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Carbohydrate Constituents of the Marine Algae of Sri Lanka
Part II. Composition and Sequence of Uronate Residues in Alginates
from some Brown Seaweeds

. Nata. Sci. Coun, Sri Eanka 1984 12 (2) : 161—166

S. Suvamart M. Ds SiLva AND N. SaviTRi Kumar
Department of Chemisiry, University of Peradeniya, Peradeniya, Sri Lanka

(Date of receipt: 22 March 1983)
{ Pate of acceprance: 14 August 1954)

Abstract: The ratio of mannuronic acid residues to guluronic acid residues (M;’G
ratio) of sodium alginate extracted from Cysfoseira trinodis, Turbinaria conoidzs and
Sargassumz sp. was determined using high resolution 'H-NMR spectroscopy. The
intensities of the signals due to H-5 of guluronate residues and H-1 of both guluro-
nate and mannuronate residues were uysed. The alginate samples were found to
be rich in guluronate residues, and the polymer chains are likely to be composed
of long blocks of guluronate residues, short blocks of mannuronate residues and"
a small proportion of blecks containing both uronide residues.

1. Intreduction

Alginic acid is a mucilaginous polysaccharide which has been found in all species
of brown seaweeds examined, but is not present in any other plant tissue.® The
polysaccharide is a linear glycuronan which consists of (1—4)-linked residues of
D-mannuronic acid and L- guluronic acid arranged in a block fashion in the
polymer chain. Blocks containing one type of residue (MM blocks and GG blocks)
are separated by segments in which the two residues alternate (Figure 1).3.8,7 Physical
properties of alginates depend on its uronic acid composition, i.e. the ratio of
mannuronic acid residucs to guluronic acid residues (/G ratio), and also upon
trie relative proportion of the taree types of blocks (MM, GG and MG). Both
the M/G ratio and the monomer sequence distribution changes from one specics
of brown alga to another. :

Penman and Sanderson® found that 'H-NMR spectroscopy could be used
to distinguish between signals due to H-1 and H-5 in tne guluronic acid residues
and H-1 from mannuronic acid residues in homopolymeric blocks obtained by
partial hydrolysis of alginates. Grasdalen e /2 using high resolution 'H-NMR
spectroscopy were able to distinguish between H-5 of guluronic acid residues with
a mannuronic acid ncighbour (GM sequence) from tnose with a guluronic acid °
neighbour (GG sequence). In this paper we describe the results obtained using
this method, in analysing alginate samples isolated from four spuclcs 01 brow
scawceds collected [rom the coastal regions of Sri Lanka.
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2. Results and Discussion

The tH-NMR spectra of the partially depolymerised alginate samples were inter-
preted using the method described by Grasdalen ef al.2 The intensities of (i) the
doublet centred at 5.1 ppm due to the H-1 of the G-residucs (I4) (see Figure 2),
(1) the singlet at 4.7 ppm duc to H-1 of the M-residues and H-5 of GM residues.
(Ip) and (iii) the singlet at 4.5 ppm due to H-5 of GG residues (I¢) were measured.
The M/G ratios as well as the doublet frequencies were calculated and are given
in Table 1 for the alginates from the four species of brown algae examined by us.

The 1H-NMR specira of the samples from Turbinaria conoides and
Sargassum sp. (oval) were re-run and amplified. In these two samples the
intensities of the signals A, B and C were also obtained by planimetry. These
values were found to be different and are considered to be more accurate than
those obtained by integration. They were also found to agree with preliminary
results obtained from 13C-NMR spectroscopys,* where intensitics of the signals
were calculated by planimetry (see Table 1).

TaBLE 1. Composition of Alginates

Seaweed Composition Doublet frequency MG ratio
Fayp Fg fum  Fme Fom  Fog
1. Cystoseira
irinodis & 019 0.3 005 014 0.14 0.67 0.23
2. Turbinaria
conoides a 0.35 0.65 0.28 0.07 0.07 0.58 0.54
b 0.24 0.76 0.13 0.11 0.11 0.64 0.32
c 0.25 0.75 0.19 0.06 0.06 0.69 .33
3. Sargassum
sp. (lincar) a 0.35 0.65 0.29 0.06 .06 0.59 0.54
4. Sargassum
sp. (oval) a 0.26 0.74 0.20 0.06 0.06 0.68 0.35
0.33 0.67 0.25 0.08 0.08 (.59 0.49
0.34 .66 0.27 0.07 0.07 0.59 0.52

a 1H-NMR, int. by integration
b IELNMR, int. by planimetry
€ 13C.NMR, int. by planimetry

The results indicate that all four alginate samples are rich in guluronic acid
residues, and the doublet frequencies give an idea of the block character of each
alginate. Therefore these four samples of sodium alginate probably contain long
blocks of G, shorter blocks of M and very little alternate MG and GM blocks.
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3. Methods/Experimental

Sodium alginate was isolated from four species of brown seaweeds Cystoseira
trinodis, Turbinaria conoides and two unidentified species of Sargassum referred
to as Sargassum sp. (linear) and Sargassum sp. (oval) with respect to the shape
of their fronds. These seaweeds were washed, sundried and milled. Samples
of seawced (50 g) were extracted successively as follows (i) twice with 2%, CaCl,
solution (300 ml) at room temperaturc for 4h; (ii) twice with 29 CaCl, solution
(300 ml) at 70° C for 4 h; (iii) four times with dil. HCI (300 ml, pH 2) at 70°C for
4h; (iv) five times with 3%, Na,COj4 solution (300 ml) at 50° C for 4h. The com-
bined Na,COj extract was poured with stirring into ethanol (6 1). The precipi-
tate was filtered, dried, dissolved in water and stirred with 2% CaCl, solution until
precipitation was complete. The calcium alginate was suspended in 0.5 M HCI,
stirred occasionally for 3h and filtered. The filtrate was tested for Ca++ ions.
The residue was washed with 0.5 M HCI until the filtrate was free of Ca*+* ions.
The alginic acid was suspended in water and titrated with 0.1M NaOH until the pH
reached 7, when all the alginic acid was dissolved. The solution was dialysed for
two days and then freeze dried to give a white powder. The M/G ratio and
monomer sequence distribution of each sample were determined by PMR spectro-
scopy (t~6secs). The spectra were recorded at 90° C in order to increase the
spectral resolution and to shift the solvent peak upfield away from the low field
spectral region. 1H-Chemical shifts were expressed in ppm downficld from the
internal standard sodium 3-(trimethylsilyl) propane sulphonate. The area under
cach peak in the low field region was found by integration, and in two cases by
planimetry.

3.1 Calculation

The M/G ratios and the doublet frequencies were calculated as follows. Quanti-
tatively the mole fraction of G(Fg) and the doublet frequency (Fge) are related
to the intensities (I) of the respective lines by the following relationships.

I I
F A F _ C
G+ 1° GG =T ¥ 1
B C B C

The mole fraction of M is derived from the mormalization condition

F F _ 1
g T M=
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GM BLOCK 'K MG BLOCK
| I

T i
GG BLOCKX MM BLOCK

Figure 1 — Structure of Alginic Acid showing the block character of the Uronic Acid Residues.
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5-0

Chemical Shift (p.p.m.)

Figure 2 — The Low Ficld Region of the 59.6 MHz FT — 14-N.m.r. Spectrum ofa Paltlally
Depolymerized Alginate Rich in Guluronic Acid Residues. ;

A = H—1 of G Residues
B == H—1 of M Residuss+H—3 of GM Residuss - -

C = H—5 of GG Residues
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The relationship between the doublet frequencies and the mole fractions
are given by

F F e F F F
GG T oM~ gad MM+t MG = M
For long chains where the average degree of polymerization, dpa > 20, corrections
for the reducing end residues may be neglected so that,

F F

MG - GM
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{ Date of acceptance: 29 August 1984)

Abstract: A spectrophotometric end point assay for serum cystyl amino peptidase
(CAS) activity was established in this laboratory. The within batch and between
batch reproducibility of the method was good, the maximum coefficient of variation
being 2.1% and 3.0%; respectively. The enzyme was found to be stable at 8°C there
being no loss of activity over a period of 21 days storage at this temperature. The
enzyme was found to be inhibited by 5 mM EDTA.

1. Introduction

Cystyl-aminopeptidase (CAS) is an enzyme produced by the placenta that degrades
cystine peptides such as oxytocin and vasopressin. During normal pregnancy,
serum CAS activity progressively increases and its level can be used to assess pla-
cental function.»® Tt was decided to establish this useful parameter of placental
function in Sri Lanka. Durham?! described an end point spectrophotometric
method for CAS assay. This paper reports the reproducibility of this assay method.
Studies on the stability of the enzyme and its inhibition by EDTA were also carried

out and the results are published here.

2. Materials and Methods

Blood samples are taken from women on their first visit to the antenatal clinic, to
screen for venereal disease. A small aliquot (approximately 1.0 ml) of each of these
samples was sent to the Biochemistry Department of the Faculty of Medicine for
CAS assay. Some samples, especially those taken in the latter half of pregnancy,
were obtained from in-patients of an obstetric ward. All women included in the
study were normal and showed no evidence of any complications such as pre-cclamp-
tic toxaemia or essential hypertension. Subjects who were ‘small for dates’ were
excluded from the study; those with abnormal presentations were, however,
included.

Blood samples were allowed to clot and the serum separated after centri-
fugation in a clinical centrifuge at 1000 rpm and stored at 8°C in the refrigerator.
The assay was carried out within 24 hrs of sample collection.  The assay was
carried out in duplicate at a pH of 7.4 according to the method of Durham! A
mixture of 50 ul of serum and 1.75 ml of phosphate buffer, 0.1 mol/litre, pH 7.4

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/

168 T _ - M. C. P. Canagaraina

was allowed to equilibrate to a temperature of 37°C. The reaction was initiated
by addition of 0.2 ml of the substrate (S benzyl-L-cysteine-4 nitroanilide, 6 m-
mol/litre in acetone/methanol, 10/90 by vol.). The contents of the tubes was mixed
on a votary mixer and incubated at 37°C for 20 min. The reaction was stopped
by the addition of } ml of the protein precipitant — 109, trichloroacetic acid (TCA).
The tubes were mixed and centrifuged at 3000 rpm for 5 min. The absorbance
at 400 nm was measured in 2 Unicam SP 800 spectrophotometer against the reagent
blank consisting of 2 ml of buffer pH 7.4 and 1 ml of TCA. The activity in Uylitre
was read from the calibration curve obtained by diluting the working standard
of 4 nitro aniline (1 m.mol/litre) with buffer pH 7.4 and TCA in the proportions
shown in Table 1. (1 unit of enzyme activity produces 1 wmol of product,4 nitro-
aniline, per min at 37°C).

TasLe 1. Protocol for‘ preparation of 'Cdlibration Curve

CAS activity Ullitre

Reagent Blank 100 200 400
Working standard, ml 0 0.25 0.5 1.0
Phosphate buffer pH 7.4, ml 5 4.75 4.5 4.0

Trichloroacetic acid, ml 2,5 . 2.5 2.5 2.5

" Mix and read absorbance at 400 nm.

The standard curve was prepared by diluting the working standard of 4 nitroanilins
¢! mmol/L) with buffer pH 7.4 and TCA in the proportions shown. 1 g of enzyms
" activity produces | f#mmol of product per min at 37° C.

2;1 Reprodu.ci.ﬁility of Assay

The within batch reproducibility of the assay was tested by assaying in duplicate,
Sor6 replicate samples. The between batch reproducibility of the assay was ascer-
tained by testing aliquots of the serum stored at -20°C on 5 separate days.

2.2 Stability of the enzyme

A chance observation led to the study of the stability of the enzyme at 8°C. Aliquots
of serum stored at 8°C were tested at intervals up to 21 days after collection.
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2.3 Inhibition by ethylene diaminetetra acetate (disodium salt)- EDTA

As most peptidase enzymes have been shown to be metallo proteins, it was decided
to investigate the metal ion requirement of this enzyme. A preliminary step would
be to study the effect of a chelating agent such as EDTA. Hence the effect of
EDTA was tested by comparing the enzyme activity in the presence of and in the
absence of EDTA. This was added to the buffer so that the final concentration
in the assay mixture was 5 mM/L.

3. Results and Discussion

Table 2 gives the within batch and between batch reproducibility of the assay. It
can be seen that the method is highly reproducible as the maximum coefficient of
variation observed within a batch was 2.1% and between batches was 3.0%,. These
figures are comparable to those observed by Durham.l

TaeLe 2. Reproducibility of the Assay

Within batch
MeanUllitre S.D. C.V. Number of observations*
b
4353 3.0 0.7 6
356.4 7.4 2.1 5
228.6 42 1.8 5
255.3 5.0 2.0 6
Between Batch
231.0 6.7 2.9 5
257.0 T 2.9 5
431.6 12.8 3.0 5
361.8 7.0 1.9 5

*Each observation is the mean of duplicate values.

The within batch reproducibility of the assay was tested by assaying in duplicate, 5 or 6
replicate samples. The between batch reproducibility of the assay was ascertained by
testing aliquots of the serum stored at -20° C on 5 separate days.

Table 3 shows the effect of storage of the enzyme at 8°C up to a period of
21 days. The differences in activity on storage were compatible with the between
batch variation of the assay. In one instance the C.V. was 6.89, but the number
of observations was small (3) and the enzyme activity was greater on day 21
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compared with day O. Hence it can be concluded that the enzyme is remarkably
stable at this temperature, thus allowing serum samples to be conveniently stored
at this temperature rather than at -20°C, while awaiting assay. This feature of
serum CAS activity has not been previously reported.

TasLe 3. Stability of the Enzyme at 3°C

Activity U[L Activity U/L
Sample on Day O on Day (n) Mean* S8.D* C.V.*
121 116(2) — — s
2 355 370(4) 360.7 3.1 23
357(9)
3 223 233(3) 231.2 6.0 PR
233(5)
228(8)
239(9)
4 209 238(19) 226.7 15.5 6.8

* These were calculated on the basis that storage had no significant ffect on enzyme activity.

Aliquots of serum stored at 8°C were tested at intervals up to 21 days after collection,

Tasre 4. Effect of 5SmM EDTA

Activity UJL % Inhibition

No EDTA SmM EDTA by EDTA
238 o1 61.8
491 150 69.5
362 136 62.5

The effect of SmM EDTA on enzyme activity was ascertained.

Table 4 shows the effect of SmM EDTA. This inhibited enzyme activity
to the extent of 60% - 70%. This suggests that the enzyme has a metal ion cofactor
requirement and this aspect is being currently investigated. This aspect of CAS
activity has not been previously reported.
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Abstract: The iodine content of twenty seven species of marine algae collected from
different coastal regions of the Jaffna Peninsula was delermined. Of the species
analysed, Gracilaria opuntia (1277 ppm), Gracilaria crassa (889 ppm) and Turbinaria
ornata {810 ppm) have relatively high iodine contents. The iodine content of Graci-
laria opuntia is comparable with the amount of iodine present in caliche deposits
(1500 ppm) in northern Chile which is the principal source of iodine.

1. Introduction

Todine is considered? as one of the essential elements for the proper functioning
of the hormones of human and animal thyroid glands. In many parts of the world
simple goitre develops because of deficiency of iodine in water or food supply. An
iodine deficient goitrous mother may give birth to a cretinous baby? because the
foetus requires an adequate secretion of thyroxine during the later stages of preg-
nancy. Thyroxine is formed® by the reaction of tyrosine with iodine.

To prevent simple goitre a dietary iodine intake of 100 - 200 fg daily® is
required. In places where manioc is used as a part of the diet the daily intake of
iodine should be greater than the normal requirement. It is believed that cyanide
in the manioc is converted to thiocyanate in the body which apparently displaces
iodide from the reaction site. All iodine is converted to iodide in the gut.®
Normally iodine is supplied from water.

In some places iodine content of water may not be enough to meet daily
requirement of iodine. Seawceds are good sources to meet dietary requirements
of iodine. Goitre discasc caused by iodine deficiency is less prevalent in countries.
where marine algae form a part of the diet.1,?

The iodine has wide and varied uses and is of high demand. Attempts
are being made by various workers and companies to extract iodine from various.
natural sources. Caliche deposits in northern Chile are the principal sources for
the production of iodine.! In Japan, Norway, France and Russia, iodine is extrac-
ted in small amounts from seawseds.6,8 Valuable data on the iodine content of
marine algae occurring in different parts of the world are available.3,5 But infor-
mation on the iodine contents of the species of algae from Sri Lankan coastal area.
is not available. Therefore as an initial study, the amounts of iodine present in
twenty scven species of green, brown and red algae collected from Jaffna coastal
arcas were estimated.
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2. Experimental Methods and Materials

The localities and habitats of the algae studied are given in Table 1. The freshly
collected seaweed samples were washed free from extraneous matter and air dried
at room temperature under fans. The air dried samples (30 - 50 g), weighed accu-
rately, were dried in an oven at 110°C to constant weight and the moisture contents
determined. The oven dried samples were ground and the iodine contents were
estimated by the alcoholic potash method? as follows:

Accurately weighed powdered samples (5 - 10 g) were refluxed with alcoholic
potash (109, 30 - 60 ml) for 24 hours, evaporated and ashed at 500°C. The water
extract of the ash was acidified, oxidised with bromide and titrated with standard
sodium-thiosulphate.

3. Results and Discussion

The results of analysis (carried out in triplicate) are given in Table 2. This table
also gives the corresponding values for unwashed samples for a few species.

The above results show that of those species investigated, Gracilaria opuniia,
Gracilaria crassa and Turbinaria ornata have reasonable amounts of iodine. To
prevent simple goitre a dietary iodine intake of 100 - 200} g daily is sufficient. There-
fore a vegetarian can easily get the required amount of iodine from properly
processed marine algae.

The most important natural source, caliche deposits, found in Northern
Chile which exports iodine to all parts of the world contains 0.15% (1500 ppm)
of iodinel, Gracilaria opuntia has comparable amount of iodine (1277 ppm), Graci-
laria crassa (889 ppm) and Turbinaria ornata (810 ppm) also have fairly large amounts
of iodine. These three species would prove to be of commercial value.

Out of the three areas investigated marine algae from Mandaitivu coastal
area have more iodine. [t is significant that the sea water from this area has more
iodine compared to the other two areas (Table 3). The iodine contents of Ulva
lactuca, Codium species and Sargassum species are nearly the same as those reported?
for the same species from the Gujarat coast of India (Table 4).

4. Conclusion

The amount of iodine present in certain species (e.g. Gracilaria opuntia, Gracilaria
crassa, Turbinaria ornata) of marine algae from coastal areas in the Jaffna Peninsula

is comparable with the most important natural source, caliche deposits. These
seaweeds could be exploited for the commercial extraction of iodine. Several

other species have reasonable amounts of iodine and these could be used in the
manufacture of fortified cattle reed and for preparation of high iodine food items
for human consumption.
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Tasez 1,

Localities and Habitats of the aigae

Speciex Locality Habitat
1. Gracilaria opuntia Mandaitivu Muddy lagoons
2. Gracilaria edulis Mandaitivu Protected inshore lagoons
3. Gracilaria crassa Mandaitivy Lagoon, erect tree like
4, Gracilatia confervoides Keerimalai Calcareous reef
5. Laurencia obtusa Mandaitiva Lagoon, attached by small discs
6. Jania natalensis Mandaitiva Lagoon, attached
7. Hypnea musciformis Mandaitivu Protected inshore lagoon
8. Acanthophora delile Mandaitivy Lagoon
9. Centroceras clavulatum Mandaitivu Lagoon, attached
10. Gelidielia acerosa Mandaitivu Lagoon, erect prosirate
11. Padina pavonica Mandaitiva Lagoon, attached
12, Turbinaria ornata Mandaitiva Lagoon, attached
13. Pocockiella variegaia Nainativu Inshore waters
14. Stoechospermum marginainm Mandaitivu Lagoon, attached
15. Cystophyllum muricatum Mandaitivu Lagoon, attached
16. Dictyota species Mandaitiva Lagoon, attached
17. Sargassum tenerrimum Mandaitivu Lagoon, atiached
18. Sargassum polycystum Mandaitivu Lagoon, attached
19. Hormophysa triquetra Mandaitivu Lagoon, attached
20. Struvea anastamosans Mandaitivu Lagoon, attached
21. Codium species Nainativu Inshore waters, floating
22. Acetabularia crenulaia Casuarina Protected inshore waters,
attached.
23. Chastomorpha species Mandaitivu Lagoon, floating
24, Ulva reticulaia Mandaitivu Lagoon grows iniermingled
with other algae
25, Ulva laciuca Mandaitivu Lagoon
26. VYaloniopsis pachynema Mandaitivu Lagoon
27. Thalasia hemprichi Mandaitivu Coral lagoon, rooted
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TapLe 2. Iodine contents of Marine Algae
Moisture in the lodine (ppm) i.e. mg of
Date of air-dried algae (%) iodinelkg air-dried algae
Algae Locality collection (washed) Washed Unwashed
a) Family: Rhodophyceae
01. Gracilaria opuntia Mandaitiva  10.12.1982 244 1277
02. Gracilaria edulis Mandaitivu  10.12.1982 3.7 3i8
Nainativn  01,01,.1983 13.9 134 147
03. Gracilaria crassa Mandaitiva 10.12.1982 13.3 889
04. Gracilaria confervoides Keerimalai 13.02.1983 10.1 no detectable no detectable
amount amount
05. Laurencia obtusa Mandaitiva  10.12.1982 15.1 421
06. Jania natalensis Mandaitiva  10.12.1982 32 1M
07. Hypnea musciformis Mandaitiva 10.12,1982 13.5 277
08. Acanthophora delile Mandaitiva 13.02.1933 15.9 115
Keerimalai 13.02.1983 10.0 110 78
09. Centroceras clavulatum Mandaitiva 31.12,1982 16.7 249 351
Keerimalai 13.02.1983 8.1 133
10. Gelidiella acerosa Mandaitivu 31.12.1982 14.1 524 401
b) Family: Phaeophyceae
14. Padina pavonica Mandaitivu  10.12.1982 1.1 196
15. Turbinaria ornata Mandaitiva 31.12.1982 19.4 810
13. Pocockiella variegata Nainativa  01.01.1983 13.4 533
14, Stoechospermum marginatum Mandaitiva 13.02.1983 13.1 53 56
15. Cystophyllum muricatum Mandaitiva  13.02,1983 13.8 176
16 Dictyota sp. Mandaitiva 13.02.1983 7.1 10
17. Sargassum tenerrimum Mandaitivu  10.12.1982 16.0 205
18. Sargassum polycystum Mandaitiva  31.12,1982 17.1 189 253
19. Hormophysa triquetra Mandaitiva  13.02.1983 133 62 62
<) Family: Chlorophyceae
20. Struvea anastamosans Mandaitivu 31.12,1982 12.2 437
21. Codium sp. Nainativu  01.01.1983 164 46 73
22. Acetabularia crenulata Casuarina  13.02.1933 4.7 no detectable no dstectable
amount amount
23. Chaetomorpha sp. Nainativa  01.01.1983 17.3 44 0
Keerimalai  13.02.1983 4.5 no detectable no detectable
amount amount
Mandaitiva 10.12.1982 17.9 119
24. Ulva reticulata Mandaitiva  31.12.1982 20.6 259
Nainativu ~ 01.01.1983 20.9 47 24
25. Ulva lactuca Mandaitiva  10.12.1982 12.7 21
Casuarina  25.12,1982 16.4 101
Keerimalai  13.02.1983 14.8 no detectable 14
amount
26. Valoniopsis pachynema Mandaitiva 10.12.1982 2.3 30
d) Angiosperm
27. Thalasia hemprichi Mandaivitu 10.12.1982 16.4 178
Nainativa  01.01.1983 9.2 54 26
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TasrLe 3. Todine content in sea-water samples

Date of fodine
Locality collection (mgllitre)
Mandaitivu 10.12.1982 0.876
Mandaitivu 11.01.1983 0.738
Keerimalai ; 19.01.1983 0.067
Nainativu 23.01.1983 0.054

Taere 4. Iodine contents reported® of some algae from the Gujarat coast of India

lodine contents in

Species ppm (mglkg)
Ulva lactuca 19.86
Ulva rigida (C.A. Agardh) 40.94
Codium dwarkense Boergesen 50.5
Sargassum cinereum (J.Agar) 206.1
Sargassum johnstonii setch and Gard 244.6
Gracilaria folifera 151.8
Myriogloea sciuru (Harv.) Kuck 1045.00
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Abstract: Protein and mincral contents of twenty-five species of marine algae from
the coastal areas of Northern Sri Lanka are reported. Species such as Ceniroceros
clavilatum, Ulva lactuca, Hypnea musciformis, Acanthophora delilei and Gracilaria
edulis are found to have high protein content which are comparable to that in food
materials such as cereals, eggs and fish. Algac such as Gracilaria edulis, Laurencia
obtusa, Sargassum polycystium, Ulva lactuca and Gracilaria crassa and Thalasia hemprichi
{angiosperm) have fairly large amounts of nitrogen, phosphorus and potassium and
hence could be used as fertilizers.

