! ' ISSN 0300 - 9254

JOURNAL OF THE
NATIONAL SCIENCE COUNCIL
'OF SRI LANKA -

Volume 13 No. 2 December 1985



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/

Journal

EDITORIAL BOARD: R. P. Jayewardene (Chairman)
. B. A. Abeywickrama
of the M. L. T. Kannangara
N 1 S. Mahalingam
at Oﬂal J. W. Herath
Science 0. S. Perics
. H. N. S. Karunatilake
COUHC]I Of V. K. Samaranayake

Sri Lanka_

Subscription

Manuscripts

R. S. Ramakrishna
S. Wijesundera .
Nimala Amarasuriya (Editor)’

PUBLICATION: One volume of two issues (June and
- December) is published annually by the
Natural Resources, Energy and Science

Authority of Sri Lanka.

Annual subscription—Foreign $ 27.00; Local Rs. 45.00.
Accepted on a calendar year basis. Rates include postage.

Single issues—Foreign $ 13.50; Local Rs. 27.50 each
Rates include postage.

Payment must accompany all orders. Remittances in favour of
Natural Resources, Energy and Science Authority of Sri Lanka.

Change of address notice is required 4 weeks before issue date.

Orders and all correspondence relating to them should be sent
to the Accountant, Natural Resources, Energy and Science
Authority of Sri Lanka, at the address given below.

Research papers, Reviews and Short Communications in all
fields of Science and Technology in Sinhala, Tamil and English

"may be submitted for editorial consideration. Manuscripts

should conform to the style adopted in this issue. For instruc-
tions as to preparation of papers see inset at back of this issue.
Separates of General Instructions and Special Instructions in
Chemical, Physical and Medical Sciences may be had on appli-
cation to the Secretary, Editorial Board, at the address given
below.

No responsibility is assumed by the Natural Resources, Energy
and Science Authority of Sri Lanka for statements and opinions
expressed by the contributors to this Journal.

Manuscripts and all correspondence relating to them should be
sent to the Secretary, Editorial Board, Journal of the National
Science Council of Sri Lanka, 47/5, Maitland Place, Colombo 7,
SRI LANKA. -

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/

Appropriate Technology f‘?er-....
121, POINT =FE OFC FCAD
NALLU A FFINA
s sa >
J. Natn, Sci. Coun. Sri Lanka 1985 13(2) : 107—114

NEUTRON EVAPORATION FROM THE SURFACF{. OF
NEUTRON STARS

K. TENNAKONE _
Department of Physics, Rubuna University College, Matara, Sri Lanka,

(Date of receipt : 1 April 1985) =
(Date of acceptance : 9 July 1985)

Abstract : It is shown that a newly born neutron star could cool more rapidly by
neutron evaporation than through neutrino emission. The mass loss due to neutron
evaporation is estimated. . 4

1. Introduction

In current supernova scenarios a neutron star is born in a highly excited

state, with an energy of excitation exceeding the energy of the final equili-
brium state by more than 10°? ergs, ie. a temperature at birth few. times
101! °x 1.3 1t 45 generally believed that this excitation is dissipated by
neutrino and antincutrino emission. #3 In this note, it is pointed out that
around temperatures of the order 101! °K a more ¢fficient mechanism for.
cooling is evaporation of neutrons. It is shown that a newly born neutron
star at a temperature ~ 101! °K  will emit a burst of neutrons lasting for
about 1 sec and cools to a temperature £ 1019 °k.

2. The Equations

We assume that neutrons in the star behave as a noninteracting nearly
degenerate fermi gas. Since the neutron star matter is highly conducting, the
surface temperature immediately after birth could also be few times
101 °K (1011 °K = 10 MeV). At these temperatures the matter at the
surface of the star will consist predominantly of neutrons. Neutrons in the _
surface region having energies near the fermi level can leave the star if they
have sufficient kinetic energy to overcome the potential barrier resulting
from nuclear and gravitational forces. Because of the strong interaction, the
energy ® =~ necessary to evaporate a neutron from the surface must at most
be of the order of binding energy per nucleon of the most stable nucleus
56 Fe ~ 10 MeV. To escape from the gravitational confinement of the star,
the evaporated neutrons must do an additional amount of work,

= GM
q’g /R-v

where G = gravitational constant, M = mass; R ="radius of the star. For a
neutron star of 1 M and radius 10 km, <I>g 2 14 MeV,
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108 K. Tennakone

Thus the total work function is,
® =3 + @ 24 MeV. (1)

The flux of evaporated neutrons leaving the surface can be calculated
as follows. The rate at which the neutrons in the momentum range p + dp
and p will strike unit area on the surface of the star near any point P is,’

(4 n3nd )71 fv dp

where f = fermi distribution function, v, = the component velocity of a
neutron in the radial direction (chosen t()xbe the x direction) at P. Neutrons
with normal component of mornentum,

P = B, "BUImTe e it

X )

will escape from the star. Hence the radial current density leaving the surface
of the star is,

J=(4nm) lj IlLXP (= 1)/KT+ 117" pudpedpodp, (g

=0

where E = 1/2m (Px2 +p 24 pzz), # = chemical potential characte-
rizing the distribution f. Performing the first integration in (2) we get,

3 ) =0
J =i w3n3 JTEKTE J j ‘In (1+e®) dp,dp, (3)
s B b f
where 2

- - 2
s = IKT (o + (p, * p, )/2m]
Evaluating the resulting double integral in (3) approximately, we obtain,

e i )

I

where A = (mk?/2 772h3).

Emitting neutrons will carry away mass and thermal energy from the
star. If N = number of neutrons in the star at time t and p = density which

is assumed to be constant through out the evaporation, then the total flux of

neutrons escaping from the star at time t is,
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- kT
4 n AR?T?¢ qu

—-dN/dt
= 4 7 AT? (3mN/4 n p)2/3 ¢ ®/KT 5)

For a neutron star of 1M_ and radius 10km at 1011 °K the expression (5)
gives dN/dt = - 10°? sec . However, because of cooling and decrease in
surface area from loss of mass, the star will not emit neutrons - continously
at a rate comparable to the above. It will be shown that a newly born
neutron star could emit 3 flash of neutrons resulting in a significant drop in
temperature and loss of mass.

