Thavady (cultivated)

. Thirunelvely area

a) Thirunelvely water supply well
b) Thirunelvely Agricultural research station

. ¢) Farm School {cultivated)

d) Thirunelvely (cultivated) i)
i)

. Kondavil area

a) Kondavil East Vanniasingam
Veethy (cultivated) i)
1)
iii)
iv)
b) Kondavil water supply well (not cultivated)

. Irupalai (not cultivated)
. Urumpirai (cultivated areas)

a) Urumpirai Fast
(samples from different wells) i)
i)
iii)
iv)
19
vi)
viiy
viil)
b) Urumpirai West i)
1)

6.3 10.0
6.90 134
B.1 14.6
9.1 17.7
12.2 20.7
13.1 22.0
11.3 18.9
12.0 19.8
11.3 18.0
12,8 20.3
3.0 12.0 161 7.4 228
4.3 12.4 182 7.5 23.2
3.0 2.2 53 1.2, 14
2.0 83 202 34 21
25 18.6 = ey e
3.1 6.7 122 22 22
8.4 26.5 138 24 26
19.6 26.3 1242 5.7 30.1
10.7 21.3 = —
223 22.1 — — ==
24.1 24.8 506 45 40
21.3 236 454 4.2 36.5
3.6 41,0 134 2.0 29
25.6 28.5 146 2.2 258
27.0 29.5 == = e
28.8 326 — — —
7.2 33.0 759 37 32
5.0 6.0 851 4.0 40
31.6 41.0 = — =
47.0 43.0 = e =
25.6 38.6 — — —_
388 39.6 - — —
35.0 44.4 — — -
39.2 45.0 . = —
538 48.0
21.3 45.6
310 53
58.8 50
(contd.)
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Table 1 (contd.) Amount of Nitrate N In well water samples

Locality : In ppm 1n amount of

Soil* Well Water* Na+/ppm* K+ /ppmCa+/ppm

10. Kopay (not cultivated) 235 14.0 156 38 23
11. Uduvil {not cultivated) 26.5 15.0 - -
12, Chankanat (not cultivated) 245 4.0 1702 7.8 38
13, Naranthanai (not cultivated) 383 14.2 3381 35.2 32
14, Chavakachcheri (Paddy cultivation) 1.2 1.5 53 6.0 6.6
15. Mirusuvil (not cultivated) 8.5 1.2 76 328 94
16. Teilipalai (not cultivated) 5.2 5.3 104 24 29
17, Erlalai (cultivated) 40.0 28.0 64.4 1.4 21
18. Kadduvan (not cultivated) 28.0 8.6 140 6.3 31.5
19. a) Karaveddy (not cultivated) 11.4 17.0 621 35 35.5
t) Karaveddy (cultivated) 3L.6 38.0 759 4.3 34.8
20. Thampachetty 21.3 17.5 621 25.8 21

* Amount of Nitrate — Nitrogen in soil is expressed as g of Nitrate - Nitrogen per g of soil where as
that in well water as gg of Nitrate — Nitrogen per ml of water. The sodium values given are values
corrected for interference by calcium.

Table 2. Jaffna Municipality Water Supply

December 1976 December 1980 February 1982  May 1982

i} Thirunelvely water supply 15% 22 26.3 272
i) Kondavil water supply 22% 30 33 34
* Report from water resources board — Jaffna.

4. Conclusion

' The Nitrate-Nitrogen level in well water in the Jaffna Peninsula is well above the
safe level of .10 ppm and is increasing year by year. The possible reason for this is
the increase in the use of fertilizer.
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Abstract:  An azcount is given of the genesis and constitution of Sri Lanka laterites, The
warm climate and abundant rainfall alternating with dry periods, favours the develop-
ment of laterites and lateritic soils in the Island. Lateritic material was examined from
coastal areas and inland regions. Majority of the laterites are formed on gneisses of vari-
ous types, charnockites and granites, It is, however, not possible to identify the parent
rock of an individual deposit due to the hcterogemty of rocks composing the basement
complex. The predominant aluminous mineral in the lateritic materials is the trihydrate,

glbbslte {Al,0, 3H,0) or hydragillite and the most common crystalline ferric oxide hy-
drate is geothltc (Fe, 0, H,0). Aluminous varieties approaching the composnmn of
bauxites are rare. Massive h1ghly ferruginous laterites rich enough in iron hydroxide,

mainly goethite (poorly crystallised) to constitute iron ore are common in certain areas
of the south-west sector of the Island. It is observed that the laterites of Sri Lanka
including the ferruginous varieties are not of any worthwhile commercial impottance.

They are however, used as a building material (bricks), as clay ochers (specially yellow
stains locally named ‘samara’) and the porous nature of laterites is a highly favourable
factor for re-charge of groundwater. The lithomargic clay below the laterite acts as
impervious strata and helps in building up the groundwater storage within the laterites.

1. Introduction

Sri Lanka, because of her warm climate and abundant rainfall alternating with dry

periods, favours the development of laterites and lateritic soils. Laterites are well
developed in the south-west sector of the Island. A systematic survey of the laterites of
Sri Lanka has not been attempted. From time to time studies have been undertaken on
various aspects of the material. Laterites have been defined® as a hydrated mixture of
oxides of aluminium, iron and titanium of extremely varied composition and showing
every gradation from ferruginous laterite almost free from alumina to aluminous
laterite almost free from iron. When pure enough to be used as aluminium ore the
laterite is generally known as bauxite, This definition adequately covers the most
commonly occurring types of laterite in Sri Lanka. It is not proposed here to discuss in

detail the lateritic soils of the Island.
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Moorman and Panabokke,12 Herath, %812 Herath and Pattiarachi®, Herath and
Grimshaw,1® Dissanayake and Vitanage,4 Dissanayake,3 Dahanayake and
Dissanayake? and Dahanayake! have in recent years made valuable contributions on
the subject of laterites and lateritic soils of the country. Fernando® has presented the
most detailed account of the Iron Ore Deposits of Ceylon (ferruginous laterites
approaching the composition of iron ore). The present communication attempts to
discuss the field characteristics of laterite in Sri Lanka and mention is made of the
nature and possible origin of the lateritic materials. Many samples collected during
geological surveys and drilling operations have been subjected to examination by
X’Ray and differential thermal analysis methods. The chemical analysis of a large
number of laterite samples has been carried out in the laboratories of the Geological
Survey Department. Results of some of the analyses are reproduced in this paper for
purposes of illustration. The main purpose of the present paper is an attempt to
summarise the results of laterites examined and to discuss our present knowledge of
laterites in the Island.

2. Climate and Geological Setting

Sri Lanka (Ceylon) is a tropical Island and lies 32 km to the east of the southerqmost
extremity of Peninsular India. It has an area of 65,600 square kilometers, and is 432
km long and 224 km at its greatest breadth.

The Island may be divided into two main physiographic divisions:—

1. The low lying coastal plain with little relief and traversed by rivers
which have reached their base level of erosion in the coastal plain.

7, The central highlands with immature drainage pattern and marked
relief abounding in numerous strike ridges, hills and mountains.

The coastal plain is narrow in the western and southern parts of the Island. The
general level varies from sea level to about 150 metres and some erosional remnants
may rise to 300 metres or more above sea level. The central highlands rise steeply from
the coastal plain and the highest mountain (Pidurutalagala) attains an elevation of
2527 metres above sea level.

Sri Lanka lies in the monsoon region of south-east Asia and it has a humid
tropical climate. The division into a Wet Zone and Dry Zone which merge in an
Intermediate Zone is one of the most widely recognized geographical features of the
Island. In Figure i the rainfall pattern is shown, clearly demarcating the Wet and Dry
Zone. The average rainfall varies from below 127 cm in the north-west and south-east
parts of the lowland zone to over 508 cm in the south-west slopes of the central hill
country. The mean rainfall for the Island is 203 cm. In the Wet Zone areas the average
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mean temperature varies between 70 and 85°F and in the Dry Zone it may be nearer
90°F. In the highlands the mean temperature ranges between 58°F and 78°F according

to elevation.
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Figure 1. Rainfall pattern in Sri Lanka and Sample Locations,
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The rivers are for the most part radial. The upper reaches are mainly confined
to the central hill country. The radial pattern is the dominant element in the drainage
pattern of Sri Lanka. The greatest problem of Wet Zone hydrology is that of flood
control. Inundation of low lying areas is almost inevitable and vast stretches of ground
are subject to serious flooding during the wet seasons, This has resulted in the
development of deep and extensive deposits of alluvial material along the lower
reaches of the major river systems draining this region. IntheDry Zoneitisa seasonal
shortage of water which is a problem. Very few rivers rise in the Wet Zone and flow
into the Dry Zone.

The main concentration of settlement is in the Wet Zone in the whole of the
western. south-western and central hills. In the Dry Zone areas, for example, in the
north, north<central and east-central parts of the Island the concentration is slight,The
population of Sri Lanka in 1963 (Census of Ceylon 1963 — Department of Census and
Statistics) was approximately 11.5 million and in 1971 (Census of Ceylon 1971) the
population was 12.7 million. At present it is around 15 million, growing at the rate of
1.7 per cent per annum. About 80 per cent of this population is confined to the rural
areas where agriculture is the main activity.

Over 90 per cent of the surface area of the Island is underlain by Pre-Cambrian
rocks consisting of a complex series of high-grade metamorphic rocks, most of which
have been derived from sediments and altered by one or more metamorphisms.
Associated with these metamorphic rocks are granites and granitoid rocks of igneous
origin. Figure 2 shows the outcrops of the main geological formations in the Island and
Table | is presented to show the general ‘succession of geological formations in Sri
Lanka,

The Pleistocene deposits which are developed in the western and north-western
parts of the Island are mainly gravels and red earths while laterite is mainly developed
in the south-west sector of the Island and is clearly a residual deposit. The most
extensive sedimentary formation is the Miocene limestone in the north-western area.
Racks of Jurassic age occupy a restricted outcrop area in the north-west, They are
shallow water non-marine deposits, consisting mainly of shale and arkosic sandstone.
The Pre-Cambrian crystalline complex which covers the major part of the Island
consists essentially of three sub-divisions:

I Highland Series — metasediments and charnockitic rocks.
2 South Western Group — similar to Highland Series but with thin
quartzites, wollastonite bearing rocks, cordierite gneisses and chert

including coarse charnockites.

3 Vijavan Series — complex of gneisses, granites and migmatites.
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Table I General Succession of Geological Formations in Sri Lanka.
Principal Geological
Divisions Principal Formations Important Mineral Deposits
Era : Period
ANTHROPOZOIC HOLOCENE Recent residual and alluvial Kaolin, Ball Clay, Refractory
(RECENT) depesits, blown sand, coastal Bond Clay, Alluvial Clay, Silica
sandstone, coral and shell sand, llmenite, Rutile, Monazite,

formations, beach mineral Zircon, Baddyleite, Garnet,

sands, gem gravels, lagoonal  Gems, Thorianite, Coral, Shell,
& estuarine deposits, peat.  Clay ochers.

(QUATERNARY) Laterites (may extend Laterites, Limonitic
PLEISTOCENE from recent to Tertiary Iron ore, Red sands.
Periods) Gravels, Red earths.
CENOZOIC
TERTIARY) Limestone. Limestone.
MIOCENE
MESOZOIC JURASSIC Shales, Carbonaceous shales Shales.
and Arkosic sandstone.
PALAEQZOIC — Absent —
ARCHAEQOZOIC PRE- Highland Series metamor- Serpentinite, Marble, Dolomite,
CAMBRIAN phosed sediments. Vijayan Magnesite, Quartz, Allanite,
Series gneissic complex Felspar Graphite, Mica,

Intrusives granites, dvkes Cordierite Apatite, Chert.
and dolorites. Southwestern  Wollastonite, Sillimanite,
Group. Magnetite, Copper.

AFTER HERATH 1980 (5)

Rocks, of the Pre-Cambrian complex have been folded .into a serics
of synforms and antiforms, generally trending ina north-west, south-east direction. A
good deal of controversy still remains about the nature and indeed of the philosophy of
the sub-division of the Sri Lanka Pre-Cambrian. What can be generally agreed
however, is that the structures are everywhere complex. :
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3. Nature and Geological Environment of Laterites

The whole of the Island with the exception of the Jaffna Peninsula and the north-west
coast, the Jurassic of Tabbowa and Andigama and small coastal strips elsewhere
consists of Pre-Cambrian crystalline rocks. These rocks contain essential quantities of
amphiboles, pyroxenes and other ferromagnesium minerals. Due to prevailing
physical and chemical environments the rocks have undergone a lateritic type of
weathering. The thickest laterite in Sri Lanka occupies a surface about 30 metres
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Figure 4. Differential Thermal Curves of the Clay Mineral Provinces,

above sea level between Negombo, north of Colombo and Kalutara south of
Colombo. Inland it thins out and with increase of elevation passes into lateritic soils?
Figure 3 is presented to show the Clay Mineral Provinces of Sri Lanka.ll The
characteristic features of this classification are ;-

(a) the progressive development of montmorillonite from wet to dry zone
areas;
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(b)  the progressive development of gibbsite from dry to wet zone areas and

(c) the progressive disappearance of calcareous material from dry to wet
zone areas.

The presence of the mineral gibbsite indicating a lateritic type of weathering, is
highly diagnostic and has been used as the main indicator mineral for purposes of this
study (see Differential Thermal Analyses Curves Figure 4).

4 9 100 200 300 400 500 600 700 850

a0l 1o0goC
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Figure 5. Differential Thermal Analyses Curves of Laterites and Lateritic Soils.
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In Sri Lanka laterites overlie a variety of rock types and are largely laterites

developed in situ. The laterites appear to have been more extensively distributed in

the so

uth-west low-lands in former geological periods than that which is observed at

the present day. Absolute certainty as to the identity of the rock which has given rise to
a particular laterite deposit is not always possible as outcrops of rock are rare and the
heterogenity of rocks composing the basement complex makes the problem more
difficult.

Herath? divided the laterites into 3 broad groups on the basis of differential

thermal curves (DTA) Figure 5:

1. Massive highly ferruginous laterites rich enough in iron hydroxide
(mainly goethite) to constitute iron ore;

Z Laterites with a vesicular appearance and widely used as a building
material (gibbsite - kaolinite or gibbsite and/or goethite - kaolinite
mixtures);

3. Lateritic red earths — relatively rich in gibbsite together with goethite

and kaolinite. Soils mainly associated with the intermediate slopes and
the highlands, (mincralogical composition same as laterites in 2).
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The typical laterite is usually separated from its parent rock by a considerable
thickness of intermediate decomposition products. The laterite layer may vary in
thickness from a few metres to 12 metres or more, The lower beds are soft lithomarge-
like materials whilst the upper layers are more hard and compact and suitable for
building material. In the upper most layers iron oxides get segregated to form surface
ferruginous crusts. Normally the laterite layer is close to the present surface. In certain
areas the laterite may be buried under varying thickness of later sediments that conceal
the lateritization surface. Variations from the typical laterite profile have been
observed. The hard laterite layer is normally absent in low lying areas. The soft laterite
layer may also be missing. In some parts the soft layer has been almost entirely
converted into kaolinite (Figure 6).