1. Introduction

Marine algae and sea grasses are two of the important groups of marine plants
occurring in the sea. They contain several inorganic elements and a complex mixture
of organic substances synthesised from them. Due to the presence of these chemical
substances marine algae find a varicty of uses, some of which are briefly indicated
below.

Marine algae are used 3 fo prepare alginic acid and agar. Fresh dried and
processed seaweeds are utilised as human food 11, 14, 1% in Japan, Indonesia, China,
Philippines, India and other south east Asian countrics. Seawceds such as Porphyra,
Ulva, Chiorella, Gracilaris and Chondrus are commonly used as ingredients for soups
and as meat flavourings. *'s " ' Countries like Japan have large industries based
on edible seaweeds. The algal carbohydrates arc not casily digestible and hence
the lood value of the seaweeds depends on the minerals, trace elements, proteins and
vitamins present in them. The seaweed meal is nutritious due to its high mineral
and protein content. Seaweeds are used 11, 14, 15 to stock feed sheep and cattle in
maritime districts.

Seaweeds contain reascnable quantities of nitrogen, phosphorus and potassium
and they are extensively used, either directly or in the form of compost with cowdung
as manure for vegetables in India.1? In seaweeds, the minerals and trace elements
occur in water soluble form 13 and hence these could be casily taken up by the
plants. The carbohydrates and other organic constituents of the seaweeds are
reported 1% to increase the moisture holding capacity of soils. The marine algae
are also a good source of potash and soda.
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During certain seasons fairly large quantities of seaweeds are found in the
coastal areas of the Jaffna Peninsula. In order to make the best use of these scaweeds
a knowledge of their chemical composition is essential. Therefore as an initial step,
a study of the mineral, protein and vitamin contents of the seaweeds found in
Northern Sri Lanka was started. Our results on the estimation of the moisture,
ash and protein contents and of the amounts of some inorganic elements present
in twenty five species of scaweeds are given below.

2. Experimental Methods and Materials

The seaweeds were collected from Mandaitivu, Nainativa and Keerimalai, washed
well and air dried for three days. The moisture contents were determined by drying
them in an oven at 105°C to constant weight. The ash contents were determined
by ashing weighed quantities of samples at 450°C in a muffle furnace until constant
weight was obtained. The total nitrogen was determined by the Kjeldhal method
and protein content was calculated by multiplying the total nitrogen content by 6.25.

2.1. Preparation of Test Solutions

Seaweed samples of known weights were ashed at 450°C and dissolved quantitatively
in a known volume of 0.6M HC1 and the resulting solutions were used to determine
the amounts of sodium, potassium, calcium, magnesium and trace elements.

2.2. Determination of the amounts of Sodium and Potassium

Sodium and potassium were determined using a Corning Model 400 flame photo-
meter using appropriate interference filters. The flame intensities for sodium
were corrected for interference by calcium by the standard addition method. **

2.3. Determination of the amounts of Calcium and Magnesium

The amount of calcium present in seaweeds was determined?2 by titrating a known
volume of the test solution with standard EDTA with Patton-Reeder’s indicator
and using potassium cyanide as the masking agent.

The amount of magnesium present in seaweeds was estimated as follows:
The total amount of magnesium and calcium present was determined by titrating
known volumes of test solution with standard EDTA solution with Eriochrome
Black T as indicator and using potassium cyanide as masking agent.”®* The amount
of magnesium is obtained by subtracting the amount of calcium present from this
value,

2.4. Determination of Iron in Seaweeds

The test solution was prepared in 0.6M HCI as described above. The amount of
iron present in the test solution was determined® by measuring the density of the
colour produced by the addition of 1,10— orthophenanthroline on a Corning model
252 colorimeter using a 490nm filter.
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2.5. Determination of Trace Elements

Amounts of trace elements copper, manganous, nickel, zinc, cadmium, cobalt
and chromium were determined using the test solution [prepared as described above]
on a Varian Model 1275 atomic absorption spectrophotometer.

2.6. Determination of the amount of Lead in Seaweeds

Samples of known weight were subjected to wet oxidation with concentrated nitric
acid and concentrated sulphuric acid by the reported procedure. 10 The resulting
solution was used to prepare the test solution. The amount of lead present was
determined 10 using Corning Model 252 colorimeter after complexing with dithizone.

2.7. Determination of Phosphoras in Scaweeds

Dried scawced samples |[1-2g] were weighed accurately, ashed with magnesium
nitrate,® the ash was dissolved in 2(NH,); SO, (10ml) and the solution made up to
S0ml.  The amount of phosphorus present in this solution was determineds by
measuring the density of the colour produced on complexing with vanadomolybdate
reagent on a Corning Model 252 colorimeter using 430, 470 and 490nm filters.

2.8. Determination of Total Sulphur in Seaweeds

The amount of total sulphur in seawceds was determined by the reported method.8
Accurately weighed sample (1-2g) of scaweed was treated with concentrated nitric
acid (10ml) and the mixture was allowed to stand overnight at room temperature,
The resulting mixtere was evaporated to dryness and the residue was ashed in a
muffle furnace at 450° C. The ash was dissolved in a minimum volume of 25%
nitric acid and the sclution made up to 50ml in a volumetric flask. A known volume
of this solution was treated with an excess of standard barium chloride. The un-
reacted barium chloride was determined by titration with standard EDTA. The
amount of sulphate was estimated by the method of difference.

2.9. Determination of the amount of Chloride in Seaweeds

Accurately weighed powdered seaweed (1.2g) was ashed at 450° C with an equal
weight of sodium carbonate. The ash was dissolved in minimum amount of 25%
nitric acid and the solution made up to 50ml in a volumetric flask. The amount of
chloride present in this solution was determined by Vollard method.18

3. Hesults and Discussion

The amounts of moisture, ash, total nitrogen and protein found in twenty five species
of the seaweeds [rom the coastal areas of Northern Sri Lanka are given in Table 1.
The results show that some of the algae such as Gracilaria edulis, Gracilaria con-
Servoides, Hypnea musciformis, Acanthophora delilei, Centroceros clavulatum and
Ulva lactuca have between 13-269% protein and this amount is comparable or even
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somewhat higher than the reported4 protein content of food materials like cereals,
eggs and fish. Algal proteins are reported-'*:'5 to have many of the essential
aminoacids including iodine containing aminoacids and hence the above seaweeds,
are a good source for protein rich food. Also, the above species of seaweeds could be
added to foods which are deficient in protein. In India Gracilaria edulis is used1?,14,15
in the preparation of soup.

TapLe 1. Moisture, Ash, Nitrogen and Protein contents of Seaweeds. All values are expressed
as g/100g of air dried samples of seaweeds

Date of
Alga Lacality Collection Moisture Ash Nitrogen Protein
a. Rhodophyta
1. Gracilaria Mandaitiva 10.12.82 3.69 38.46 2.28 14.25
edulis Nainativu 01.01.83 13.9 24.86 1.89 11.81
2. Gracilaria Mandaitiva 10.12.82 13.31 49.85 1.33 8.31
crassa
3. Gracilaria Keerimalai 13.02,83 10.07 8.80 2.30 14.38
confervoides
4, Laurencia obtusa Mandaitive 10,12.82 15.07 34.30 1.70 10.63
5. Jania natalensis  Mandaitivu 10.12.82 3.21 69,79 0.75 4.69
6. Hypnea Mandaitivu 10.12.82 13.52 24.19 2,13 13.31
musciformis Keerimalai 13.02.83 7.62 14.99 3.06 19.13
7. Acanthophora Keerimalai 13.02.83 9.98 25.94 2.69 16.87
delilei
8, Centroceros Mandaitivu 31.12.82 16.66 29.29 1.99 12.44
clavulatum Keerimalai 13.02.83 8.08 18.65 4.02 25.13
¢ Gelidiella Mandaitiva 31.12.82 14.12 12.07 1.67 10.44
dcerosa
h. Phaeophyia
10. Padina pavonia Mandaitiva 10.12.82 1115 42.78 1.80 11.25
11, Turbinaria Mandaitiva 31.12.82 19.43 24.63 1.38 8.63
omata
12. Pocockiella MNainativa (1.01.83 13.37 19.82 1.18 7.38
variegata
13. Steechospermum Mandaitiva 13.02.83 13.09 21.94 1.49 9.31
marginatum
14, Cystophyllum  Mandaitivu 13.02.83 13.84 35.14 1.45 9.06
muricatum
15. Turbinaria Nainativu 01.01.83 14.13 16.95 0.93 5.81
conoides
16. Sargassum Mandaitiva 31.12.82 17.07 35.51 1.61 10,06
polycystum Nainativa (1.01.83 14.59 14.44 1.14 7.13
17. Sargassum Mandaitivu 10.12.82 16.03 317 1.56 9.75
tenerrimum
18. Hormophysa Mandaitivy 13.02.83 13.06 46.91 0.91 5.69
triquetra

{Contd.}

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/

Mineral and Protein Contents of some Marine Algae 183
Table I {Conid,)
Date of
Alga Locality Collection Moisture Ash Nitrogen Protein
¢. Chiorophyvta
19, Struvea Mandaitivy 31.12.82 12,41 48.60 0.98 6.13
anastamosans
20. Codium sp. Nainativa 01.01.83 16.41 26.22 1.41 8.81
21. Acetabularia Casuarina 13.02.83 4,72 55.56 0.28 1.75
crenulata
22, Chaetemorpha  Nainativu 01.01.83 17.27 38.92 1.44 2.00
sp. Keerimalai 13.02.83 4.46 21.02 1.74 10.88
23, Ulva reticulata  Mandaitivu 13.02.83 11.56 20.11 1.57 9.81
Nainativu 01.01.33 20.88 34.20 0.81 5.06
24. Ulva lactuca Mandaitivy 10.02.82 12.73 29.71 3.17 19.81
Casuaring 2282 16.38 21.43 2.64 16.50
d.  Angiosperm
25, Thalasia Mandaitivu 10.12.82 16.42 21.70 209 13.06
hemprichi Nainativu 01.01.83 9,16 27.66 1.27 7.94

It is interesting to note that generally the scaweeds from the Keerimalai area
have a higher protein content than thoss from the Mandaitiva coast, which in turn
have a higher protein content than those from Nainativu coast.

Amounts of the minerals sodium, potassium, calcium and magnesium pre-
sent in twenty five species of seaweeds were determined by the methods indicated
above and our results are given in Table II. Gracilaria edulis, Gracilaria crassa,
Laurencia obtusa, Turbinaria ornata and Sargassum tenerrimum have fairly large
amount of potassium. Jawnia natalensis, Acetabularia crenulata, Padina pavonia,
Sturvea anastamosans, Thalasia hemprichi, Pocockiclla variegata, Laurencia obtusa,
Hypnea musciformis and Ulvg reticulata have reasonably large quantity of calcium.
It is interesting to note that Janmia natalensis, which is capable of accumulating
calcium and depositing it in the form of a calcareous skeleton, has the highest amount
of calcium, Jania natalensis, Chaetomorpha sp, Padina pavonia, Laurencia obtusa,
Ulva reticulata and Thalasia hemprichi have more than 1% magnesium.

Tapie 2, Amounts of Sodium, Potassium, Calcium and Magnesium present in Ssawesds.
All values are expressed in g/109g of air dricd samples of seaweeds.
Date of
Alga Locality collection Sedium  Potassium Calcium  Magnesium
a. Rhodophyta
1. Gracilaria Mandaitivu 10.12.82 1.61 13.49 3.55 0.68
edulis
2. Gracilaria Mandaitivu 10.12.82 0.75 7.63 2.02 0.23
crassa
3. Gracilaria Keerimalai 13.02.83 0.10 0.128 1.50 0.69
confervoides
{Contd.)
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(Table 2 Contd.)

Date of
Alga Locality Collection Sodium  Potassium  Calcimm  Magnesium
4, Laurencia obtusa Mandaitivu 10.12.82 1.22 4,32 4.99 1.35
5. Jania natalensis Mandaitivu 10.12.82 0.70 0.28 23.85 2.71
6. Hypnea Mandaitivu 10.12.82 0.50 0.58 4.83 0.38
musciformis Keerimalai 13.02.83 0.13 0.106 3.00 0.74
7. Acanthophora Keerimalai 13.02.83 0.10 0.106 1.57 0.45
delilei
8. Centroceros Mandaitivu 31.12.82 1.20 3.26 2.53 0.46
clavulatum Keerimalal 13.02.83 .10 0.103 2.97 0.72
9. Gelidiella Mandaitivu 31.12.82 (.25 0.19 1.58 0.34
acerosa
b. Phacophyta
10. Padina pavomia Mandaitiva 10.12.82 0.59 1.13 10.96 1.36
11. Turbinaria Mandaitivu 31.12.82 1.81 6.30 212 0.28
ornata
12. Pocockiclla Nainativu 01.01.83 0.30 015 5.21 0.43
variegata
13. Stoechospermum Mandaitiva 13.02.83 0.25 1.10 2.08 0.07
marginatum
14, Cystophyllum  Mandailivu 13.02.83 0.10 0.58 246 0.15
muricatum
15. Turbinaria Nainativu 01.01.83 0.49 1.68 2.28 0.35
conoides
16. Sargassum Mandaitivu 31.12.82 2.62 3.93 3.15 0.56
polycystum Nainativu 01.01.83 0.54 1.17 2.01 0.43
17. Sargassum Mandaitivu 10.12.82 0.82 5.97 3.06 0.84
tenerrimum
18 Hormophysa Mandaitiva 13,02.83 0.09 0.68 2.67 0.42
triquetra
€. Chlorophyta
19. Sturvea Mandaitiva ~ 31.12.82 3.16 1.80 9.61 0.41
anasamosans
20. Codium sp. Nainativu 01.01.83 1.78 0.23 2.31 0.83
21. Acetabularia Casuarina 13.02.83 0.14 0.27 16.06 0.39
crenulata
22. Chaetomerpha  Nainativu 01.01.83 1.71 0.81 2.40 1.54
sp. Keerimalai 13.02.83 0.21 0,10 2.88 1.27
23, Ulva reticulata  Mandaitivu 13.02.83 0.31 0.31 4.82 0.48
Mainativu 01.01.83 0.77 0.38 3.79 1.35
24. Ulva lactuca Mandaitivu 10.12.82 Q.85 1.85 2.44 0.17
Casuarina 25.12.82 0.96 2.25 3.60 0.25
4. Angiesperm Beach
25. Thalasia Mandaitivu 10.12.82 3.84 4.09 3.57 1.16
hemprichi Nainativu 01.01.83 0.57 0.41 7.46 0.84
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Our results on the colorimetric estimation of the amounts of iron and phos-
phorus are shown in Table IIl. It is seen that species such as Gracilaria edulis;
Padina pavonia, Pocockiella variegata, Chactomorpha sp, Sargassum polycystum and
Jania natalensis are rich in iron. Also the secaweceds from the Nainativu and Man-
daitivu areas gencrally have more iron content than those from Keerimalai area
Gracilaria edulis, Gracilaria crassa, Gracilaria confervoides, Hypnea musciformis.
Codium sp, Chaetomorpha sp, Ulva lactuca and Thalasia hemprichi have relatwely
large amounts of phosphorus.

TasLe 3. Amounts of Iron and Phosphorus present in seaweeds. All values are expressed in
mg/kg of air dried samples of seaweeds.

Dare of i
Alga Locality Collection Iron Phosphorus
a. Rhodephyta
1. Gracilaria edulis Mandaitivu 10.12.82 403 764
Nainativu 01.01.83 1240 989
2. Gracilaria crassa Mandaitivu 10.12.82 267 838
3. Gracilaria confervoides Keerimalai 13.02.83 262 1168
4. Laurencia obtusa Mandaitiva 10.12.82 674 514
5. Jania natalensis Mandaitivu 10.12.82 940 206
6. Hypnea musciformis Mandaitivu 10.12.82 658 259
Keerimalai 13.02.83 409 1338
7. Acanthophora delilei Keerimalai 13.02.83 102 225
8. Cenfroceros clavulatum Mandaitivu 31.12.83 450 508
Keerimalai 13.02.83 447 643
9. Gelidielia acerosa Mandaitivo 31.12.82 344 395
b. Phacophyta !
10. Padina pavonia Mandaitivu 10.12.82 1266 477
11. Turbinaria ornata Mandaitivu 31.12.82 372 252
12. Pocockiclla variegata Nainativy 01.01.83 1213 411
13. Stoechospermum marginatum Mandaitiva - 13.02.83 134 608
14. Cystophyllum muricatum Mandaitiva 13.02.33 391 727
15, Turbinaria conoides Nainativu 01.01.83 306 472
16. Sargassum polycystum Mandaitivu 31,12.82 490 476
Nainativu 01.01.83 373 469
17. Sargassum tenerrimum Mandaitivu 10.12.82 925 540
18. Hormophysa triquetra Mandaitive 13.02.83 394 217
¢. Chloraphyta : '
19. Sturvea anastamosans Mandaitivu 31.12.82 " 38 175
20. Codium sp. Nainativu 01.01.83 602 877
21. Acetabularia crenulata Casuarina 13.02.83 250 193
22, Chaetomorpha sp. Nainativu (1.01.83 117¢ 951
Keerimalai 13.02.83 593 716
23, Ulva reticulata Mandaitiva 13.02.83 201 354
24. Ulva lactuca Mandaitiva 10.12.82 219 1224
Casuarina 25.12.82 X . 542 633
d. Angiosperm
25. Thalasia hemprichi Mandaitiva 10.12.82 392 1326
Nainativu 01.01.83 655 1316
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The amounts of nitrogen, potassium and phosphorus present in selected
species of seaweeds are shown in Table 1V. 1t is interesting to note that Gracilaria
edulis, Laurencia obtusa, Padina pavonia, Ulva lactuca, Thalasia hemprichi, Gracilaria
crassa, Sargassum polycystum and Sargassum tenerimum have lairly large amounts
of nitrogen, phosphorus and potassium and hence these could be used as fertilizers.
Also other species which are rich in nitrogen, phosphorus or potassium could be
mixed together to form a good fertilizer.

TaBLE 4. The amounts of nitrogen, potassium and phosphorus present in selected species of
seaweeds. All values are expressed in mg/kg of air dried samples.

Species Eocality Date of Nitrogen Phosphorus Potassium
Collection
1. Gracilaria edulis Mandaitiva 10.12.82 22800 764 134900
2. Gracilaria Keerimalai 13.02.83 23000 1168 1280
confervoides
3. Laurencia obtusa Mandaitiva 10.12.82 17000 514 43200
4. Hypnea musciformis Mandaitiva 1(.12.82 21300 259 5800
Keerimalai 13.02.83 30600 1338 1060
5. Acanthophora Keerimalai 13.02.83 26900 225 1060
delilei
6, Centroceros Keerimalai 13.02.83 40200 643 1030
clavulatum Mandaitivu 31.12.82 19500 508 32600
7. Gelidiella acerosa Mandaitivu 31.12.82 16700 395 1900
8. Padina pavonia Mandaitiva 10.12.82 18000 477 11300
9, Sargassum Mandaitivu 31.12.82 16100 476 39300
polycystum
10. Chaetomorpha sp. Kecrimalai 13.02.83 17400 716 1000
11. Ulva lactuca Mandaitivu 10.12.82 31700 1224 18500
Casuarina 25,1282 24600 633 22500
12. Thalasia hemprichi  Mandaitiva 10.12.82 20900 1326 40900
13. Gracilaria crassa Mandaitivn 10.12.82 13300 888 76300
14, Turbinaria ornata Mandaitiva 31.12.82 13800 252 G3000
15. Sargassum Mandaitivu 10.12.82 15600 540 59700
tenerrimum

Seaweeds also contain trace elements. These are a group of elements which
arc needed in infinitely small amounts and these are very essential for the growth
of plants and animals. Some of the important trace elements are Fe, Cu, Zn, Mn,
Co, B and Mo. Some of the trace elements form complexes with enzymes and
catalyse in metabolic reactions. The clement copper is found in the enzyme poly-
phenol oxidase and the respiratory pigment of invertebrates, homocyanin. The
enzymes such as tyrosinase, laccase and ascorbic acid oxidase use copper to
catalyse reactions.’s” Copper and cobalt are essential for health and productivity
of animals. These two elements are associated with iron in the production of
haemoglobin.t®
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The element cobalt, in addition to being an essential element of Vitamin By
is important in the metabolism of sulphur containing aminoacids. Elements such
as Zn, Mn, Mo, Cr and Cd are also involved in the biclogical processes.™® Even
though the trace elements have a vital function for human and animals they become
toxic if present in relatively large amounts. The general recommended'® limits
for some of the elements are given below.

Element Pb Ni Cr Cu Zn
Recommended limit/ppm 2 100 100 20 50

The amounts of Cu, Zn, Mn, Ni, Cd, Co and Cr present in twenty three
species of marine algae were determined using Varian Model 1275 Atomic Absorp-
tion Spectrophotometer. The amount of lead present in these samples were deter-
mined colorimetrically after complexing with dithizone. No detectable amount of
cobalt or chromium was found in any of these twenty three species. Our results,
which are given in Table ¥, show that (i) Padina pavonia and Sturvea andastomosans
have relatively large amounts of copper while the species Stoechospermum margi-
natum, Sargassum polycystum and Thalasia hemprichi have reasonable amounts of
copper, (ii) the element zinc is found in relatively large amounts in Sturvea andasto-
mosans, Dictyota species, Padina pavonia, Stoechospermum margindfum and Hypnea
musciformis (iil) Manganese is found in relatively large amounts in red algae (iv) the
species Sturvea anastomosans, Gracilaria edulis, Ceniroceros clavulatum, Jania
natalensis, Hormophysa triquetra, Sargassum polycystum and Thalasia hemprichi
have relatively high Ni content (v) the element Pb is found in relatively large amount
in Sturvea anastomosans, Gracilaria crassa, Gracilaria salicornia, Jania natalensis,
Padina pavonia, Hormophysa triguetra and Sargassum polycystum and (vi) Cadmium
is found in the range 1 - 4 ppm.

Cadmium and lead are non-nutritive toxic clements., Seaweed species
analysed have low cadmium level (1-4 ppm). However the level of lead is rather
high. The statutory limit for Pb in food is 2 ppm.

Sturvea anastomosans, Jania natalensis and Padina pavonia have relatively
large amounts of the toxic elements and these may be avoided as nutrients and ferti-
lizers. Also it is apparent from the Table V that the seaweeds from the Mandaitivn
coast ar¢ richer in trace clements than those from Nainativu.

TaBLE 5. Amounts of Copper, Zinc, Manganous, Nickel, Lead and Cadmium present in seaweeds.
All values are expressed as mg per kg (i.e. ppm) of air dried samples of seaweeds.
{Date of collection is the same as in the Tables 1 & 2).