Each emitted neutron will take away from the star an amount of
thermal energy equal to its kinetic energy plus the work done against the
potential barrier., That is the average energy removed from the star per
emitted neutron is { < E > + & ). Where < E > = average kinetic energy of
the emitted neutrons. The quantity < E > can be calculated by finding the
velocity distribution function for the emitted neutrons. To find this velocity
distribution function, consider neutrons just inside a small region on the
surface of the star. The number of neutrons in this region with the compo-
nent of velocity normal to the surface (chosen to be the x component)
between L + dvy and v, is,

0
n(vy) = (4m303) T m dv, (r:'dvydvz [Exp (E-p )/kT+1]7! (6)

o0 0
If uy is the normal component of the velocity of a neutron after emission,
2, . P i
1/2(mu 'y = 1/2(mv" ) — u - @ (7)
X x
Subsitituting (7) in (6) and evaluating the integral (6) approximately we get,

% 2
n(vy)dvy  (m?kT) (2 «?8%)7! Exp - (muy. /2kT - & /KT) du,  (8)

and the velocity distribution function for the radial component of the
velocities of the emitted neutrons is,

f(uy) duy = (mug/KT) Exp ~ (muy’ /2KT) duy 9)

and the average kinetic energy of neutrons associated with the radial compo-
nent of the velocities is, :

2 . :
o4 mu_ /2 > = m/2 flug) uy' du (10)

X

= kT
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The component velocities parallel to the surface do not change upon
emission ie, i

2. 2 :
& muy" 2z = <mi 2> = kT2 (11)
Therefore < E > = 2KT and the average energy carried away per neutron

emitted is (2kT + @ ). If U is the heat content of the star, the rate of dissipa-
tion of thermal energy by neutron emission is,

-W_ = dU/dt = dn/dt (2kT + ®) : _ (12)

Using (5) the above result can also be written as,

W, = 47 AR2T2 (2kT + @) & ®/KT (18)

Now we compare the cooling due to neutron emission with that due to
neutrino emission. The neutrino processes important in the initial cooling of
neutron stars is supposed to be the modified URCA and the inverse process
and the neutrino luminosity from the above processes is estimated to be
: 8 -
W, o« T (14

where @ = 3 x 10767M (oyf p)”g’, py = nuclear matter density. The
Table 1 gives W, (equation 13) and W), (equation 14) at different tempera-
tures for a neutron star 1m_ and radius 10 km. It is seen at temperatures
close to 1011 °K the energy carried away by neutrons is comparable to the
losses . du¢ to neutrino and antineutrino emission, (at these
temperatures the energy lost. from the surface as thermal radiation is
~ 10%1 erg sec ! << W_). The rate of cooling and mass lost due to

neutron cmissii)n can also be dlétermir_ted easilIv: It turns out that at tempera-
tures ~ 1011 9K, the rate of cooling resulting from neutron emission 1s

faster than that from neutrino emission, as the former process is also accom-
panied by a change in volume of the star.

" The heat content of the star is the same as that of a degenerate fermi
gas ie,

U = n2k®> T?N/4u (15)
Thus equation (12) becomes,
(n2k%/ap) dfdN(T?N) = 2kT + @ (16)

The solution of equation (16) with the initial condition N = N, when
T=T (T,T, <a) -
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N

1l

N, fa~T)E~T1t (b+T) b+ T)™ (17)

O

where a = 8u [n%k, b=® /2k (g ~ 100 \/ICV) Substituting (17) into (14)

we get after some dpproxlmauonb

dT/dt -BT2 ¢ /T (18)

where B = mk? /n? (3m/47p)%?/3 (a+b+ 2/3T0)N0_1’.(2 (19)

Equation (18) describes the rate of cooling of the star due to neutron
cmission and solving (18) with the initial condition t=0, T =T,
we obtain,

t = k/Bb (¢P/KT — (/KT f (20)

The above e uatlon indicates that 4 neutron star of 1M _ and radius

10 km at 101! °K, cools to 101% °K in about 1 sec. It takes much longer
to cool through the same temperature range via neutrino emission. From
(14) and (15) we obtain the equation

72k? [4u d/dt (T’N) = -oT® C(21)

* that describes cooling of the star due to neutrino emission, The solution of

(21) ie,
t = (72k®N/2u ) (T76 - T _~9) ’ (22)

shows that a neutron star of I.MO and radius 10 km takes ~ 103 sec to cool

through the same temperature range. At lower temperatures (KT << @)
cooling from neutron emission becomes insignificant because of the damping
of the rate of coohng by the exponential factor in 183 The above analysis
indicates that in the temperature range 1011 - 1019 °K, the cooling is
- predominantly from emission of neutrons. In thls temperature range, the
rate of neutron evaporation is only slightly affected by neutrino cooling and
- a significant portion of the mass of the star is lost as evaporating neutrons.
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T°K W, erg sec™! - W, ergsec™!

10° 2.8 x 1073 5x 1078

1010 2.8 x 104 - 5x 10%

101! 5.5 x:10%% : 5 x 10%*

1012 1.4 x 10%6 5% 0%
Table 1

3. Conclusions

The conclusion we draw from the above discussion is that a neutron star
~ IM, and radius ~ 10 km will emit a flash of neutrons immediately
after its birth, if the surface temperature is around 101! °K. The duration
of the flash is about 1 sec and approximately 10% of the mass of the star
gets evaporated. As the neutron flash is emitted just after the birth, it
should interact with matter ejected in the supernova explosion (neutron
emission will probably continue until the outer shell of ejected matter has
moved to a distance 10> — 10% km). This effect could have important
consequences, neutron and proton (protons from decay of emitted neutrons)
bombardment of the ejected matter may be efficient in synthesising : heavy
elements.® The flux of protons may also be a source of cosmic rays.