4, Samples Examined and Mineral Determinations

No systematic studies have been made on the laterites of Sri Lanka. A vefy large
number of samples have been involved in the present sstudy and all the locations of the
sampling sites cannot be listed here, A range of typical laterites have been selected
from a number of deposits and the lateritic materials are considered representative of
the [sland as a whole. The selection of the lateritic material was largely based on the
changing stages of the weathering profile or on any other physical differences which

- were visually apparent. The samples collected whilst not representing all the lateritic

accurrences of the Island certainly pzovide a cross section of those that may be called
typical laterites of the Island, The locations of samples examined are presented in
Figure 1.

Samples examined:

Ferruginous Laterites

Dela 3, Noragolla 3, Poronuwa 3

Kalawana 4, Rakwana 6, Balangoda 2

Kosgoda 2, Ambalangoda 4, Deniyaya 3.

These samples are mainly the highly ferruginous lateritic types sometimes
approaching the composition of iron ore. This ore type is non-crystalline in texture
and is comparatively soft and porous. The material occurs as surface cappings and
occasionally as embedded lenses or pockets. The cappings are not continuous but
consist mainly of detached masses and boulders on the crest of a hill as can be seen at
Noragolla, or on hill slopes as at Dela,

The lower grade ores are vesicular, they have a lower specific gravity and
contain both clay and siliceous matter.

Samples examined:
laterites
Ragama 6, Hunupitiya 6, Ja-Ela 3, Kalutara 2,

Beruwela 2, Kesbewa 3, Maharagama 2,
Ratmalana 2, Pannipitiya 4.
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These are the typical laterites which could be used to cut bricks for the building
industry. The laterites are seen €xposed in well cuttings. The lateritic material is
purplish or brick red and is porous. It has numerous cavities, filled or partially filled
with coloured clay (reddish. yellow or lilac tinted). The sides of the cavities are usually
ferruginous. In well exposed areas the hard layers and soft layers of the material can be
easily recognized. Wells are sometimes dug in lateritic material of this nature to depths
of over 15 metres without any side supporting mechanism. The typical laterites are
well exposed around Colombo and the suburbs.

The chemical composition of a number of samples has been determined. X'Ray
examination has been undertaken although the method was not suitable for
quantitative determinations. The differential thermal analysis method (D.T.A.) was
used to gather information on the mineralogy of laterites. In attempting to make a
systematic study of a large number of materials it is important to examine the
possibility of classifying them into broad mineralogical groups. Type samples from
each group can then be selected for detailed examination. The (D.T.A.) method
provided a useful technique for a rapid study of lateritic materials.

Results of the examination of Sri Lanka laterites revealed the presence of a
number of clay and non-clay minerals, showing a marked similarity, in mineralogical
composition, Quartz identified by chemical, X’Ray and D.T.A. niethods was the most
prevalent non-clay mineral. Kaolinite as shown by X'Ray, D.T.A, ahd the electron
microscope was the dominant clay mineral. Halloysite was present in some of the soft
lateritic materials while gibbsite (trihydrate of alumina) was invariably associated with
goethite (hydrate of iron) and both have been identified by X’Ray, D.T.A, and selective
chemical analysis methods. Gibbsite — boehmitebearing soft lateritic materials have
also been identified. The main resistant primary minerals identified include, mica,
ilmenite and quartz. The clay mineral montmorillonite was not identified in any
sample,

For purpose of this study only the typical laterites including the ferruginous
varieties (iron ore) are considered. Mention is however, made of lateritic soil where
necessary. Table 2 is presented to show the chemical analyses of some ferruginous
laterites found in Sri Lanka and Table 3 lists the analyses of some type laterites from
the Island.

The ferruginous laterites are mainly composed of the mineral goethite (poorly
crystallised), clay minerals are absent. (See Figure 5 for D.T.A. curves). The
typical laterites on the other hand are composed of the minerals gibbsite, goethite,
kaolinite together with quartz and ilmenite (See Figure 5). D.T.A. curves for
laterites (hard laterites) are similar to the D.T.A. curves for lateritic soils developed
in the Intermediate slopes and the central highlands of the Island. Mineralogically
the two types are similar. It is also interesting to note that gibbsite is totally absent
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Table 2. Chemical Analyses of Ferruginous Laterites.
Dela Noragolla Ambalangoda Deniyaya

8i02 6.57 4.25 13.16 11.58
F203 73.35 80.11 64.48 69.98
Al203 2.10 222 7.99 2.15
Mn 1.14 0.94 N.A. 1.03
TiO2 Trace Trace N.A. 0.15
P20s 1.62 1.75 0.0% 0.87
Ca0O 0.14 0.11 N.A, 0.97
MgO Trace Trace N.A. 0.01
S 0.17 0.19 N.A. 0.17
Loss on ignition 11.48 11.02 11.19 11.76

TOTAL 99.51 100.59 96.91 99.67
Table 3. Chemical Analyses of Laterites.

RAGAMA HUNUPITIYA JA-ELA MORATUWA COI.OMBO

Si0 46.0 41.7 41.23 46.23 42.31
Fe,0O, 6.2 7.4 26.25 22.10 28.58
ALO, 36.6 32.00 20.78 20.26 19.01
Loss on ignition 11.0 12.00 10.20 9.25 8.76

TOTAL 59.8 98.1 98.46 97.84 98.66
Table 4. Mineralogical Composition of Sri Lanka Laterites.
Mineral Group - Minerals: Invariably Present Others
Ferruginous Laterites Goethite Quartz, Kaolinite

Graphite (flakes)

Gibbsite, Goethite,
Kaolinite, quartz

Laterites

[Imenite, mica,
Other primary resistant minerals

Gibbsite, Goethite,
Kaolinite, Quartz

Lateritic Soils
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IImenite, mica, interstratified
mineral, vermiculite.
Other primary resistant minerals
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in dry zone soils (See Figure 4). Table 4 is presented to show the mineralogical
constitution of Sri Lanka laterites, the composition of lateritic soils!? is also listed
in this Table._

5. Summary and Conclusions

In Sri Lanka laterites are best developed in and around the Colombo District. It is a
residual deposit representing the alteration products of the subjacent granites and
gneisses, the genetic connection between the two being clearly evident in numerous
exposures where laterite is developed. Field work indicates that the laterites are
formed by the alteration of a parent rock in two distinct stages. First, the alteration to
a clay material (lithomarge) consisting essentially of hydrated silicate of alumina
(kaolinite). This first stage may be conveniently termed Kaolinization. In Sri Lanka
kaolinitic formations are invariably present beneath lateritic formations as is well
cxposed in the Boralesgamuwa area. In low lying areas under swampy conditions the
lithomarge is usually converted to beds of pure kaolinitic material which could be used
in the ceramic industry (Figure 6). Sri Lanka obtains most of her kaolin from
deposits of this nature.

After the first stage of the formation of lithomarge, laterite is formed. This
second stage may be termed lateritization which is essentially a desilication process.
Laterite is formed by the decomposition of the hydrated silicate of alumina
accompanied by the elimination, in solution of the silica which is freed. The residual
alumina takes up as much additional water to form the trihydrate of alumina, gibbsite
(A]2033H 0). In Sri Lanka this process has not continued to completion and aluminous
laterites approaching the composition of bauxites have not been developed. A sample
containing 63.5 per cent gibbsite from Nuwara-Eliya has been reported (GEOMINCO—
HUNGARY), these are isolated pockets of aluminous material and cannot be considered
as representative samples from the area. :

The ferruginous forms of laterite in Sri Lanka although not extensively
developed approaches the composition of iron ores. It has been observed in various
parts of the Island that this ore has been used in the indigenous smelting industry in
ancient times. The ore is non-crystalline in texture, comparatively soft and porous and
occurs largely as surface cappings which are not continuous but consist mainly7as
detached masses and boulders on crests of hills or on hill slopes. The iron ore deposits
are very small. in point of fact they are insignificant compared to the well known iron
ore deposits of the world. The total quantity of ore available is around two million

tons, and the material is scattered in over 40 locations over the south-west quadrant of
the island.

In Sri Lanka lateritization occurs in the residual soils of a variety of rocks.
Lateritic deposits are well developed in the south-west sector of the Island. The
predominant aluminous mineral in the soils analysed is the trihydrate gibbsite. the
most common [erric oxide hydrate is goethite. The clay mineral is kaolinite, The
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aluminous and ferruginous varieties of laterites are encountered in Sri Lanka. The
highly aluminous varieties approaching the composition of bauxite have not been
observed to be present in appreciable amounts.

Laterites are used (as cut bricks) in the building industry. The coloured
varieties are used as clay ochers and the vellow variety is termed ‘samara’. Samara is
used extensively in rural areas for colour-washing dwellings. The porous nature of
laterite is also a highly favourable factor for re-charge of groundwater. The lithomarge
clay below the laterite acts as impervious strata and helps in building up the
groundwater storage within the laterites.
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Abstract: Maximum production of xylanaolytic enzymes by Cellulomonas CS1-17 required
aerobic conditions, a temperature of 30°C and a pH between 6.2 and 7.2. Under these
conditions, maximum levels of xylanolytic activity were reached within_ 48 hr; addition
of further mineral salts and yeast extract to the growth medium decreased the time to
24 hr,

At pH values between 5.4 and 8.4 the Xylanase was stable uptoa temperature of 30°C,
for at least 48 hr after harvest; over the same temperature range, the #-xvlosidase was stable
only at the higher end of this pH range.

The culture filtrate was similar to the growing cells in its ability to hydrolyse xylan
whilst the growing cells metabolized the bulk of the hydrolysis products,: the latter
accumulated as soluble reducing sugars when the culture filtrate was uysed as the
€nzZyme source.

1. Introduction

A highly cellulolytic Ce/lulomonas mutant CSI-174 has been shown to be improved
over the original parent strain CSI-1, with respect to hemicellulolytic (including
xylanolytic) activity® 1! The hemicellulolytic activity was shown to be directly
proportional to the xylose content in the hemicellulose substrate. From induction
studies during growth on xylan, crystalline cellulose and carboxymethylcellulose, it
has been shown that although both cellulolytic and xylanolytic activities have been
similarly effected by the mutation, xylanolytic activity is distinct from cellulolytic
activity.

- Peiris®, demonstrated that when the Cellulomonas mutant, CSI-17, was grown
under aerobic conditions at 30°C in an unbuffered medium containing 0.5% xylan, 19
of each Dubos mineral salt and 0.02% yeast extract, maximum xylanolytic activity
was attained within two days. The current investigation sought to improve enzyme
production by varying the pH, temperature, aeration and the concentrations of
mineral salts and yeast extract.

Choudhury!, showed that non-growing cultures of Cellulomonas CSI-17
are effective in hydrolysing pretreated sugar cane bagasse. In the current investigation

* Present address:- Industrial Microbiology Section, Ceylon Institute of Scientific & Industrial
Research (CISIR), P.O. Box 787, Colombo 7, Sri Lanka.
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the hydrolysis of xylan by growing cultures (in vivo) and non-growing cultures (in
vitro) was compared. The xylan used as substrate for digestion was an arabinoxylan
obtained from oats and was similar in sugar composition to the hemicellulose fraction
of sugar cane bagasse.

2. Materials and Methods
2.1 Bacterial Strain.

The Cellulomonas strain was CSl—17, a mutant previously shown to be highly
cellulolytic* and xylanolytic.8

2.2 Growth and Assay Substrate.

Xylan, a commercial preparation, obtained from oats and supplied by Fluka AG,
Buchs SG, Switzerland was used as growth and assay substrate. High performance
liquid chromatographic (HPLC) analysis of an acid hydrolysate showed its neutral
sugar composition to be xylose, arabinose and hexose in the ratio of 73:12:15. The
hexose was found by thin layer chromatography to be mainly glucose with a trace of
galactose, (The sugar composition was therefore similar to that of hemicelluloses A
and B isolated by Rickard and Peiris!! from sugar cane bagasse. In all three cases
xylose was the major component). As a growth substrate it was used as supplied; for
enzyme assay the fraction containing particles between 63 and 250  in size was used.

2.3 Growth and Fractionation of Cultures.

The cultures were grown as described by Peiris.® They involved growth at 30¢ Cin
shake flasks with unbuffered medium (initially pH 7.2) containing 0.5% xylan, 1% of
each Dubos mineral salt® and 0.02% yeast extract. After growth for two days, the
cultures were harvested, separated into cellular and extracellular (culture filtrate)
fractions and the cellular fraction homogenized.

The following deviations from standard conditions described by Peiris® were:
made: (a) the shake flask cultures were buffered at various pH values by the inclusion
of either 40 mM 3~(N-morpholino)—propanesulphonic acid (MOPS), Calbiochem,
San Diego, U.S.A. or 40 mM 2-(N-morpholino) ethanesulphonic acid (MES), Sigma,
St. Louis, U.S.A. in the medium and adjusting the pH to the desired value;7(b) shake
flasks were substituted with a fermentor as the growth vessel; a stirred tank fermentor?
with a working volume of 1/ which was fabricated at the School of Blotcchnology,‘
University of New South Wales, Australia, was used; the air supply system consisted of
an adjustable pressure reducing valve, a needle valve for control of air flow rate and a
flow meter with a range of 100 to 1200 ml/min; the dissolved oxygen tension (DOT) in
the medium was measured with a steam sterilizable amperometric probe which was
connected to a meter calibrated between 09 and 1009 saturation of the medium with
oxygen; standard growth medium was employed except for a three-fold increase in the
yeast extract and each Dubos mineral salt in one instance, as indicated; except where
otherwise specified, temperature was maintained at 30°C and DOT between 60 and
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100% saturation;.(c) either soluble or insoluble xylan replaced the mixed product in
some media; standard medium containing 0.5% xylan was prepared, autoclaved.
cooled and centrifuged at 20,000g for 30 min; the supernatant served as the soluble
xylan medium (0.34% carbohydrate); the residue was suspended in fresh medium to
vield the insoluble xylan medium (0.4% carbohydrate); both media were resterilized:
(d) the cellular fraction of the harvested cultures was not homogenized prior to assay
of xylanolytic activity; the cells were collected by centrifugation, washed and
suspended in buffer in the standard manner and used as an intact cell preparation.

2.4 Viable Cell Counts.

The culture was diluted 1 in 107 by serial dilution. 0.1 ml of each dilution was spread an
nutrient agar plates in duplicate and incubated at 300C until single colonies appeared.
Viable cells were determined by counting the number of colonies on plates containing
50 to 200 colonies and taking the average value.