Alga Locality Cu Zu Mn Ni Pb Cd
a. Rhodophyta
1. Gracilaria edulis Mandaitivu 5.3 9.2 3973 240 8.3 3.3
Nainativu 6.0 6.4 76.3 12.9 7.0 3.9
2, Gracilaria crassa Mandaitivu 6.3 6.0 217.2 119 10.1 2.5
(Contd.)
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(Table 5 Contd.)

© Alga Locality Cu Zn Mn Ni Ph Cd
3. Gracilaria salicofnia Mandaitivu 34 6.6 620 155 9.9 1.3
e 3 i (13.2.83) G R e J
4, Laurencia obtusa Mandaitivu ST - 1297 143 8.6 22
5. Hypnea musciformis Mandaitiva 2.7 11.9 149.6 14.5 8.7 13
6. Centroceros clavalatum . Mandailivu 6.7 59 48.1  21.8 8.8 2.2
7. Gelidiella acerosa Mandaitivu 2.7 7.3 102.8 12.3 57 2.4
8. Jania natalensis Mandaitivu 3.0 6.9 87.6 322 19.3 31
h. Phacophyta
9. Padina pavonia Mandaitivu ~ 40.8 124 2119 21.5 18.4 3.9
10. Stoechospermum Mandaitivu 11.6 10.1 214 13.6 9.3 i3
marginatum :
11. Cystophyilum muricatum  Mandaitivy: 8.7 8.3 31.6 171 83 2.1
12. Dictyota sp. Mandaitivu 72 14.5 3.2 63 8.1 2.0
13. Hormophysa tiiquetra Mandailiva 5.4 7.4 200 223 11.0 1.6
14, Bargassum polycystum Mandaitivu 10.3 8.1 189.1 239 10.4 2.8
; Nainativy 5.6 5.4 29.0 6.9 6.9 1.6
15. Sargassum tenerrimum ‘Mandaitivu 7.9 7.6 138.6 13.6 9.3 2.4
16, Turbinaria ornata Mandaitivu 4.0 4.5 27.9 9.7 5.4 1.6
17. Pocockiella variegata Nainativu 5.0 6.9 H33 1632 10.1 2.5
18. Turbinaria conoides Nainativu 31 3.0 22.6 7.6 7.4 P3|
€. Chlorophyta
19, Siurvea anastamosans Mandaitivu 207 20.2 110:2 373 18.5 2.4
20, Ulva reticulata Mandaitivu 3.6 5.9 74.0 104 3.9 2.0
21. Chaetomorpha sp. Nainalivu 6.9 8.4 361 228 10.1 1.7
22, Codium sp.: Mainativu 4.5 10.4 45.1 9.7 9.3 4.3
d. Angiosperm
23, Thalasia hemprichi Mandaitiva 10.8 7.4 513 251 8.5 25
Nainativu 8.4 7.3 70.9 19.8 13.4 24

Chloride ion which is a micronutrient and sulphur which is a macronu-
trient? are also found in seaweeds. Table VI gives the values obtained for the
amounts of lonic chloride and total sulphur present in some seaweeds.

TaBLE 6. Amounts of ionic chloride and total sulphur present in seaweeds.
All values are expressed in g/100g of air dried seaweceds. -

- Date of lonic Total
Alga Locality Collection Chloride Sulphur
a. Rhaodophyta
1. Centroceros clavulatum Mandaitiva 31.12.82 6.43 2.02
2. Gracilaria edulis Mandaitiva 10.12.82 3.88 4.13

MNainativu 01.01.83 1.58 2.79
b. Phaeophyta .
3. Sargassum polycystum Mandaitivu 31.12.82 7.95 1,03
4, Sargassum tenerrimum Mandaitiva 10.12.82 T:23 1.71
5. Pocockiella varicgata y Nainativu 01.01.83 0.61 0.50
6. Stoechospermum marginatum Mandaitivu 13.02.83 7.16 1.06
c. Chlorophyta no

7.. Codium sp. MNainativa 01.01.83 5.88 3.65
8. Chaetomorpha sp, Nainativu 01.01.83 8.07 4,03
4. Angiosperm - : -

9. Thalasia hemprichi Mandaitivu 10.12.82 5.34 0.58
: - : MNainativu 01.01.83 2.67 0.49

Our results show that Pocockiella variegata and Gracilaria edulis have rela-
tively low amounts of ionic chloride. The species Thalasia hemprichi, Pacockiella
yqriéga‘ta, Sargassum polycystum and Stoechospermum marginatum have relatively
low amounts of sulphur.
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4. Conclusion

Some species of seaweeds such as Centroceros clavulatum, Gracilaria edulis, Gracilaria
confervoides, Acanthophora delilei and Ulva lactuca have relatively large amounts of
protein and could be used for fortifying food items deficient in protein. Seaweeds
such as Gracilaria edulis, Laurencia obtusa, Padina pavonia, Ulva lactuca, Thalasia
hemprichi, Gracilaria crassa, Sargassum polycystum and Sargassum tenerrimum have
fairly large amounts of the elements nitrogen, phosphorus and potassium and these
could be used as fertilizers. Gracilaria edulis and Gracilaria crassa also have rela-
tively large amounts of the trace clements. Attempts should be made to cultivate
the above species of algae so that they could be profitably used.

Acknowledgements

The authors wish to thank Prof. S. Balasubramaniam (Department of Botany,
University of Peradeniya) and Dr. A. Sivapalan (Department of Botany, University
of Jaffna) for helping in the collection and identification of seaweeds. They also
wish to thank Professor R. S. Ramakrishna (Head, Department of Chemistry,
University of Colombo) for facilities provided for the measurement of atomic
absorption spectra. This work was supported by financial assistance from the
Natural Resources, Energy and Science Authority of Sri Lanka.

References

1. Anperson, A. J. & Unperwoob, E. J. (1959) Sci. 4m. 97.
2 BipweLL, R, G. 8. Plant Physiology. Collier Macmillan Publishers London p 262,

3. DaNTANARAYANA, A, P, Savitri KuMmar, N., SuLtan Bawa, M. U. §. & BALASUBRA-
MANIAM, 5. (1981). J. Natn. Sei. Coun. Sri Lanka 9, and refercnces ciled therein.
4. GOPALAN, RAMASASTRI & BALASUBRAMANIAM, (1971).  Nutritive values of Indian Foody

The National Nutrition Institute, Hyderabad. (ICMR).
5. Horax, Wavter & Co, (1980). J. Assoc. Anal. Chem. 63, 485.

6. Jackson, M. L. (1973). Seil Chemical Analysis, Prentice-Hall of India Ltd., New Delhi,
pp 151-154, 336, 389,

T MaAGESWARAN, R. & SivasusraManiaM, 5. (1983). Proc. Cey. Assoc. Adv. Science.
Part, T 39, 68.
8. MAGESWARAN, R., SIVASUBRAMANIAM, 5. & Somasunparam, K. (1983). Proc. of twelfth

Ann Sess. I, Chem. C. Part 1, 14.
9. McELroy, W, D. & Swanson, C, P.(1953) Sci. 4Am. 22,

10. PEARSON, D. (1976). The Chemical Analysis of food., Churchill Livingstons, Bdinburgh,
London and New York, pp 9, 84-86, 381.

Ll Proc. Semi, Sea Salt and Plants (1967 & 1970). CSMORI. Bhavangar.

12. Sanar, D. N, (1974). Technology 11, pp 420-422 and Chenery, E. M. The Analyst (1964)
89 pp 365-367.

i3 Seaweed Manure for perfect soil and smiling fields. Saft Res. Indust. (1964) 6, 1.

14. Second International Seaweed symposium (1956) edited by Trygue. Braarud and Sorensen,
N. A., Pergamon Press, London and New York.

15. Tressier, D. K. Marine products of commarece, Chemical Catalog Co., New York.

16. VoceL, A. 1. Quantitative Inorganic analysis, Third Edition (1961), Lowe and Brydone
Lid. p 266.

i7. WiLiarp, HoearT, H., MrrriTT, LYNNE, L. & Dean, Joun, A.  Instrumental Methods

of Analysis, Van Nostrand Reinhold Company, 342.

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/

F. Natn. Sci. Coun. Sri Lanka 1984 12 (2) : 191—203

Seasonal and Diurnal Variation in Thermal Comfort in Sri Lanka
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( Date of receipt: 19 July 1984)
tDate of acceptance: 19 October 1984)

Abstract: The present work reports evidence bearing on the question whether seasonal
acclimatization occurs in thermal comfort in a tropical country (Sri Lanka) where
the seasonal change of temperature is small. Thermal comfort voles were laken
in each of two subjects on nearly a hundred occasions over a period of 10 - 12 conse-
cutive months. One of the subjects also had records which had been taken 12 years
previously over a period of six consecutive months. The ambient temperature
level which was compatible with a sensation of satisfactory thermal comfort (comfort
temperature) rose in the warmer season and fell in the less warm, Evidence is also
presented on the question whether there is a seasonal variation in the effect which
diurnal temperature change has upon thermal comfort. The change in thermal
cemfort frem morning to afterncon was recorded in one subject on 73 days during
a 12-month period. A seasonal acclimatizational effect was detccted in which the
change in ambicent temperature which produced thermal discomfort was found to
be larper in the warmer than in the less warm months. The cffective temperature
scale was noticed to be no better than the dry bulb temperature in demonstrating
these seasonal acclimatizational cffects,

1. Introduction

The ambient temperature level at which individuals feel thermally comfortable
shifts with the scasons of the year. It shifts upwards in the hotter season and down-
wards in the colder. This seasonal shift of the preferred temperature for thermal
comfort has been noticed in all climates which have been studied. In temperate
climates the zone of comfort temperature shifts upwards in summer and downwards
in winter. In the U.S.A. the winter comfort zone extends over an effective tempe-
rature range of 17.2 - 21.7 °C (63-71 °F), midpoint 18.9 °C (66 °F}, while the corres-
ponding figures for the summer comfort zone are 18.9-23.9 "C (66-75 “F), midpoint
21.7°C (71 °F).*  Inthe U.K. the midpoint of comfort temperature is 22 °C effec-
tive temperature in summer and 17 °C in winter.

Docs the phenomenon of a scasonal shift of comfort temperature occur in
‘monotonous’ climates with only small changes in seasonal temperature? 1In the
equatorial tropics the mean monthly temperature of the warmest month of the year
is only about 5 °C (9 °F) higher than that of the coolest month, with a mean annual
temperature of about 27.7 °C (80 °F).* Tropical marine climates are similar to
equatorial climates. In higher latitudes the temperature changes which occur
from month to month are more marked and there may be a hot season (‘summer’)
and a cold season (‘winter’). The island of Sri Lanka, situated at 5 - 10°N latitude,
has a practically equatorial climate. Referring to the absence of seasons in Sri Lanka
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by Western standards a British observer over a century ago wrote: *‘and fruit hangs
ripe on the same branches that are garlanded with opening buds™?; and a still earlier
observer spoke of ‘“the perennial summer which it experiences (I cannot say
enjoys)”’2. The mean annual temperature for its seaside capital, Colombo, is 26.9 °C
(80.5 °F); the mean monthly temperature for the hottest month, May, is 27.9 °C
(82.3 °F) and that for the coolest month, December, 26.1 °C 7 79.0 °F), so that the
difference between warmest and least warm months is 1.8 °C. In Kandy, which is
at an altitude of about 500 m above mean sea level, the corresponding figures are
a mean annual temperature of 24.4°C (75.9°F), hottest month, April, 26.0°C (78.8°F),
coolest month, January, 23.1°C (73.6°F). The purpose of the present work was to
find out whether there was any scasonal shift of comfort temperaturc in so ‘mono-
tonous’ a climate as that of Sri Lanka.

The diurnal changes in ambient temperature are, in tropical climates, more
marked than the seasonal changes. The nights feel cooler than the daytime; there
is a saying that ‘night is the winter of the tropics’. The early afternoon “usually
has the highest temperature over a 24-hour period. In Sri Lanka the annual
mean daily temperature range is about 6.1°C (11°F) for Colombo and 8.3°C (15°F)
for Kandy. Would the comfort temperature shift with the diurnal change in am-
bient temperature? The available evidence is small and contradictory. A
study in Calcutta collected records of ambient temperature and thermal comfort
at 10h, 12h, 14h and 16h during the day twice a week throughout one year but the
purpose of the study wasto determine the comfort temperature range rather than to
detect - diurnal and seasonal effects.? In the Australian tropics (Welpa, North
Queensland) the upper limit of corrected effective temperature for thermal comfort
was found to be less by night than day.®® The comfort temperature for British
sailors serving in warships in tropical seas was the same for evening as for midday.
Nor was the comfort temperature changed as a result of a sojourn in a cooler region
(Japan).* In the present study an attempt was made to compare the comfort tem-
perature for morning with that for afternoon. ;

2. Method

The study was done in a physiclogy laboratory at Peradeniya, within the Kandy
municipal limits.

Recordings were made of ambient temperature and thermal comfort in two
subjects as occasion arose over a period of months. The observations fall into two
series:- Series A, observations made on omne subject (Subject I) during April -
September 1967 once a day at ¢.9.30h for a total of 40 days. The subject was a
4] - year old male. Serics B, observations made during October 1978 - September 1979
in the same subject as above (Subject I, 53 years old by then), and during 1978 -
August 1979 in a 23-year old female (Subject IT), at 9.30h. In series B the ambient
temperature at 9.30h was recorded on 170 days while thermal comfort was recorded
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on 95 occasions for Subject I and 91 for Subject II. In addition, recordings were
also made at 14.30h on 73 out of these 95 occasions for Subject I.  All the measure-
ments were made indoors in the laboratory with the subjects in the sedentary state
and the clothing was customary light wear (shirt and long trousers for the man
and frock for the woman).

Ambient temperature was measured as dry bulb temperatute (DBT), wet
bulb temperature (WBT) and effective temperature (Tex). DBT and WBT were
measured with a whirled pair of thermometers (whirling psychrometer). T.; was
read from a nomogram for ‘normal effective temperature’ using data for air speed
obtained with a katathermometer (dry, red spirit, 95-100 °F),

Thermal comfort was recorded verbally on a seven-point scale: comfortable
(grade 4), comfortably warm (grade 5), warm (grade 6), hot (7), comfortably cool (3),
cool (2), cold (1). This scale closely follows the customary seven-point thermal
comfort scales.!

In looking for seasonal effects, all the thermal comfort votes taken at 9.30h
were analysed month by month, separately for each of the two subjects.  For
each month all the votes which stated ‘comfortable’, ‘comfortably warm’, or ‘com-
fortably cool” (grades 4, 5 and 3 respectively) were regarded as signifying a satis-
factory state of thermal comfort. The corresponding ambient temperatures were
regarded as ‘comfort temperatures’. These ‘comfort temperatures’ for each month
were then summarised as a median value and their range.

Diurnal effects were looked for in the 73 pairs of morning and afternoon
readings which were available for Subject I. The analysis was done as follows:
The difference in temperature (AT) between morning and afternoon was expressed
as the afternoon temperature minus the morning temperature. The change in
thermal comfort (/A com) from morning to afternoon was expressed as the afternoon
rating minus the morning rating on the seven-point scale. (Thus a morning rating
of comfortable, grade 4 on the seven-point scale, and an afternoon rating on the same
day of warm, grade 6, was counted as a change of 42 grades, i.e. deterioration in
thermal comfort by two grades. A change from comfortably warm, grade 5, in
the morning to comfortably cool, grade 3, in the afternoon was counted as -2 grades,
i.e. an ‘improvement’ in the thermal comfort by two grades.) Finally the data
for Acom were tabulated in relation to AT in order to see whether the two could
be related.

A seasonal effect was also looked for in the morning and afternoon pairs by

tabulating AT and the number of occasions on which a deterioration in thermal
comfort by two or more steps was recorded month by month. There was a total

of 40 such occasions during the 73 days on which morning and afternoon readings
were taken for Subject L
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3. Results and Conclusions
3.1 Season and comfort

Table 1a and 1b show the relation between comfort temperature (Toom) and ambient
temperature {Tomp).  Teom denotes the monthly median value for ambient tempe-
rature when the subject felt thermally comfortable {comfort temperature).
Tams denotes the monthly median value for all readings of ambient temperature
irrespective of comfort. Both sets of readings are from the 1978-79 study {Series
B). Figure 1 shows the relation between Teom and Taims graphically.

TasLe 1a. Season and ambient temperature

Ambient temperature at .30 h ( °C)

Median temperature

No. of days
Month observed Dry bulb Wet Bulb Effective
1978
Oct 21 26.5 24.1 25.1
Novy i4 23.6 22.8 239
Dec 12 236 222 239
1979
Jan 11 25.3 22.6 24.2
Feb 7 253 22.5 239
Mar 3 26,7 219 239
Apr 13 215 24.2 25.6
May 20 27.2 239 25.6
Jun 19 26.1 23.7 24.5
Jul 18 254 23.1 24.1
Aug 14 25.6 229 239
Sep 18 25.0 22.8 23.8
TasLe 1b. Season and comfort temperature
Ambient comfort temperature at 9.30 h (°C)
Subject I Subject if
Median temperature Median temperature
No. No.
of Dry Wet of Dry Wet
Month days bulb bulh Effective days bulb buib Effective
1978
Oct 11 266 240 254 16 264 240 251
Nov 8 25.6 229 24.1 12 25.7 23.2 239
Dec L] 25.6 24.9 24.4 12 25.6 22.5 23.9
1979
Jan 10 254 22.5 24.2 11 25.3 22.6 24,2
Feb 5 251 22.6 24.0 7 25.3 22.5 239
Mar 3 26.1 219 239 3 26,1 219 239
Apr 9 L2 24.2 253 5 27.8 24.4 26.1
May i3 27.5 23.9 25.6 13 27.2 2379 255
Jun 8 273 229 253 6 27.0 23.6 24.9
Jul 3 259 22.6 239 7 25.7 23.3 24.0
Aug 4 256 24.4 24.8 — — — =
Sep 12 25.1 22.8 239 —- - - — —
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FIGURE 1 — Season and thermal Comfort: )
relation between monthly median ambient temperature and monthly median comfort
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There is a parallelism between the monthly comfort temperature and the
ambient temperature.

Table 2 shows that the correlations between Tambv and Teom are highly

significant for dry bulb temperature (DBT) and for effective temperature (Texr)
but not for wet bulb temperature (WBT). Teg is no better than DBT for demonstrating

the parallelism.

TaBLE 2. Correlation between median ambient temperature and median ambient comfort

temperature L VEERR
Temperature o . Subject . ‘n r gy, A
Dry bulb temperature I 12 4+ 0.87 < 0.001
il 10 + 091 %
Wet bulb temperature I 12 + 040 > 0.1
) I 10 + 097 < 0.001
Effective temperature 1 12 + 0.85 i
I 10 + 0.97 5

The shift of comfort temperature in parallel with ambient temperature amounts
to a seasonal change: in the warm months, April, and May, comfort temperature
is higher than in the other, less warm, months.

TABLE 3. Comfort temperature during corresponding successive months in 1967 and

1979 in Subject 1
No. of days on Effective temperature
which observations at comfort
Month were made (Median value in °C)
1967 1979 1967 1979
Apr 5 9 26.9 25.3
May 3 13 25.2 25.6
Jun 2 8 25.3 253
July 7 3 23.5 23.9
Aug 3 4 24.4 24.8
Sept 4 12 24.8 23.9

The data in the 1967 study (Series A) were fewer (Table 3), but the seasonal
change in comfort temperature shows much the same pattern (Figure 2) in this one
subject in recordings made 12 years apart. The correlation between the median
T.s at comfort during April-September 1967 and that during April-September
1979 was r=+0.66, which, for these six pairs of readings, falls short of statistical
significance (P>>0.05<0.10).
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3.2 Diurnal effects: morning vs afterncon

The relation between the change in ambient temperature from morning to alter-
noon and the corresponding change in thermal comfort status is shown in Table 4
for ambient DBT and in Table 5 for ambient Tes.

TapLe 4. Diurnal change in thermal comfort (/\ comfort) in relation to dry bulb
temperature (DBT) in Subject 1

ADBT Frequency distribution of /\ comfort
(afternoon minys movning {(no. of steps on 7 - point scaley*
reading) (°C) —2 —1 0 +1 +2 43
—1.0 — 1 1 1 — —_ —
0.0 — i 1 + 3 7 —
+1.0— 2 1 4 & 3 2
+2.0— — — 3 1 8 1
43.0— — - - 3 8§ Z
+4.0— —_ — — - 3 2
I — — — - 2 1
460 — - e - s - 2

# 1 denotes an increase in thermal comfort grade in the afterncon over that in the
morning, i.e., a change towards the warm end of the scale.
——denotes the opposite, i.e. a change towards the cool end of the scale in the afternoon

TaBLE 5. Diurnal change in thermal comfort (£ comfort) in relation to effective
temperature (Ter) in Subject 1

A Terr Frequency distribution of /\ comfort
(afternoon minus morning (no. of steps on 7 - point scale)*
reading) () —2 —1 0 -1 +2 -3
—3.0 - 1 - - = e
—2.0 e — i -— = —
—1.0 1 — — — — o
0.0 3 2 7 6 7 1
+1.0 — — 2 6 12 3
+2.0 — - 2 1 8 2
+3.0 - —_ — — 3 3
+4.0 - — 8 - 5o 1

* 1 denotes an increase in thermal comfort grade in the afternoon over that in the
morning, i.¢., a change towards the warm end of the scale.
—denotes the opposite, i.c. a change towards the cool end of the scale in the afternoon.
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As the ambient temperature rose in the afternoon the thermal comfort
status tended to deteriorate. Variability was considerable: anything could happen
to thermal comfort when the rise of ambient temperature was less than 1°C Tes
or less than 2°C DBT. It is accordingly difficult to quantify the effect of the after-
noon rise of Tymy upon thermal comfort. General inspection of Tables 4 and 5
suggests a rough approximation: the deterioration in thermal comfort in the after-
noon is likely to be about one grade (e.g. from comfortably warm to warm, or from
comfortable to comfortably warm) when the DBT rises by about 1.5°C in the after-
noon over that in the morning; the deterioration is likely to be two grades (e.g.
from comfortable to warm) for a rise of about 2.5°C; and three grades (e.g. from
comfortable to hot) for about 3.5°C. The corresponding figures for Ter are about
I°C, 1-2°C and 2°C or more, respectively.

It can also be seen that when the afternoon temperature fell below the morning
temperature, as on a cloudy rainy afternoon, thermal comfort status tendsd to
improve. The data are too few to look for further relationships.

Ter does not appear to give a distinctly cleaner prediction of the change
in comfort than does DBT.

3.3 Seasonal-diurnal cffects

The change of ambient temperature (AT) from morning to afternoon which went
with a deterioration in thermal comfort by two or three grades (no greater degree
of deterioration was noficed) is shown in Tables 6 and 7. The data suggest that
in April and May, which are the warmest months, AT is of the order of 2 - 4°C
DBT (Table 6) and 2 - 3°C T.g{(Table 7) while it is of the order of 1°C for the other
less warm, months.

Tanre 6. Seasonal effect in thermal comfort deterioration in the afternoon, in relation to dry
bultb temperature {DBT)

ADBT

afternoon No. of eccasions on which deterioration™ occurred

RS Morning 1978 1979

reading) (oC') Oct  Nov Dec Jan Feb Mar Apr May Jan Jul  Aug  Sep

00— 1 1 B oo rahtosie Lk Oisst

1.0 — - 1

1 Boy o |y e ] = 5

3.0 — i . .

4.0 — e I e
1

t-—M-—si—-
IN[;—

1
i
3 iy
|
5.0 — pr s =
6.0 — —_— — —

* Deterioration by 2 or 3 steps in the 7-point comfort scale.
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Tanre 7. Seasonal effect in afternoon thermal comfort deterioration, in relation to effective
- temperature (Teff).