It is very important to note that the process depends entirely on
cvaporation of neutrons from the surface and does not involve mass
transport from inside. The star wears away from the surface due to loss of
neutrons,
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CHEMICAL CONSTITUENTS OF SOME SPECIES OF
HOLOTHURIANS FOUND IN SRI LANKA
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Abstract + The sodium, potassium, calcium, iron, magnesium and phosphorus
contents of the six |Holothurian species Holothuria scabra, Holothuvia atra,
Holotburia nobilis, Holothuria leucospilota, Bobadschia marmorata and Sticopus
chloronotus were determined. H. scabra has the highest sodium (4.29%), potassium-
(1,05%), calcium (7.91%) and magnesium (5.21%) contents. B. marmorata has the
lowest amounts of sodium (0.30%) and calcium (2.05%). I1. atra has the lowest
amount of magnesium (0.73%) and S.' chloronotus has the lowest amount of
potassium (0.10%). H. scabra has the highest amount of the trace elements copper
(9 ppm) and nickel (36 ppm), while B. marmorata contains the highest amount of
manganese (7 ppm) and zinc (340 ppm). Of the two commercial species, H. atra
{61 - 65%) has 2 higher protein content than of H, scabra (36 - 38%). The effect of
processing on the mineral and protein contents of H. atra and H. scabra is also
reported, Processed H. atra and H. scabra from the Northern coast of Sri Lanka have
a higher protein content (73 — 76%) than the processed H, scabra (59%) from the
South Pacific Islands. A possible method of differentiating H. scabra and H. atra on
the basis of the mineral content is also suggested.

1. Introduction

The Holothurians are soft, cylindrical-bodied, usually dull dark-coloured and
often warty species much like cucumbers (therefore called sea cucumbers)
belonging to the Invertebrate class Holothuroidea (or Holothurioides) of the
phylum Echinodermata.?

Holothurians |are marine species of economic importance and their
export provides valuable foreign exchange to Sri Lanka. Processed Holothu-
rian, Beche-de-mer is considered a delicacy by the Chinese and as a result is
exported to the countries where the Ghinese population is relatively high.3
The prices of the exported animals depend on qualities such as size, appea-
- rance, odour, colour, moisture content and resistance to spoilage. Thus
knowledge of the amounts of moisture, protein, carbohydrates, fat, amino-
acids and minerals present in diffcrent species of Holothurians found in
Sri Lanka would be useful in evaluating their food value and the market
potential, Holothurians are also used in making poultry feed.® The water
extract of H. scabra, obtained during processing is used to relieve gajn and to
cure paralysis by some villagers in the Northern part of Sri Lanka.
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Of the species known, H. scabra is the most commercially popular, In
northern Sri Lanka, this species is largely available in the coastal area of
Mandaitivu, Nainativu and Mannar. Another commercially popular species -
H. atra is also available in the northern coastal area. The latter is plentiful in
" the coastal area of Point Pedro.

The mineral, fat, protein and moisture contents of Beche-de-mer
processed from H. scabra from the South Pacific Islands have been
_rcportcd Recently a group of workers have rcported4’ the protein, [at,
and saponin contents of some species of Holothurians found in Sri Lanka. In
our carlier communication,! we reported the mineral and iodine contents of
six species of fresh Holothurians found in the coastal area of Jaffna. In this
paper, we report our results on the chemical constituents of the commer-
cially popular species H. scabra and H. atra along with those of the other
species. The effect of processing on the mineral content is also reported.

2. Experimental Methods and Materials

Fresh samples of H. scabra used in this study were collected from Mandaitivu
during the months December 1982 and June 1984 and from Mannar in
October 1983. H. atra used for this study was collected from Mandaitivu in
“March 1983 and June 1984 and from Point Pedro during the months of
March and June. 1983. Also samples of B. marmorata, H. nobilis and
S, chloronotus collected from Trincomalee and H. leucospilota collected
from Mandaitivu were analysed for comparison purposes. The different
species were identified by reported methods.’

Processing® of Holothurians was carried out as follows: The specimen
. was first boiled in water for 30 min removed from water and allowed to air
dry for 3 h. Then the dried specimen was kept under a soil bed overnight for
fermentation, The outer body wall cover was removed by washing with
water and the processes of boiling and air drying were repeated twice.

After the above trcatment, the air-dried samples were dried in an oven
105°C to constant weight. The ash content was determined by ashing
weighed quantities of oven dried samples at 450°C in a Muffle furnace until
constant weight was obtained,

2.1 Preparation of Test Solutions

Oven dried s1mples of known weights were ashed at 450°C and dissolved
(quantitatively) in a known volume of 0. 6M HCI and the rcsultmg solutions
were used to determine sodium, potassium, calcium, magnesium, iron and
trace elements.
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2.1.1 Determination of the Amounts of Sodium and Potassium

Sodium and potassmm contents of test solutions were determined Flame
Photometnca]ly using a Corning 400 Flame Photometer. The Flame inten-
sities for sodium were corrected for interference by calcium by the standard
addition method.!

2.1.2 Determination of the Amounts of Calctum and Magnesium

Calcium and magnesium ' contents of test solutions were determined
titrimetrically! ! using EDTA with potassium cyanide as the masking agent.
Patton Reeders indicator was used for calcium determination.

Magnesium content of test solutions was estimated as follows lhe
total amount of magnesium and calcium present was determined!! by.
titrating a known volume of test solution with standard EDTA solution with
Eriochrome Black T as indicator and using potassium cyanide as masking
agent.!! Magnesium content was obtained by subtracting the amount of
calcium present from this value,

2,1.3 Determination of Iron

Iron content of test solution was determined t:t:)lorinru:tricallly.6
1,10—Orthophenanthroline was used as the complexing agent and the colour
intensity was measured using a Corning Model 252 Colorimeter with a
490 nm. filter.

2.1.4 Estimation ometez'n Content

The total nitrogen content of oven dried samples of holothurians was
“determined by the Kjeldhal method® and protein content was calculated by
multiplying the total nitrogen content by 6.25, '

2.1.5 Determination of Trace Elements

The trace elements copper, manganous, nickel, zinc, cadmium, cobalt and
chromium were determined” using the test solution (prepared as described
above) on a Varian Model 1257 Atomic Absorption Spectrophotometer.

2.1.6  Determination of Lead

Oven-dried samples were subjected to wet oxidation with conccntrated nitric
acid and concentrated sulphuric acid as reported preuously The resulting
solution was used to preparc the test solution. The amount of lead present
was determined using a Corning Model 252 Colorimeter after complexing
with dithizone.?
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2.1.7 Determination of Phosphorus

Accurately weighed oven-dried samples (1—2g) were ashed with magnesium
nitrate® and the ash was dissolved in 1M H 804 (10 ml) and the solution
made up to 50 ml. Phosphorus content of this solution was determined® by
measuring the intensity of the colour produced on complexing with
vanadomolybdate reagent using a Corning Model 252 Colorimeter with 430,
470 and 490 nm filters.