The nutrient agar plates were of the following composition (per I/ of distilled
water): 25g nutrient broth No. 2 (Oxoid, CN 67). 5g yeast extract (Oxoid. L 21) and
12g Kobe agar. The diluent used for serial dilutions of the culture was 0:85%
(w/v) sterile sodium chloride (B.D.H., A.R).

2.5 Assay Procedures.

Xylanase, pg-xylosidase, reducing sugar and total carbohydrate were assayed as
described by Peiris.2 All enzyme activities. including those in the cellular fraction, are
expressed in milliunits (mu); ml of culture, where one International Unit releases one
pmole of product/min. Reducing sugar (RS) and total carbohydrate (TC) are
expressed in zig/ml: the percentage hydrolysis was calculated as the (RC/TC) x 100.

3. Results and Discussion
3.1  Effect of Growth Parameters on Xylanolytic Aectivity
3.1.1 pH.
When the Cellulomonas strain was grown for two days in culture media buffered
between pH 5.8 and 7.2, maximum levels of both xylanase and g-xylosidase activity
were recorded at pH 7.1 (Table 1). The enzyme levels were, however, virtually constant
between pH 6.2 and 7.2, the variation being considered to be within the limits of
accuracy of the enzymic assays. The xylanase activity was less than that recorded in a
standard (unbuffered) culture. Other growth parameters were tested in unbuffered
cultures, initially adjusted to pH 7.2,

3.1.2 Temperature,

When the temperature was varied between 23°C and 40°C, maximum enzyme activity
at the end of the first day was recorded in the culture grown at 35°C (Table 2).
However, at the end of the second day, maximum xylanase activity was recorded in the
culture grown at 30°C; similar levels of f-xylosidase activities were recorded in the
cultures grown at 23°C and 30°C. ' Vi
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Table 1. Effect of pH on Production of Xylanolytic Activity by CSI-17 Grown for Two Days
on 0.5% Xylan

pH Buffer Viable Enzyme Activity (mu/ml of culture)
Counts/ml s —
(cells x10%) Xylanase B —Xvlosidase
Total o Extra- Total & Extra-
cellular cellular
5.8 MES 0.7 603 - 21 LS <10
6.2 MES 2.6 11002 87 10.4 3
6.4 MES 1.8 11398 85 9.6 2
6.4 MOPS 2.0 10159 87 11.3 < 1
7.1 MOPS 24 13122 87 12.2 3
7.2 MOPS 2.6 12942 88 10.7 3
7.2 (unbuffered) 4.0 18630 90 11.3 5

Table 2. Effect of Temperature on the Production of Xylanolytic Activity by CSI-17 Grown on
0.5%, Xylan in a Fermentor

Culture  Temperature Viable Lnezyme Activity (mu/ml of culture)
Time (°C) Counts; ml Xylanase B~X}flnsid ase

(days) (cells x 10%) Total . Extra- Total % Extra-
cellular cellular

1 23 0.1 48 60 0.9 86

30 34 4716 68 4.5 1

35 0.9 6660 54 72 1

40 0.03 2250 61 0.8 12

2 23 1.7 8226 51 12.8 1

30 1.9 14040 83 12.2 2

35 33 10485 &8 8.7 2

40 0.00 1054 78 0.3 28
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3.1.3 Dissolved Oxygen Tension (DOT ).

Growth and enzymic activity was very low in cultures grown under anaerobic
conditions (DOT 0% saturation, maintained by bubbling sterile nitrogen gas into the
medium) (Table 3). Although high aeration (DOT 60-100%, maintained by bubbling
sterile air into the medium) promoted enhanced growth, xylanase production was
maximized at moderate aeration (DOT 10-30% saturation, maintained by regulating
the inflow of sterile nitrogen gas and air into the medium). Moderate aeration
probably is comparable to standard shake flask conditions. The differences in 4-
xylosidase production at high and moderate aeration were minimal.

3.1.4 Mineral Salts and Yeast Extract.

Supplementation of the culture medium with a three-fold increase in the yeast extract
and all the Dubos mineral salts had a marked effect on the rate of production of the
xylanolytic enzymes, which were increased approximately three-fold over their levels
in the culture containing the standard medium by the end of the first day (Table 4). By
the end of the second day, however, the activities in the standard culture had virtually
equalized with those in the supplemented culture.

Choudhury,! found that increased concentrations of Dubos salts and yeast
extract in a growth medium coptaining 2% pretreated bagasse enhanced the viable
count and the hydrolytic activity of CS1-17 cultures. They suggested that the increased
activity was a direct result of the increased biomass. In the current study, where the
growth substrate was 0.5% xylan, the effect of the salts and yeast extract on the rate of
production of xylanolytic activity over the first day appeared not to be dependent on
increased  biomass but rather a direct effect on enzyme production per unit cell
number.

It appears that, the addition of yeast extract and Dubos mineral salts to the
growth medium had been effective in improving xylanolytic enzyme production by
CS1-17 beyond that obtained in standard cultures. The variation of temperature, pH
and DOT virtually had no effect on the enzyme production.

Under all the growth conditions tested, xylanase activity (at its maximum
levels) was mainly present in the culture filtrate (extracellular fluid), whilst the 8-
xylosidase remained associated with the homogenized cells.

3.2 f-Xylosidase Location

It was conceivable that the association of the f-xylosidase in the cellular fraction of
the cultures was the result of its adsorption to unutilized insoluble xylan substrate
present in this fraction. In order to eliminate this possibility, 4n experiment was
conducted where soluble xylan replaced the mixture of soluble and insoluble xylan as
the growth substrate, After growth for two days by the standard procedure, the culture
was fractionated into its cellular and extracellular (culture filtrate) fractions, The cells
were washed twice with saline, resuspended in 25m] of dilute (1: 10) Mcllvaine's buffer?
and a sample (intact cells) taken for assay. The remainder was homogenized according
to the standard procedure and a sample taken for assay. The remainder of the
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Table 3. Effect of Dissolved Oxygen Tension (DOT) on the Production of Xylanolytic Activity
by C81-17 Grown on 0.5 %, Xylan in a Fermentor

Culture DOT Viable Enzyme Activity {mu/ml of culture)
Time (J%saturation) Counts/ml : '
{days) (cells x 107) Xylanase PB-Xylosidase
Total % Extra- Total o7, Extra-
cellular cellular
1 60 - 100 3.4 4716 68 4.5 1
10 - 30 0.6 4608 41 23 0.1
0 0.4 211 34 0.7 4
2 60 - 100 7.8 14040 83 12.2 W
10 - 30 29 18396 78 11.3 2
0 0.1 217 . 3 0.7 13

Table 4. Effect of Increased Concentrations of Dubos Salts and Yeast Extract on the Production
of Xylanolytic Activity by CS1-17 Grown on 0.5% Xylan in a Fermenior

Culture Dubos Viable Enzyme Activity (mu/ml of culture)
Time Salts and  Count/ml Xylanase B -Xylosidase
Yeast
(days) Extract (cells x 10%) Total % Extra- Total % Extra-
Concentration cellular cellular
1 Standard 34 4716 68 4.5 1
x3 37 13086 63 17.6 0.5
2 Standard 7.8 14040 83 12.2 2
x3 11.8 15732 80 13.8

homogenate was centrifuged at 17,000g for 15 min and the supernatant was
designated the intracellular fraction. The pellet, after resuspension in 10m] of dilute-
Mcllvaine’s buffer, was designated the cell wall fraction. The intact cells, homogenized
cells, the intracellular fraction, the wall fraction and the culture filtrate were all
assayed for g-xylosidase activity. Results (Table 5) were all corrected for volume

changes and in common with other results, are reported in m units/ml of original
culture.
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Only 2% of the activity was located in the extracellular fraction, the remainder
being associated with the intact cells. 37% of the cellular activity was ‘lost’ during
homogenization, presumably as a result of enzyme inactivation. 699 of the residual
activity in the homogenized cells was associated with the wall fraction while 31% was
intracellular. The activity of the intact cells suggests that either the p-xylosidase is
located on the outside of the cells or that the synthetic substrate used in this
investigation readily passes into the cells and the nitrophenol product is readily
excreted. The fact that the cell wall fraction possessed more than twice the activity of
the intracellular fraction supports the concept of the enzyme’s location on or in the cell
‘wall.

As soluble xylan was the substrate, the results minimize the possibility that the
location of the enzyme in the standard cellular preparations (containing homogenized
cells plus unutilized insoluble xylan) is due to its adsorption on to the insoluble xylan.

3.3 Enzyme Stability

This study was part of an overall aim to maximize the ability of preparations from
Cellulomonas cultures to hydrolyse pretreated bagasse. It was therefore necessary to
ensure that the enzymes, including the xylanolytic enzymes, were stable after harvest.
The enzymes tested were the B-xylosidase of intact cell preparations and the
extracellular xylanase of a culture of CS1-17 which had been grown for two days on
0.5% xylan under standard conditions.

In order to test the effect of pH on storage stability, portions of the culture
filtrate and intact cell preparations were adjusted to specified pH values by the
addition of dilute (1:10) Mcllvaine’s buffer.2 These were then stored at specified
temperatures and the extracellular xylanase and cellular g-xylosidase activities

Table 5. Distribution of # -Xylosidase in a CSI-17 Culture Grown for Two Days on Soluble

Xylan
Fraction A-Xylosidase Activity
(mu/ml of culture)

Extracellular (culture filtrate) 0.2
Cellular

Intact cells 10.1

Homogenized cells (standard preparation) 6.4

Intracellular fraction 2.0

Wall fraction 4.4
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determined at zero time and after one and two days storage. 0.2% azide was present, as
a preservative and metabolic inhibitor, in all portions. Just prior to assay of.each
portion for enzyme activity the pH was adjusted to 7.0 by the addition of either 0.1M
citric acid or 0.2M disodium hydrogen phosphate, the components of Mcllvaine’s
buffer. Volume changes were accounted for in the calculation of activity per ml of
original preparation.

Initial pH values had been adjusted to 5.0, 6.0, 7.0 and 8.0. During storage,
however, pH changes occurred, presumably as a result of certain metabolic reactions
which had not been inhibited by 0.2% azide. In all cases mean values between initial
and final pH are recorded.

The results, recorded in Table 6, revealed that, at least for two days, the
extracellular xylanase was stable at pH values between 5.4 and 8.4 and temperatures
up to and including 30°C. At 42°C, it was unstable at all pH values tested and lost at
least 50% of its initial activity within one day.

The stability of the cellular g-xylosidase was pH and temperature dependent.
At all pH values tested, it was relatively stable at 4°C, but at likely process
temperatures (25°C, 30°C and 42°C) it lost more than 50% of its activity during storage
for two days at pH 5.3 and 6.1. At the higher pH values tested (6.9 and 7.4) it retained
at least 70 7/ of its activity at 259C and 30°C and 509, at 420C. This suggests that
to maintain this enzyme in an industrial process the pH should not be allowed to
decline below 6.9 (or perhaps a lower, untested, value between 6.1 and 6.9)

3.4 Extent of Hydrolysis of Xylan

In order to determine whether non-growing cultures of Cellulomonas were as effective
as growing cultures in hvdrolysing xylan, in vivo and in vitro tests were conducted.
Both soluble and insoluble xylan were used as substrates for digestion in each case.
The extent of hydrolysis during growth over two days under standard conditions was
compared with that obtained over a further two days after addition of fresh substrate.

Each in vitro digest contained 15ml of enzyme (culture filtrate from the
standard culture) plus 15ml of fresh xylan medium and 0.2% sodium azide. Incubation
was carried out at 40°C. Zero time samples were prepared by mixing enzyme which
had been boiled for half an hour with an equal volume of fresh xylan medium.

In the case of both the in vivo and the in vitro tests, the zero time samples and
those collected after incubation for two days were boiled for 15 min and reducing sugar
(RS) and total carbohydrate (TC) measured. The percentage hydrolysis of the residual
carbohydrate was calculated from the values for the two day samples, using the
expression (RS/ TC) x 100. In addition, the difference between the initial and final TC
values was considered to be metabolized and therefore fully hydrolysed carbohydrate.
Its percentage of the initial TC was added to the percentage hydrolysis of the residual
carbohydrate (corrected for the fraction of the initial carbohydrate which it
represented) to give the total percentage hydrolysis. The initial RS was comparatively
high in the in vitro tests due to ‘carry over’ with the enzyme preparation.
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Table 6, Storage Stability of Xylanolytic Activity of CSI-17 Preparations

Relative
Storage Storage pH Storage Relative B~Xylosidase
Temperature Time Xylanase ,
: C’,’lltme Jutact CEEH (days) (cult:re filtrate) ;12;1{;;;:;111)
Filtrate Preparation

0 1G0 100
40C 54 53 1 130 110
2 120 100
6.2 6.1 1 95 96
2 94 78
L) 6.9 I 84 103
2 101 101
8.4 7.4 1 120 80
2 118 21
250C 5.4 53 1 108 80
2 105 43
6.2 6.1 1 85 77
2 85 35
T 6.9 1 84 96
2 84 99
8.4 7.4 1 105 84
2 102 T2
30 5.4 3 1 117 58
2 109 22
6.2 6.1 1 89 63
2 88 28
48 6.9 1 84 96
3 94 90
8.4 7.4 1 o8 80
2 98 g1
420C 5.4 5.3 1 43 13
2 34 3
6.2 6.1 1 43 17
2 46 13
il 6.9 1 44 5
2 34 54
8.4 7.4 1 40 58
2 11 a2

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

302 P. 8. Peiris, Pamela A. D. Rickard and Jan M. Daly

The values for percentage hydrolysis can be considered as approximations
only. Use of the DNS method for -measurement of reducing equivalents was based on
the fact that it is widely used for the determination of reducing sugars liberated by o -
amylase'? and by carboxymethylcellulase.s Since the reducing power (on a molar
basis) of an oligomeric series increases with chain length, falsely high values are given
for percentage hydrolysis when dimers and oligomers are present in the digest. The
discrepancy does however decrease with chain length; this is evident when the ratio
(1.0:1.4) of reducing powers of glucose and maltoses is compared with the ratio of
(1.0:1.95) of reducing powers of maltose and maltoheptaose.!? The method therefore
provides a relatively simple semi-quantitative means of comparing the abilities of
different enzyme preparations to hydrolyse polysaccharides.

The results (Tables 7 and 8) reveal that neither the in vivo nor the in vitro
system was capable of hydrolysing soluble or insoluble xvlan completely. The total
percentage hydrolysis values indicated that in virro the cell free culture filtrate was just
as effective as a living culture in hydrolysing about 739 of the soluble xylan. Only
when the cell free system was obtained from a culture grown on insoluble xylan was
there an apparent decrease (from 67% to 509%) in the ability of the culture filtrate to
match that of the living culture to hydrolyse insoluble xylan, (This may perhaps
indicate that a factor (or factors) required for effective hydrolysis of insoluble xylan
remained associated with the residual insoluble xylan of the culture; this was a
significant proportion of the initial carbohydrate and was discarded when the cell free
culture filtrate was separated and used as the enzyme source). Minimization of
carbohydrate metabolism in vitro resulted in the products of hydrolysis accumulatihg
as soluble reducing sugars.