ATe
(afternoon No. of occasions on which deterioration® occurred
minus morning 1978 1979

reading) (°C) Oct Nov. Dec Jan Feb Mar Apr May Jun Jul  Aug Sep

0.0 — - 1 G m e e
1.0 — A

20— tooneel =
30k o | e
40— N, B s

]

2
2
1

o 3 omeri]
b o
1
| moror |
| =
|
I
o

* by 2 or 3 steps in the 7 - point scale of thermal comfort

T.x showed this in a less clear cut way than DBT did.

4. Discussion

The seasonal variation in temperature recorded during the present study at Perade-
niya was fairly typical of that shown by meteorological records for Kandy. The
mean monthly DBT for Kandy, calculated as a 30-year average for the period
1931-1960, is as follows:- Jan 23.1°C; Feb 23.8°C; Mar 25.2°C; Apr 26.0°C;
May 25.7°C; Jun 24.6°C; Jul 24.1°C; Aug 24.4°C; Sep 23.8°C; Oct 24.8°C;
Nov 23.9°C; Dec 23.2°C. The same patternis shown in the ambient temperature
recordings inthe present study. The correlation between the 12 median valuesin Table 1
and the 12 meteorological monthly values given above was r=-+ 0.92. The absolute
level of the ambient temperature readings in Table 1 is higher than in the meteoro-
logical series because the readings were made at 9.30h while the meteorological
values are averages from daily records of maximum and minimum temperature
readings taken at 8.30h and 17.30h local time.

The results show that there is a seasonal effect on thermal comfort even
in a climate in which the seasonal variation in temperature is relatively small. The
comfort temperature in the warmest month, April, was about 27.5°C DBT, while
in the least warm months, in and around January, it was about 25.3°C. These
figures are practically identical with those for the average ambient DBT. Thus,
as the prevailing ambient temperature rises seasonally, the tolerance level for thermal
comfort also rises. :

The subject is unaware of this seasonal acclimatization. In fact he is aware
of the discomfort of the hot season and the comfort of the cool season. In
Colombo, in April, “the heat in close apartments becomes extreme and every living
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creature flies to the shade from the suffocating glare of mid-day”; in December
“the morning and the afternoon are again enjoyable in the open air™.}® Discomfort
arises when the ambient temperature increases on hot days and in hot afternoons,
or when other factors, such as radiant heat, humidity, stillness of the air, muscular
activity, clothing, and psychological factors including expectations, affect the situ-
ation.

Skin temperature is known to be a prime determinant of thermal comfort
in the sedentary state.'2  Itis possible that the seasonal acclimatization in thermal
comfort is achieved by maintaining the skin temperature at its usual level of about
33°C by compensatory adjustments in skin blood flow and sweat output. Data
are not available to prove this hypothesis.

Diurnal changes in thermal comfort in the tropics usually consist of a deterio-
ration of comfort in the afternoon and an improvement in the night and early mor-
ning. They are associated with corresponding changes in ambient temperature.
The association is, however, not strong enough to enable us to predict the degree
of change in thermal comfort with much certainty, especially in climates where the
diurnal ambient temperature change is relatively small. In Peradeniya, the median
differences in DBT between afternoon and morning, as recorded in 134 pairs of
indoor readings at 9.30h and 14.30h in Oct. 1978 - Sep. 1979, were as follows:
Oct. 0.83°C; Nov. 0.94°C; Dec. 1.28°C; Jan. 2.22°C; Apr. 3.11°C; May 3.83°C;
Jun. 1.50°C; Aug.1.67°C; Sep. 1.39°C. The largest differences were 6.7°C (ona day in
May) and-1.5°C(i.e. afternoon cooler, on a day in June). With morning - afternoon
temperature differences of this order of magnitude during the year, the morning - after-
noon thermal comfort differences could only be broadly related to ambient temperature
change. An increase of DBT by 1°C could be accompanied by a one-, two-, or
three-step deterioration in thermal comfort or a one- or two-step improvement
(Table 4). Presumably other factors such as radiant heat, humidity and air move-
ment affect the result, but these could not be evaluated for their separate contribu-
tions to thermal comfort. Radiant heat did not seem to be an important variable;
globe thermometer readings showed negligible differences from dry bulb thermo-
meter readings, as has been noticed in Singapore too.!!

The diurnal effect is influenced by season. In the warmer season, April
and May, a bigger increase of afternoon temperature than in the less warm months
was required to produce a deterioration in thermal comfort. The physiological
basis for this effect is not known. It is possible that the same mechanism which
produces seasonal acclimatization also produces this seasonal-on-diurnal acclima-
tization, such as a compensatory increase in vasodilatation and sweat output which
preserve the skin temperature at comfort levels over a wider span of increasing
ambient temperature.

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/

202 V. Basnayake

The question of superiority of the effective temperature (Tew) over dry bulb
temperature (DBT) as an indicator of thermal comfort in certain climatic condi-
tions remains controversial.  Tes is an index which was devised in 1920s in order
to take into account not only DBT but also two other atmospheric factors which
affected comfort, viz. humidity and air movement. Furthermore the Ty scale
was meant to give due weightage to the influence upon thermal comfort of even
small changes of humidity and air movement. Later studies showed that the
T scale is generally satisfactory for predicting objective physiclogical strain
(judged by sweat output) in ordinary warm atmospheres.® But as a predictor
of the subjective feeling of thermal comfort in tropical warmth, T.r has failed to
show superiority over ordinary DBT. In climatic chamber experiments in which
sedentary subjects were cxposed to an ambient temperature which rese from an
initial level of 70°F 1o a final level of 120°F in 2.5 h thermal discomfort was found
to be better related to DBT than to Tex®.  In natural outdoor and indoor condi-
tions in Calcutta it has been noticed that Ter is hardly better than DBT for pre-
dicting thermal comiort.” In Singapore, however, T.sr was found o be a betler
index than DBT for predicting thermal comfort indoors.® In the present study
T.s was found to be no better than DBT in demonstrating diurnal and seasonal
effects upon thermal comfort. Perhaps Ter would outclass DBT in conditions
where air movement is considerable, Natural outdoor air movement in equatorial
climates is often small, and it is still less indoors during daytime.™ The mean
speed in the 170 readings made at 9.30h was 0.16 m/s SD 0.094 m/s (32 ft/min.
SD 18.5 ft/min). As to the influence of humidity, the effective temperature scale
assumes that thermal comfort improves when relative humidity falls. It is gues-
tionable whether this is so lor peoples living in humid climates. It may be worth
exploring whether it is the other way around for them, i.¢. whether relative humidity
may contribute to thermal comfort. When ambient temperature is rising, dis-
comfort sets in slowly in highly humid air and abruptly in moderately humid air.®
Effective temperature could therefore be a poorer indicator of thermal comfort
than is the dry bulb temperature on days when the diurnal swing in relative humi-
dity is large. The average relative humidity in Sri Lanka is about 80 per cent and
the daily variation is small, e.g. a relative humidity of 759%, by day and 907 by
night. But in the warm season the aflernoon relative humidity in Peradeniya
often falls to 30%, or even 409, and this is accompanied by thermal discomfort
which has a ‘dry heat’ quality. Wet bulb temperature (WBT), which falls below
DBT as the humidity falls, was a poor indicator of thermal comfori.

The ‘equatorial comfort index ‘ECI’,' which is an adaptation of the effec-
tive temperature scale for equatorial climates, could not be systematically used
in the present work because its lower limit of 75°F was above the level of many
of the readings for ambient temperature, especially wet bulb readings. TFor such
ECI readings as could be taken in the present work, the same patterns of seasonal
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acclimatization were visible as with DBT and Tey. There were slight indications
that ECI might be a better predictor of afternoon thermal discomfort.
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Photooxidation of Water by Ferric Hexathiocyanate
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Abstract: Ferric hexathiocyanate ion is found to oxidize water on irradiation with
visible and near U.V. light (quantum yield ~. 0.2%). Reaction rates are measured
and a simple theory is presented to explain the results.

1. Introduction

In recent years the studies on photodissociation of water has received great deal
of attention.1,8 The methods proposed for the achievement of these oxidation
reduction processes fall into three main categories - photoelectrochemical cells 2,3
semiconductor powder suspensions?,10and redox systems with stable sensitizers.4,8
Regenerative systems of the third type with stable inorganic sensitizers seems to be
one of the most promising methods for conversion and storage of solar energy.®
In this work we report our observations on oxidation of water by visible and near
U.V. light (L < 360 nm) in presence of the ferric hexathiocyanate (FH) ion.

2. Experimental

Ferric chloride solution (~0.01 mol dm-3) s centrifuged to remove the ferric hydroxide
suspension and the Fet concentration is determined. Aqueous KCNS is mixed
with the above until the resulting solution is 1.0 x 10-4 mol dm-3 in Fe3+ and
0.0 mol dm-% in KCNS. The pH is adjusted by addition of HCl maintaining
these concentrations. Photolysis is carried out in a rectangular glass cell
(7.5 cm x 6 cm x 3 cm) using a medium pressure mercury lamp (100W). Experi-
ments are also carried out in direct sunlight. Inallcases U.V light is L. S 360 nm
filtered off with pyrex glass sheets and the intensity is estimated using a calibrated
thermopile. The time variation of the concentration of FH under constant irradi-
ation is determined by colorimetry. To remove photogenerated O,, the solution
is kept purged with oxygen free Ny. The oxygen entry from the atmosphere is
completely prevented. Absorption spectra and molar extinction coefficients are
measured using the Unicamp Sp 500 Series II spectrophotometer.

3. Resulis

A plot of C/C, (C,, C = concentrations of FH at time t = 0,t) is indicated in
Figure 1. There is no evidence for an equilibrium, the reaction proceeds in the forward
direction until all ferric ions are reduced. Again it is found that the plots of
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In (C/C,) vs t are linear (Figure 2) with slopes independent of temperature and the
concentration of KCNS but directly proportional to[OH"] and the irradiation inten-
sity. The reaction occurs when A S 550 nm, this corresponds to absorption region
of the FH ion (Figure 3). Ata given intensity of illumination (4, 360 - 550 nm) there
is a tendency for the slopes to decrease with the increase of wave length. Unfortu-
nately we did not have facilities to investigate the wave length dependence of the
reaction rate.

4. Theory and Discussion

Experimental results indicate that the reaction obeys simple apparently unimole-
cular kinetics. It is possible to give a simple theory to explain these observations.
The photoactive species in the solution is FH ion generated via,

Fe3t 4 6CNS™ == Fe (CNS)3™ (1)
6
We assume that the primary photochemical act is the formation of excited ions
hv
Fe (CNS)BE~ 22 Fe*(CNS)3™ (2
6 6

and these participate in the oxidation process

Fe(CNS)3~ 4+ OH™ — Fe** 4 6CNS 4+ OH (3)
& ;
¥
O,
The step (3) can be written in other equivalent ways (CNS™ does not complex
with Fe?+). Since the rate of (3) is proportional to (FH*)(OH™) and (FH*) in turn
is proportional [FH] via (2) have,

dCjdt = -keC . ()
o Kk gV

where ¢ = [OH], which remains nearly constant and 7 = (ke)-'. The rate cons-
tant k is proportional to the number of photons absorbed per ion and if the reaction
is carried out in a cell of volume V, cross sectional area A and length 1

k = IAy

(%)
C¥

where 1 — einsteins absorbed per sec from light passing through unit area of the
cell and 7 = a constant which is a measure of the quantum yield (quantum yield
per unit concentration of OH7). From Beer-Lambert law,

I= 1L~ 2 1N x= gol (&)
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0.8 -

0.6

Figure 1 — Plot of C/C, vs t (pH — 1.2, irradiation intensity = 1.5 % 10~? ginsteins cm-2sec-
from a 100 W mercury lamp, & <7 360 nm filtered oil)
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3 — Absorption spectrum of Ferric hexathiocyanate solution (1 cm cell, concentration ~
1 x 10-* mol dm-2).
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faa)

pH

Ficure 4 — Plot of T vs pH.
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where ¢ == extinction coefficient, I, = einsteins incident on front face of the cell
per sec per unit area. From (5) and (6) we get

k = 23031, &7 )

The plot of In = va pH (Figurc 4) is linear in agreement with the theory, the slope
this plot gives 7 = 2.1 x 101¢ mol-1 dm3 for Iy ~ 1.5 x 10-7 einsteins cm-? sec-1,
Thus n[OH-] (pH = 3} ~ 0.23% which is the maximum possible quantum yield
as the pH cannot be increased further. The reason why t is independent of tempe-
rature can be understood. The de-excitation time of FH* is very small compared
to its thermal collision time with OH™. Thus the rate of the reaction cannot depend
on temperature.

5. Conclusion

The system is interesting because of the extremely simple kinetics and the adapta-
bility to accurate measurement of the reaction rates. As the quantum yield is quite
small, the O, evolution rate cannot be directly measured. However, the analysis
of outgoing gases used for purging reveals the presence of O,. The analysis of the
residual solution also proves that oxygen evolution had taken place. The molarity
of KCNS remains constant while ferric is reduced to ferrous, showing that any
other material had not oxidized.

Fe** ions are known to oxidize water on irradiation with U,V light!?
(A4 << 300 nm). In our process which is sensitive to higher wave lengths the active
species is FH ion and there is no evidence that Fe®* participate in the primary photo-
chemical act. The shifting of the equilibrium in (1) towards left by decreasing
the concentration of KCNS does not change the quantum yield of Fe®*,

In principle the system is regenerative, when atmospheric oxygen is allowed
to combine with the reduced product the ferric complex is regenerated with the
release of energy.
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Studies on the Repellency of some Plant Distillates to Adult
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Abstract: The volatile distillates of leaves of Ocimum sanctum, Vitex negundo, Azadi-
rachta indica and Citrus aurantifolia were investigated for repellency to Sitophilus sp.
in the laboratory using a Y-shaped olfactometer. Of the plant distillates tested O. sanc-
tum was found to be the most cffective repellent to Sitophilus sp. The other plant
distillates tested showed repellency of a significantly lesser degree than O. sanctum.
The repellency of the synergistic combination of volatile distillates of O. sanctum
and A. indica was found to be as effective as that of O. sanctum alone. With regard
to the duration of the repellent effect of the steam distillates (crude water extracts)
of the plants tested, it was found that the freshly prepared and 10 day old prepara-
tion of O. sanctum had the same effect. The 20 and 30 day old preparation of
0. sanctum showed significantly lesser repellency than the freshly prepared or 10 day
old preparation of O. sanctum.

1. Introduction

The rice weevil (Sitophilus sp.) is an important pest of rice in some parts of Sri
Lanka.%3 Juriansz® made a preliminary study on the efficacy of essential oils
such as Lime leaf oil as a repellent to Sizophilus. Krishnarajah and Ganesalingam®
have shown that the steam distillates of certain plants repelled Sitotroga cerealella.
The present study was carried out to evaluate the repellency of the extracts of
«certain plants to adult Sitophilus sp.

2. Materials and Methods

Sitophilus culture was maintained on rice in the laboratory. The culture contained
Sitophilus oryzae (L.) and Sitophilus zeamais Mostch. which usually occur together
in storage.3,%

The leaf samples were steam distilled and the distillate was extracted with
ether. The water from the ether extract was removed by anhydrous sodium sul-
phate and the ether was removed under reduced pressure. This volatile extract
was used in Experiments 1 and 2. In Experiment 3 the volatile matter used was
direct steam distillate after separation in a separating funnel (crude water extract).
The leaves of the following plants were used in this study:
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& Ocimum sanctum L. — Madura-tala (S); Tulasi (T)
b. Vitex negundo (L.} — Nikka (8); Nochchi (T)
¢. Azadirachta indica (A. Juss.) — Kohomba (8); Vembu (T)

d. Citrus aurantifolia (Christan) Swingle — Dehi (8); Elumichai (T)

The repellency of the extract was determined using a Y-shaped olfactometer
(Figure 1). A filter paper (1.0 cm x 0.3 cm) moistened with 3 1 of the extract,
was placed in one arm; a filter paper of the same size moistened with 3 f#1 of distilled
water was placed in the other arm as a control. The opening of the arms of the
Y tube was plugged with cotton wool. Ten adult insects of the same age were
introduced into the main arm. The insects moved forwards and subsequently
moved either into the arm containing the repellent or into the other arm. The number
of insects recorded in the arm containing distilled water represented the number
repelled by the extract. This was repeated keeping the extract in the other arm.
Fifteen replicates were taken in each experiment. However some beetles did not
show any response in the experiment while some of them died during the experi-
mental period, and their numbers were not taken into account. The olfactometer
was washed with distilled water and dried and the position of the arms were changed
at every replicate. The whole experiment was carried out in a dark room with ten
watts light kept 60 cm away from the front part of the olfactometer. Preliminary
experiments were conducted in order to confirm that the movement of the beetles
towards either arm was random by introducing the beetles into the main stem of
the olfactometer without test materials in it. Nearly equal number of beetles moved
to either arm when 50 beetles were introduced into the main stem in five replicates.

The experiments were conducted at room temperature 30°C + 2, and R.-H
80% 4 2.

3. Results

When the number of Sitophilus sp.. moving towards the various volatile distillates
such as Q. sanctum, V. negundo, A. indica and C. aurantifolia was compared with
that moving towards distilled water by x? test, it was found that the repellency
of the extracts of these plants differ from one another (P > 59 for each extract).
Anova test applied to the results showed that O. sanctum had a repellency that was
significantly higher than that of other plants tested and the repellency of the distil-
lates of the other plants did not show any significant difference among themselves.
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2cm
FIGURE 1. — ¥ - shaped olfactometer and Syringe (S)

 —
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(F = 3.56; F = 745, P > 5%; L.S.D. = 10.460) (Table 1.)

Tapie 1. The number of Sitophilus sp. moving towards either distilled water or the extract in

olfactometer
Ocimwmn sanctum Azadirachta indica Vitex negundo Citrus aurantifolia
distilled distifled distilled distilled
water Extract water Extract water Extract water Extract
8 2 8 2 6 i 6 0
7 0 6 4 5 4 3 4
6 1 4 3 7 1 3 3
7 0 8 2 5 4 6 2
9 1 7 2 5 4 6 1
8 2 8 2 7 1 3 3
7 1 4 3 5 4 3 4
8 1 7 2 5 4 6 2
8 2 6 4 5 3 6 0
6 1 8 2 6 1 6 1
7 0 4 3 5 4 6 2
7 1 6 4 5 3 6 1
9 1 8 2 7 1 3 3
7 0 7 2 6 1 3 4
6 1 6 3 5 4 5 2
Total 110 14 97 40 84 40 71 32

0. sanctum > V. negundo A A. indica A C. aurantifolia.

When the number of Sitophilus sp. moving away from the synergistic distil-
late of O. sanctum and A. indica was compared to that moving away from O.
sanctum and A. indica individually using x? test and Anova test, it was found that
the distillates of O. sanctum arc as effective as the synergistic combination of O.
sanctum and A. indica and is more effective than A. indica alone.

(F = 242; f = 36.49; P> 5% LSD. = 7.24) (Table 2).

Tapie 2. The number of Sitophilus sp. moving towards either distilled water or the synergistic
combination of Q. sanctum and A. indica, O. sanctum and A. indica separately in an olfactometer

Qcirnum sanctur

ok
Azadirachta indica Ocimum sanctum Azadirachta indica
Distilled Distilled Distilled
Water Extract water Extract water Extract
7 0 6 3 6 3
i 1 7 1 4 2
8 1 9 4] 4 3
5 1 8 0 € 3
(Contd.y
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(Table 2 Continued)

Ocimim sanctum

Azadirjz_chm indica Ceimum sanctum Azadirachta indica
Distilted Distilled Distilled
Water Extract water Extract water Extract
6 1 7 2 6 2
8 I 8 1 4 5
6 i 6 1 6 !
5 1 6 0 5 4
6 i G 3 4 5
7 1 6 0 4 3
5 I 6 1 4 2
8 1 7 2 5 4
7 ! 6 0 4 2
8§ 1 7 2 4 3
7 1 8 [ 4 5
Total 100 14 103 17 70 47

Q. sanctum /N O. sancium + A. indica > A. indica

With regard to the duration of the repelling effect of the distillates of the
plant extract (crude water extract) of plantstested, when the mean percentages of the
number of Sitophilus sp. moving away from the distillate was compared in respect
to age of the plant extracts by Anova test, it was found that the freshly prepared
and ten day old extracts of O. sanctum had the same effect. However, 20 and 30
day old distillates of the O. sanctum showed significantly less repellency than the
freshly prepared or ten day extracts of . sanctum. Similarly the freshly pre-
pared, 10, 20 and 30 day old extracts of the other plants used in the experiment
also showced a significantly lower repellency than the freshly prepared or ten day
old extracts of O. sanctun.

(F = 15239, F = 11.92; P > 5%; L.S.D. = 9.118) (Table 3).

TasLe 3. Effect of time on the repelling effect of the plant extracts (Crude water extracts) to
Sitophilus sp.

Time Mean percentage of Sitophilus sp. moving away from the extracis
Ocimum Vitex Azadirachta Citrus

Sanctim negundo indica aurantifolia
0 day 91.705 68.819 71.094 64,920
10 days 74.954 60,928 63.906 52.687
20 days 67.873 54.0 67.620 55.716
30 days 67.150 58.453 52.381 52.064

0. sanctum (fresh) A O. sanctum (10 day) > O. sanctum (20 - 30 day).
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4. Discussion

Juriansz® observed repulsion of Sitephilus to lime leaf oil. A comparative study
of repulsion of Sitephilus to various plant extracts was made in this investigation,
and it was found that the extract of O. sancturn was the most effective repellent
used to the rice weevil. It has been recorded however, that Vitex negundo is
the most effective repellent to Sitetroga cerealella.® The plant extract of Azadi-
rachta indica was reported to be an effective repellent to Sitotroga cerealellal!
The products of some plants, treated or untreated, are vseful asinsect repellents.
However, it appears that the repellent for one pest species may not be effective for
another. The extraction of plant products without loss of their essential oils will
be of great value in selecting the appropriate repellent to sach pest.

It has been recorded that the effect of two repellents was greater than the
repellency of the individual plant extracts.™2  However, in this study the syner-
gistic mixture of O. sanctum and A. indica seems to be as effective as 0. sanctum
when used singly, and is more effective than A. indica.

In this study it was found that in the case of all plants used the freshly pre-
pared extract was as effective as the 10 day old, while preparations which were
older became progressively less effective with increasing age.
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Mercuric Iodide - Photocorrosion Resistant Semiconductor
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(Date of acceptance: 27 November 1984)

Abstract: n - Mercuric Todide with layer cryvstal structure is found to resist photo-
corrosion when used as the anode in photoslectrochemical cells.

1. Introduction

In recent literature, a great deal of attention is given to photoclectrochemical cells
as promising devices for conversion andfor storage of solar energy.4? The ad-
vantages of these systems is that the insensitivity of the photoresponse to defects
and impurities in the semiconductor - polycrystalline and amorphous materials give
results comparable to single crystal slices.*'* However, they are plagued with
photocorrosion. Most semiconductors show a noticeable rate of photocorrosion
even if best possible redox electrolytes are used.®” Recently it has been found
that semiconducting materials with layered crystal structure (e.g. MoS,, WSe,)
‘strongly resist photocorrosion.’  In this note we report our observations on
‘photocorrosion resistance of red mercuric iodide which is known to have a layered
crystal structure.™

2. Experimental

Red Hgly, (a) has a layer structure with Hgl*, tetrahedra linked the
vertices."* The a- phase is stable up to 400° K.** Above this temperature, the
yellow Hgl, (B) is more stable. Red Hgl, behaves as a n - type semiconductor
of band gap 2.37 ¢V.2!% In all experiments analytical grade (BDH brand) Hgl, is
‘used. Hgly made by double decomposition of mercuric chloride with potassium.
iodide gives identical results.

The photoanode is made by depositing Hgl, on a platinum foil by vacuum
sublimation at ~ 423°K. The yellow form which is deposited reverts to the red
a-phase few minutes after cooling to the room temperature. The counterclectrode
used is a Pt foil and the electrolyte is O.1 mol dm? sclution of sodium sulphate.
The time development (cathode illuminated at ~ 40 Wm* from a mercury lamp)
of the open circuit voltage Voo and the short circuit current density (Ji) is given
in Figure 1. Vo and Js remain practically constant demonstrating the photo-
stability ol Hgl,.