2.1.8 Determination of lodine

Iodine content of accurately weighed oven dried samples was estimated by
the alcoholic potash method.®

2.2 Identification of aminoacids and carbohydrates

Methanol extracts of fresh samples of /1. scabra and H. atra were used for the
identification of carbohydrates and aminoacids. Carbohydrates and amino-
acids were separated from the methanol extract by using the cation exchange
resin, Zeocarb 225. The aminoacids and carbohydrates present were
tentatively identified?? by comparing with authentic samples using' paper
chromatography.

2.3 Separation of spicules and their analysis

Spicules were separated® from the flesh of the specimen by adding saturated
solution of sodium hypochlorite. The mixture was left overnight and
decanted (The spicules will float in the liquid — the flesh will be at the
bottom). The spicules were separated from the decanted solution by centri-
fuging and decanting the supernatant liquid. The spicules were washed with
distilled water until no more chloride ions are detected in the washings. The
spicules were then weighed, ashed and dissolved in 0.6M HCl and the
estimation of the minerals were carried out as before,

3. Results and Discussion

The habitats of the six holothurian specics studied are given in Table 1 and
their localities are given in Table 2. Of the six species studied, H. atrq is the
smallest (usually 8 — 15 cm in length) and H. leucospilota is the largest
(80 — 80 cm). Our results on the estimation of the amounts of sodium,
potassium, calcium and magnesium present in six species of Holothurians are
given in Table 3. The amounts of iron, phosphorus and iodine are given
in Table 4. Of the six species investigated, F. scabra contains the highest
amounts of sodium, calcium and magnesium. But /I atra, and the non-
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commercial species H. leucospilota and S. chloronotus contain relatively high
amounts of iron and phosphorus. H. scabra from the Mandaitivu coast and
S. chloronotus from Trincomalee have appreciable amounts of iodine while
H. atra, H, leucospilota and B. marmorata do not have detectable amounts of
iodine. It is interesting to note that scaweeds from the Mandaitivu coast also
have high iodine content.” H. scabra from the South Pacilic Islands'? has
higher amounts of sodium and iron than the Holothurian species from
Sri Lankan coast but its calcium and phosphorus contents are much lower.
Tables 3 and 4 also show the amounts of the same minerals present in
different species of Holothurians after processing. Processing removes
87 — 90% of sodium and potassium from both H. scabra and H. atra.
Relatively smaller amounts of calcium, magnesium, iron and phosphorus are
lost during processing and iodine 1s lost completely. However there is a large
difference in the amount of calcium, magnesium and phosphorus lost by
H. atra and H. scabra. Table 5 gives the percentage of the original amounts of
the minerals remaining in the animals after processing to the original value.

Table 1. The habitats of the holothurian species studied, -

Species : . Habitat

Holothuria scabra Found among cel grasses in the shallow waters
' and in sandy bottom in deep waters.

Holothuria atra Found among coral reefs and clear sand. It is
' usually found coated with sand with few naked
patches.
Holothuria leucospilota Found in deep sea (about 10 m depth).
Holothuria nobilis Found in muddy bottom (4 - 8 m depth). _
Sticopus chloronotus Found in deep waters on pebble stone grounds

(6-12 m depth).

Bobadschia marmaorata Found in deep sandy bottom where the bed can be
casily seen from the surface of the water.

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/

Rajeswary Mageswaran and Vaseetha Balakrishnan

120

PIUP UNS 2S3([ JO IUIIUOD JINISIOW) PASN SEM S|BWIUE [BIDADS JO SIMIXIW PALIP UNG ‘A3ojooz jo

(% L1 — &1 wioxy pafues sajdures
waumiedaq ‘umBedsueduery g ssiy woiy sajdureg,

& 4 ) SHI0UOI0]G
= = R 23[BUIODULLY, sndoss,
k g 3 } PINLO LD LY
- — AI[BLLO3ULL], mgsprqog,,
— - ~ - - da[EWIOdUIL ] SIIqOU BLNGI010H,
— - - — NANIEPUBY riopdseona) vingiojog,
54 128 ST STl £861 Y21 QIpad 1uiog (EIT} 2430 prang1ofoly
8¢ D6'58 Z1 901 86T dy RARTEPUBIY (1) 230 pungiofory
+T L6°SY £ 89 ¥861 [udy DNARIEPUEY (1) vaw vranqrofoyy
20T 1€°58 8¢ 9% £861 1390120 Teuuey (A1) 24quos vungiofoyy
$6 £9°78 T 88T +86T 2unf NATIIEpUEY (111) P4qu3s vrngiojoy
84T TS°Z8 0¢g 98¢ ¥RGT dunf NAINEPUEY (IT) pequas prangiojopy
! OT'£8 Iz PIE 2861 10quadaqg NANIEPURY (1) vagnas vungropoy
([euE> AIejUawife Inoylm) Apoq ur (way—ajdures (3)—ardures ajoym uo1123[[03
(8) Apoq jo 1yfiam (%) armsiow 70 1dua j0 mpfam JO uuow Aueoo Spads

"Apnis 241 ut pasn saidads 243 jo spreIaq : 7 A[qEL

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/

121

sapdwres [1arp1ea paquosap se] passaooxd Ul S[EISUIUI PUE USE — (
‘sajdures passasoadun ur S[EISUTW pUE ysE — B