A further experiment was undertaken to determine whether inclusion of cellsiin
the in vitro enzyme digest would improve the rate and extent of soluble xylan
hydrolysis. A standard culture of CSI-17. grown on soluble xylan, was divided into
two portions; one was centrifuged and the cell-free culture filtrate collected. whilst the
other was left untreated. Both preparations served as enzyme preparations for in vitro
digestion of a soluble xylan. In contrast to the previous test. the reaction mixture was
buffered at pH 7.0 to ensure maximum enzyme stability (see above) and enzyme
activity.!® Enzyme stability was also improved by incubating the digests at 30°C. rather
than at the optimum (40°C) for enzyme activity!® as in the previous test.

Flasks containing 40ml of soluble xylan. 40ml of Mcllvaine’s buffer (pH 7.0).
40 ml of enzyme and 0.2% sodium azide, were incubated at 30°C for two days.
Samples, taken at various time intervals. were boiled for 15 min and the reducing sugar
(RS) and the total carbohydrate (TC) determined (after removal of cells by
centrifugation, where appropriate). Controls were prepared using enzyme sources
which had been boiled previously for lhr before mixing them with soluble xylan
solution and buffer in the ratio 1:1:1. The controls were assayed in the same manner as
the samples. In all cases, the approximate degree of polymerization (DP) was
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caleulated by dividing the TC by the RS; the same limitations in accuracy apply to
calculation of DP as to calculation of percentage hydrolysis (see above).

Results are recorded in Table 9. Their control values reveal that the
introduction of relatively low molecular weight fragments with the enzyme
preparations made interpretation difficult. They do demonstrate however that an
initial . rapid rate of hydrolysis, detected even at zero time and continuing over 5 hr
was followed by minimal further activity. Neither digest was capable of completely
hydrolysing the soluble xvlan; even at the end of two days, the DP was still 1.5 (67%
hydrolysis) in both cases.

Addition of fresh xylan at 5 hr to the culture filtrate resulted in it too being
hydrolysed to the same extent as the original material. This indicated that the
cessation of activity was not due to enzyme inactivation but rather to resistance of the
substrate to complete hydrolysis by the enzyme preparation. A possible explanation is
that CSI-17 produces xylanolytic activity which is inversely proportional to chain
length and which fails to hydrolyse the low molecular weight xylose oligomers.

The investigation suggested that cell-free preparations of Cellulomonas CSI-17
are similar to growing cultures of the strain in their ability to hydrolyse xvlan. In
comparsion to the in vivo conditions, where the products were metabolized. relatively
high levels of reducing sugars accumulated in the soluble fraction of the in yifro
digests. This suggests that the latter system is one which is appropriate for
saccharification of the hemicellulose fraction of lignocellulose.

Table 7. fn Vive Hydrolysis of Soluble and Insoluble Xylan by CSI-17 Cultures

Xylan Time Soluble Total Carbohydrate % Hydro- % Total ¢ Total
Medium (days) Reducing g ml lysis of  Carbo- Hydro-
Sugar -~ Residual hydrate lysis
(g ml) Soluble Insoluble* Total Carbohy- Metabo-
drate lized
Soluble 0 110 3350 66 3416
2 340 1020 177 1197 28
4 +230 -2330 +111 2219 65 75
Insoluble 0 70 1600 2400 4000
2 50 155 1222 1377 4
A -20 -1445 -1178 -2623 66 67

* Includes microbial cells
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Table 9, In fom_ Time Course of the Decrease in the Degrees of Depolymerization (DP) of
Soluble Xylan (DP.24.4) by CS1-17 Preparations

Time DP*
Total Culture Culture Filtrate

Control - ) min 4.7 5.8
0 min 3.2 4.0
7 min 24 2.7
18 min 2.0 24
22 min 2.0 2.0
45 min 1.7 22
1 hr 1.9 +2.0
2 hr 1.8 19
5 hr 1.7 ‘1.6
20 hr 1.5 1.6
30 hr 1.5 1.5
48 hr 1.5 1.6

* Degree of polymerization = TC/RS

Although the initial in vitro rate was rapid, the reaction ceased before complete
hydrolysis was reached. Even when the digestion was carried out under conditions
which maximized enzyme stability, only about 67% hydrolysis was attained by the
cell-free extracts. As the f-xylosidase activity is located in the Celliiomonas cells and
since this enzyme could be necessary for hydrolysis of the oligomers released by
xylanase activity, it was considered that inclusion of cells in the digest may improve the
degree of hydrolysis; this proved not to be the case.

Investigations are in progress to identify the products of enzymic digestion of
xylan and to improve conditions for their further hydrolysis,
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Abstract: Recognizing the importance of the marine sciences, an Oceanography and
Survey of Off-shore Area Unit has been set up within the newly established National
Aquatic Resources Agency (NARA) of Sri Lanka. Work programmes initiated by
NARA include the investigation of the coastal regions of the island which would be
integrated with the proposed hydrographic and oceanographic surveys to be
undertaken inearly 1984. The present study is confined to the Kelaniya - Negombo
coastal zone and is the first phase of the survey. An account i3 given of the general
coastal features and the geological resource potential of the area. Substantial amounts
of ilmenite occur at several localities along the beach. At some points bulk samples
of beach sands contain over 65 per cent of the mineral ilmenite. A low grade peat
deposit is described which occurs in the silted up lagoon——the Muthurajawela
swamp. The importance of the rational management of the coastal zone is also
discussed as coastal areas andthe coastal environment are important resources for
socio-economic development.

1. Introduction

In regard to mineral resources, the sea can be divided into five regions: marine
beaches, sea water, the continental shelves, surficial sediments and the hard rock
beneath the surficial sea floor sediments. A variety of minerals are extracted from
the first three regions of the ocean. Some minerals mined from marine beaches
include the heavy minerals resistant to chemical weathering, diamonds (southwest
Africa), gold (Alaska), magnetite sands (Japan), shell sands (USA), llmenite-Rutile-
Zircon (Sri Lanka, Australia, India, USA, Brazil and other countries). In addition
to common salt, bromine, magnesium and magnesium compounds, several other
minerals are extracted from sea water. Important minerals on the continental
shelves include, phosphorite, glauconite and calcareous shell deposits. Barium
sulphate concretions have been dredged from about 1235 m off Colombo.®  The
oil reserves of the continental shelves of the world have been estimated to be about
equal to the resources of onshore areas of the continents. From an economic
standpoint, manganese nodules are the most important on the floor of the three major
oceans. Very little is known about the fifth region that of the hard rock under the
ocean floor sediments. These are the better known mineral occurrences of the sea.*

A great potential therefore lies in developing marine resources and the appli-
cation of marine science to development can only be undertaken by people trained
accordingly. Recognizing the importance of the marine sciences, Sri Lanka has
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established a new organization (1981) named the National Aquatic Resources,
Research and Development Agency (NARA), charged with the responsibility of
carrying out and co-ordinating research, development and management activities
on the subject of aquatic resources (living and non-living). The establishment of
NARA also satisfies a long felt need for a National Oceanography Institute for
Sri Lanka.

Under the terms of the Law of the Sea Convention which was signed in
Jamaica (December 1982), Sri Lanka has control of an off-shore territory approxi:
mately 20 times as large as the country’s total land area and comprises the 320 km
Exclusive Economic Zone and Sea Bed rights beyond.

Work programmes initiated by the Oceanography Unit of NARA include
the investigation of the coastal regions of the Island which would be integrated
with the proposed geological and geophysical off-shore surveys to be undertaken
in early 1984, The present study is confined to the Kelaniya-Negombo coastal zone
and is the first phase of the survey. An account is given of the general coastal
features and the geological resource potentiat of the area. The Muthurajawela
swamp is described as it occurs in the area under investigation and the importance
of the rational management of the coastal zone is discussed.

2. General Geography and Geology

Sri Lanka which is a tropical island has an area of 65,000 sq.km (25,332 sq. miles)
and the island may be divided into two main physiographic divisions.

1. The low lying coastal plain with little relief and traversed by rivers which
have almost reached their base level of erosion in the coastal plain.

2. The central highlands with immature drainage pattern and marked relief
abounding in numerous strike ridges, hills and mountains.

The coastal plain is narrow in the western and southern parts of the Island
and the highlands towards the south rise steeply from the coastal plain. Sri Lanka
lies in the monsoon region of south-cast Asia and the mean rainfall for the Island
is 203 cm (80 inches). The rivers have a radial distribution, the upper reaches are
mainly confined to the central hill country. The radial pattern is the dominant
element in the drainage pattern of Sri Lanka.

The two main rivers, draining the area under investigation include the Kelani
Ganga with its mouth immediately north of Colombo and the Maha Oya with its
mouth north of Negombo. Crystalline rocks of Pre-cambrian age occupy the
greater part of the Island. They consist of a gneissic complex (Vijayan Series)
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Figure 1. Geological Map of Sri Lanka.
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Figure 2. Coastal Features of the Country North of the Kelani River Mouth.
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mainly under paddy cultivation and these deposits consist of fine silty sands with
clays. The Muthurajawela swamp covers an area of 35sq km. Marshy vegetation
is common in the swamp which is a silted up lagoon, presently a peat deposit.
Laterites are well developed in the area examined and théy are confined to slightly
elevated land with mixed vegetation. The laterites are mainly used as a building
material and they are also ideal formations for storage of underground water. Sandy
soils with gravel cover areas mainly under coconut cultivation. Fan type deposits
of delta sediments are at the mouths of the two major rivers (Kelani and Maha Oya).
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Figure 3. Coastal Features of the Negombo Area.
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sideration in the event a decision is taken to mine the deposit. The stability of the
developed area (areas of the peat deposits reclaimed by filling) may be affected over
the years if the deposit is mined.

5. Geological Resource Potential

The sampling undertaken was from an area bztween the mouth of the Kelani river
(near Crow Island) to about the area immediately north of the mouth of the Maha
Oya. Forty nine auger holes were put down and 260 samples were collected.
Twelve (12) samples of beachrock (sandstone) were also collected during the survey.
The area about 2 kilometers north from the mouth of the Kelani river was examined
in detail to gather information on lenses and pockets of ilmenite concentrations
which may occur below the surface sands (see Figure 4). Some samples of sands
appeared to be almost black in colour and these sands invariably contain very high
percentages of ilmenite. The highest concentration of ilmenite occurs: on the beach
near the mouth of the Kelani river. Analyses of the samples were carried out in
the laboratories of the Geological Survey Department. Fifty samples of beach sands
were closely examined, 28 samples were analysed to determine the mineral content
and 3 samples of beach rock were examined in detail. The sampling area is shown
in Figure 1. (Colombo to Negombo).

A current bedded beach rock of recent age forms a conspicuous feature of the
coast north of Colombo (Figure 4). Tt is a coarse to medium grained rock and
consists of ilmenite, quartz grains and shell fragments held together by a calcareous
cement or ferruginous material. l '

The ilmenite is arranged in bands, the beach rock then has a banded
appearance (Figure 5). The ilmenite content of the rock varies from place to
place. At certain points the ilmenite content may so increase that the rock becomes
an ilmenite rock with a specific gravity as high as 3.8 '

Other minerals present in the sandstone include monazite, zircon, garnet,
magnetite and rutile. These minerals which occur in varying amounts are usually
present in quantities less than 5 per cent and the monazite content seldom rises
above 3 per cent. Similar current bedded beach rocks are exposed on the east coast
and are well developed between Batticaloa and Arugam Bay.

Table 3 is presented to show the results of analyses of some samples of beach
sands. Most of the minerals present are the heavy minerals resistant to chemical
weathering.  There is no pattern whatsoever as far as the percentages of minerals
are concerned in the mineral assemblages in the beach sands. The character of the
deposits vary considerably and the mineral contents vary both with depth and»within
a few metres along the beach. Figure 4 is presented to show a generalized cross-
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Figure 5.  Beach Rock showing Bands of llmenite.

sectional view of the beach about 2 kilometers north of the mouth of the Kelani
river. There are a series of ilmenite stringers at depth. The jigging action of the
waves may have been responsible for concentrating the heavy minerals in certain
zones of the beach.

Iimenite is the main heavy mineral present within the area studied. At some
points over 75 per cent ilmenite is present in the beach sands. These concentrations
are close to the mouth of the Kelani river (Figure 6). All other minerals occur
in negligible amounts gnd are of no economic value at the moment. At some points
along a distance of about 3 km (immediately north of the mouth of the Kelani
river) over 25,000 tons of ilmenite could be recovered annually.

According to Wadia and Fernando® “the beach for several miles north of
the Kelani river is formed of sand rich ih ilmenite. Wave action producss 2 clean

concentrate at certain seasons. The concentrate forms most rapidly in the psriod
between the two monsoons. The Kelani black sands contain 2 to 3 per cent of-

monazite, as much as 14 per cent has been reported on one occasion from the coast
near Pamunugama and in the sand bars at the mouth of the Maha Oya, 7 per cent
of monazite has been recorded.”

The present investigation reveals that ilmenite is the only minzral of economic
value which could be recovered from the area investigated.
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Figure 6.  Black Sands (Ilmenite) near Mouth of Kelani River.

6. Importance of the Rational Management of the Coastal Zone

The importance of the marine environment is clearly indicated by the fact that the
seas cover 71 per cent of the world’s surface. Some two-thirds of the world’s popu-
lation are now considered to live near the coast. The coastal areas and environ-
ment are therefore considered to be a resource and wherever possible the coastal
zone should be developed according to an overall plan. This has important impli-
cations for developing countries in wiich coastal settlements are still in the process
of evolving.

There are distinct advantages in living where land and sea meet and interact
in the coastal area. The modern rise of coastal communities in developing countries
is linked to the commercial use of the oceans. The sea coast has bzen recognized
as a venue for relaxation and recreation. Many countries today have a highly
developed tourist industry. Coastal areas and therefore the sea in general receive
ultimately by far the greatest part of man’s waste materials. The resulting marine
pollution has focussed the attention of nations on this problem.