3. Results

Oxygen evolution can be seen at the photoanode. In the presence of atmos-
pheric oxygen the cell operates in the photogalvanic mode where O, reduction instead
of Hj, evolution takes place at the cathode. When the electrolyte is purged with
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N,, H, evolution is seen only when the cell is externally biased. This indicates
that H,O/H, redox encrgy level is lying above the conduction band.®

The diffuse refiectance spectrum of polycrystalline Hgl, powder (measured)
with a Unicamp Series IT (Spectrophotometer) is shown in Figure 2. Itis intercsting
1o note the strong and almost constant absorption peak starting at ~ 600 nm.
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Effect of Chemical Treatments and Incorporation of Organic
Matter on the Pathogenicity and Survival of Pseudomonas
solanagcearum (Smith) in Soil

J. M. R. S. BANDARA
Department of dgricultural Biology, Facully of Agticultare, University of Peradeniya, Peradeniya,
Sri Lanka

(Date of receipt; 13 fune 1983)
(Date of acceptance: 10 December [984)

Abstract: All solanaceous crops cultivated in Sri Lanka except chilli cv. MI | were
found to be susceptible to biotype 3 of Pseudomonas solanacearum. Bacterium was
also proven pathogenic to some of the improved cultivars of AVRDC tomato selec-
tions. Organic manure (chicken manure, cowdung, and Gliricidia leaves) when
incorporated into inoculated soil significant increase in number of propagules of
P. solanacearum and severity of wilt disease in subsequent tomato cv. marglobe
were observed in contrast to chemical treatments (lime, acetic acid, Benomy! and
Captan}, Significant reduction of bacterial population and disease severity was
seen in Captan and Benomyl treated soil onlv. Organic manure treatments stimu-
lated growth of both P. solanacearum and other saprophytic bacteria. The ratio
of P. solanacearum to other bacteria showed a direct relationship to percentage wilt
in a subsequent tomato crop.

1. Introduction

The bacterial wilt caused by Pseudomonas solanacearum E.F. Smith is one of the
major constraints in the production of solanaceous crops. Bacterium survives in
soils for varying periods of time even in the absence of the host.® The ability of
the primary inoculum to survive during the non-crop period is therefore one of the
important aspects to be considered in disease control. Survival of the pathogen
may depend on the genetic and environmental factors it is subjected to. An attempt
has been made to simulate a control practice based on the survival of P. selana-
cegruym in soil under control conditions.

2. Materials and Methods

Highly virulent isolate of Pseudomonas solanacearumn E.F. Smith biotype 3 sensu
Hayward was used throughout these experiments. Pathogen was isolated from
potato and its pathogenicity to potato plants was confirmed by stem and soil inocu-
lation.

The nutrient medium used for the isolation of the bacterium and its routine
culture was glucose peptone agar (Glucose 5.0 g, Peptone 5.0g, Yeast extract 2.0 g,
KHPO, 0.2 g, MgS0,.7TH,0 0.2 g, CaCO; 0.1 g, Agar 18.0 g in 1 litre of distilled
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water). Virulence of the isolates were maintained by passing the cultures at least
once in 6 weeks through tomato (Lycopersicon esculentuni Mill) cv. marglobe. Cul-
tures in agar or as suspensions in sterile distilled water were maintained at 214+1°C
in Precision low temperature incubators.

2.1 Pathogenicity tests

Pathogenicity of the bacterial isolates were confirmed by re-inoculating tomato
plants. Five weeks old tomato cv. Marglobe plants raised in sterile soil were stem
inoculated with the bacterial suspension containing 108 cells/ml. Bacterial suspen-
sion was prepared with 48 h cultures grown in glucose peptone agar. Three, 10¢1
drops of the suspension were placed on the axil of the third leaf from the top and

the stem was then pricked with a syringe needle (gauge 25) through the inoculum
drop.

Inoculated plants were placed in a green house (24°C night 28 - 33°C day).
Plants were observed for the wilt and yellowing after three days from inoculation.

2.2 Evaluation of control measures

Cultivars of popular solanaceous crops were screened for resistance to P. solana-
cearun infection. Plants were inoculated either directly by stem inoculation or by
transplanting into soil inoculated with P. solanacearum. Tn the latter to each plastic
pot (diameter 15.5 cm) filled with 1.3 kg of sand loam soil (about 550 ml), 25 ml
of P. solanacearum suspension 108 cells/m] was added. Soils were mixed thoroughly
and left in the green house for three days before transplanting the test plants. Host
plants used were tomato (Lycopersicon esculentum Mill.y cv. Marglobe, Katugastota
selection and cvs. AVRDC selection No. CL 141.0.10.3, CL 113.2.4, CL 1561.6.0.
22.4, CL 1591.5.0.1.6, CL 1591.5.0.1.7, CL 1094, F,-57, CL 11d4.0.12.1, L1 and
L 387. Egg plant (Solanum melongenae) cv. SM 164, Chilli (Capsicum annuum).
ev. MI 1, (Capsicum annuum var. grossum) cv. CA 8, Potato (Solanum tuberosum).

2.3 Chemical and cultural methods

A sand loam soil collected from virgin land under a thick cover of grass near
Meewatura research station of the Faculty of Agriculture was used. The physical
analysis of soil reveals the following mechanical composition. Sand 75.40%,
silt 10.32%, clay 14.329 and C = 3.05%. The soil was passed through a 2 mm
sieve (End Cott. Ltd., London) prior to inoculation with P. selanacearum. Soil
was inoculated as described above.

Inoculated pots were left in the green house for five days before transplanting
five tomato cv. Marglobe seedlings raised in moist heat sterilized soil. One month
after transplanting dead plant material was incorporated back into soil to develop
“sick” soil. Pots were later emptied and the soil was mixed thoroughly before
refilling the pots with “sick soil’” for experimentation.
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The pot trial consists of eight treatments. Each treatment was replicated
five times. To each plastic pot (diameter 15.5 cm) 1.3 kg of “sick™ soil was added.

In organic manure treatments 26 g of either sun-dried cattle manure, poultry
manure or leaves of Gliricidia macilata was added to each pot. Two fungicides
Captan and Benlate were used in addition to lime and acetic acid as chemical treat-
ments. To each pot either 0.5 g in 100 ml of Captan (a.i. N-trichloro methyl
thio tetrahydrophthalimide), 0.3 g in 100 ml water of Benlate (Dupont, Mcthyl
(I-butylcarbamoyl} benzimidazol -2-ylearbamate or Benomyl), 15 g of CaCG4; or
25 ml of 109 acetic acid was added. Inoculated and uninoculated controls were
used. Five weeks old tomato cv. Marglobe was transplanted as a test plant.
Each treatment was replicated five times and pots were kept in the green house
in completely randomized design.

2.4 Quantitative assessment of micreflora

Population levels of Aspergifius sp., Penicillivm, sp., Pythium, Trichoderma and P.
solanacesrum were estimated.

Five soil samples were taken from cach pot at two weeks interval for 2 months
using a No. 5 cork borer. Samples from all the pots were bulked together to form
a composite sample. These samples were collected in polypropylene wide neck
bottles and mixed by agitating on a Vortex Genie mixer before taking sub samples
for the preparation of soil suspensions. Five sub samples were taken from ecach
compoeite sample using No. 1 cork borer. This soil was used to make soil dilution
10% (w/v) in sterile distilled water.

Population of Aspergillus spp., Trichoderma spp., and other fungi were
estimated by the dilution plate technique using Martin’s medium. One ml
aliquots from the soil dilution (1:104) were pipetted into sterile petri dishes followed
by 10 ml autoclaved Martin’s medium to cach plate and the soil suspension was
mixed thoroughly with melted agar by swirling the freshly poured plates. Plates
were incubated at 25°C in Precision low temperature incubator for 5-7 days and
nuraber of colonies of Aspergilius spp., Penicillium spp., Trichoderma spp. and other
fungi were counted. Different species were identified by the characters described
by Barpett® and Gilman.”

Population of actinomycetes were estimated by procedure adopted by William
and Cross.'” Inoculated plates were incubated for 8 - 10 days at 25°C before
counting the number of actinomycital colonies per plate.

The survival of P. solanacearum in soils under different treatments was studied
by monitoring the population levels at 3 weeks intervals. Selective medium pro-
posed by Karganilla and Buddenhagen® was used for the estimation of the bacterial
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populations. Colony counts as an average of five replicates at 10-* dilution were
recorded. Number of tomato cv. Marglobe plants wilted as percentage was
recorded as estimates of pathogenicity.

3. Results and Discussion

Resulis of the pathogenicity tests showed that all cultivated varieties of Solanacea
except chilli (pepper) cv. MI 1 are susceptible to P. solanacearum infection. Although
initial symptoms of wilt appeared on the 3rd day after axil inoculation in most
susceptible cultivars of the crops tested 1007, wilt was recorded at a very early
stage in commonly cultivated potato variety Arka 1 (Figure 1).

All the improved cultivars of tomato supplied by AVRDC and almost
all other solanaceous crops tested were found to be susceptible to biotype 3 of
P. solanacearum. It was found that 100% of the plants were wilted on the 13th day
after axil inoculation. Since biotype 3 has an island-wide distribution and especially
in tomato growing areas® any attempt to introduce new cultivars without proper
soil sterilization or control measures will not be desirable.

Bacterial wilt thus remains potentially the most serious bacterial disease in
solanaceous crops.

Effect of incorporation of organic manures and chemicals on the fipal disease
severity in tomato plants are summarized in Table 1. There was a significant
reduction in disease severity in Poultry manure treatment in comparison to control,
although it remained at a high % of 40. However all organic manure additions
have increased the disease severity.

Tasre 1. Effect of various soil treatments on the population of Pseudomonas solanacearum, other
bacteria and bacterial wilt of Tomato (Marglobe) plants

P. solanacearum?® Other OBIPS

Treatment pH x 103/g soil bacteria» ratio o wilt
Poultry manure 1.5 113 99.6 10 40
Cowdung 7.9 20,0 98.0 3 25
Glyricidia 7.2 42.3 166.0 4 75
Lime 7.4 7.0 126.0 i8 5
Benlate 73 36 60.3 15 10
Captan 6.5 3.0 35.0 12 0
Acetic acid 3.0 3.0 22,3 7 0
‘Control 6.6 9.8 74.6 8 63
LSD at P = 0.01 8.02 22.6 5.84

0.05 6,05 18.7 5.10

a. Mean of 5 replicates after 9 weeks from treatments.
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Benomyl, Captan and Acetic acid applications to soil have significantly
{P=0.05) reduced the disease level in subsequent tomato crops. It is evident from
Table 1 that pH had little effect in disease development. The literature concerning
the importance of pH however is contradictory.® 1In some respects it appears
that the disease is more severe in soils with moderate to acid pH values (pH 5.0-5.5)
but it also may be severe in alkaline soil with pH 7.0 - 7.5.14

Okabe' reported that P. solanacearum reproduces in soils with a pH of 5.0
but that the population decreased with an increase in soil pH. Untreated, inocu-
lated control soil with pH 6.6 produced 65%, wilt compared to Benomyl treated
or lime incorporated soils with pH 7.3 - 7.4 (Table 1). However pH changes due
to organic matter incorporation bad no direct relationship with percentage wilt.
Okabe!? attributed low bacterial population at pH 7.1 - 7.7 to greater activity of
microflora. The pH changes in organic matter incorporated soils are temporary
changes and could be easily reversed to its original pH with time.

Since the selanaceous crops are short age irrigated and are commonly culti-
vated it is vital to know the behaviour of P. solanacearum in a short period of non
crop seasons in the field. Further examinations of treated soil for the survival
of P. solanacearum and the biclogy of other common microorganisms in soil revealed
that addition of organic matter to soil was favourable for the multiplication and
survival P. solanacearum (Figare 2).  Table | shows that the change in population
of other bacteria was similar to that of P, solanacearym. This indicates that various
organic manure used in fomato-vegetable cultivation provide favourable soil
environment for the muliiplication of bacteria and their survival. However, it is
interesting to note the ratio of P. sofanacearim to other bacteria was directly related
to the disease level. This could be due to the saprophytic competition offered
by the non-pathogenic bacteria.

When the microflora was studied it was found that percentage wilt was not
directly related to P. solanacearum in soil but its relative density in soil with respect
to saprophytic bacteria (Table 1). Percentage wilt showed direct relation to other
bacteria/P. solanacearum rtatio (OB/PS) in all treatments except in acetic acid
treated soil (Figure 3). This was probably due to extremely low pH 5.0 toxic effect
of acid treatment that completely inhibited bacterial multiplication. Poultry manure
in soil at pH 7.5 gave a OB/PS ratio 10.  All soils with a OB/PS ratio higher than 10
were suppressive for wilt production.

Gliricidia leaves when incorporated into soil had a boosting effect on the
P. solanacearum population. In almost all organic manure treatments it remains
significantly higher than control even after 9 weeks. Although P. solanacearum
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Fiourr 3 — Relationship between (No. of other bacteria/No. of Pseudononas solanacearum OB/PS
ratio and percentage wilt increased in tomato cv. Marglobe.
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numbers in chemical amended soils were reduced, a significant reduction (at P==0.05)
was obtained only in Captan, Acetic acid and Benomyl treatments (Figure 2).
Effect of acetic acid could probably be due to its low pH and toxicity and therefore
not desirable as a control practice.

The behaviour of P. selanacearum population in Captan and Benomyl treat-
ments needs further discussion. Initial increase in bacterial population in Captan
treatment was very prominent (Figure 2). A Captan spray on apple leaves was
reported to increase the relative abundance of bacteria.® Subsequent reduction
in P. solanacearum and severity (%) of wilt could be due to biclogical suppression/
control initiated by the chemical.! They suggested that Captan may stimulate
saprophytic Penicillium Trichorderma, Fusarium, Actinomycetes spp and bacteria.
Captan was reported to be toxic to fungi, bacteria, higher plants and even insects."”
Domsch® observed that it has no cffect on bacteria. Picci'® however noted its
toxic properties on nitrifying and ammonifying bacteria. Rich'® and Dienner
and Carlton* reported that Captan controls Stewarts wilt in Maize (Xanthomonas
stewarti) and bacterial spot of peach respectively.

It is suggested that the reductionin P. solanacearum levels in soil could be
due to Captan initiated biological control probably by actinomycetes or saprophytic
fungi (Figure 4).

However, a gradual decline in P. solanacearurn population was shown in
Benomyl treated scil (Figure 2), which is probably due to to adirect effect on bacteria.
Fassan® stated that Benomyl had direct effect on soil bacteria and might cause shift
in bacterial flora of the soil. It is also known to reduce Rhizobia in soil.**

The numerous matetials and the microbial habitats available in soil to serve
as energy sources provide a range of niches for plant pathogenic bacteria. Most
pathogenic bacteria however could be easily displaced by more efficient nutrient
utilizing saprophytes. Thercfore the control of P. selanacearum may be achieved
by selective stimulation of saprophytic population by the use of Captan or Benomyl
rather than incorporation of organic matter.

Acknowledgements

I wish to express my sincere thanks to Miss S. Randombage for her helpful assistance.
The financial assistance provided by the Natural Resources, Energy and Science
Authority is gratefully acknowledged.

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/

Effect of Chemical Treatments and Incorporation 233

References

Lad

=1

BAker, K. V. & Cook, R. ). (1974). Biological control of Plant Pathogens. 433 p. W. H.
Freeman & Co., San Francsco.

Banpara, J. M. R. S, (1982). Biotype distribution of Vascular wilt pathogen Pseudomonay
solanacearunt in Sri Lanka, J, Natn. Sei, Coun. Svi Lanka. 11 (1), 65-76.

Barnetr, H. L. (1960). IHlustrated genera of imperfect fungi. Burges Publishing Co.,
US.A.

Diener, U, L. & Carcton, C. C. (1960). Dadine - Captan combination controls baeterial
spot of peach. Pl Dis. Reptr, 44, 136-138.

Domsc, K. H. (1968). The effect of soil fungicide 11, Quantitative changes in soil
fora. Z. Pflanzenkranih Pflanzenschutz 66, 451-456.

Fassen, H. G, Van, (1974). Effect of the fungicide Benomyl on some metabolic process
and on number of bacteria in the soil.  Soil Biol. Biochen. 6, 131-133,

GiLman, ). C. (1957). A manual of soil fungi. Iowa State University Press. 450 pp.

Histor, E. C. & Cox, T. W, (1969). Effects of Captan on the nonparasitic microflora
of apple leaves. Trams. Brit. Mycol, Soc. 82: 223.235,

KARAGANILLA, A. IJ. & BUDDENNAGEN, 1. W, (1972). Development of a selective medium
for Pseudomonas solanacearum, Phytopathelogy, 62: 1373-1376.

Kreiman, A, (1953). The bacterial wilt caused by Pseodomonas solanacearum N.C. Agric.
Exp. Sta. Tech, Bull. 99: 194,

Marmin, J, P. (1950). Use of acid, rose bengal and streptomycin in the plate method for
estimating soil fungl. Soil Sei., 69, 215-233.

NarRAYANA, Y. D., RADAKRISHNA, D. & Ray, P. V. (1981).  Current Res., 10 (3) 47-48.

Oxare, N. (1971). Population changes of Psewdonionas solanacearwm and soil micro-
organism in artificially infected natural field soil.  Rev. Plant Protection Res., 4: 105-108.

Park, M. & Frrnanpo, M. (1238).  The relative resistance of some tomato varieties to
bacterial wilt (Bacreriunm solanacearum F. F. Smith), Trop. Agric. (Ceylon) 91: 333-337,

Picer, G. (1956). Effect of Captan on soil microorganisms, Agr. Htal. (Pisa) 56, 376-382.

RicH, 8. (1936). Seed treatments to protect corn seedling against stewarts wilt. Pl Dis,
Reptr. 40, 417-420.

Sosnovosky, G. (1958). The Chemistry of trichloro methane sulphenyl chloride. Chenm.
Rev. 58, 509-540.

WitLiams, 8. T. & Cross, T. (1974). Actinomycetes. p 298-334.  In methods in micro-
biology Vol. 4. ed. by C. Booth. p. 795. Academic press, London.

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. Natn. Sci. Coun, Sri Lanka 1984 12 (2): 235250

Studies on the Extraction of Cerium Ions into Systems Containing
Saponified Coconut Oil and some of the Acylates Present
in Coconut Oil
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(Date of acceptance: 17 December 1984)

Abstract: Among the rare earths, Cerium (Ce) and several of its compounds find
a wide range of industrial applications. Cerium is also that most abundant of the rare-
earth elements, being found in several minerals (e.g. monazite) in high proportions,
It is generally extracted from fractions obtained in the processing of these minerals.
Potassium stearate has been used as one of the exiracting agents for Ce {IV). In
this study, the feasibility of extracting cerium both as Ce (IV) and Ce (1D, by precipita-
tion with sodium and potassium salts for stearic, laurie, palmitic, capric, oleic acids;
mixture of these acids and saponified coconut oil was investigated. The main objec-
tive was to study the extractibility of Ce (IIT) and Ce (IV) in coconut oil saponified
by sodium hydroxide (NaOH); because both coconut oil and sodium hydroxide are
available in 8ri Lanka, and the method if successful could be economically used ona
large scale, The extractibilities of Ce (III) and Ce (IV) ions were determined on a
quantitative basis, by their conversion into acylates in each of the above systems
over a range of pH values. The results showed that (a) the extent of extraction of
Ce (IT) and Ce {IV) are reasonably high in the saponified coconut oil, (b) Ce (IV) is
best extracted with sodium salts and Ce (I1I) with potassium salts at a pHvalue around
5, (¢) more than 657 of Ce (I11) can be cxtracted by sodium salts in the pH range of
3.5-6.8 under carefully controlled conditions. Therefore coconut oil saponified by
sodium hydroxide can be considered as a promising extracting medium for Ce (IV)
ions especially, while the oil saponified by hydroxides of both sodium and potassium is
promising for the exiraction of Ce (111) ions.

1. Iniroduction

Triacylates of lanthanum (IIT) and cerium (III) have been quantitatively precipi-
tated by the reaction of their nitrates or chlorides with an excess of sodium soap
in aqueous solution.®® A similar study of lanthanum (IIT) and cerium (T1X)
chloride using palmitic acid at different molar ratios in benzene, where mono-, di-
and tri-palmitates have been isolated, have been reported.® Stearic acid has also
been used as an extracting reagent5, for the separation of metallic ions. This
extracting reagent has been used to separate cerium from a mixture of rare-earth
oxides.®

In view of these results and also considering the importance of cerium and
its compounds in the context of their industrial application it was considered rele
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vant to study the extractibility of cerium ions by the above-mentioned pure acid
soaps and coconut oil soap, at different pH values. A preliminary study using
pure fatty acids was necessary in order to understand, by means of the metal com-
plexes formed, the extent of cerium precipitated in the coconut oil soap system,
since coconut oil consists of a mixture of fatty acid glycerides and has the following
approximate composition.®

1.1 Studies on the extraction of Cerium ions
The w/w percentages are given within brackets

1.1.1. Saturated faity acids

caprylic C;H,;COOH (9.57)) capric  CgH;,COOH (7.2%)
lauric C11Hy3COOH (47.3%) nyristic  Cy3HgyCOOH (16.6%)
palmitic Cy5H3, COOH (7.8 stearic  Cy7H,;COOH (4.2%)

1.1.2.  Unsaturated futty acids
oleic C7;H33COOH (4.7%) linoleic C,7H4,COOH (2.1%)

Each extracting reagent was in the form of its potassium or sodium salt and
the cerium was in the form Ce (IT1) or Ce (1V) as sulphate.

Extraction of cerium into a coconut oil system is of special significance
since this method could be utilized to extract cerium from monazite at an inter-
mediate state in the chemical processing of monazite sand.?

2. Experimental
2.1 General

Aqueous solutions of potassium and sodium soaps were prepared separately and
solutions of cerium ions were added separately to these solutions. The pH
values of the mixtures were adjusted using a pH meter (Corning Model 5) to be
in the range 1 to 10. These mixtures were kept overnight and the resulting preci-
pitates were separated. The whole of cerium extracted by the soap was regene-
rated as sulphate from the precipitate by heating with dilute sulphuric acid, and
separating the free fatty acid. A similar procedure was followed in the case of
saponified coconut oil, it was observed that the amount of cerium extracted was
highly dependent on the pH of the solution.

Several quantitative methods are available for the determipation of cerium
as Ce (IV). Therefore in order to determine Ce (IIT) by the above-mentioned proce-
dure; it was oxidised to Ce (IV) using sodium bismuthate (NaBiOjg), Ce (III) ions
in solution tested for various stages by adding H,0, and ammonium hydrate which
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gave a yellowish brown cerium perhydroxy precipitate. Cerium was quantitatively
determined as Ce (IV) by titrating with ferrous ammonium sulphate, according to
the equation:

Cet+ + Fe?t — (e3+ | Fedt

Three indicators were tried out separately in the determination of Ce (IV)
and these were (1) ferroin (2) benzidine/acetic acid (3) N-phenyl anthranilic acid.
The most satisfactory one was found to be ferroin which therefore was used for
all the determinations.

2.2 Exiraction of cerium with free acid soap solution
(i) Preparation of soap solution

Pure acid (8 g) in water (100 ml) was heated to above the melting point (i.e. below
373°K) of the acid and the base MOH (3 g) in water was added to it. The mixture
was heated to 373°K; and maintained at this temperature for 2-3 hours, cooled
and diluted to make up one litre.