= 9¢'1 = 00°'¢ == 01’0 3 06'T s LYo sniouo4olqd sndosys 71
== 0E'T iy S0'¢ = £2°0 = Q€0 = ot 6¢ DInLOULIDHL DIGISPEGOY 1T
= 'z = 6tz | = LT'0 = £8°0 2= 00°Te Syiqou BURGIOIOH 0T
(¥
.m. = ET'T F LTT o vT0 o ¢<o = SECT v101dsaonal vuRGIOIOH "6
in - — £9'1 2 2 - £4'E - 6'LE o (SPuB[S] 219 1INOS]
.fnw.. O.Husauoﬂ pLUNG1010ff '8
k)
e tE0 - 560 +9°0 8¢°C £0°0  8T0O ST0 FIT 98t 05°2¢ [111] varw vungiojoH "L
25 .
M 90 LLO L8°0 6t'T 0o 910 L0 DS £9'¢ 9L 1T [11] paap vungro[oHq °9
R
% £2°0 £L°0 ro LO°T 0’0 sT°0 jan SO'T ZT'E 9£°0Z [1] w420 vunqrejon °g
.
M 50 e 81 8T'H 200 0€0 0v0 0L¢ LT°ST I8°5F [AT] p2qps bungropoy ¢
8 :
S 68°0 81 £9'C $8's L0'0 990 tT0 9L 8Fl +1'8% UIT1] peqpos pungioof g
rmJ LT'T 1¢°s e 16°L +1'0  SOT 8¥'0  6T°F SLCT 6B'ES - [11] pagoos ungiojo 7
1)
]
g B6'0 6Ed A4 9L'9 600 +L0 680 T6E I19°61 ET'ES (L] eqpas vringiojofy “1
=
Jha
n .
m q E ) q e q v q B q ]
w urnisaudeiy ) UINID[E) WNISseI0g amnipos sy satoadg
s
] 7
g .
,,M jsajdures paup usao 3001/8] ‘SueLNRO[OH JO SIUIUCY WNSSUTFEW PUE WNID[ED ‘WNISSEI0 ‘WINIPoS
© R CLAE

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/

122 Rajeswary Mageswaran and Vaseetha Balakrishnan

Table 4,

Iron, Phosphorus and Todine contents of Holothurians [mg/kg oven dried samples]

Species Iron Phosphorus Todine
2 b a b 8 b
‘1. Holothuria scabra [15] Bi 43 777 653 51 no detectable
amount
2. Holothuria scabra {11} 90 51 865 700 . 54 w n
3. Holothuria scabra [111] 59 31 - 733 630 34 L 9
4, Holothuria scabra [IV] 40 18 281 223 no detectable
; amount
5. Holotburig atra [1] 146 66 1092 28 ey TE WM
6. Holothuria atra [I1] 233 104 1116 691 Sl X i i
7. Holothuria atra [111] 452 194 985 625 c o w2
- 8. Holothuria scabral? = -
[South Pacific Islands) - 226 - 26 = —
9. Holothuria leucospilota 413 - 1255 = no detectable
amount -
10. Heolotburia nobilis 336 — 666 — 6 =
11. Bobadschia marmorata 86 - 577 - no detectable
i . amount
12. Sticopus chloronotus. 251 - 1037 - 150 =

1 — minerals in unprocessed samples
b — minerals in processed samples,
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Table 5. Percentage of the original amounts of minerals present after processing.

Species Na K Ca Mg Fe P
Holothuvia scabra (1] 9.9 12.2 40.4 22.3 53.1 84.1
Holothuria scabra [11] 11.2 13.3 42.2 22.5 . 56.‘?. 80.92
Holothuria scabra [111] 10.2 "10.6 45.0 21.3 52.5 86.0
Holotburia scabra [1V] 10.8 6.7 43.0 258 45.0 79.4
Holotburia atra [1] 10.5 13.3 203 315 45.2 57.5
Holothuria atra [11] 11.3 12,5 22.9 33.8 44.6 61.9
Holothuria atra [111] 13.2 16.7 24.8 35.8 429 63.5

One of the reasons for the greater loss of alkali metals during
processing could be the higher solubility of their salts. Another possibility is
that these salts are present in relatively large amounts in the outer skin and
spicules which are removed during the processing. The difference in the loss
of calcium, magnesium and phosphorus between IL scabra and H. atra could
be attributed to the difference in the distribution of these elements in the
animal body wall, the skin and spicules of H. atra containing relatively larger
amounts of the minerals than . scabra. Table 6 gives the amount of
minerals left in the animal after each stage in processing for the two species
I scabra and H. atra.

The trace elements present in different species of holothurians were
also estimated using an Atomic absorption spectrophotometer. The elements
chromium and cobalt could not be detected in any of the species. The
Table 7 shows the amounts of copper, manganous, zinc, lead, nickel and
cadmium present in four species.
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Table 6

Effect of processing on the mineral contents of H. scabra and H. atra;
[g/100g oven dried samples]

Stage in Ash Na Ca Mg K Fe P
processing

1. Holothuria

scabra (1]
Fresh 53.23 392 6.76 4.39 0.74 0.0081 0.0777
After 1st
boil 44,10 2.95 6.04 3.05 0.447 0.0067 0.0798
After :
fermentation 33.35 1.04 4.95 2.37 0.324 0.0084 0.0779
After
2nd boil 25.69 0.47 3.28 1.27 0,210 0.0047 0.0674
After

3rd boil 19.61 0.39 2.73 0.98 0.091 0.0043 0.0653

2. Holothuria

atra [11] _
Fresh 21.76 1.50  2.49 0.77 0.160 0.0233 01116
After 1st boil 14.32 1.23 1.74 0.49 0.093 0.0165 0.0957
After
fermentation 7.20 078 107 0.41 0.039 0.0180 0.0842
After 2nd boil 4.07 0.36  0.89 0.33 0032 00140 0.0728
After 31d boil 3.65 017 057 026 . 0.020 0.0104 0.0691
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The elements copper, manganous and zinc are essential and nutritive,
whereas lead and cadmium are toxic. Elements such as copper and zinc
although essential for life in trace amounts, have an toxit action when
ingested in higher amounts. The recommended levels of copper and zinc are
20 and 50 ppm respectively., The amounts of copper and zinc present in the
commercial species Il scabra and I atra are well below the recommended
level. The non commercial species B. marmorata and f1. leucospilota contain
zinc in quantities well above the recommended level. On processing the
percentage of the nutritive elements [Cu, Mn and Zn] increases slightly but
remain well within the recommended level. The percentage of toxic elements
[Pb and Cd] decreases [by about 30 — 46%] on processing. The mineral
contents of the spicules of five species of holothurians are given in Table 8,
The spicules of the commercial species I1. scabra and H. atra have a relatively
high calcium content. The spicules of B. marmorata has relatively high
magnesium content while that of S. chloronotus is low in calcium but
contain the highest amount of potassium and iron. These findings may be of
chemotaxonomic significance. lt is relevant to note that shape of SPICUICS
among other properties is used® in identification of different species of
holothurians.