In the management of the coastal zone, problems cannot be solved by allo-
cating different parts of the coast for different functions. A port loading facility
if established without considering coastal winds and currents can result in destruc-
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tion of surrounding marine life. Similarly, by ignoring prevailing oceanographic
conditions improper siting of a submarine sewage out-fall can result in destruction
to marine life and in contamination of beaches. If the sea is allowed to encroach
on the land, damage can result sometimes on a considerable scale (see Figure 7).
Indiscriminate mining of coral reefs (as in Sri Lanka) barriers which have taken
thousands of years to build up may cause severe coastal erosion. Mining activities
along coastal areas if not done systematically may also result in coastal erosion. The
Vallaichenai lagoon on the east coast istoday completely devoid of marine life as
a result of effluent from the paper factory being drained into the lagoon. Any deve-
lopment affecting the marine environment and the sea coast, is therefore potentially
harmful if considered in isolation and without a proper plan. Integrated surveys
are therefore of great value in the management of coastal areas and scientists from
various disciplines may have to be consulted when work programmes in the coastal
gnvironment are undertaken.

i
e

Figure 7. Sea Erosion near Pegasus Reef Hotel.
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1. Summary and Conclusions

The potential of the seas is extraordinary and is destined to shape the future of man-
kind in a very particular way. The coastal areas and the coastal environment are
important resources for socio-economic development. With respect to mineral
resources the same type of minerals can be expected to be found in beach deposits
that are found in placer deposits onshore. A study of the geology and minernlogy
of the rocks in the drainage areas of rivers providing sediments for a particular beach
will normally indicate whether valuable minerals can be expected to be found in
the beach.

It is generally safe to assume that similar deposits of minerals exist in the
off-shore areas as in those beaches onshore. The technology of exploring off-shore
deposits is already developed in the systems used to sample off-shore sediments for
oil. At present Sri Lanka is devoid of capabilities to assess the mineral resources
of off-shore areas—the continental shelves and surficial sediments. It is proposed
however, to commence as early as possible hydrographic and oceanographic surveys
with assistance from a number of foreign organizations. The present surveys of
coastal areas would eventually be integrated with the proposed geological and
geophysical surveys of off-shore areas. These surveys are to be undertaken by the
National Aquatic Resources Agency.

The current investigation has shown that the beach deposits vary widely in
character. The mineral ilmenite occurs in appreciable amounts and is the only
mineral present which is of economic importance, provided markets are available
for the sale of this material. Samples containing over 75 per cent ilmenite have been
observed near the mouth of the Kelani river and over 25,000 tons of ilmenite can be -
recovered from this area each year. The other deposits of interest are the Muthu-
rajawela peat deposits. At present they do not seem to be of‘any value. Further
surveys have to be undertaken to locate areas with good quality peat deposits, after
all available reports have been studied. The swamp however. could be developed
for purposes of aquaculture. Mention may also be made that extensive alluvial
deposits occur along the Kelani river course east of Colombo. Next to these depo-
sits those along the course of the Maha Oya are the most exploited clay deposits of
Sri Lanka for the brick and tile industry.

The rational management of the coastal environment includes respect for an
enhancement of, the quality of life in the broadest sense. Among the most impor-
tant activities in the coastal areas, we may mention fishing, aquaculture, prospecting
for hydrocarbons, production of mineral raw materials, town planning, recreation,
industry, sports and other activities. This variety of activities makes it necessary
that théy should be co-ordinated and harmonised in a suitable framework so as to
avoid discordances between them and the hinterland activities. Surveys of an
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integrated nature are therefore of value in the management of coastal areas and’
scientists from various disciplines may have to be consulted when necessary, where
coastal development is concerned.

Acknowledgements

The authors wish to thank Mr. H. D. N. C. Pathirana (Geologist). Geological Survey
Department for help in the interpretation of air-photographs covering the area
and they wish Lo express their gratitude to the Director of the Geological Survey
Department (Mr., L. K. Seneviratne) for assisting in the analyses of samples.
Mr. S. R. Amaratunge. Research Assistant, NARA assisted in carrying out the field
surveys and the Photography Division of NARA took the necessary photo
illustrations.  This paper is published with the Kind permission of the Chairman
(Dr. Hiran W. Jayewardene), National Aquatic Resources Agency.

References

1. HERATH, ], W, & PATTIARATCHI, D, B. (1963).  Geology, Composition and Mineralogy
of Ceylon Larerites, Cey. Geog. 17, 11-20.

1

HERATH, ), W, (1980), Mineral Resources of Sri Lanka Eco. Bull, No. 2, Geological
Survey Department 14-18.

3 JONES. E. J. (1887).  On some nodular stones obiained by rrawling off Colombo in 675 futhoms
of water, J. Asiatic, Soc. Bengal, 56: 209 (in Mero 1976),

4. MERQO, J. L. (1973). The Mineral Resources of the Sea, Elsevier, Holland, 1-20.

5, WADIA, D. N. & FERNANDO, L, J. D. (1945). lmenite, Monazite and Zircon, Prof.
Paper Nu. 2, Geological Survev Department 1-22.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

J. Nam. Sei. Coun. Sri Lanka 1983 11 (2): 325 — 331

Cross breeding trials with Sheep—Effect of dam
Factors

L. A. GOONEWARDENE
Department of Animal Science, University of Peradeniva, Peradeniva, Sri Lanka

AND

M.-AGALAWATTE
Veterinary Research Institute, Gannoruwa, Sri Lanka

{Date of receipt: 26 May 1981)
(Date of acceptance: 6 March 1984)

Abstract: The data for this analysis was obtained from the Government livestock
farm at Wirawila. The objectives of the study were to determine firstly, the
performance of the Wiltshire Horn XLocal (WL) sires crossed to Bikaneri (B) and
Wiltshire Horn - Local x Bikaneri (WLB) ewes, based on the birth weight, 3 -month
and 6 -month body weights of their cross bred progeny. Secondly, the effect of the
breed of ewe, age of ewe, lambs® year of birth and sex of lamb on birth,, 3 and
6 -month weight was analysed. Two analytical models were used for the purpose.
The WL sires combined better with WLB ewes and their cross bred progeny were
significantly heavier than the WL % B cross breds at all ages. One model showed that
the breed of ewe,lambs® vear of birth and sex of lamb had a significant effect on birth,
3 and 6-month body weights. In the other model, breed of ewe was significant only
for 3 and 6-month weight while sex of lamb was significant at all ages,

1. Introduction

The improvement of the overall efficiency of mutton production must come by
achieving higher reproductive rates among breeding stock and growth rates of lambs
and young stock. By the use of selected breeds in cross breeding programs,
increased efficiency could be partly achieved. Good management of the breeding
and market stock will also help to improve performance and increase profits.

The objectives of the present study were to determine firstly, the performance
of Wiltshire Horn - Local (WL) sires crossed to Bikaneri (B) ewes and Wiltshire
Horn - Local Bikaneri (WLB) ewes, on the basis of their progeny body weights at
birth, 3 months and 6 months. The second part of the study analysed the effects
of factors such as breed of cwe. age of ewe, lamb’s year of birth and sex of lamb on
birth, 3-month and 6-month weights, Two models were assumed for the study,
the first using all the lamb weight information during the years 1974 and 1976
(Model 1} and the second using information on the lambs born in 1976 (Model 2).
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2. Materials and Methods

The data for this analysis were obtained from the records of the Government live-
stock farm at Wirawila, during the years 1974 and 1976. The farm is situated in the
south east region of Sri Lanka and receives an average annual rainfall of 109 cm
and experiences a temperature of 27.2°C. The rainfall is high during the Maha
season (October to January) and pasture growth and availability is dependent on the
rainfall.

During the years from about 1969 to 1973, a population of Wiltshire Hornx
Local sheep was established at Wirawila? and from this population, rams were used
to sire the ewes in this analysis. Similarly, Wiltshire Horn % Local ewes were also
available and these were bred to Bikaneri rams to produce a three breed cross WLB.
These females were used for the study. Ewes were bred during July/August of the
year by allowing the rams to run with the herds and lambing occurred from November
of each year. A ratio of about 1 ram to 12 ewes was maintained.

Local sheep, also called Jaffna sheep which have hair rather than wool, range
in colour patterns from black to white, weight approximately 1.9 kg at birth, 6.35 kg
at 4 months of age and 18.14 kg at 1 year of age.l® Buvanendran? estimated
adult body weights for males and females at 23 kg and 18 kg respectively, and gave
breed descriptions and body weights for Bikaneri, Wiltshire Horn and their crosses.2?

The data used for the study in model 1 included 260 lambs of B and WLB
ewes bred to WL rams. There were 78 lambs out of Bikaneri ewes crossed to WL
sires in 1976 of which 51 lambs were from yearling ewes and 27 from 2-year olds.
The rest of the sample consisted of 182 WL X WLB lambs in 1976, of which 36 were
from yearling ewes, 74 from 2-year old ewes and 72 lambs from yearling ewes in 1974.
A part of the same data which included only the year 1976 was used for the analysis
in model 2. This study included a total of 188 lambs of which 78 were out of
B ewes and 110 out of WLB ewes crossed to WL sires.

The progeny of each cross was numbered, color tagged and maintained in
one herd along with their mothers. No twins were used for the present study. All
lambs were weaned at 3 months. The sheep were allowed to graze on an established
field of Brachiaria brizantha during the day and housed in open sheds for the night
where limited grazing was available. The availability and nutritive value of the
pasture depended entirely on the rainfall and the prevailing farm practices. No
concentrates were fed to the lambs. Water was provided for the sheep at noon each
day and again in the evenings. The usual farm management practices were
followed.
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The body weights of the young cross breds were recorded in kgatbirthand then
at monthly intervals up to 12 months. The body weights used for this analysis
were those at birth, 3 months and 6 months.

In model 1, the sources of variation breed of ewe, age of ewe, year of birth
were combined (BAY)* along with sex of lamb and their effect on birth, 3-month
and 6-month weight was determined. BAY was put in with 4 degrees of freedom
while sex was associated with a single degree of freedom. In model 2, the effect
of the breed of ewe and sex of lamb on birth, 3-month and 6-month weight for one
and two-year old ewes combined for the year 1976 was determined. A least squares
program was used to derive least squares means, analysis of variance and simple
correlations between the weights at different ages.? A F-statistic was used to test
the significance in each analysis of variance while a t-statistics tested whether the
simple correlations were significantly different from zero.1s

3. Results and Discussions

The analysis of variance for model 1 in which the variation was partitioned into
Breed-Age-Year and sex of lamb is shown in Table 1, and the analysis of variance
for model 2 is shown in Table 2.

Table 1. Analysis of variance for Model 1

Mean Squares

Source of -
variation df Birth weight 3-month weight 6-month weight
BAY 4 7.97%* 1261,29%* 1701.33**
Sex 1 6.07* 152.34%* 850.46%*
Residual 254 1.05 15.74 17.41
** P < 0.01

*P <005

Table 2. Analysis of variance for Model 2
Mean Squares

Source of :
variation df Birth weight F-month weight 6-month weight
Breed of ewe 1 2,95 722.60** 1622.36**
Sex 1 6.21** 136.29%+ 720.12%*
Residual 185 1.14 18.50 27.33

P <001 5

*P << 005

*  Abbreviated for Breed-Age-Year.
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The sources of variation BAY had a highly significant effect on lamb birth
weight, 3-month and 6-month weight (Table 1), In model 2, breed of ram had no
significant cffect on birth weight but was significant for weight at 3 and 6 months of
age. Daflapurkar® reported significant breed of ewe effects for birth weight while,
Farid® reported significance of this source of variation for birth and weaning weight.
The significance of the age of ewe on birth and weaning weight was reported 14
among Corriedale sheep, while Farid¢ recognised the age of ewe as being significant
for birth weight only. Chang and Rae* reported that the age of ewe accounted
for 2.1 per cent of the total variation in weaning weight among Romney Marsh
lambs in New Zealand. Significant year.of birth effects on birth and weaning have
been reported in the literature supporting this analysis.1?1* Chang and Rae!
reported that the effect can account for 2.0%, of the total variation in weaning
weight, among Romney lambs. The sex of lamb was significant for all ages in
the present study in models 1 and 2. Similar findings where male lambs were heavier
than females have been reported & 114518 among other sheep breeds.

Least squares means and standard errors for birth, 3-month and 6-month
weight, by breed of ewe, age ol ewe, lamb’s year of birth and sex are shown in
Table 3.

Table 3. Least squares means and standard errors for Model 1

Weight (Kg) — Se

Breed of Age of Lamb’s vear Sex of n e —
ewe ewe of Birth Lamb Birth 3-month G-month

B 1 1976 M&FEF 51 296 |0.06 11.40 - 0.25 16.24:0.26
B 2 1976 M&F 27 320 1009 12761034 1954 | 0.36
WLB 1 1976 M&F 36 3131008 12881029 18532031
WLB 2 1976 M&F 74 3321005 14406 021 21.101022
WLB 1 1974 M&LF 72 3331005 16.77 +.0.21 22,50 [.0.22
B & WLB 1&2 1974 &76 M 133 3.27 - 0.04 1400 1 016 2039 1 0.17
B & WLB I &2 1974 & 76 F 127 3,13 - 0.4 13.31--0.16 18.77 1 0.17
M = Male

F == Female

The WL X WLB cross bred which contained approximately 37.5 per cent
Wiltshire Horn, 31.5 per cent Local and 25 per cent Bikaneri breeding had higher
birth, 3-month and 6-month weights compared with the WL % B cross which was com-
posed ol approximately 25°, Local and 50° Bikaneri breeding. This trend was
observed within each age of ram class during the year 1976,  Combining the weights
of the lambs born from | and 2-year old ewes, in 1976, WLx WLB cross breds
were 4.7 per cent, 13.2 pereentand 10.8 per cent heavier than the WL X B cross breds
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at birth, 3 months and 6 months of age respectively. The results seem to indicate that
the higher weights which were obtained in this analysis may be due to the slight in-
crease in the Wiltshire Horn breeding component among the WL x WLB cross breds.
Tn each cross bred group, lambs from 2-year old ewes were heavier than lambs
from 1 year olds, reflecting a strong influence of the age of ewe.  The ycar 1974
was a particularly good year for the WL X WLB cross breds as the body weights
of all lambs were higher compared with lambs born in 1976. In fact, the lambs
from 1 year old ewes in 1974 were heavier than lambs out of 2-year olds in 1976.
Male lambs were heavier than females by about 0.14, 0.69 and 1.62 kg at birth,
3 months and 6 months respectively.

The weights of all cross bred shecp reported in this analysis were higher
than for pure bred Bikaneri from the same farm as reported in an carlier paper by
Goonewardene.” However, the weights of the WL x B and WLx WLB cross breds
were lower than for Wiltshire Horn x Bikaneri cross breds from yearling ewes in
their study. It could therefore be concluded that an improvement in weight was
due to the influence of improved breeds such as the Wiltshire Horn in this program
of cross breeding together with some maternal heterosis.

The assumed model 1 did not adequately adjust for year cffects as the breeds
and ages ol rams did not overlap sufficiently across years.

Least squares means for Model 2 are shown in Table 4.

Table 4. Least squares means and standard errors for Model 2

Weight (kg)+ Se

Breed of Sex of n v NI i b
ewe Lamb Birth 3-month 6-month

B M&F 78 3.04 +0.05 11.87 1.0.22 17.37 +0.26
WLB M & F 110 3.26 L0.05 13.94+0.18 20.26 10.22
B & WLB M 99 3.22-+0.05 13.24 20,19 19.72.4:0.23
B & WLB F 89 3.09 4005 12,57 40.20 17.91 +0.24
M = Male

F == Female

The results show similar trends to the results of model | where the WL X WLB
crosses were superior to WL B cross breds at all ages.  This may again be attri-
buted to the advantage gained in having more Wiltshire Horn breeding among
cross breds along with some maternal heterosis. Males were heavier than females
at all ages; the differences were 0.13, 0.67 and 1.81 kg in favour of males, at birth,
3 months and 6 months of age respectively.
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The correlations between weight at different ages obtained from the two
models are shown in table 5.