(il} Preparation of the acetylates of cerium

0.01 M Ce (III) (S ml) and 0.01 M Ce (IV) (5 ml) were added separately to carboxylate
solution {100 ml) of sodium or potassium (0.028 M - 0.040 M), This was the amount
of carboxylate solution required for the complete removal of the yellow colour
of Ce (IV) ions in the solution. Further 10 ml of the carboxylate solution was then
added to ensure an excess. Except in the case of lauric, capric and oleic acid systems
in others a white precipitate was obtained. The pH of each solution was adjusted
to have specified values in the range 1 to 10 wusing dilute H,80,. The mixture
was shaken thoroughly and left overnight. The precipitate was filtered and washed
several times with water and dried. The cerium ions remaining in the agueous
filtrate were determined using ferroin as indicator.

{(iif)  Exiraction of Ce (1) and Ce (IV) from the complex

The precipitate obtained in (i) was decomposed by heating with dilute HyS0,
(50 ml) to just above the melting point of the free acid. When allowed to cool,
most fatty acids separated as solids. In cases where the fatty acid was a liguid
at room temperature, ice-salt mixtures were used to freeze the fatty acid leaving
the Ce (1II) and Ce (IV) ions in the dilute H,30, solution. The solid fatty acids
were separated by filtration, and were washed with two 10 ml portions of hot dilute
H,S0;.  All these filtrates were combined and these contained Ce (III) or Ce (IV)
ions.
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(iv) The determinaton of the Ce (IIl) and Ce (IV) in the filtrate from (iii) above

The filtrate was directly titrated with 0.0025 M ferrous ammonium sulphate. In the
case of cerium in Ce (I1I) filirates were estimated after oxidising with sodium bismu-
thates in dilute H,S0O, in the presence of a small quantity of ammonium sulphate.
The resulting solution was filtered and the Ce (IV) ions present were determined
using ferroin as the indicator.

This procedure was repeated by varying the pH wvalues in the range | to 10
for the following component groups:

The equation for the reaction is
RCOOH -+ MOH = RCOOM + H,0 (M = Na or K)

2.3 Exiraction of cerium with coconut oil soap solutions

(i) Saponification of coconut oil

MOH (M = Na or K) (15 g) in water (100 ml) was added slowly with continuous
stirring (magnetic stirrer was used) to coconut oil (100 ml = 92 g approximately)
heated to 373°K. This mixture was heated for a further 3 hours in the case of
M = Na, and one hour in the case of M=K, and allowed to cool. Salt water
(500 ml) was added to precipitate the soap from glycerol. The solid soap obtained
was dissolved in water and made up to one lifre.

(ii) Preparation of the cerium complex with the soap solution

0.01 M cerium (I1I) and cerium (IV) sulphate solutions (5 ml) were added separately
into the soap solution (125 ml) prepared as in 2.3 (i). The solutions were cooled
in a freezing mixture to a temperature below 278°K, and the pH adjusted as required
to lie between 1 and 10. The mixture was left overnight and cooled rapidly in a
freezing mixture, then the precipitates were filtered and washed in pre-chilled water.
The filtrates were tested for Ce (IV)ions using ferroin indicator. These were found
to contain only very small amounts of cerium. Cerium contained in the precipi-
tate was extracted into dilute HoSO, (50 ml). The free oil was re-extracted twice
with 10 ml portions of hot dilute Hy 8Oy, (10 ml). In each case the oil was removed
by solidifying it in a freczing mixture. The amount of cerium present in the fotal
extract was determined by the method as described in 2.1.

3. Results and Discussion
3.1 Stearic acid system — Figures 1 (i) and 1 (ii)

From the results obfained it can be seen that both potassiﬁm and sodium soaps
have comparable extractibilities with maximum values of 84% at pH 4.5 and 91}
at pH 4.0 respectively for Ce (I11).
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The extractibility of Ce (IV) is much less, the maximum values in this case

being 17% at pH 3.6 and 30% at pH 40 by potassium and sodium soaps respec-
tively.

The extracubﬂlty of Ce (TII) into potassium soap begins at pH 3.0 increases
sharply to a maximum and then decreases gradually while the’ cxtractlblhty into
sodium soap begins at pH 1.0, increases to a maximum and. decreascs thereafter
throughout the range, the variation being more uniform. Extracﬁbﬂrty of 609, i3
obtained for both potassium stearate and sodium stearate in the pH rangcs 4.0-6.3
and 2.1-6.5 respectively. ' .

The extractibility curve for Ce (IV) with potassium soap increases gradually
from pH 1.0 to the maximum and then decreases uniformly while the extractibility
into sodium soap begins at pH 2.0 increascs to the maximum faster than in the case
of potassium salt and then decreases slowly thereafter. Extractibility of 1079
is observed in the pH range 2.3-4.4 with the potassium stearate and 209 in the pH
range of 2.2- 6.0 with the sodium stearate.

3.2 Laurlc amd system — Figures 2 (i) and 2 (i)

Potassium and sodium soaps have comparable extractlblhty w1th maximum extrac- :
tion of 86% at pH 4.5 and 91% at pH 4.0 respectively for the Ce (IIL). i

The extractibilities for Ce (IV) arc relatively lower; the maximum values
being 659 at pH 2.2 and 74%, at pH 3.0 for the potassium laurate and sodium
laurate respectively.

The extractibility of Ce (11I) into the potassium salt begins at pH 3.0, increases
rapidly to a maximum and decreases less rapidly to about 287 at pH 6.0 while the
extractibility into the sodium laurate begins at pH 2. 0, increases to about 50%
at pH 6.0. The two curves for Ce (II1) exhibit similar behavioural patterns.

The extractibility of Ce (IV) into the potassium laurate begins at pH 1.0,
increases to the maximum and decreases less rapidly reaching about 9% at pH
6.0, while the extractibility into the sodium salt begins around 6% at pH 1.0,
increascs to a maximum and decreases less rapidly as compared to the potassium
salt reaching 6% at pH 6.0. The two extractibility curves for Ce (IV) of the two
salts show apprcmablc dissimilarities notably in the decreasing range. It is clearly
evident that the extractibilities of Ce (III) ions are better than those of Ce (IV) ions
by both potassium and sodium salts.

3.3 Palmitic acid system — Figures 3 (i) and 3 (ii)

Potassium palmitic extracts Ce (IT) ions giving a maximum value of 92% (at pH
4.5) while the sodium palmitate gives only a maximum of 307{ (at pH 4.0). The
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maximum extractibilities of Ce (IV) were much lower by both salts, being 51%
(at pH 3.5) for potassium salt and 249/ (at pH 4.0) for the sodium salt.

The extractibility curves for Ce (ITI) ions for the two salts show some simi-
larities although their ranges of values differ. The potassium palmitate begins
to extract Ce (I1I) ions at pH 3.0, increases rapidly to the maximum and decreases
very slowly reaching about 73% at pH 6.0, and the sodium palmitate begins the
extraction at pH 1.0, rises slowly to the maximum and decreases rapidly thereafter
to a value of 69 at pH 6.0. '

_ The extractibility curves of Ce (IV) ions for the two salts have much less
in common unlike in the case of Ce (ITI) except that both show a maximum. The
potassium palmitate begins to extract Ce (IV) ions at pH 2.0, the extraction reaches
the maximum at pH 3.5 and decreases thereafter less rapidly to reach 16% at pH
6.0, while the sodium palmitate also begins to extract Ce (IV) at pH 2.0. The latter
reaches the maximum at a higher pH of 4.0 and then decreases nearly at the same
rate as in the case of the potassium salt to about 2% cxtraction at pH 6.0.

For both Ce (ITI) and Ce (IV) ions the potassium soap has a better extracti-
bility than the sodium soap. When Ce (TV) acylate is decomposed Ce (TIT) ions
-are regenerated and not Ce (IV) ions. These in turn have to be oxidized to Ce (Iv)
in order to be estimated. The change in the oxidation state of cerium ions provides
a valuable insight as to why Ce (TII) ions are extracted better than Ce (IV)ions into
two salts.  The conversion of Ce (IV)into Ce (ITI) probably occurs during the
formation of the acylate. ;

3.4 Capric acid system — Figures 4 (i) and 4 tii)

The extractibility of Ce (III) ions by the capriates.is lower than for the acylates given
in 3.1 to 3.3. The maximum values for potassium salts is 269 at pH 5.0 and for
sodium salt is 129 at pH 5.5.

The extractibilities of Ce (IV) ions have maxima of 4% at pH 4.0 for the
potassium salt and 3% at pH 3.5 for the sodium salt. The curves for Ce (I1T) show
similarities in that the values are ascending more rapidly than descending with
respect to the change of pH values. The extractibility for potassium capriate lies
entirely in the pH range 3.0-6.0 and that for sodium capriate lies entirely in the
pH range 3.0-7.0 with the zero value at the extremities in both cases.

In the case of Cc (IV) the sodium and potassium salts give extractibility
curves which have almost opposite forms. with respect to each other. The curve
for potassium salt lies in the range pH 2.0-5.0 and shows a rapid descent while that

for sedium salt lies in the range pH 3.0-5.0 and shows a rapid ascent and a slow
-descent. '
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3.5 Oleic acid system — Figures 5 (i) and 5§ (ii)

Since this was the only unsaturated acylate found in coconut oil in appreciable
amounts this was the only system studied. The extractibilities are generally low
for Ce (III); the maximum value is 24% at pH 3.5 for potassium oleate and 15%
at pH 3.5 for sodium oleate. Ce (IV) has a maximum value of 107 at pH 2.0 for
the potassium salt and 12% at pH 3.5 for the sodium salt.

The forms of the extractibility curves of Ce (I1I) for the two acylates are
similar showing a steep ascent up to the maximum and then a gentle descent. The
curve for potassium oleate lies in the pH range 2.0-7.0 while that for the sodium
salt lies in the pH range 3.0-7.0. The curve of Ce (IV) for the potassium salt lies
in the pH range 3.0-6.0 and that for sodium salt lies in the pH range 1.0-6.0. Both
curves have similar shapes with comparable ascending and descending parts. The
low melting point of oleic acid causes difficulties in handling this system.

3.6 Mixture of acids representing coconut oil — Figures 6 (i) and 6 (i)

A synthetic mixture of the acids containing capric, lauric, palmitic, stearic and
oleic acids approximately in the ratio as found in coconut oil (3.1: 20.8: 3.9: 1.0:

2.8 by weight) was used. Moyristic acid could not be used because of its non-
availability.

Potassium acylate showed a greater extractibility of both Ce (IIT) and Ce (IV)
than the sodium acylate. For Ce (IT]) the maximum value with the potassium
soap is 949, at pH 4.5 and that with sodium soap is 877 at pH 4.5. The corres-
ponding maxima for Ce (IV) are 729 at pH 3.5 and 697 at pH 3.5 respectively.

The curves for Ce (ITI) acylates are similar with a much steeper ascent than

descent, whereas in the case of Ce (IV) the ascent and the descent are comparable
for the mixture of acylates.

It is seen that for a given oxidation state of cerium and for a known mixture

of acylates, the variation of the extractibility with pH is almost independent of the
nature of the alkali ion.

The extractibilities in these two acylate mixtures are high and are similar
to those in the pure lauric, stearic and to a small extent palmitic acid systems, although
the percentages of the components differ widely. The effect of the other two low
extractibility components is very small.

3.7 Saponified coconut oil — Figures 7 (i) and 7 (ii)

Saponified coconut oil shows high extractibilities for both Ce (III) and Ce (IV).
The maximum value for Ce (ITI) by potassium soap is 83 % at pH 5.0 and by sodium
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soap is 80% at pH 4.5. The corresponding extractibilities for Ce(IV)are 64% at
pH 4.5 and 72% at pH 5.0 respectively.

The curve shows that more than 309 of Ce (III) can be extracted by potas-
sium soap in the pH range 2.6-6.8 and more than 65 7, by sodium soap in the
pH range 3.5-6.8. Similarly over 509 extraction of Ce (IV) can be affected by the
potassium and sodium soaps in the pH ranges of 3.5-6.2 and 3.5-6.8 respectively.

4. Conclusion

The results show that (a) the extents of extraction of Ce {(IIT) and Ce {1V) are reaso-
nably high in the saponificd coconut oil, (b) Ce(IV) is best extracted with sodium
salts and Ce (IIT) with potassium salts at a pH value around 5, {c) more than 65%
of Ce (III) can be extracted by sodium salts in the pH range of 3.5-6.8 under carefully
controlled conditions. Therefore coconut oil saponified by sodium hydroxide
can be considered as a promising extracting medium for Ce (1V) ions especially,
while the oil saponified by hydroxides of both sodium and potassium is promising
for the extraction of Ce (III) ions. Since the sodium soaps are cheaper than the

potasstum soaps; especially in Sri Lanka, the use of the former is economically
feasible,

There were some experimental difficulties encountered in using coconut
oil as compared to the use of pure fatty acid soaps as indicated below:

() Due to low cfficiency of re-saponificated, coconut oil is difficult to
recycle where as pure fatty acid soaps can be recycled with very little loss (5%).

This is probably due to the strong nature of the combination of cerium-ions with
saponified coconut oil.

(i) pH measurements are somewhat difficult due to the fatty acid being
deposited on the clectrodes.

(ii)) The acylate is very difficult to filter even at the best extracting pH.

We strongly feel with a further amount of extensive and effective research,
these experimental difficulties could be greatly minimized.

The dissimilarity observed in the Figures 6 and 7 may be partly due to the

acylates of myristic, caprylic and linoleic acids were not studied due to their nen-
availability at the time of study.

Even with the above-mentioned experimental difficulties, it could be stated
that a reasonably high extractibility of cerium (III) and cerium (IV)can be achieved
in coconut oil saponified with sodium hydroxide under carefully controlled
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conditions. After the above difficulties are overcome with further research, the
process has to be carried out on a pilot scale and the details of its economics have
to be worked out.

The authors gratefully acknowledge the financial assistance provided by the
Natural Resources, Energy and Science Authority of Sri Lanka for the above
research work. :
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Abstract: Experimenial evidence is presented to show that solid cupric ferricyanide
undergoes a structural fransition when bonded interstitial water is removed. It is
suggested that this transition is caused by a linkage isomerism where the co-ordina-
tion of C lo Fe2+ and N to Cut+ in CN™ is reversed.

1. Introduction

Prussian blue type compounds, i.e. the ferrocyanides and ferricyanides of heavy
metals form a class of crystalline solids with fascinating structure.5'®  They have
face-centred cubic arrangements of metal cations at the corners of vnit cubes linked
by cyanide ions placed along the edges.3,’8 In ferrocvanides the carbon atom
of CN- is co-ordinated to Fe®' and the nitrogen atom is co-ordinated to the other
metal ion. Ferricyanides have the same type of bondings®'® with Fe®t replaced
by Fe**. A remarkable property arising from this structure, is that the unit cells
are unusually larges,’8 (~10A). Consequently, the crystal can accommodate
foreign molecules generally water as interstitial impurities. ,3,8,1% It has been
claimed?® that prussian blue (ferric ferrocyanide, because C is linked to Fe®* as
in the ferrocyanide ion) undergoes a linkage isomeric transition at 400°C to ferrous
ferricyanide where Fe®+ ions are co-ordinated to C and Fe®t ions are co-ordinated
to N. 1In this paper we present cvidence for the existence of a similar but even
more peculiar transition in cupric ferricyanide.

2. Experimental

Cupric ferricyanide prepared by double decomposition of a cupric salt with
potassium ferrocyanide is a greenish yellow powder of stoichometric composition
Cug[Fe(CN)gly.xH,0O (presence of excess Cut™ ions ensurs that double salts
are not formed).

Thermal gravimetric analysis (Figure 1) indicate that x the maximum nuember
of bonded water molecules is 12 (Figure 1). Cupric ferricyanide and other prussian
blue type compounds harbour two kinds of water molecules within the interstices of
those co-ordinated to the mefal ion (Cutt in this case) as well as molecules hydro-
gen bonded to the co-ordinated ones™®. X-ray structural analysis indicate that
generally water molecules do not get bonded to ferro - or ferri - cyanide ions.n®

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/

252

K. Tennakone

80

100

140

Flcm 1 — Thermal gravimetric analysis of Cu. [Fe (CN) 4] xH,O The plot of X v8 T when
heated at constant rate 2°C min-’.
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If the interstitial water in cupric ferricyanide is removed by heating the
substance up to 118°C at atmospheric pressure {Figure 1) or prolonged evacuation
of an enclosure containing the material at an elevated temperature below 118°C,
it changes irreversibly into a different form which is black in colour (addition of
water does not change black form into the green form). The black form has the
same stoichometric composition as the green form and when digested with sodium
hydroxide yield the same amount of sodium ferrocyanide asexpected from an equal
quantity of the green form.

3. Results and Conclusions

The author has noted that a large number of hydrated heavy metal ferri-
cyanides exhibit electronic conduction with neatly the same’ thermal activation
energy (~0.25 ¢V) suggesting that the thermal activation energy of charge carriers
is a property largely determined by the ferrocyanide ions in the lattice, '

Figure 2 gives the plot of log p vs T-* for compressed pellets of cupric
ferrocyanide. It is seen that at 118°C, the thermal activation energy of charge
carriers changes from 0.24 eV a value expected for a ferricyanide to 1.43 ¢V. The
change in activation energy is certainly associated with a structural change as there
is no evidence for decomposition, (cupric ferricyanide undergoes thermal decompo-
sition at 139°C). If the sample is cooled after heating to T= 118°C p continues to
vary with T along the second path (Figure 2). We have also noted that the
transition temperature increases with pressure.

Although we are not in a position to give an unambiguous proof, the most
likely explanation one could give is that the transition from green to the black form
is a linkage isomerism. Since the green form has resulted from neutralization
of Cu** and Fe(CN)* ions, the linkage along the edges of unit cubes should
be Fet++ - ON - Cut+. The bonded water molecules located near Cu™*
influence the ligand field stabilization energy as they act as a medium of high die-
lectric constant that screens the electric field. When water is removed the co-ordi-
nation Fet+* - CN - Cu'* become energetically more favourable. The
interesting feature is that there is no unique transition temperature. In a wide
range of temperatures the transition occurs if water is removed. It is known that
ferrous chromocyanide (brick red) undergoes a linkage transition to chromium
ferrocyanide (green) at 100°C.9 Here there is a well defined transition temperature,
the ligand field stabilization favours strong field C - linkage to Cr {1II). The present
example clearly shows the influence of bonded water on ligand field stabilization.
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Abstract; The gemstones of Sri Lanka with the exception of mocnstones, soms
tourmaline, and garnets which have been found in site, are all obtained from old
alluvial deposits.  Although the occurrence of gems in their rock-matrix is rare, there
is no doubt that they are associated with some form of intrusive material and most
probably originated in material of pegmatitic nature. The succession of formations
observed in alluvial gem fields varics much in character according to the materials
and the circumstances under which they are deposited. Perhaps nowhere in the
world are so many minerals of the gem variety (common and rare) concentrated in
such a comparatively restricted area of mountainous country as in the Sabaragamuwa
Province of Sri Lanka in which Ratnapura is the main gem trading centre.

1. Introduction

Sri Lanka has long been renowned for its gems. In the Chronicles, reference is
made to gems being brought from Ceylon to the Court of Solomon. The *Maha-
wansa’ the great historical record of the Island, refers to the singular reputation of
the Island for its gems. Several Greck writers of the first and second centuries
refer to the reputation of Sri Lanka for its precious stones. From about the fourth
century to the eleventh century the Arabs and the Persians exercised a great influence
over the trade of the Island. The Venetian traveller, Marco Polo in the thirteenth
century visited Sri Lanka on his homeward journey from China and in his book
he mentions the gems of the Island. He also records that he found the Moors,
the descendants of the Arabs, in undisputed possession of the gem trade of Sri Lanka.
It is also believed that Sinbad’s Valley of Gems in the Arabian Nights is probably
the Ratnapura gem fields. Sri Lanka has therefore been famous for its gems since
early historic times.

Sri Lanka is a tropical Island and lies 32 km to the east of the southernmost
extremity of Peninsular India. It has an area of 65,600 sq. km and is 432 km
long and 224 km at its greatest breadth. The Tsland may be divided into two main
physiographic divisions:

1. The low lying coastal plain with little relief is traversed by rivers which

have reached their base level of erosion.

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

* Paper read at the 19th International Gemmological Conference - Sri Lanka 1983
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The coastal plain is narrow in the western and southern parts of the Island.
The general level varies fromsea level to about 150 m where some erosion remnants
rise to 300m or more above sea level. The central highlands rise steeply from the
coastal plain and the highest mountain (Pidurutalagala) attains an elevation of
2528 m above sea level.

Sri Lanka lies in the monsoon region of south-cast Asia and it has a humid
tropical climate. The division into a West Zone and Dry Zone which merge in
an Intermediate Zone is one of the most conspicuous geographical features of the
Island. In Figure 1 the rainfall pattern is shown clearly demarcating the Wet and
Dry Zone. The average rainfall varies from below 50 inches (1270 mm) in the
north-west and south-east parts of the lowland zone to over 200 inches (5080 mm)
in the south-west slopes of the central hill country. The mean rainfall for the
Island is 80 inches (2032 mm). In the Wet Zone areca the average mean temperature
varies between 21° and 29°C and in the Dry Zone it may be nearer 32°C. In the
highlands the mean temperature ranges between 15° C and 26°C according to elevation.

The rivers are for the most part radial. The upper reaches are mainly con-
fined to the hill country. The radial pattern is the dominant element in the drainage
pattern in Sri Lanka. A great problem in the Wet Zone is flood control. In the
Dry Zone a seasonal shortage of water is a problem. Very few rivers tise in the
Wet Zone and flow into the Dry Zone. The main population concentration 18 in
the Wet Zone. In the Dry Zone the population is sparse. The population of
Sri Lanka is around 15 million.

The present paper attempts to give a broad picture of the geology, occur-
rence, origin and mining of gems in Sri Lanka. During the course of geological
mapping of the Ratnapura, Rakwana and Balangoda areas (the main gem bearing
areas of Sri Lanka), the author has had the opportunity of examining a large number
of gem pits and was closely associated with the work of many gem-miners in the
region. During this period of 2 to 3 years a considerable amount of useful infor-
mation was gathered on the occurrence of gems. Although this paper is not an
exhaustive treatment of the subject it provides in a convenient form a useful summary
for those interested in the gems of the Island.

2. General Geology

Over 90 per cent of the surface area of the Islandis underlain by Precambrian rocks
consisting of a complex series ol 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
Tsland and Table T is presented to show the general succession of geological forma-
tions and the important mineral deposits of Sri Lanka.
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Froure 4 — Succession of Formations in Gem Pits
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The precambrian crystalline rocks consist essentially of (1) a Highland Series
(2) Vijayan Series and (3) the South - Western Group. The Highland Series is
characterised by metamorphosed sediments and charnockitic rocks. The main rock
types exposed are quartzites, marble (mainly dolomitic limestones), garnet-sillima-
nite - graphite schists, granulites and gneisses of various types including a variety of
charnockitic rocks. The Vijayan Series is mainly composed of granites, gneisses
of various types and migmatites. Athough the South - Western Group is fairly
similar to the Highland Series there are differences between the two units in terms
of both lithology and metamorphic character.  Rock types in this group include
thin quartzites, wollastonite bearing rocks, cordierite bearing gneisses, coarse char-
nockitic rocks and appreciable amounts of chert.

These rocks have been folded into a series of synforms and antiforms, gene-
rally trending in a north-west south-east dircction. A good deal of controversy
still remains about the subdivision of the Sri Lanka Precambrian, what can be
generally agreed however, is that the structures are everywhere complex. In recent
years the boundary between the Highland Series and the eastern Vijayan has been
recognized as a mineralized zone. A number of serpentinite rocks have been located
on this boundary (Figure 2) and the Seruwila copper-magnetite deposit in the
Trincomalee area is also confined to this zone.

The largest development of sedimentary rocks occur in the north-western
coastal belt extending from the Jaffna Peninsula in the north to the south of Puttalam
on the west coast. This formation is of Miocene age and the rock type is a massive
limestone of marine origin which is fossiliferous. Jurassic rocks are limited in
extent and they are exposed in the Tabbowa, Andigama and Pallama areas north
of Chilaw. These sedimentary rocks are composed of sandstone, grits, arkoses
and shales. Similar Jurassic (Gondwana) rocks occur below the Miocene lime-
stone of the Mannar area (Petroleum surveys-drill cores).