Table 8

Amounts of sodium, calcium, magnesium, potassium and iron present in spicules of
different holothurians; [g/100g oven dreid samples]

Species Na Ca Mg K Fe

1. Holothuria scabra 0.74. 32.20 3.21 0.0069 0.0190
2. Holothuria atra 0.67 34.93 4.00 0.0012 0..006?
3. Bobadschia marmorata . 0.82 34.56 19.00 0.0160 0.,0270
4,  Sticopus chloronotus 0.21 14.03 3.84 0.0637 0.1221
5. Holotburia nobilis , 0.96 226.70 3.20 0.0048 0.0066
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The protein contents of fresh and processed H." scabra and H. atra
species are given in Table 9. It is of interest to note that although
unprocessed H. atra has a very much higher percentage of protein than
unprocessed H. scabra, the processed species have nearly the same percentage
of protein, This may be due to a greater loss of non-protein material from
H. scabra than from H. atra during processing. Also the local H. scabra and
H. atra appear to have higher percentage of protein than the H. scabra from
South Pacific Islands. 10

The total free aminoacid and carbohydrate contents of H. atra and
H. scabra have also been estimated by the usual method. The values of the
total amount of substances extractable into methanol and the percentages of
free aminoacids and carbohydrates present are given inTable 10.

Table 9

Protein contents of fresh and processed Holothuria scabra and Holothuria atra,
(g/100g oven dried samples)

Species ! Protein

Unprocessed Processed
Holothuria scabra [11 . -37.795 76.44
Holothuria scabra [11] 37.10 75.02
Holothuria scabra [IV] 36.69 73.31 .
Holothuria atra  [1] 64.94 76.63
Holothuria atra  [11) 63.85 76.25
Holothuria atra  [111] 61.44 73.50
Holotburia scabra'® — 59,12

[South pacific Islands]

Table 10. Percentage of free amino acids and carbohydrates

Soeci Weight of Total amount of material Free Carbohydrate
Prettes animal/g in methanol extract (%) amino acids (%) (%)
Hoelothuria . =
scabra 200 3.15 ; 0.33 0.58 .
(Mandaitivu)
Holothuria
atra 56 4.70 0.45 1.37

{Mandaitivu)
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The carbohydrates present in both the species are in the poly-
saccharide form, as simple sugars were not detected by chromatographic
analysis, Comparative two dimensional paper chromatographic analysis has
shown that H. atra contains seventeen free aminoacids. Fifteen of them have
been identified as aspartic acid, glutamic acid, serine, glycine, threonine,
alanine, tyrosine, valine, methionine, histidine, lysine, phenylalanine,
arginine, leucine and isoleucine, [l scabra contains fifteen aminoacids.
Fourtcen of these have been identified as aspartic acid, glutamic acid, serine,
glycine, alanine, tyrosine, threonine, valine, arginine, methinine, proline,
phenylalanine, leucine and isoleucine. It is interesting to note that H. atra
contains nine of the ten essential aminoacids whereas H. scabra contains only
seven of them.

4, Conclusion

Processed H. scabra and H. atra from the coastal area of Northern Sri Lanka
have a higher protein content [73—76%)] than the processed H. scabra from
the South Pacific Islands [59.12%]. Generally H. scabra is richer in alkali,
alkaline carth and trace metals than H. atra whereas the reverse is true in the
case of the elements iron and phosphorus. Both H. scabra and I atra have
similar Na/Ca ratio. But the K/Ca and Mg/Ca ratios of IL scabra arc very
much higher [> 60%] than those of H. atra. Thus it is possible to differen-
tiate H. scabra and H. atra on the basis of the mineral constituents.
Processing increases the protein content and the amounts of copper,
manganesc and zinc and decreases the alkali, alkaline earth and toxic
clements.:
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Abstract : The boron content of eighteen species of marine algae collected from the
Mandaitivu and Kirinda coasts is reported here. Boron is a micronutrient and is
essential for plant growth. The feasibility of using algae such as Gracilaria crassa,
Gracilaria edulis, Gracilaria corticata, Centroceros clavulatum and Sarcodia ceylanica
which contain more than 200 ppm boron, as fertilizer to meet the boron and other
mineral requirement is discussed. The iodine, phosphorus, iron, sodium, potassium,
calcium, magnesium, chloride {ionic) and sulphur (total) contents of nine species of
marine algae from the Kirinda coast are reported and the values are compared with
those of the algae from cthe northern coast. Gracilaria fergusoni has the highest
amount of iodine (3990 ppm) reported so far for marine algae from the Sri Lankan
coasts, :

1. Introduction

As a part of our study of the mineral content of marine algae the boron
content of some species of marine algae was estimated. Boron is one of the
essential micronutrients for plants. Some plant diseases like top sickness of
tobacco, heart rot of beets, brown heart of turnips, internal brown spot of
sweet potatoes, split roots in carrots have been reported to be due to boron
deﬁc:ency Usually borax [’\1512B4(Z).;Y 10H, 0] is used as a source of boron
in fertilizers, In this paper the quantity of boron present in eighteen species
of marine algae is presented. The feasibility of using these algae as fertilizers
is discussed. Results on the amounts of iodine, protein and other minerals
present in nine species of marine algae from the Kirinda coast are also
reported.
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2. Experimental Methods and Materials

The seaweeds were collected from Kirinda and Mandaitivu coasts. About
500 — 750g samples of each of the seaweed species were collected from
three to four different places in the same locality, bulked together, washed
and air dried for three days. The moisture content was determined by drying
in an oven at 105°C to constant weight. The ash content was 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 [crude] content was calculated by
‘multiplying the total nitrogen content by 6.25.8 lodine content was
estimated by the alcoholic potash method.** The amounts of sodium,
potassium, calcium, magnesium, trace elements, phosphorous, chloride
[ionic] and sulphur [total] were determined by the methods reported
previously.® The amount of carbonate in ash was determined by a known
procedure.