Table 5.  Correlations between weights at different ages
(Model 1 above diagonal Model 2 below diagonal)

Birth I-month G-month
Birth —_ 0.32%* 0.40**
3 months 0.25* — 0.76**
6 months 0.36%* 0.67** ==
*P < 0.01
*P <0.05

Model 1 used 260 pairs of observations.
Model 2 used 188 pairs of observations.

The correlations between adjacent weights were always positive. The weight
at 3 months was a better indicator of the weight at 6 months compared to birth
weight.  Furthermore, birth weight was not a very good indicator of 3-month weight
as the correlations although positive in both models were lower than what was expec-
ted. The results of this study correspond with correlation between weights1T,

4. Conclusions

The WL sires combined better with WLB ewes than with B ewes as the cross breds
were heavier at birth, 3 months and 6 months. The superiority of the cross bred
based on progeny performance may be attributed to the higher percentage of Wilt-
shire Horn breeding. Furthermore, the improvement in lamb weaning weights
among the progeny of the WLB ewes may suggest that material heterosis is expressed
among the cross bred ewes.

Under field conditions one could therefore advocate the use of cross bred
ewes in order to achieve higher lamb weaning weights. The study also showed
that the breed of ewe, age of ewe, and sex of lamb had a very significant effect on
birth weight 3-month and 6-month weight in model 1. In model 2 however, sex
of lamb was significant for all age groups but breed of ewe was significant only for
3 and 6-month weight. Selection for large weaning weights among lambs lead to
higher weights at 6 months of age.
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Abstract: The annual requirement of aluminium sulphate in Sri Lanka is about
15,000 metric tons and this is totally imported. Since bauxite is not available
in Sri Lanka, Dediyawela ball clay containing about 36% Al,O, and lateritic
clays containing about 20% Al,O, were used as sources of alumina for the
synthesis of aluminium sulphate. Treatment of calcined ball clay with H,SO,
results in the formation of aluminium sulphate. The recyclic process of treatment
reduced the free acid comtent in the product. By recrystallisation the excess
iron was removed,

1. Introduction

Aluminium sulphate is available in three different forms as anhydrous Al,(SO,),,
AL(80,);. 14H,0 and Al,(SO,);. 18H,0.! Commercially available aluminium
sulphate is Al,(8O,);. 18H,0 and it is mainly used in water purification and in the
paper industry.

Commercial grade aluminium sulphate is available in two forms.?
(a) Tron Free (less than 0.003%, Fe,0,)
(b) Commercial Grade (0.4% to 0.5% Fe,0,)

The annual requirement of aluminium sulphate in Sri Lanka is 15,000 metric
tons and this is totally imported.

Bauxite is a mineral mainly consisting of Al,0;.2H,0. By treatment of
bauxite or China Clay with conc. H,SO, aluminium sulphate is produced.l-*

Mineral bauxite is not found in Sri Lanka.? TInvestigations were carried
out at the Minerals Technology Section of the CISIR to find out the possibility of
using Dediyawela ball clay, kaolin and laterite as a source of alumina (Al,0,)
for the production of aluminium sulphate.
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Dediyawela ball clay is an alumino-silicate type of clay and it contains about
369, ALO,.
Laterite is a weathered clay and it contains about 20% of AlO,.
2. Experimental
2.1 Chemical Analysis of Ball Clay and Laterite

Determinations of SiO,, Al,O; and Fe,O, of ball clay and laterite were carried
out according to standard methods.®  SiO, content was determined by HF treatment.

Al*++ and Fet++ contents were determined by spectrophotometry method
and the wave lengths of 370 nm and 700 nm, respectively.

2.2 Calcination of Ball Clay and Laterite

Calcination was done using a muffle furnace at different temperatures and periods.
The temperature of furnace was measured to an accuracy of + 5°K.

2.3 Grinding of Laterite and Ball Clay

A laboratory ball grinder was used for grinding laterite to pass 80 mesh sieve. Pow-
dered ball clay was obtained from Dediyawela ball clay re[mlng plant of the Ceylon
Ceramics Corporation.

24 Acid Treatment

9875 analytical grade sulphuric acid diluted to different strengths was used for treat-
ment of ball clay and laterite.

2,5 Leaching

Slurry obtained from 2.4 was leached at different teniperatures for varying periods,
using a steam bath and a magnetic stirrer. .

2,6 Concentration and Crystallization

Slurry obtained after leaching was filtered under vacuum and the filtrate was con-
centrated using a steam bath and crystallized by cooling.

27 X-ray Analysis of Samples

XRD patterns of the samples were taken by using “JEOL JDX-85” type X-ray
Powder Diffractometer.
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3. Results and Discussions
3.1 Dedivawela Ball Clay as a Source of Alumina

Dediyawela ball clay is a mixture of mincral kaolinite (A10,.2S8i0,.2H,0) gibbsite
(Al,O,.3H,0) and boehmite (AL.O,.H,0). The X-ray diffraction pattern of the
Dediyawela Ball Clay (Figure 1) shows the presence of small amount of silica
(e« quartz) as impurity. The total alumina (Al.O,) content in Dediyawela ball
clay is 36" and the chemical composition of the Dediyawela ball clay is given in
Table I.

Table 1. Chemical Composition of Dediyawela ball clay

Si0, - 44,19
Al Oy - 36.79
Fe, (), - 0.93
Tid, i 1.30
Mg — 0.62
Loss on

Ignition — 14.90

K

K — Kaolinite
§ - «-Quartz

Intansitv'

15 20 25 30 35 40 a5
20 (degrees)

Figure 1. XR1D O BALL CLAY,
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Calcination of ball clay at temperatures above 723°K shows the formation
of meta-kaolin. The Diflerential Thermal Analysis curve af ball clay used in this
investigation is given in Figure 2. At temperatures above 1198°K formation of
silicon spinel (2A1,0,.35i0,) is favoured. The sequence of formation of different
types of alumino silicate is given below.?

723 - 23K ALSi,0, + 2H,0

ALSi,0,(OH), MGl sl |
meta-kaolin
l
| 1198°K
1373°K ) ‘
2(A1,0,.8i0,) + SiO, ——— 2Al1,0,.8i0, + Si0,
| silicon spinel
|
| 167K
|

v
3A1,0,.28i0, + SiO,
mullite, cristobalite

Digestion of ball clay with conc. H,SO, at a temperature of 353'K resulted
in only a very low yield of aluminium sulphate. Treatment of calcinated ball clay
with the same quantity of conc. H,SO, at 353°K gave a better yield of aluminium
sulphate.

This experiment clearly shows that the Al,O, present in ball clay is in bound
form and hence the solubility in conc. H.SO, is very low. On calcination, forma-
tion of meta-kaolin which is a metastable phase enhances the solubility of AlO;
in conc. H,SO,.

3.1.1 Effect of calcination temperature of ball clay on the solubility of AlO,
in conc. H,S0,

Known quanuties (50 p) of ball clay calcinated at different temperatures for a dura-
tion of 2 hours were digested with known quantities (40 ml) of 989, H,SO, dilufed
to 400 ml with distilled water for a duration of 2 hours at a constant temperature
of 338° K. The filtrate was concentrated and crystallized.

The yield of aluminium sulphate obtained [rom ball clay calcined at diffe-
rent temperatures was determined and variation of yield with temperature is shown
in Figure 3. The results clearly show that the most suitable temperature for calci-
nation of ball clay to vield soluble alumina is 1173" K.
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Figure 3. Effect of calcination temperature on the yield of aluminium sulphate.

3.1.2 Effect of duration of calcination of ball clay on the formatibn of
aluminium sulphate

Known quantities (50 g) of ball clay calcined at 1173° K for different durations were
digested with 40 ml of 989 H,SO, for a duration of 2 hours. The aluminium
‘'sulphate formed was crystallized from the filtrate and the weight was determined.
The results are shown in Figure 4. Maximum yield of aluminium sulphate was
obtained from the sample calcined for a period of 2 hours.

3.1.3. Minimum quantity of conc. H,SO, necessary for complete leaching of
alumina from calcined bali clay

Dediyawela ball clay calcined at different temperatures was used in this investigation.
Durations of calcination and leaching were kept constant throughout this investiga-
tion. - The results obtained are plotted in Figure 5. In all the experiments the
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Figure 4. Effect of duration of calcination on the formation of aluminium sulphate.

maximum yield was obtained when ball clay calcined at 1173°K was used. It was
also revealed that the quantity of H,SO, used for leaching is also important in get-
ting the maximum yield of aluminium sulphate.

3.1.4 Effect of temperatur;e and duration of leaching on the yield of aluminium
sulphate

Dediyawela ball clay calcined at 1173° K was used in this experiment. Leaching
of alumina was carried out at two temperature ranges between 338° K and 373° K
using 40 ml conc. H,SO, diluted to 400 ml with distilled water for different

durations.

The results are shown in Figure 6. Yield of aluminium sulphate obtained
increases with temperature of leaching. Complete leaching of alumina was obtained
with durations of 2 hours.
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Figure 5. Effect of quantity of Conc H 280 4 acid on the yield of aluminium sulphate.

3.2 Laterite type of clay as the starting material
Laterites are extensively developed in the South-West Region of the island. They
Most of the

are mainly kaolinite clay materials with gibbsite, geothite and silica.
In addition there are secondary laterites.

laterites are developed in siru.
Laterites obtained from Kiribedda and Homagama were used in this investi-
gation. The chemical composition of laterites used are given in Table 2.
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Figuré 6. Effect of duration and temperature of treatment on the formation of aluminium
sulphate,

Table 2. Chemical composition of laterites

Constituent Kiribedda Homagama
percent by weight

Si0g 59.22 60.82
AlO, 22.23 20,03
Fe;0, 1_4.56 14.15

Quantities of alumina leached using conc. H,SO, were very low compared
to the total available alumina in laterite. Therefore calcination of laterite at high
temperature is necessary to convert the alumina to an acid soluble form.
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3.2.1  Effect of temperature of calcination on the formation of aluminium sulphate

Known weights (1000 g) of laterites calcined at different temperatures were leached
using conc. H,8O, and the durations of calcination and leaching were -kept cons-
tant at 2 hours and 2 hours respectively throughout the experiment. The tempe-
rature of leaching was 343" K and the volume of H,SO, added was 40 ml diluted to
400 ml with distilled water. Maximum yield of aluminium sulphate was obtained
from the sample of laterite calcined at 1173° K. The results are given in Figure 7.

100

Yield (g}

40

S 1 | 1 | |
200 400 600 800 1600
Temperature (2C)

Figure 7. Effect of temperature of calcination on the formation of aluminium sulphate.
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3.2.2 Duration of calcination of laterite on the yield of aluminium suiphate

Laterite calcined at 1173° K for durations varying from 1/2 hr to 05 hrs were used
in this investigation. The volume of H,SO, added was 40 ml diluted to 400 ml
with distilled water.

The results are given in Figure 8. Increase of duration of calcination beyond
2 hours did not increase the yield of aluminium sulphate appreciably.

100 - ' |

Yield (g}

20 |

Duration (h)

Figure 8. Minimum duration of calcination required for complete conversion of alumina to
acid soluble form.
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3.2.3  Temperature and duration required for complete leaching of alumina

Laterite calcined at 1173° K was used in this investigation. Temperature of treat-
ment was studied at two ranges between 338°K and 373° K. Duration of treatment
was varied between 1 and 10 hours  The results are given in Figure 9. At tempe-
rature of 373 K in a duration of 7 hours, maximum yield of aluminium sulphate was
obtained.

100 B
A
_ 6oL
=
3 A — 65— 70°C
* B - 95 - 1000C
40 |
20 +
1 1 1 | 1
2 4 5] 8 16
Duration {h)

iigure 9. Temperature and Duration required for compleie leaching of alumina.
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4. Discussion
4.1 Potential of ball clay as the starting material

The experiments carried out clearly show that to get a maximum yield of alumi-
nium sulphate it is necessary to calcine ball clay at 1173°K.  Durationof calcination,
concentration of H,SO, and temperature and duration of leaching are also impor-
tant factors which affect the final yield of aluminium sulphate. It is also observed
that ball clay calcined at 1173° K for a duration of 2hrs when treated with conc.
H,SO, for 2hrs resulted in a conversion of about 73% of alumina present in ball
clay to aluminium sulphate.

The X-ray diffraction powder patterns of the commercially available
aluminium sulphate and the aluminium sulphate prepared are given in Figure 10.
The iron content of the aluminium sulphate prepared (Al (SO,),.18H;0) by the
process developed is very low (less than 0.4%).

Reeyele process of treatment was also tried in order to reduce the free acid
in the crystallized aluminium sulphate. The use of excess water in the process of
leaching with H,SO, resulted in slow crystallization of aluminium sulphate.

4.2 Potential of laterite as the starting material

The chemical analysis shows the presence of high percentage of Fe,O, ‘which affect
the final quality of the product.

To get a maximum yield it is nccessary to calcine laterite at 11737 K for a
duration of 2 hours.

Leaching also has to be carried out under controlled conditions. About
839 of the alumina present in laterite can be converted into aluminium sulphate.
The main impurity observed was iron and by recrystallization the major fraction of
iron present in aluminium sulphate was removed as filtrate.

5. Conclusion

Ball clay is one of the main raw materials? used in ceramic and rubber industry.
The reserves are limited and it is not advisable to use it as the starting material for
manufacture of aluminium sulphate, whereas laterites are hardly used as a raw
material at present. The disadvantages in using laterites are the low alumina
content and high iron content. By carefully selecting laterites of high alumina and
low iron content, it may be possible to develop a method for the manufacture of
aluminium sulphate. It is necessary to carry out pilot plant scale trials before
commencing any large scale manufacturing of aluminium sulphate using laterites
as the starting material.
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A — Aluminium Sulphate (Hydrated)

Intensity

1 1 D 1 i '
20 25 30 36 40
28 (degrees)

Figure 10.  X-ray diffraction patterns of Aluminium Sulphate.
C - Commercial grade Aluminium Sulphate.