Recent formationsinclude a variety of unconsolidated materials (beach sands
and extensive deposits of alluvial clays), coastal sandstone, coral and shell formations.
The Pleistocene deposits include the gem gravels of the Island, red earths and ordi-
nary gravel beds in the western and north-western parts of the Island and the laterite
deposits in the south-western parts of the Island (residual deposits).

3. Distribution and Geological Occurrence of Gems

The main gem bearing area of Sri Lanka which has been known for centuries com-

prises a series of parallel hill ranges separated by longitudinal valleys and situated
in the Sabaragamuwa Province.
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To date, the main gemming fields in the Tsland are confined to this area
which covers nearly 1500 sq. km. The neighbourhood of Avissawella, Ratnapura,
Rakwana and Balangoda has undoubtedly supported the most actively worked
gem pits in the Island for a number of decades. This region has supplied to the
market some high-priced blue sapphires, star sapphires and cat’s cyes. Ratnapura
(city of gems) is the main centre for the gem industry. Outside this area there are
isolated gemming grounds of which Okkampitiva and Elahera are noteworthy.
Other areas, include Nuwara Eliya, Horton Plains, Hatton, Kandy, Matara,
Hambantota, Uda Walawe and many other localities underlain by Precambrian
rocks.

The precious stones of Sri Lanka with the exception of moonstone (Meeti-
yagoda) corundum, and some tourmalines and a few garnets which have been
found in situ are all obtained from old alluvial deposits. They represent the indes-
tructible residual debris brought down from the high ground as products of degra-
dation of the rocks and are found embedded in gravel layers and sand in beds of
ancient rivers, in valley bottoms, beds of abandoned tributaries, alluvial terraces
and in talus accumulations at the foot of hills. All gem minerals are undoubtedly
from the rocks of the country in the vicinity of which they are found provided they
have not been transported for great distances. Figure 3 is presented to show the
distribution of gem bearing gravels in the Island. These are the better known
areas but it is believed that gems have been found in many other parts of the Island
in Precambrian terrain.

The succession of formations observed in the gem ficlds differ according
to the circumstances and the type of material deposited in flood plains, wide flat
bottomed valleys, residual gravel on hill slopes, fan type gravel occurrences at foot
hills and gravel stretches on abandoned hill streams. Gravel formations with gem
material have also been observed in decomposed material overlying concealed
pegmatite dykes. The succession of formations in a typical gem pit may be classi-
fied into three categories: (Figure 4).

(1) Superficial layers of soil either lateritic or peaty overlying sandy and
clayey material. The clayey material is in parts kaolinized. The
thickness of this formation which is virtually the overburden varies
considerably and is in general from | metre to 12 metres thick.

(i) A layer or layers of pay-gravel usually of lenticular shape. This is the
gem bearing gravel. The miner refers to it as the ‘illam’. The illam
layer is from a few ems to about a metre in thickness and may be en-
countered at shallow depths (< 3 metres) or at depths up to 12 metres.

(iii) The next formation is the decomposed rock which is normally kaoli-
nized and micaceous. The decomposed material is termed the ‘Malawa’
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by miners. In pits where more than one ‘illam’ or pay-gravel is struck,
it is the lower ones which are more prolific in gems. All gem pits
should theoretically end work on striking the ‘malawa’ layer or decom-
posed rock.

Apart from their economic value as the carrier of the principal gems the
“illam’ gravels are highly interesting from a petrological and mineralogical point
of view. Once the gems are recovered after washing, the gravels are discarded.
This discarded material is termed ‘Nambuwa’ by the miners and up to recent years
very light coloured corundum (semi transparcat) has been discarded. Corundum
of this nature termed ‘Geuds’ is now heat treated to enhance its blue colour. The
most abundant constituent of gem gravel is quartz in well rounded pebbles. The
gem miner has come to regard these quartz pebbles as an infailible companion of
gemstones in the ficld and is guided in his search for pay-gravel by this criterion.
Besides quartz and the ornamental stones including a variety of rare gem minerals
the gem gravel may also contain grains and crystals of the rare earth minerals -
compounds of thorium, uranium, cerium, yttrium, niobium, titanium, beryllium,
zirconium and others. In regard to gems in the pay-gravel there is a notorious
uncertainty and variation in the content of gems. Some pay-gravel may draw
blanks while pits dug a few metres away may yield very high priced gems.

4, Origin of Gems

No detailed work has been attempted on the origin of gems in Sri Lanka. Adams?
considered that they are the constituents of the associated crystalline rocks.
Katz® states that the Ratnapura-typs gem deposits are derived from cordierite
gneisses and associated rocks. Wadia and Fernando? and Coates® advocated a
pegmatitic origin for some of the gem varieties. Dahanayake® considered that
most of the gem varicties in the Ratnapura and Elehara areas are found associated
with garnetiferous gneisses and skarn-type marble deposits and this confirms the
author’s findings when geological ficld mapping was carried out in the Ratnapura
and Rakwana areas in the mid 1960s.

Zircon from Sri Lanka gem gravel has been dated (560 m. y.). This does
not mean that the gem gravel formed during this period. Deranivagalat studied
a number of fossils embedded in the gem-gravels of the Ratnapura area and his
work indicates a Pleistocene age for the majority of the Ratnapura gem gravels.
Wadia and Fernando? however, mentions that the gem gravels do not all belong
to any one particular age as crosion of the particular rocks of the surrounding arca
proceeded continuously through each succeeding geological age. Although a few
instances are known of raw gem-stones occurring in rocks, there is however,
no doubt regarding the pegmatitic habitat of topaz, tourmaline, beryl, chrysoberyl,
amethyst, sphene and zircon, but only a few gems have been extracted from this
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source. In several Ratnapura fields, gems are found under conditions which point
to their being not far removed from the source of origin, but the deep mantle of
decomposed material in which the rocks are buried precludes their being examined
by pits or trenches. The majority of the rare-carth minerals that are known
have likewise come to light from their association with gem gravels. Their habitats
are also unknown. It is therefore logical to assume that weathering has exposed
deeper parts of the mountain folds of the Island where mineralization has taken
place.  This is the result of millions of years of subaerial weathering of the highly
folded landmass which must have been very different in appearance from what we
scc now. This weathering process in previous geological ages have exposed pegmat-
ite veins and rocks containing a number of minerals of gem quality.  These
outcrops of rock and pegmatite matcrial have been subjected to renewed process
of weathering through countless ages of time and the gradual sorting action of the
water has resulted in the deposition in favourable sites of gem gravel and sands
which have subsequently been sealed by a covering of alluvial deposits as in the
Ratnapura valleys.

5. Gem Mining in Sri Lanka

The mining methods employed although primitive using only manual labour, are
time honoured methods of ancient Sinhalese tradition. They involve little capital
outlay and are quick and efficient. Three methods are used to recover the gems:

1. Placer mining
2. Gemming by pits
3. Gemming of river beds by dredging.

1. When the pay-gravel is in superficial soil deposits within about 2 metres
of the ground surface, the land is worked by open cast mining after
clearing the surface. The material obtained is sorted out and washed
in the usual manner in running water or in improvised sluices.

2. When the overburden is of considerable depth the most common method
Is to sink pits. The size of the pit is normally 3 to 5 metres square,
divided into 2 chambers by a partition, one for working and excavating
the gravel and the other for de-watering the sump. Lateral drifts are
also driven in all directions from the bottom of the shaft in some of the
deeper pits. The gravel is washed in shallow baskets made of rattan
or wicker,

Very few pits use mechanised contrivances, however, in recent years
a high degree of mechanisation has been introduced at the various mines.
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This is the most popular method of gem mining in the Sabaragamuwa
mining area.

3. Gemming in beds of rivers is less common and require the assistance
of experienced dredgers. An obstruction is put up across a stream to
increase the flow of water at a selected spot over its bed. Long handled
showels up to 40 feet or more in length are employed by six to eight
men to dragtheriver bed at a point upstream of the dam till the illam
layer is cxposed after some weeks work. The overburden is carried
away by the agitated water and the coarse sand and gravel (illam) is raked
up and allowed to collect in a low ridge. This partly sorted illam is
then removed from the water in baskets to the bank of the stream and
the usual process of gem washing completed.

The gemming season normally extends from December to May, the drier
part of the year. Under the existing mining law a licence to mine must be obtained
from the State. No prospecting licences are issued for the search for gems. Appli-
cations for lease of gemming rights are on approval granted permits to mine for
gems at an annual fee. Sometimes gemming rights are given after calling for tenders
from applicants, a reserve price or upset premium is (ixed beforehand. Seldom are
gemming rights in Sri Lanka leased on a royalty or rent basis. The actual work of
mining in the property iscarried out on a remarkable system of co-operative sharing,
of labour, expenses and profits. The output of the gem pit is distributed as follows :

Ground rent of owner 20 per cent
Lease or Licence-holder’s share 10 per cent
Financier’s share 35 per cent
Diggers share 35 per cent

Suppliers of the pump and timber may also be given a percentage share.
This system of sharing is unique in a highly uncertain business. Tt has maintained
the gem-cufting industry in a healthy state for centurics and has checked over
production. The system of tenure under which land is held in Sri Lanka makes
mechanical large scale operations unworkable in practice.

All mineral deposits that support mining are a constantly diminishing
asset. This is truc of the gem gravels of Sri Lanka. Exhaustion of gravels at a
number of points is an indication that the Ratnapura gem beds will not be everlasting
and that their extinction is only a question of time. New areas have however been
found. In fact the entire Precambrian of Sri Lanka could be searched for gem
gravel. Table 2 is presented to show the main gem varieties in the gem gravels of
Sri Lanka and Table 3 is a list of the rare gem minerals of the Island as listed by
Zoysa.8
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TABLE 2, Sri Lanka Gem Varieties

Mineral Gem Varieties
Corundum Star Sapphire ruby and star ruby, yellow, Blue, Green, Orange,
Pink and White Sapphire.
Chrysoberyl Alexandrite and Cat’s Eye.
Beryl Agquamarine - Colourless, Pink, Yellow
Topaz Colourless Yellow topaz,
Blue green and rarely red topaz (pale tints)
Tourmaline Black, pink, rose-red, blue, brown, green, varicties.
GARNET Pyrope - deep red to black
Pyrope Almandine - deep crimson, red to violet
Almandine Grosularite - honey yellow to brownish yellow,
Grossularite also known as Hessonite or cinnamon stone
Spinel Spinel - deep red, green, violet
Zircon

Brown, Green, Blue, red, orange, and yellow varieties

Quartz Reck crystal, amethyst, rose, quartz, smoky quarlz, Citrine
(vellow) cat's eye quartz and star quartz

Feldspar Meonstone and amazon stone.

(Afler Herath 1980)

Tasre 3. Occurrence of rare Gem varieties in Sri Lanka

Mineral Star Varieties Cat's Eye types Colour change types

Garmet X
Corundum X
Spinel X

X

|

|

Zircon

Andalusite

Apatite —
Diopside X
Enstatite X
Euclase —
Fibrolite —
Ekanite —
Kornerupine —
Scapolite — X —

| ] >4

M| XXX XX KK
|

[ >

Other rare minerals present include morganite, Axinite, Danburite, Epidot, Iolite, Peridot Sinhalite,
Sphene, Taafleite,

(After Zoysa 1983) X occurs in Sri Lanka
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Gem cutting in Sri Lanka up to recent years was by machines of primitive
construction operated by hand. No mechanical or clectrical appliances were
employed. During the past 5 to 7 years modern and up-to-date machinery has been
introduced to the gem cutting industry and today machinc cut gems of a very high
quality could be obtained in the Island.

With a view to develop the gem industry of Sri Lanka, the State Gem Corpo-
ration was established in November, 1971. The Corporation now handles issue
of permits for gemming, buys cut and uncut gems and all exports of gems from
the Island have to be channelled through the Corporation. A modern gem testing
laboratory with training facilities has been established and the Corporation has
already made a significant contribution towards setting up a sound gem industry
in the Island. In 1971 exports of gems from the Island were valued at
Rupees 3,446,293 and in 1977 the export figures were in the region of
Rupees 500 million and in 1982 exports were around Rupees 600 million. These
figures indicate the increasing confidence owners of gems are beginning to have
in the Corporation.

6. Summary and Conclusions

With the possible exception of Brazil no other country in the world produces such
an abundance and variety of precious and semi-precious stones as Sri Lanka. The
gemstones of the island are mainly obtained from old alluvial deposits and the
main gem-bearing area is confined to the Sabaragamuwa Province ol which Ratna-
pura is the Gem Trading Centre. Gems have however been found throughout
the Precambrian of the Island. The co-operative system of working gem pits is
unique in mining economics. In recent years mechanisation has been introduced
ina number of gem mines and the gem cutting industry has also undergone changes.
Machine cut gems of high quality are now freely available. Figures given for
exports of gems cannot be considered as accurate as large quantities of gems arc
taken out of the country by illicit methods. Illicit mining is also prevalent in most
parts of the Island. This activity has become so common that unconsidered action
could result in a serious environmental problem.

Large scale gem mining operations using modern equipment cannot be
undertaken in Sri Lanka and the present system of mining operations has main-
tained the industry in a healthy state for centuries, and has also checked over pro-
duction. The possibility of expanding the jewellery industry has great promise.
Regional Jewellery Centres could be established with adequate training facilities
and such Centres could be operated by a State agency.
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Abstract: Eighteen types of aquatic Hyphomycete conidia were found in foam samples
collected from rivers and streams,  OF these 11 were identifizd to species level and 4 to
generic level; three were not identified at all. The number and types of conidia were
greater in Sinharaja Forest streams than in rivers and streams flowing through urba-
nized and agricultural arcas.

1. Infroduction

The aquatic Hyphomycetes are a relatively small group of water-in habiting fungi.
Some of these fungi complete their entire life cycle including growth, sporulation,
spore liberation and dispersal below the surface of water, but sonie are amphibious
and may have telomorphs on substrata exposed to air.  Very little was known about
these fungi until Ingold? published his now famous paper on aquatic Hyphomycetes
of decaying alder leaves. Agquatic Hyphomyeetes often grow on submerged, par-
tially decayed leaves and twigs present in fast flowing streams in wooded areas.®

About 200 species of aquatic Hyphomycetes have already been described.
These have been assigned to 60 form gencra. A guide to the identification of the
commonly encountered forms is now available.l! Basically, two sporc shapes
can be seen: the tetraradiate form with four long arms and the sigmoid form with
curvaturc in more than one planc.! These spores are concentrated in a remar-
kable way by air bubbles which under certain conditions collect as persistent foam
and scum often captured behind barriers of twigs and rocks in rivers and streams.
This foam and scum provide an excellent source for collecting aguatic Hyphomy-
cetes, although it is recognised that the spore content of foam may net actually
reflect the spore content of water.'

Agquatic Hyphomycetes were first recorded in Europe. They are now known
to have a worldwide distribution with the possible exception of North and South
poles. Many species are world-wide in distribution, but some are more charac-
teristic of cither the warmer regions or the colder regions of the globe. Some
species such as Lunwlospora curvula and T, riscelophorus monosporus although occur-
ring in temperate colder regions are much more abundant in warmer tropical parts
of the world."

Most fresh water biologists would regard these fungi as insignificant and
unimportant members of the fresh water biota; but it is now known that in many
fresh water habitats they are very abundant.
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No organism with a spore concentration of 10,000/1 in stream water
can be considered as insignificant. The vital role they play as a link in the food
chain between the detritus derived from the dead leaves and many invertebrates
that feed on aquatic Hyphomycetes has become clear mainly as a result of the
studies of Kaushik and Hynes, %® Birlocher and Kendric"** and Berrie.*

Aquatic Hyphomycetes have not been hitherto recorded from Sri Lanka.
This is a preliminary report of some of the observations made in the rivers and
streams mainly in the south-western part of Sri Lanka.

2. Materials and Methods

Samples of foam, scum and decaying submerged tree leaves were collected from
12 streams in the island. Four samples were collected from the stream at Sinharaja
Forest and one sample each from the other sites enlarging the total sampling sites
to 15. These sampling sites are shown in Figure 1.

Foam and scum samples were scooped into clean screw capped bottles.
Within a few minutes foam breaks down and the resulting liquid is fixed by adding
3 - 6 drops of 40%, formalin. It is necessary to fix at once, for otherwise conidia
will germinate when they settle at the bottom. The bottles were brought to the
laboratory, the contents allowed to settle and a drop of the bottom deposit pipetted
onto a slide for microscopic examination.

In addition, decaying submerged leaves (which are dark brown, soft and
beginning to skeletonise) were collected in polythene bags and brought to the labo-
tatory. They were washed in tap water to remove surface and other debris.
Each was then placed in a Petri-dish and covered with distilled water and left
for 1 - 2 days at room temperature (30 -- 2°C) in the dark. The leaf was then
scanned under a binocular microscope for aquatic Hyphomycete conidia and
mycelia.

3. Results

Eighteen types of aquatic Hyphomycete conidia were encountered in the rivers
and streams sampled. Of these 11 were identified to species level and 4 to generic
level. Three types were not identified. The occurrence and the distribution of
different species appear in Table 1. The results show that these aquatic Hypho-
mycetes are particularly abundant in streams flowing through the broad-leaved
natural vegetation of the Sinharaja Forest.
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TasLe 1. Occurrence and distribution of conidia of aquatic Hyphomycete species at 15 sampling

sites. (4 present; — absent)
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3.1 Genera with unbranched elongated conidia
Lunulospora curvula Ingold

Conidia were found in all streams and rivers examined in fairly large numbers.
They are crescent shaped with a conspicuous notch at the point of attachment
(Figure 2A). Conidial development was observed on decaying mango (Mangifera
sp.) and jak (Arrocarpus integrefolia) leaves under laboratory conditions. The
species was reported to be worldwide in distribution.!

Flagellospora sp.

Conidia were found in foam from nine streams including four sites at the Sinharaja
Forest. Conidia are sigmoid in shape and resemble an open S with curvature
in more than one plane (Figure 2B). Conidia were not observed on incubating
decaying leaves. Although the conidia resemble those of Flagellospora curvula
Ingold, no definite identification could be made to species level from  detached
conidia without observing phialides which bear these conidia.
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Ficure 1 — Location of sampling sites.

Note — Four sampling sites in the streams at Sinharaja Forest.
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Figure 2
Eighteen types of conidia obtained from foam samples collected from some rivers of Sri Lanka
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Anguillosphora sp.
Conidia were found in foam from nine streams including Sinharaja streams.

They are septate often sigmoid and curved (Figure 2C). On incubating
decaying leaves from Sinharaja stream beds mature conidia were observed. Webster
and Descals?®® have shown that two species of Anguillospora, viz. A. longissima
and A. furtiva, have conidia which are indistinguishable but have quite distinct
telomorphs. Hence, without further critical observations on conidiophores and
telomorphs it is difficult to assign Anguillospora conidia encountered to species
level.

Anguillospora crassa Ingold

Conidia were found in small amounts in foam from seven streams including Sinha-
raja streams. Conidia were septate and curved (Figure 2D), but much wider and
and shorter than those of Anguillospora sp. described earlier. Ingold' reported
Anguillospora to be common in Britain and worldwide in distribution.  Conidia
were not observed on incubating decaying leaves.

Filosporella sp.

Conidia were encountered in Sinharaja streams and two other streams (Table 1).
These conidia are long (often around 200 f'm) and have 6 - 12 septa (Figure 2E).
Conidia appear in large numbers on incubating decaying leaves from above streams
in the laboratory. A number of such conidia seem to arisc from one place in the
leaf. The genus could possibly be identical with Filosporella sp. of Webster and
Descals?® or Filosporella aguatica of Nawawi'® or Rogersia annelidica of Shearer
and Crane.'?

Centrospora aquatica Igbal

Conidia resembling C. aguatica were found in foam samples collected from Attana-

galu~-oya, Uduwara-oya and streams located at Sinharaja Forest. These conidia
were rather slender, elongated and markedly curved with a truncate base (Figure

2F). The species was reported to be common in temperate regions.”®  Conidia
were not observed on incubating decaying leaves.

Lunulospora cymbiformis Miura

Conidia were found only in the Sinharaja Forest streams and were distinguished
by a swelling in the middle region of the conidium (Figure 2G). The specics was
previously recorded only from Japan.!” Webster and Nawawi (unpublished)
have also found it in Malaya.
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3.2 Genera with tetraradiate conidia
Triscelophorus monesporus Ingold

Conidia were found in all rivers and streams examined in fairly large numbers.
These tetraradiate conidia were easily recognised from the projecting knob of the
main axis and the whorl of three backwardly directed laterals (Figure 2H). The
species was reported to be abundant in tropical streams.” Conidia were produced
on incubating decaying leaves.

Lemmoniera aquatica de Wild

Conidia resembling those of L. aguatica were found in foam samples collected from
Mee-oya, Kala-oya, and two streams at Sinharaja Forest (Table 1).  These conidia
have four divergent septate arms of similar length (Figure 2I). Abundant conidia
were formed on leaves, decayed beyond recognition, collected from Mee-oya. The
species was reported to be abundant in Britain and common throughout temperate
regions.”

Tricladium sp.

Tricladium type of conidia (Figure 2J) were found in foam samples from Attana-
galu-oya and three streams at Sinharaja Forest. The conidia on one hand resemble
those of Tricladium anomalum® but were of considerably smaller size. On the

other hand conidia closely resemble those of Tricladium angulatum, both in shape
and size, recorded from Spain.’

Tricladium angulatum Ingold

Conidia resembling T. angulatum? were found only in foam samples collected from
Uduwara-oya and this too in very small amounts. The conidium consists of a
long axis and two laterals arising at two different levels (Figure 2K). The main
axis of the spore is bent at points where the laterals arise.

Alatospora accuminata Tngold

Conidia were found only in foam samples collected from three streams at Sinharaja
Forest. These tetraradiate conidia consist of a main axis forming two arms and
two laterals forming the other two arms (Figure 2L). This species was reported
to be abundant in Britain and well distributed in the temperate world.?

3.3 Genera with other types of conidia

Wayaangam cornuta Descals

Conidia were found only in foam samples collected from Minuwangoda (Figure 2M).
This type of conidium was first recorded by Ingold & Ellis®, Willoughby &
Archer® as an unidentified species—and has been subsequently described by Descals
and Webster.®
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Dactylella submersa (Ingold) Nilsson syn. Pyricularia submersa (Ingold)

Conidia were found in large numbers only in foam samples collected from streams
located at Sinharaja Forest. Conidia were ellipsoid (Figure 2N) and were produced
in large numbers under laboratory conditions on incubating decaying leaves.

Tetracladium setrigerum (Gowve) Ingold

These conidia were found only in foam samples collected from Uduwara-oya in
small quantities. Mature conidia consist of four divergent arms with threc parallel
finger like projections of which one appears to be derived as a basal branch from
another (Figure 2P). Conidia were not observed under laboratory conditions.

Three unidentified types of conidia (Figures 2 Q, R, 8,) were frequently found
in foam samples collected from Sinharaja Forest streams. Most noteworthy were
the five armed type (Figure 2R) and the three armed type (Figure 2S).

4. Discussion

This preliminary survey of aquatic Hyphomycetes is primarily floristic in nature
and is the first in Sri Lanka.

I. curvula and 7. monosporus conidia were found in large numbers at all
sites sample and can be considered as widely distributed, confirming the view that
they are abundant in warmer parts of the world.'* Flagellospora and Anguillospora
can be placed next in the order of abundance and distribution. These four spore
types along with D. submersa (found only in Sinharaja streams) and Filosporelia
sp. can be considered abundant. Other types in Table 1 have restricted distribu-
tion and that too in low numbers in the foam samples cxamined. Conidia of
T. setigerum and W. cornuta have been encountered only once in this survey.