2.1 _Determination of the amounts of boron

Seaweed samples of known weight [0.5 — 1.0g] from powdered bulk
samples were mixed with Ca(OH), [2g], ashed at 450°C and dissolved
quantitatively in a known volume of 0.6M HCl. The amount of boron
present was determined using curcumin-oxalic acid reagent.3 The intensity
of the colour produced was measured on a LKB—ULTROSPEC UV-Visible
spectrophotometer [model 4050] at 540 nm wavelength. This determimation
was carried out in triplicate [deviation 3 ppm]. -

3. Results and Discussion

The amounts of boron present in eighteen species of seaweeds are given in
Table 1. The results show that some of the algae such as G. edulis (202 ppm)
G. crassa (242 ppm), G. corticata (208 ppm), S. ceylanica (234 ppm) and
C. clavulatum (273 ppm) contain over 200 ppm boron. This is more than
double the highest amount of boron (100 ppm) found in the leaves of land
plants, The high amount of boron in these algae may be due to the relatively
large amount of boron present in seawater. The seawater collected from
Mandaitivu in June 1984 contains 3.5 ppm boron, whereas the well water
samples from Jaffna, Kopay, Thirunelvely and Kondavil contain less than
0.7 ppm boron. :

Normally borax (Na,B,0,. 10H,0} is used as a source of boron in
fertilizer as it is water soluble and could be leached down: easily. Normal
crops requirem 1—5 kg of boron per hectare. Algae containing boron in
excess of 200 ppm could be used as fertilizer so as to provide the required
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Table 1. Boron content of Seaweeds in ppm (i.e. mg/kg air dried Seaweed)
Date of
Alga Locality ~ collection Boron
(a) Rhodophyta
1. Gracilaria edulis (Gmel) Silva Mandaitivu 12.02.84 202
.2‘ Gractlaria crassa ]. Agardh Mandaitivu 12.ﬁ2.84 242
3. Gracilaria fergusoni J. Ag.
1 Kirinda 27.02.83 135
11 Kirinda 15.05.83 110
4, Gracilaria corticata J. Ag. } Kirinda 27.02.83 208
5. Sarcodia ceylanica Harvey .Kirinda 27.02.83 234
6. Centroceros clavulatum ]. Ag, Mandaitivu 12.02.84 273
7. Laurencia obtusa
(Huds.) Lamouroux Mandaitiva 12.02.84 126
8. Spyridia aculeata J. Ag. Kirinda 27.02.83 114
9. Acanthophora delilei Lamour. Mandaitivu 12.02.84 57
10. Polyopas ligulatus
(Harv.) Schmitz Kirinda 15.05.83 51
11. Chnoospora fastigiata J. Ag. Kirinda 27.02.83 91
12. Jania natalensis Harv. Mandaitivu 12.02.84 43
13. Amphiroa sp. Lamour Mandaitivu 12.02.84 74
14. Cheilosporum spec'.mb:'fe Harv. Kirinda 27.02.83 13
15. Corynomorpha prismatica J. Ag. Kirinda 15.05.83 140
(b) Chlorophyta
16. Ulva reticulata Forsskal Mandaitivu 12.02.84 | 58
17. Ulva lactuca Linnaeus Mandaitivu 12.02.84 88
18. Ulva fasciata Delile Kirinda 56

27.02.83
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amount of boron. These algae would also provide other mineral nutrients
required for plant growth Of the species having more than 200 ppm boron,
G. crassa®, G. edulis®, G. corticata and C. clavulatum® (see Tables 2,3 & 4)
have high N, P, K values and are most suitable for use as fertilizers.

Moisture, ash, insoluble ash (insoluble in 0.6 M HCI), carbonate
(in ash), nitrogen and protein (crude) contents of nine species of seaweeds
from the Kirinda coast are given in Table 2. Cheilosporum spectabile, which
like Jania natalensis® is capable oi accumulating calcium and depositing it in
the form of calcareous skeleton,” has the highest amount of ash, insoluble
ash, calcium and carbonate. G. corticata, C. spectabile and Ulva fascmta have
a relatively large percentage of insoluble ash, possibly due to accumulation
of silica. Some of the algae, for example, Spyridia aculeata, Corynomorpha
prismatica, and Polyopas ligulatus have 12—15% protein and this amount, is
somewhat lower than those for some.of the species of algae from northern
Sri Lanka.®

Table 3 shows the amounts of sodium, potassium, calcium, magnesium
chloride (ionic) and sulphur (total) found in the nine species of seaweeds
from the Kirinda ¢oast. The sodium content of these nine species are
generally much higher than that of the species from the northern coast of
Sri Lanka.® C. prismatica has the highest amount ( > 10%) of sodium. It is
interesting to note that this species also has the highest amount of chloride
ions (7.93%) and relatively high total sulphur content (3.47%). Except for
the C. spectabile, the calcium content of the marine algae from the Kirinda
coast is generally lower than that of the algac from the northern coast of
Sri Lanka. The C. spectabile has calcium con tent (20.1%) comparable to that
of J. natalensis® (23.85%) and Amphiroa sp.” (23.29%) from the northern
coast of Sri Lanka. This is consistent with the ability of these species to
accumulate cal¢ium and deposit it in the form of calcareous skeleton mainly
as calcium carbonate. G. corticata has potassium in amounts (13.0%
comparable to that found in G. edulis (13.49%) from the Mandaitivu coast.
This species also has relatively high amounts of ionic chloride (4.36%) and
total sulphur (3.86%). :

The iron, phosphorus and iodine contents of the nine seaweed species
from the Kirinda coast are given in Table 4. G. corticata, S. aculeata and
C. spectabile have a relatively large quantity of iron. The algae species
collected from the Kirinda coast generally have a higher phosphorus content
than those from the northern coast of Sri Lanka. G. fergusoni and
P. lhigulatus have phosphorus in excess of 2000 ppm which is much higher
than that of any of the marine algae collected from the northern coast of
Sri Lanka. A similar trend is observed for the iodine content. G. fergusoni
has a higher iodine content than reported for any other marine algae from
the Sri Lankan coast. The iodine content of this species is-nearly doublc that
of the principal natural source, the caliche deposit of northern Chlle
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Table 4 : Iron, Phosphorus and lodine contents of Seaweeds from Kirinda coast in ppm
(i.e. mg/kg air dried seaweed)

other samples were collected in February 1983.
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Alga Iron Phosphorus lIodine
Gracilaria corticata 1356 1606 ' -11;6-
Gracilaria fergusoni 1 468 1.861 2109