P - Prepared Aluminium Sulphate.
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A Quantitative Study of the Direct Use of Kerosene
for Lighting in Sri Lanka Households
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Maitland Place, Colombo 7, S¥i Lanka
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(Date of acceptance: 29 March 1984)

Abstract: It is known that over 80%; of households in Sri Lanka use kerosene for
lighting; but there is no reliable information on the quantity used. The present study
which was based on a stratified sample was carried out to obtain quantitative information
on kerosene consumption in the houschold sector. The country was divided into four
zones. Households were stratified by zones and by sectors within the zones, and
sample households were selected at random in proporiion to the number of households
in each stratum. 1In the sample households, kerosene consumption (for lighting) in a
24-hour period was measured and other information collected. The mean per caput/day
consumption was estimated at 16.8 = 6.2 ml, 50.9 4+ 3.4 ml and 75.2 4+ 11.8 ml, and
the mean per household/day consumpticn at 95.3 + 35.3 ml, 286.5 = 19.5ml and
349.0 - 52.3 ml in the urban, rural and estate sectors respectively. The total
consumption for the year was estimated at 264 x 10® litres. The ‘bottle lamp’ (without
a chimney) was the most common type of lamp in use. Half the households in the
whole sample and 62.1%; in the rural sector were receiving ‘kerosene stamps’ on which
they could obtain kerosene up to a certain value a month free of charge.

1. Introduction

The Sri Lanka census of population and housing carried out in 1981 showed that
82.4%, of the houses used kerosene for lighting.* This dependence of a large
proportion of the population (consisting mainly of the rural poor) on kerosene for
providing a basic need prompted the government which has a monopoly over the
production and distribution of kerosene to introduce a general price subsidy on
this product following the fuel crisis of 1973-74. Hence, although there was a sharp
initial price increase in January, 1774, thereafter, while the prices of other petroleum
products kept rising steeply, the price of kerosene remained low. This was the
position till 1979 when the government reduced the subsidy on kerosene, and the
sale price rose from Rs. 3.48 to Rs. 10.68a gallon.* Simultaneously a ‘“kerosene
stamp”’ scheme was introduced to enable the needy to obtain kerosene for lighting
free of charge up to a certain value in a month: After 1979 there have been more
price increases, of which the last two were in March and in July, 1983, during the
period of this study. The results of these two increases was to raise the price of
kerosene from Rs. 17.68 to Rs. 29.97agallon. Even with the last increase there
continued to be a subsidy though at a much reduced level.

* InJune, 1983, 1 US $§ =Rs. 23. One gallon = 4,546 litres.

Digitized by Noolaham Foundation.
noolaham.org | noolaham.media


http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/
http://www.noolahamfoundation.org/
http://www.noolaham.org/wiki/index.php/%E0%AE%AE%E0%AF%81%E0%AE%A4%E0%AE%B1%E0%AF%8D_%E0%AE%AA%E0%AE%95%E0%AF%8D%E0%AE%95%E0%AE%AE%E0%AF%8D
http://aavanaham.org/

350 L. C. A. de S. Wijesinghe

As the price of kerosene in the opsn market was a subsidised one, there was
a general belief that industrialists and others were using kerosene in place of other
fuels to benefit by the subsidy. One view was that the proportion so used was
small,®* but a World Bank mission was of the opposite view and has stated, “a large
proportion of the kerosene consumption (well over half) is in uses for which the
subsidy was never intended, as an industrial heating fuel, in standby generators, as
a cooking fuel for the better off households, etc.”® The data on local sales of kero-
sene published by the Ceylon Petroleum Corporation give the total consumption
in the country, but there is no information on the quantity used for lighting; hence
the conflicting views on how much of the kerosene is diverted to other uses.

The writer decided to carry out a sample study of kerosene directly used in
household lighting with the main objective of estimating the quantity so used. Infor-
mation was also collected on the types of kerosene lamps used and on whether the
sample households were receiving kerosene stamps. This study was combined with
one on biomass fuel consumption. The biomass fuel study has been described
elsewhere, ! while the present paper deals with the study on kerosene consump-
tion.

2. Methodology
2.1 Sampling design and procedure

In the biomass fuel study with which the kerosene consumption study was combined
three categories of biomass fuel were recognized, and on the basis of predictable
variations in the composition of the biomass fuel mix, the country was divided into
four zones. This was the first step in a two-stage stratification of the population,
The second stage was the division of the population (and the households) in each
zone into three sectors, urban, rural and estate, recognized in the national census.
This stratification developed for the biomass fuel consumption study was considered
acceptable for the kerosene consumption study, and the same sample households
were used for both investigations. In fact the data for both studies were collected
at the same time when the investigating team visited the sample households.

The four zones into which the country was divided are:

1. Dry lowlands: Administrative districts: Hambantota, Amparai, Anuradha-
pura, Polonnaruwa, Moneragala, Trincomalee, Badulla (1/4), Puttalam
(1/4), Mannar, Vavuniya, Jaffna, Batticaloa, Mullativu;

2. Up-country, Tea: Administrative districts: Kandy, Matale, Nuwara Eliya,
Badulla (3/4); '
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3. Coconut: Administrative districts: Colombo, Kurunegala, Gampaha,
Galle, Matara, Puttalam (3/4);

4. Rubber: Administrative districts: Kalutara, Ratnapura, Kegalle,

Two of the 24 districts (Badulla and Puttalam) were each divided between
two zones, the fraction given against their names denoting the proportion of the
households assigned to each zone. Except in these two cases the district boundaries
were used to define the boundaries of the zones and each zone therefore does not
represent a completely homogeneous unit. A certain amount of overlap was un-
avoidable; for example, although Zone 4 is predominantly a rubber growing area,
there are some tea plantations within it. The zonation is shown in Figure 1.

Stratification of the population and the households into the three sectors,
urban, rural and estate was done on the basis of the data provided by the 1981 cen-
sus.>®  The urban sector comprises the areas falling within the limits of municipal
councils, urban councils, and town councils. The rural sector consists of village
council areas but excludes the areas falling into the estate sector. The estate sector
includes crop plantation estates of 8.1 ha (20 acres) or more in area and with 10 or
more resident labourers. Since the ‘estate sector populations (as defined in the
census report) in the Dry lowland and Coconut Zones are relatively small, and
moreover, as the domestic biomass fuel consumption and kerosene consumption
patterns in these two strata were not expected to be different from those in the
corresponding rural sector strata, the estate sector in each of these zones was combined
with that of the corresponding rural sector. The population and the households
were, accordingly, divided into ten strata. They are Dry lowlands, urban (1U);
Dry lowlands, rural (1R); Upcountry, Tea, urban (2U); Upcountry, Tea rural (2R);
Upcountry, Tea, estate (2E); Coconut, urban (3U); Coconut, rural (3R); Rubber,
urban (4U); Rubber, rural (4R); and Rubber, estate (4E).

The total sample size was set at around 500 households and the allocation
of the sample among the strata was done in proportion to the number of households
within each stratum. However, to keep the sampling error down, the minimum
sample size for a stratum was set at 10 households. The total sample finally
consisted of 518 households.

Within each stratum, the districts and the locations within the districts where
the sampling was to be done were chosen randomly. Having decided on a location
the team went to the spot and adopted a random procedure to select the house-
holds, e.g. the team would proceed along a randomly selected road or pathway and
in one case select every third housing unit on the right side and in another pick every
fifth dwelling on the left, and so on, thereby simulating a “circular sampling system.”
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2.2 Data Collection

The team that collected the data comprised two Staff Assistants (both physical science
graduates) and a labourer. The writer accompanied the team in the early stages
and occasionally afterwards. Each sample household was visited twice. On the first
visit the purpose of the study was explained to the senior householder present. A note
was made of whether the house was provided with electricity, and if the household
used kerosene lamps either as a supplement to electric lights or as the only source of
lighting, the team proceeded to measure the quantity of kerosene available for use
in the lamps. The kerosene oil in the lamps was drained into a measuring cylinder
into which was also added the kerosene that was usually found in a storage
container in the house. The total volume was measured to the nearest 5 ml and the
oil was then poured back into the lamps and storage container. The investigating
team was instructed that, if they came across any households that used kerosene
both for lighting and for cooking, the oil for use in lighting should be measured
and stored separately. Instructions were also given that, if any households were
using kerosene for generating electricity, the quantity of oil so used was not to be
included in this study. In some households there was insufficient kerosene for use
during the night of the visit and the householder expected to purchase some before
nightfall. In such cases the houscholder was instructed to keep a careful record
of the quantity and the cost of the kerosene purchased. Finally the team instructed
the household not to deviate from its usual practice in the use of lamps that night.

The team revisited the household 24 hours later and measured the quantity
of kerosene remaining. If any oil was purchased, its volume was determined in
millilitres by measuring a quantity equal to that which was purchased, and a further
check was made by comparing the quantity with the price paid. From the data
collected, the quantity consumed by the lamps during the previous night was obtained.
The team also recorded the number and types of lamps used by the household and the
number of members present during the previous night. A note was also made of whether
the household was receiving kerosene stamps. The field work started. in February and
was completed in September, 1983.

3. Results
3.1 Kerosene Consumption

The mean per caput/day consumption and the mean per household/day consump-
tion of kerosene for lighting in the 10 strata as calculated from the sample data are
given in Table 1. Taking the rural sector only, the lowest per caput and per house-
hold values are in the Dry lowlands (IR) and the highest in the Coconut Zone (2R).
Tests of significance (t test) indicated that the difference between the mean values
of 1R and 2R both for the per caput consumption and the per household consump-
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tion were highly significant. In the mean per caput values, the difference between
2R and 3R and between 2R and 4R were also highly significant. The other differen-
ces between the rural sector means were not statistically significant.

Table 1. Data on kerosene consumption for lighting

Per caput consumption Per household consumption
Stratum
Mean/day in mi SE of mean Mean/day in mi SE of mean
1U 12.8 6.17 92.3 44,35
2U 18.3 11.44 117.5 ' 77.57
u 17.8 4.43 93.6 22.09
4U 17.6 6.28 90.0 37.32
1R 43.8 3.03 263.6 18.07
2R 66.7 4.84 352.0 27.83
iR 50.4 2.95 274.1 16.70
4R 52.0 .52 302.7 19.36
2E 77.6 5.76 384.4 25.23
4E 70.5 13.37 278.3 54.01

In all the zones the urban sector mean was very much lower than the corres-
ponding rural and estate sector means. This was expected since many urban house-
holds use electricity and not kerosene for lighting. Taking the country as a whole,
the per caput/day mean consumption values were 16.8+6.2 ml, 50.9:3.4 ml, and
75.2+11.8 ml, and the per household/day means were 95.3+35.3 ml, 286.5+19.5
ml and 349.0-52.3 ml in the urban, rural and estate sectors respectively.

_ Taking the rural sector which is the dominant sector in terms of both size

and total household consumption of kerosene, the sample households were classi-
fied according to the number of meémbers present in the household at the time of
the study. The mean household consumption was calculated for each class and
these values (for the range two to nine members/household) were plotted against
household size to indicate the relationship between the mean housé¢hold consumption
and the number of persons comprising the household. The data from the four
rural sector strata were plotted separately. ~The values for houscholds with one
member and with over nine members were omitted in plotting the data as the number
of houscholds representing these classes was very small.

To determine the function that would suitably express the relationship bet-
ween household consumption and household size, two functions were tested; these
are the equation y = a + & x which connotes a linear relationship and the equation
y=p x % whi¢h connotes a curvilinear relationship. Although it is generally
expected that the relationship between household consumption and household size
would follow the pattern of the “law of diminishing returns” and hence that Cobb
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Figure 2.  Relationship between mean household consumption and household size in the four
rural sector strata.
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Douglas’ function (y= fx% ) would express the relationship better, it was found in this
analysis that in all four cases the goodness of fit of the two functions (asindicated by
the coefficients of determination) within the range covered by the graphs did not
differ significantly. It washence decided to fit the simpler linear regression line (Figure
2). The regressions indicate that the per household consumption increases with
- increase in household size. It was therefore decided, for the rural sector, to avoid
using the stratum mean directly for estimating total consurmption, and instead, to use
the mean consumption per household for each household size as dzrived from the

regression equation.

To compute the total consumption of kerosene it was necessary to estimate
the number of households in each stratum in 1983 from the 1981 census data, and
this was done by using the average annual growth rates in housingin the period 1971 -
1981 which have been published by the Department of Census and Statistics.* The
estimated number of households in each of the rural sector strata was then distri-
buted among nine categories, namely, households with I-member, 2-members,
3-members, and so on up to 9 and more members based on similar data on the dis-
tribution of housing units given in the census publication.®* The figures so obtained
were used together with the corresponding mean per household consumption values
estimated from the regression equation (the mean consumption of one-member
households being obtained by extrapolation) to compute the total consumption
in the rural sector.

A housing unit is generally occupied by a single household, but in a very small
percentage of cases two or more households occupy a single house. Hence there
is some approximation in using the data on housing units for estimating the increase
in the number of houscholds from 1981 to 1983 and for distributing the households
according to size. This was unavoidable since more direct information on house-
holds was not available; but the resulting error is probably negligible.

Table 2 gives the estimated number of households in each.rural sector stratum
classificd according to household size, the estimated mean per household/day
consumption (as derived from the regression equation) and the estimated total
consumption for the year 1983.

For the urban and estate sectors which are much less important than the rural
sector in this study, the mean household consumption and the estimated number
of households were used for computing the annual consumption. The results are
shown in Table 3. Based on the cstimates presented in Tables 2 and 3, the 1983
consumption of kerosene for direct use in lighting in the entire country is reckoned
at 264 10° litres.
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Table 3, Estimated kerosene consumption in the urban and estate sector strata in 1983

Mean household Estimated no. Estimated total
Stratum consumption in ml of households consumption for
the vear in litres

1U 92.3 124066 4179721.5
2U 117.5 40094 1719531.4
u 93.6 330311 11284745.0
4U 90.0 48597 1596411.5
2E 384.4 138473 19428592.7
4E 278.3 44721 4542736.8
Total 726262 42751738.9

This study revealed that in many households which use biomass fuel for
cooking, a small quantity of kerosene is used as an ignition fuel to start the kitchen
fire in the morning. This could not be measured separately and was included in the
quantity recorded as kerosene used for lighting.

3.2 Lighting

In the rural and estate sectors, of the 421 sample households, 404 (96.0%;) used
only kerosene lamps for lighting, while in the total sample covering all three sectors,
of the 518 households, 429 (82.8%,) depended entirely on kerosene for lighting.

The naked flame “bottle lamp” was found to be the most common kerosene
lamap in use in the households. It consists of a bottle of convenient size or a discar-
ded electric bulb suitably modified, and a wick in a wick-holder. The wick-holder
is generally placed loosely on top of the bottle with the wick dipping into the oil in
the bottle. There is no chimney. Often, the householder adopts some device to
keep the lamp steady and prevent it from being knocked over. This generally
consists of either partially filling the bottle with pebbles or sand or placing the bottle
in an empty can (Figures 3-6).

The other types of lamps in use were the table type chimney lamp, the sus-
pended chimney-lamp, the hurricane lamp, and the mantle type pressure lamp.
The data on the use of bottle lamps and of other typeés of lamps by the sample house-
holds are given in Table 4. :
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Figure 3. Bottle lamps placed in empty Figure 4. Bottle lamp partially filled with
cans to keep them steady. coarse sand.