Species diversity (Table 1) and their abundance in Sinharaja forest streams
could be possibly attributed to two factors. Firstly, these streams flow through
a natural undisturbed broad-leaved vegetation yiclding a perennial supply of dead
leaves and twigs and secondly, the presence of rocks and larger plant debris which
induce abundant formation of foam. Other streams, except Attanagalu-oya,
used for sampling were placid and near either urbanized or agricultural areas and
the presence of urban residues and agro-chemicals coupled with the smaller amounts
of foam present may have contributed to the fewer numbers of conidia in the samples.
The high species diversity at Attanagalu-oya where the sampling site was located
upstream from the urbanized and agricultural area and the abundance of rocks
etc., which cause turbulence inducing foam formation adds supporting evidence
for the suggested possibilitics.
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@riMGeir slwd arvuie Eyib Hav Hev 2fl8@ GQeovwrss QprHuws (CAS)
Qariflpur RésTs  euamrent i eor_ @afl  gemefwe wpy ey Ll ens
Guureray B&umri o Gl d mieirer gy, @b wpop F1i QSTEEGdar wbHmb
@ &7 @ B 6ms Fen_wimesr GerQLpG5 5 5560) Bern Syeniniwiy Qi m s er
erelyanry HETer o wi WTDH (GeTsid wpopGu 2.1% gseub 3.0%
HFAYID T L g @F QrTHunbd 8°C CloviuBouiss = gy Puirs @on 5 5
Casr® b5 Geuisdvuler Bip 21 pri sense Guars os%wes Gal S g
ous50565 Cursand oyseér Qsmiflb_d F&5 genpwailevdy. 5 mM EDTA
b QEGsTBwSBer QT HumE B8y T8 é 5B eirLi gib Seuar L e

LIt gy,
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290 @55 Esifsr s B safler & 5SHS6T

wmpliureer Bapshus sLHEMIN umBeowi Gxihs S Us1HET  Haauinysb
o sitar St QurmsTuppilu GaTLbE puingesiT.

@onCasivardl wGasdvanysst, sTiv. FasminSyiomil i,
J. Natn. Sci. Coun. Sri Lanka 1984 12 (2): 173—178

wrptres  Baspusss s paemglugBsar owar b el b s CraMss
Qubn BBUSS Tap H_60 YUSHIT G)earisseflelr  guiesr 2 STt &S BEaT
genfwes Qupmper. EGuerwert uUgly Gedwd Qumbm  @ealeT s Fener.
SyBargur grsiPun (1277 ppm),1 Kyo@sorHlum Syrsivawd (889 ppm), gyl
eflun gmsm (810 ppm) w&lw gyevamdaafley Lo newalsEL_er LG BT G5
osuils oBs yuiedr QuTmer @wsRpg. ByrFsnfur gusFurelsy 2 srer
S e erey, JwieeT QupUUED T HTET NaT (PEILTET QL. Faf 5oL
Fof Gerrnngeysefias (1500 ppm) oy migib Sjuies HoTaL e PULTL_ % 555
Ty JPLhEGSR DI

aiL @eEmed SLDHLIMT0 uGHeald) osirar mLi  sfmT Fsvamnilsl 2L G D
saiict Gurgmap 1|7 HApLD.

@ynCasiven wGmsisysit, sTav. Fawm T yiosmiuno.
J. Natn. Sei. Coun. Sri Lanka 1984 12 (2): 179—189

aL Qommss sl pamrl ugBslrs Ceits DoUSS SEH S0 JYRET
@ermaalley oaTer LT S Quitsemid SeflossEnh  E)da Renrulsy afersast)
QL1 b mycirair e . QG Gamas Bamsarsie, sdanr aHENIELT, auilehu apsiv®
Gurndsv, 285851 Gurm QLafGad, BrrPsvnflur ergrefav oy Sur e (G)ew i
soley o.ewrey eusEHaTTET SireHwiisen qrb wpen_sefl gy Lersem gy o
sUQUImID Sere)sEE Fowmer 4T sUiklummer o8s yeTalicy Fmemwrits’ L G,
Smfarfur  gsralsi, 20nitrstaiur phmrer, aissvav=n GursFdvgibd,
s @anr wémssT, BRFanrfur Kymsvavr, grerPuir o1 INEE (o & merpig.uyafl)
2, B Y ET FEGIG 696 BT F G, Qursurs, QuIT HERpFwin e b & GO LO RIS 6T
Qupeurflms gy _m@ulmii s e Sjeme O TETWT 8 TH&S6r TS LGB &
S ST LR,

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/

@55 @il s Qevg seler &wsanisdr 291
Gevisn sl et Gauiu @ ssravrsninHudl e LB S SIE®B U WwHmID uE am 10T meD.
of. usvpIwEsT.

J. Natn. Sci. Coun. Sri Lanka 1984 12 (2): 161—203

LS aydigl Lgenh e mu@ith o mm flsd Al gTaedrer guiewineTL_a
BTG meir flov (Gavmansulan) Lgat wr HpisenéGshu QaiuBdy @erearanod
e ssapmid e o uldar o ifls HuiTe ST FTer piser @)Fs50 Hayuis efers:
sl Bererer.  10—12 gB0ss uG@RaTD L0T5E ST LILNE Bluleny e Carr
apsgepu  BTY FHSTOUmseie @QEGersluse ol gyer Gamer
wewi_w Gouli@ldn Glsirewenin ) eurd@Gaer sofssafurs Gesfésiil 1 er.
Blourr sepeir gpani 12 augnl_misEné e warert b5 a5 <L IYLOT S HT LT
UGERQurer Bl gSsmew Grrglwde o' ® Gesfésl Quibm srey
sdnd Qaramg@isTt. BuwdSumpd Qe Gdrarerind (Qerarento§ Qeutis
Béw) Cwr® @sfwand somiypn Gonnifly wl b GLrer Lmed S
8 &® G manTeaT Lma s B @) i g

Qauti Garawann® Bg vsew Qeluddy wrboh L sd 556 anHu
DT HDELID  SETEIL  GIBISRTID Henioufid reiTLIan s 31 S DT 60 & Ter &F T 557 mf
senid Qe Cesfdsiun’ Qererer. 12 wrghisefsr Curg 73 prsrsafs
epepeufior & QeutiiBldn Gerarenn $Tov 1pHe0 md ausns LOT DDA YLD LT RIS
GDESIG D prar . PEHAUMSLITET LIS ms@GNy Gewssiurl @ o9%mrey
s luitii . @pigbssl. Sseriny Gt GsreyasnioSenuws o (Bl T Gww) LD
apoiym Qaniiglin &6 G paTer T giasef Qb LITFSS @l TeT &ITaims
afles 9 FaomsGar )55 5 5.

Quumend Fri GewdsluTGadr qT®hs5 STU B, e ud B
vweruGEelLpldy yerays S b o ewis@d) Geuligpen puflayb Lmidis
pavaG sars Gsmsir paisyd.

Guisem simsbss sularhmsss wpun G s ool Aurd ® Guhmie.

Ga, GmarenGuasgn, W s. 310ugsiur,
12, 51D, USHEHUILST.

J. Natn. Sci. Coun. Sri Lanka 1984 12 (2): 205—211

syt Ceaefiss s ant s yaemst UV, QaalldssBHng enflsaw
ufl quth ermei®id of &4 Gl af peflerd Omment® Bong U ABw Db 5758 Quifides
Qs hssruGer Dn Swelle o erer@surd s w1 g. (G seér 5588
QerL @ efdrdssd ~ 0.2% ymib). srdHs IR sussr garail O Quboy Quigy
Cumsder elardm s He eefiu Garl um@L merpib (LpsTem @i G (BRETE .
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FHGmifvs S P pHuma 1851 5w sorairang Biwasaflsy) o sdrar Gagoyd
usTy uDiiu Spue;.

A, Gx. aGmmoafiusin, o, Baumarhsyrsn,
J. Natn. Seci. Coun. Sri Lanka 1984 12 (2): 213—218

g®upn sntyne, siHGnHs CrgantGin, sanRrhm GHEHesr, Hhms gaigen
Gumsvnr R sTaur Gonsefisr el piiyerser ey B whgafler Qe Gib
vy RoGmlias SP Bs aou@dqafern Srdsth  oomwlnily g, @&
Gorglorwmer g Y angeor Guoriuwreflulss 2 seflemwsd QEmem(® gyuieysm b Hlel
@ th Qb o, wlBsTBS50G0 DD STITHSEET §. FSTHND @80 arg 5T o
(lsafh L S aIT UGS STHS HTETL L &f. WHH STGUTIY [T LOGIHET
@en st & @enmanrewr Gaumpligr e Lisow s Glsmerig (5sear. &. &7
whHmih &, QiESdst g&we D ifer el miisiter g Bindisaflsr  gebr gl
2 et yd Geisemeulsr Qa6 usryh el 9. ssigin ety B
g Blar Lz o Fevurs  Qamawgmhss. wflerBgsn Qubhm grag el
ey Biwdsefler (Lewriyop bt engdEsa) Qe 6 cewr e Ly o 8
wirer BZOGLHays sreh g. satmie gBw ey Biwh QuUTossesr 10
prer aens B sSmEsy. 9. sSipud swTdly 20 geeg 30 BTeT AT
adsliQuUnn Dererd 10 mrer evwggemiw Fuw eug Biwd swmdinior
& movoaumar GQarmiyy L s s&Bawd GlETeimiyhhs s

Gudsrm NaswsiLf — gnﬂmrﬂn’nqg‘a FoL mIEL S 5.
Gm. Q) HsirsBamTsir.
J. Natn. Seci. Coun. Sri Lanka 1984 12 (2): 219222

SBESL uelmEg eyl _@ear n— Gudmllsd s @, gaflllar Goerw
argsmsaie yGwLl L sl LwerUR S50 Qubp CGurg eefwfin i g
SPs@ gnmna QerTewe @serug sevri Sl Berer gt
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@ELn Gy = GFrarGarBGamb (Fulg) umafifler webramsin o vl agens, 21 Z6T
Cwmnu o omE ushayin AHHsd 1B Brerusms  Qawhui®io aflyouiogn Quume
sy dayn GeranGsrar ofldmay.

Gm. s, 97, s1siv. UsHILTY.
J. Natn. Sci. Coun. Sri Lanka 1984 12 (2): 223—233

Geiemsullss Ludfle o Qupyh cvmi 7 Wersrais Qe et & seils ton@ ne
wrd GerTwels @arh &mibes Qo ausmamenih @GLnGwmEys GurrsanGsm Gamio
upfiflumralsr o ulder susws 35m eTal Db DETT S Tt wewr O 65T &) st of
Wi g @b b o fwm e e gy s BurssiGQupm AVRDC sésmefs
Goy wmsser fwadda Crril o @@ 16U gy ih gy D may Q& ety (et ar( 5 e
ugb  Festlssou L g

SN GYLELY, & D ifld &b, QuGeEyifley, suimsir Guiretr m Gg&mwieril
Quir@er CoridsiQimhm B sisesL_shr RUUGEETEGamaudsy Caryl o mib, wirl' @
2. gib, BeoffAgwir @fueer Buarar o sy ol LiFdar @ H Sunr & dsard
QameiL. wawaa Ceifdsini L ger id%rars if. GamemeyBarmih [@Gawrd
QumsRaer @I 55 &5a0m my ellps S ot s w® s 55 ssarall serhs
sanBaelle s@emicwimar T s Gmmuyib T HLL L G geTi g er T ellG s
ol gy sliper, GUleyLia Garidsi Gumm siwerfley o HrGin 1 1 i iflwser
Gord Qu@pssh QuEhbuTeh GoDs® o Hm T Grrullsir s@eniougth
sanfial g sTertt QuUHps).

9. SomereyBamid v S ifwireler snb erlarus s Hmpers Lnbfurs
sofllew giib avont &8 iy miyt Lusdr GOus s oBshs 5.5 . B S5 BEHMS
Cedids Quibm sésrafr Lulfer Givour 0 Grrur ARgreTssSHeib
glw upsfursser 1$. GemeaumeBamib nmSflur @er s sy ir QsmesTi
B sTETTSE HED @evuid Cuhw QT 2 aw@Lsrg LS g.
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294 @ss @sifar sl @y seisr (15 & 5 I HET

FeEETIOIGESNGUHY Gammtd sanGlaris QmugHbgsiT Fluk st anqu
it 50 oybapd Cammmin st Glar 217G h mibsmsTTuDiur LAY,

LTy, WRNATTHFR, st LiTsity). e, 6TeT. msT S E ) ,
Ly, W, 5 Sy aTev.

J. Natn. Sci. Coun. Sri Lanka 1984 12 (2): 235—250

S LOTET PEw T & aT ey garBuw Ffud (ce) o.th gyger U GFiamasEyD & &
@ i 16l Feir uavas D 15 DS o LUBWTHALETATES . S(HLOSHT ppeuasmisaney Fifliin
D& ks D sRaTpal. A LD seflwisella (TR &masTL 6B - Gure
& Ho) QuigpauT AT &% SmenrILIHE D 5 - @\ a ol ot sdar Efmn Cur@sa
T LD e D s L B sefallp g Fiflud IR SR EHIIZ 1LLESLOT G1D.

fune (iv ) U SQs5RS@HD SEaTwTS Quir ey Pwh FwGy Hmr o 11Gar
SUOILB  aunE D& @uifBer g arulat G g, BuRssifion, o Curlds
WHevih, waeniedBldasiflaub, srindfssifaib, @&ﬁmﬂ:ﬁaﬂ_ﬁmm 2@ urar hmyd s
nRarseyth @aranfad BN FEHEGLI LI BT E LD Fortd&srTinTsats Gilhn
EEANE L] o7 w0 () swur 1 5 (LY L Fen T Hey i Gerriguid oM myLh Quir Hrp @b o s
sEHTULUSTUR S Ligey 6fthd S ppavid EMwnn  (TV), @Punn (T1T) ol
(@) T 1 e LD AR sRSHh Fud S50 DT T U TS (RSN B - g. (11,
F. (1V) =y &waeneu Gemipuitt @s@TTI enF [ (NaOH) epevib Fout&sTr LA 51t
vt Goasmd  eress Qevruded i b gl A G3 sRESLILIL apig o ole e
FoEar L 19 B 6l 3Gt slaruls aps@Rw GEirSHLT L. @ pirsmius oretor(QawrufLh
Bomigwib &sQrmenF  HID Blovdiemsulsy aef Blad QUDdHHEETH @ 1511 5 ) Y
@bpur HEA Qeu i pllsator L6V Qi weralsy Qe IsTIoT S LT LT L (B 5 (5 ch
Qarem@aur oL emib. £, (111, . (IV) B weu i mlsir IA5R 50550 SHaf
sor Gupadu 057G gat D auTar 1l oy b gaupApehy D3 HFSEHES
Lo Hmeu HEst e pH G gywor sor s e sir sy & 7 o 6 L LIL- (D% gsmill gy Ll
wenL ufldy ey Gl 6. @;.T}ngﬁu@ﬂserﬁaﬁ Ly, (o)) FaddsTT
wrdatiQubn CsmsTd cremr Qe &, (L1T), & (1V) B uweup Blar L9A 5
@ s@HLI) eTe0dky Guir Bluy sysmeilay st GEEMSH S - (24) FTnHETLEL D pH Guimy
wmew Bvaier &, (T11) Quir Dy Fwih 2.0k & Qumesn@in €. (IV) Gomyguib
o 119%r 8 Qarar@n parmel IS0 sHASLL apy @ e (@) saerd 8% %
sUGUUTL®  @pewBseflsr &b 3.5—06.8 ammyuimer pH Gumyinmer of £81
& @erGar Gemiguib 2L apauth 65 %, Seib Gopu . @, (111 SN$G 505
SUUL aplpifth F s 2 68 LOSET senrL fui e, eTerbal, B _tnme,
g. (IV) suer OAGQs@Ly Foii areriflés oa_sinms Gemigwih @S@ITL
T LT Feu &EITTLLT &F @ Hm ol &7 ouar (B e &(EIQ’)IJU]_GUWL:D..
ot g er. GeEmguid, Quir pepPuh Ew G svartq-ei 25T el R eLOGULD
FoutdETrnTEsIGU b n eTev G)ewr i . (1) susratarss 1506 5665 D @b

ererLig OseflaTH DS
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SBevmwd Gmifsegn Guilsulariigs Bwmiy swugkEs Camahamear FTa1 missir.
Gwm. G\ strsviGammsit.

J. Natn. Sei. Coun. Sri Lanka 1984 12 (2): 251—255

L0 i1y i m Gewt QeveflG@flur B B&S0GL D m SHevr (Newern Sevwr g @ ifls @
Quiflewdu i 7 s ol STl 5@ ol uRf i searuems senlids ol
Comador Frerpyser Fwilnlgain Geararar. @5 sramieamrearg C, Fe 24 ad
@b CN—@es N, Cu ++ @b @é&woymn Qsrifdour® WeardGuple s s
ghu@h @dwlgysming Garey egpath G tbQ mevr Qe @6 S5 5
Qg iflafgGH1C Harer 5.

@aviiensud sir el aflgaiw gy @rj;@,@ma’nmsﬁ Gan 681 1) 5 i,
CGg. Liflsiryy. Gamysd;.
J. Natn. Sci. Coun. Sri Lanka 1984 12 (2): 257—271

F5 B dam b FEH60, geuenToaell, Reuliydss Cuimer m wparellphs @ % 538w
GG GT & Gariiadors salises Hemsnsuler wHGpawT @7 S Sewi
SEHLD LIGRTENL_tif UERTL_6U LI e mselleliy .5 Gumi@®er mer. @) & Flew Gremer
Gjeney o Mt FuiTeT LTen B S5TI S s u® e il srew Fibuau@ioeilan b,
SfEnal @EeiamELTer Hhuufll B Qummener  Qari iy Gemeiw@ererer.
98eflwts vedrQaren Quir@aliey gemen Camernl GIBLUILS DE FiTer mis6T
L@ o erarer. yeney Lguwei 11 Qlid pyeirar QUi mand @l @i @b o Hu
Qlr & Barmigefar wenyy Guiflgih CarmuBfp@ssrig aarl & ErsHer
g eysoflsy geven yeninpserer oo aflesuldn o bo  Crri@ul &y
yeem@in. Glevmemsulle (g smer Gir s Berdse efwruirgid Gt Qupih @75
Beryfl Bmarih weninhgisienr sih stefl Gl Qs g @b GQuned Le
el sar 106855 5ib gt Tuish suansuley Ass Ralwgibd wivaer Lwells e HLom er
sugsapent wrereid CurerpGasri felnsh sabla CGadprgh @Hdady
Quermmid. (1988 Pakwwauls g ss50CQubn 1990 smaubses mealsss
&6 AT eurfEs Qupnm U (Rev)
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296 @bs @sfier s Qe sallsr &@demiasr
@aEmnuisy sraTiugo B Biauryp woGursun Grphyibsm.

140, 6. (GHEWTIFHIT, 6FLD. 19, 2T, (sl

J. Natn. Sci. Coun. Sri Lanka 1984 12 (2): 273—282

omed, gmsafier mevy iorHillsefslos s UBQarH eens Bienrth g
Gurrentn Gepmis Omeflig uimsar ser (ML ssiu L ar. Gedyer 13 G efl
wumseller (LEss o8 g B aer) GemmseEsn 2 @)eir &7 Gaend @ewid el pfluil
Ul er. epeir fer @arth sew® (.G alldd. Rt T En &L 1g eI &L
uruyth ECrmenr_sef gyerer Qamedliygwmseflsr aesujb Qereysuh Bl
ypmsefarimaan w6 sTifa Godeyn Basiseafl sy maeyh LTwb gD
seflar g symedsefler gyh el L 6 Gel L1 Qulgrs EwbES S -
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Instructions to Contributors

Aims and Scope
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Manuseripts 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 under-
standing that they have not been published,
submitted or accepted for publication else-
where. Papers accepted for publication may
not be published clsewhere in the same form,
either in the language of the paper or any
language, without the consent of the Editorizal
Board.

Research papers, Papers read at Symposia
and Reviews may be submitted to the
Editorial Board. Research papers should
describe original investigations or techno-
logical achievements. Reviews should be
critical evaluations of existing knowledgs 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.

Referecing and Editing: All material sub-
mitted is examined by two or more referees
prior to publication. Papers are edited
to increase clarity and ease of communi-
cation. In preparation for the press, parti-
cular attenticn is paid to grammar and the
conventions of the Journal with regard to
symbols, illustrations, tables, references and
nomenclature.

Manuscripts submitied for editorial conside-
ration can be processed expeditiously if they
conforin from the outset to the style of the
Journal.  Authors are therefore advised to
follow clasely the form described in these
instructions.,

PRESENTATION OF MANUSCRIPTS
No maximum length contribution is pres-
cribed 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 cllect should be
included in the paper.

The paper should be reasonably subdivided
into sections, and if necessary, sub-scctions.
The following pattern is suggested for
Rescarch  Papers:  (a) Introduction
(b)Y Experimental (¢) Results (d) Discussion
(¢) Conclusions (f) Acknowledgements
{g) References. In many cases, two of
sections (b), (¢) and (d) can be combined.
When a separate Discussion is used, it
should not recapitulate the results but
discuss their significance and rclation to
the object of the work and to the work of
other people.  Conclusions should not
merely repeat preceding sections.

Special care must be taken in citing references
correctly.  Responsibility for the accuracy
of these rests catirely with the authors. 1t
is the author’s responsibility to obtain
written permission to reproduce material
which has appeared in another publication.

FORM OF MANUSCRIPTS

Manuseripts 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 Jeft of the page. The complete
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set of headings and sub-headings in an
article should be numbered following the
style adopted in this Journal and the set
should refiect 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 scries 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 /ast 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.

Hlustrations: All illustrations are considered
as figures and each graph, drawing or photo-
graph should be numbered in sequence with
Arabic numerals. Authors must submit
the original and two duplicates of each
figare. 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 s 30 c¢m. Drawings
should be lettered with a lettering  set;
lettering should be kept large enough to
be legible after a reduction of 50 to 609%.
If this is not possible, all letters and numerals
must be inscrted 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.

Photographs: Half-tone illustrations should
be included only when essential. Good
glossy prints with sharp contrasts between
black 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 17 cm
maximum), the detail is still clear. Magni-
fication 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 clsewhere 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 conse-
cutively 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 of
indicated in parentheses in the heading be
cach 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 super-
script lower-case italic letters (@b, ¢, etc).
Each table should carry on the back of the
sheet the author’s name and figure number.
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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 De
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 abbre-
viated in accordance with the World List of
Scientific Periodicals 1900-1960, 1972, 4th
edn. London: Butterworths Scientific Publi-
cations. If the journal is not in the list,
the name should be given in full.  The
abbreviated journal title should be under-
lined 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/inclu-
sive pages, place of publication and pub-
lisher. 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—AxcMmor, J. E., Dicks, D. M.,
Evans, W. C. & SantrA, D. K.
(1972) Planta Med. 21(4): 46-20.

Book—ScHOKMAN, D. (1966).  Vegetable
growing: local and exotic varieties,
29 p. Colombo: Agriculture Depart-
ment.

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 Deve-
lopment Research centre. (IDRC-
00e).

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 Symbels recommended in
the various parts of British Standard 1991:

Letter symbols, signs and abbreviaiions
should bz used. Authors are encouraged
to use the S.I.System of units (see descrip-
tion in British Standard PD 5686: The use
of S. I. Units).

Authors whose papers contain mathematical
expressions should submit a list of the
symbols used carefully and clearly indicated
for the guidance of the printer. This list
will not appear in print.

Formulae and Equatiens: Equations should
be typewritten and quadruple 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 Sccretary.

Short Communications: The Journal may
include a limited number of short communi-
cations. Authors should submit short
communications only when they believe that
rapid publication of their results is of the
utmost importance. A short communica-
tion must not exceed 1,200 words, ie. 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 indicatc the
content clearly as these papers do not carry
abstracts,

Proofs: Corrected galley proofs must be
returned to the Secrctary 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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