Figure 5. Three bottle lamps and a table
model chimney lamp. Figure 6. Lamp made out of a
discarded electric bulb
and fixedontoa stand
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Seventy two households (not accounted for in Table 4) used only electricity
for lighting; one of them used a kerosene-driven generator, two used a 12-volt storage
battery connected to low-wattage fluorescent tubes (a system popularised by the
National Engineering Research and Development Centre), and the other 69 obtained
their electricity from the national power supply. Of the 17 households which used
both electricity and kerosene lamps for lighting (included in Table 4), three used a
storage battery and the others used the power supply.

3.3 Kerosene Stamps

In the total sample of 518 households, 258 (50%;) reported that they were receiving
kerosene stamps, while in the rural sector, of the 385 households in the sample 239
(62°%,) were receiving stamps. The data for all the strata are given in Table 5.

Table 5. Sample households receiving kerosene stamps

No. of households No.of households % households receiving
Stratum in the sample receiving kerosene kerosene stamps
stamps

1y 20 3 15.0
2U 10 — —

3U 54 12 22.2
4U 13 3 23.1
1R 114 82 71.9
2R 52 27 51.9
3R 151 89 58.9
4R 68 41 60.3
ZE 24 1 4.2
4E 12 — —

4. Discussion

Kerosene which is produced at the government-owned Ceylon Petroleum Corpora-
tion refinery near Colombo is distributed to depots throughout the country and from
there it is supplied to co-operative stores and other retail outlets from where the
households obtain their requirements. The co-operative stores supply the kerosene
to the consumer either on payment of cash or in exchange for kerosene stamps, and
the quantity obtained by the consumer on any visit to the store is very variable;
depending on his economic circumstances, a householder may sometimes purchase
as little as 100 ml at a time.
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According to data published by the Ceylon Petroleum Corporation for the
period 1970 to 1980,! there were fluctuations in the total quantity of kerosene sold
each year; the highest was recorded in 1972 when 278 157 tonnes were consumed
and the lowest in 1980 (188 288 tonnes). More recent data available at the Corpo-
ration showed that in 1982 the quantity of kerosene sold was 174 090 tonnes and
in 1983 (up to October) it was 133 380 tonnes.2  On a proportionate basis the output
for the whole of 1983 would work out to 160 056 tonnes. The present study gives
an estimated consumption for 1983 of 264 x 10¢ litres or 207 400 tonnes* which,
surprisingly, is higher than what is expected to be the output figure for 1983.

Fernando et a/ who have made a study of the kerosene consumption pattern
in Sri Lanka based on sales data have worked out a series of values which are said
to indicate the quantity of kerosene required to meet the essential household needs
of the population for each year in the period 1970 - 1980.° The quantity for 1980
is estimated at 206 600 tonnes which is higher than the quantity sold in that year.
Using the same index and the estimated 1983 population, the quantity of kerosene
required to meet the basic needs in 1983 works out to 214 900 tonnes. At present,
with the high market price of kerosene, very few households use it for cooking, and
the essential household needs may be considered as being almost totally represented
by the quantity that is required for lighting.

In the present study half the number of sample households were found to be
receiving Kerosene stamps - a result which agrees with the national data available
in the Department of the Food Commissioner which operates the kerosene stamp
schzmz.” Although kerosene stamps are meant-to provide kerosene up to a certain
value per month free to a household, in reality there is an opportunity cost attached
to the kerosene obtained on stamps as the householder could alternatively take certain
types of foodstuffs free instead of the kerosene.” It is therefore possible that in times
of financial stress, many households forego the kerosene in favour of foodstuffs and
so cause a reduction in kerosene consumption. Such a trend would manifest
itself if kerosene consumption in selected households is monitored over a prolonged
period of several days or weeks. This mayaccount, in some measure, for the esti-
mate in this study being higher than what is expected to be the supply figure of the
Ceylon Petroleum Corporation while yet falling a little short of the hypothetical
estimate of the quantity required to supply the essential household needs of the
population. It is also possible that the quantity of kerosene actually being marke-
ted in the country exceeds the sales figures given by the Corporation, and if this is so,
it would have contributed to the observed discrepancy. Whatever may be the
reason for the difference, the magnitude of the estimate of consumption in this study
shows that most of the kerosene supplied by the Corporation goes for direct use
as household lighting fuel.

* Converted into tonnes using the Corporation’s factors: 4.546 litres = 1 gallon;
280 gallons =1 tonne,

T At the time of writing, the value of a kerosene stamp was Rs. 21.73. Each month the household
exchanges a stamp for either kerosene or foodstuffs at the local co-operative store; the store sur-
renders its collection of kerosene stamps to the Food Commissionet’s Department and obtains
cash reimbursement up to the amount covered by the stamps.
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5. Conclusions

1. This study has shown that most of the kerosene consumed in the country is used
for lighting in households and that kerosene consumption for lighting is heaviest
(84 9%, of the estimate) in rural areas.

2. The bottle lamp (without chimney) is the most common type of lamp used.

3. In the rural sector more than half (62%) of the households and in the urban
sector a much smaller proportion (19%) receive kerosene stamps.
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Manuscripts and all correspondence relating to
them should be sent to:

The Secretary, Editorial Board,

Journal of the National Science Council of Sri
Lanka, '
47/5, Maitland Place, Colombo 7,

SRI LANKA.

EDITORIAL POLICIES

Submission of Papers: Papers are accepted for
editorial consideration with the understanding
that they have not been published, submitted or
accepted for publication elsewhere, Papers
accepted for publication may not be published
elsewhere in the same form, either in the
language of the paper or any other language,
without the consent of the Editorial Board.

Research papers, Papers read at Symposia and
Reviews may be submitted to the Editorial
Board. Research papers should describe

original investigations or technological
achievements. Reviews should be critical
evaluations of existing knowledge in a

specialised field. The Journal also accepts short
communications. They should be submitted if
the results are of sufficient importance to merit
publication in advance of a full paper.

Languages of Publication: Sinhala, Tamil and
English.

Refereeing and Editing: All material submitted
is examined by two or more referees prior to
publication. Papers are edited to increase
clarity and ease of communication. In
preparation for the press, particular attention

is paid to grammar and the conventions of the
Journal with regard to symbols, illustrations,
tables, references and nomenclature.

Manuscripts submitted for editorial
consideration can be processed expeditiously if
they conform from the outset to the style of the
Journal. Authors are therefore advised to
follow closely the form described in these
instructions.

PRESENTATION OF MANUSCRIPTS

No maximum length contribution is
prescribed but papers should be written clearly
and concisely. All unnecessary textual matter,
figures and tables must be eliminated. In
general, the impersonal form should be used.

Supplementary material of a detailed nature,
which is not essential in the printed paper, but
may be useful to other workers, may be
deposited with the Secretary. Such material
will be made available to other scientists on
request and a note to this effect should be
included in the paper.

The paper should be reasonably subdivided
into sections, and if necessary, sub-sections,
The following pattern is suggested for Research
Papers: (a) Introduction (b) Experimental (c)
Results (d) Discussion (e¢) Conclusions (f)
Acknowledgements (g) References. In many
cases, two of sections (b), (c) and (d) can be
combined. When a separate Discussion is used,
it should not recapitulate the results but discuss
their significance and relation to the object of
the work and to the work of other people.
Conclusions should not merely repeat
preceding sections.
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Special care must be taken in citing references
correctly. Responsibility for the accuracy of
these rests entirely with the authors. It is the
author’s responsibility to obtain written
permission to reproduce material which has
appeared in another publication,

FORM OF MANUSCRIPTS

Manuscripts should be submitted in
triplicate —including the original typewritten
copy — typed throughout in double spacing on
one side of the paper only. Adequate margins
should be left (4 cm) with liberal spacing at the
top and bottom of each page. The typescript
should be free of corrections.

Headings of major sections should be centred
and sub-section headings should be placed on
the left of the page. The complete set of
headings and sub-headings in an article should
be numbered following the style adopted in this
Journal and the set should reflect the logical
development of ideas.

Paging: Each page of the manuscript should be
numbered and the name of the first author and
page number indicated in the upper right-hand
corner of the page.

The first page should contain the article title,
the name(s) of the author(s) and name and
address of the establishment where the work
was carried out. In the case of co-authors,
respective addresses should be clearly
indicated. Female authors should include one
of their given names. The title should be concise
but informative. The first word of the title
should preferably be one useful in indexing and
information retrieval. Where a series of related
papers is submitted, each individual paper
should' have the same general heading,
followed by a series number and title of the
part. Any footnote to the title should be given
at the bottom of this page.

The second page should contain an abstract (of
not more than 250 words) which should be a

summary of the entire paper, not of the
conclusions alone and intelligible without
reference to the paper itself. The text should
begin on page three and each subsequent major
section—references, figure legends and table
legends should begin on a new sheet,

The last page should contain (a) a note as to the
number of manuscript pages, figures and
tables, (b) proposed running title of less than 42
characters (letters and spaces) and (c) the name
and mailing address of the person to whom the
proofs should be sent.

IHustrations: All illustrations are considered as
figures and each graph, drawing or photograph
should be numbered in sequence with Arabic
numerals. Authors must submit the original
and two duplicates of each figure. Figure
should be planned to fit the proportions of the
printed page (12 x 17 cm).

Figures must be drawn in Indian ink on plain
white paper or board or tracing paper, not
larger than 20 X 30 cm. Drawings should be
lettered with a lettering set; lettering should be
kept large enough to be legible aftera reduction
of 50 to 60%. If this is not possible, all letters
and numerals must be inserted clearly and
lightly in blue pencil and not in ink,

Each figure should carry a legend so written
that the general meaning of each illustration
can be understood without reference to the
text. The amount of lettering on a drawing
should be reduced as far as possible by
transferring it to the legend. Figure legends
should be typed on a separate sheet and placed
at the end of the manuscript.

Graphs should be plotted on white or blue-
lined graph paper or tracing cloth; grid lines
that are to be shown in the engraving should be
inked in black. The caption of each axis should
be lettered parallel to its axis. Each figure
should be identified in the margin with author’s
name and figure number. The preferred
position of all illustrations should be indicated
in pencil in the manuscript.
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Photographs: Half-tone illustrations should be
included only when essential. Good glossy
prints with sharp contrasts between biack and
white ~areas should accompany the
manuscripts; they should not be attached to
manuscript pages. The size should be such that
when the print is reduced to the normal size for
reproduction (12 x |7 cm maximum), the detail
is still clear. Magnification should be indicated
with a scale line on the -photograph. The
author’s name and figure number should be
given on the back of each photograph.

Tables should not repeat data which are
available elsewhere in the paper. Each table
should be typed on a separate sheet with due
regard for the proportions of the printed page.
They should be numbered consecutively with
Arabic numerals. Tabulated matter should be
clearly set out and the number of columns in
each table should be kept as low as possible.
Tables should have legends which make their
general meaning clear without reference of the
text and all table columns should have
explanatory headings. Units of measure should
be indicated in parentheses in the heading of
each column. Vertical lines should not be used
and horizontal rules used only in the heading
and at the bottom. A one-column table may be
up to 42 characters (letters and spaces) wide. A
two-column table may be 90 characters wide.
Footnotes to the tables are to be placed directly
below the table and should be indicated by
superscript lower-case italic letters (g, b, ¢, etc).
Each table should carry on the back of the sheet

the author’s name and figure number. The’

preferred position of tables should be indicated
in pencil in the manuscript.

References to the literature must be indicated
in the text by a small superior number referring
to the list of references which must be inserted
on a separate sheet at the end of the paper. The
list should be arranged in alphabetical order by
author and numbered in Arabic numerals. All
author’s initials must be given after surnames.
The year of publication should follow in
parentheses. When journal articles are listed,
the journal name should be abbreviated in

accordance with the World List of Scientific
Periodicals 1900-1960, 1972, 4th edn. London:
Butterworths Scientific Publications. If the
Jjournal is not in the list, the name should be
given in full. The abbreviated journal title
should be underlined to indicate italic type, and
followed by the volume number underlined
with a wavy line to indicate bold type, the issue
number in parentheses and then the inclusive
pages. When books are listed, the order should
be: author(s), year, book title, volume number,
edition, pagination/inclusive pages, place of
publication and publisher. When sections of a
book are listed, the order should be: author (s)
of section, year, the word In followed by author
of book, book title, volume number, edition,
inclusive pages, place of publication and
publisher. The series title of a book should be
given in parentheses after the publisher.

Examples:

Journal - ANGMOR, J. E., DICKS, D. M,
EVANS, W. C. & SANTRA, D. K.
(1972) Planta Med. 21(4): 46-420.

Book - SCHOKMAN, D. (1966)
Vegerable growing: local and exotic
varieries, 29 p. Colombo: Agriculture
Department.

Section of

Book - ZITNAK, A. (1973) In Chronic

cassava toxicity: proceedings of
an interdisciplinary workshop,
London, England, 29-30 January
1973, pp. 89-95. Ottawa:
International Development
Research Centre. (IDRC-00¢),

Footnotes which are indispensable should be
indicated in the text by small superior figures
and listed on a separate page in the manuscript.

Abbreviations and Symbols recommended in
the various parts of British Standard 1991:
Letter symbols, signs and abbreviations should
be used. Authors are encouraged touse the 8. 1.
System of -units (see description in British
Standard PD 5686: The use of S. I. Units).
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Authors whose papers contain mathematical
expressions should submit a list of the symbol
used carefully and clearly indicated for the
guidance of the printer. This list will not appear
in print.

Foumulae and Equations: Equations should be
typewritten and gquadruple spaced. They
should be started on the left margin and the
number placed in parentheses to the right of the
equation,

Nomenclature: Scientific names of plants and
animals will be printed in italics, and should be
underlined in the manuscript. In the first
citation, genus, species and authority must be
given e.g. Tylenchorhynchus claytoni Steiner.
In later citations, the generic name may be
abbreviated to its initial letter. e.g. T' claytoni.

Special instructions in the fields of Physical,
Chemical and Medical Sciences are available
on applications to the Secretary,

Short Communications: The Journal may
include a limited number of short
communications. Authors should submit short
communications only when they believe that
rapid publication of their results is of the
utmost importance. A short ¢ommunication
must not exceed 1,200 words, i.e. 4 pages of
copy inclusive of illustrations and tables. Short
communications should be complete in their
own right and suitable for citation, The title
should indicate the content clearly as these
papers do not carry abstracts.

Proofs: Corrected galley proofs must be
returned to the Secretary without delay as
directed. Failure to do so will result in delay in
publication. Correction of proofs by authors
must be restricted to printer’s and similar
errors. They should be marked in pencil. Any
modification of the original text is to be
avoided. Responsibility for correcting. proofs
rests entirely on the authors though editorial
assistance will be provided.

Reprints: 20 reprints will be supplied free of
charge for each article. Additional reprints can
be ordered on the reprint order form which will
accompany the proofs.
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