II 373 2120 3990

Sarcodia ceylanica 311 1274 179
Spyridia aculeata 1074 1030 112
Corynomorpha prismatica 458 1623 297
Chnoospora fastigiata 166 1199 182
Cheilosporum spectabile 1390 268 156
Polyopas ligulatus 68 2410 435
Ulva fasciata 187 902 129
NOTE : G. fergusoni (I11) and C. prismatica were collected in May 1983 and all the
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Table 5: The amounts of trace elements present in seaweed from Kirinda coast in pPPm
(i.e. mg/kg air dried seaweed)

_ Alga Cu ZIn  Mn Ni Pb cd Co Cr
1. Gracilaria corticata ' 11 16 38 28 22 ) 23 20
2. Gracilaria fergusoni 1 5 12 26 6 28 2 9 6

; i 7 17 24 4 29 3 8 5
3. Sarcodia ceyianica 9 25 26 5 15 2 10 5
4. Spyndia aculeata 11 25 69 23 14 4 13 6
5. Corymomorpha prismatica 8 14 46 12 12 1 16 7
6. Chmoospora fastigiata 6 13 4 6 11 2 18 10
7. Cheilosporum spectabile 2 7 17 8 28 3 27 4
8. Polyopas ligulatus 5 14 5 5 10 0.4 27 -
9. Ulva fasciata 8 10 13 5 8 no detect- 3 7

able amount

NOTE : G. fergusoni (I1) and C. prismatica were coilected in May 1983 and all the other samples were
collected in February 1983.

Table 5 gives the amounts of the trace elements copper, zinc,
manganous, nickel, lead, cadmium, cobalt and chromium present in the nine
species of marine algae under investigation. The elements copper, zinc,
manganese, nickel, cobalt and chromium are essential nutritive (in small
amounts) elements but are toxic to human and animals if they are present in
large amounts. The amounts of these elements found in the nine species of
marine algae are within the recommended limits which are as follows:-
copper, 20 ppm; chromium, 100 ppm; nickel, 100 ppm; zinc, 50 ppm. Lead
and cadmium are non-nutritive toxic elements..The level of cadmium in
these species of seaweeds is low. However the lead content is well above the
limit of 2 ppm. The lead content of the seaweeds from the Kirinda coast
generally appears to be much higher than that of the seaweeds from the
northern coast of Sri Lanka.% Compared to the seaweeds from the northern
coast of Sri Lanka the seaweeds from the Kirinda coast have relatively high
zinc, cobalt and chromium contents and low manganousand nickel contents.
The element cobalt which is important in metabolising, sulphur containing
*amino acid, is found in reasonable amounts ( > 20 ppm) in G. corticata,
C. spectabde and P. ligulatus. This element and chromium could not be
detected® in .the species of seaweeds collected from the northern coast of
* Sri Lanka. The mineral contents reported in this paper were determined on
algal species collected during one season. Work is being camed out to study
the seasonal variation of the mineral contents.
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4. Conclusion

Seawceds such as G. edulis, G. crassa, C. clavulatum from the Mandaitivu
coast and G. corticata and S. ceylanica from the Kirinda coast have relatively
large amounts of boron. These species are also rich in nitrogen, potassium,
phosphorus and other minerals and could be used as fertilizers. G. fergusoni
is rich in iodine and could be used for the manufacture of iodine. This
species could also be used to supplement human diet and animal feed to
provide the iodine which is required to control goitre disease. As expected
the algae growing in Kirinda coast have a relatively low calcium content than
those from the Mandaitivu coast. However they generally have higher sodium
and phosphorus content. It is recommended that selected species of algae
should be cultivated with the aim of using them as fertilising material.
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Abstract : The preparation and the characterisation of the complexes formed by
plumbagin, a naturally occurring naphthaquinone with the ions Cu(II), Ni(II), Co(II},
Mn(II), Zn(IT) and Hg(II) is reported. The stability constants of these complexes in
solution have been determined using potentiometric titration techniques. The high
values observed for the stability constants may have some relevance to support the
hypothesis that certain carrier molecules are involved in the uptake of meral ions by
plants,

1. Introduction

As a part of an investigation on the naturally occurring ligands we have
studied the complex forming ability of plumbagin (I), a naturally occurring
naphthaquinone. This paper reports the-preparation, characterisation and the
solution studies on several of these complexes, These studies may have some
relevance to the theory? that carrier molecules which form complexes with
metal ions are important in metal ion uptake and transport in plants.
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2. Experimental

Plumbagin was isolated from the dried root extract of Aristea ecklonii as
previously published.qL The product was crystallized as bright orange needles
from hexane. The purity of plumbagin was verified by its melting point,
1H NMR, IR and TLC data. The IR spectra were obtained in KBr discs using
a Perkin-Elmer 257 spectrophotometer and the UV—VIS spectra using Pye-
Unicam model SP 8000 spectrophotometer. The TH NMR were obtained
from a Varian T60 instrument. The pH measurements during the potentio-
metric titrations were obtained from a Corning model 5 pH meter equipped
with combination glass and calomel electrodes. The pH meter was calibrated
using standard Corning buffer solutions having pH values 7.00 and 4.00 at
25 + 1°C. The solvents and chemicals used were of reagent grade. The C—H
analysis of these complexes were carried out by Ciba-Geigy Ltd., Geneva,
Switzerland.

2.1 Preparation of the complexes

The Cu(ll), Ni(1l), Co(ll), Mn(1l), Zn(11), Mg(1l) complexes of plumbagin were
prepared by mixing the appropriate metal acetate solutions in methanol with
hot methanolic solutions of plumbagin. The resultant mixture was heated in
a water bath for about 15 min and the precipitates obtained were filtered,
washed with hot methanol and dried in vacuo. The yields, in most cascs,
were 50—60% (based on plumbagin). The analytical data and the colours of
the complexes are given in Table 1. The metal analyses were carried out by
standard colorimetric methods.

Complex : Colour Found (Calc.)%
Metal _ C H
Cu(CuH?O_,’)Z.ZHZO brown red 13.83 55.10 3.60
(13.32) (55.81) (3.80)
Ni(C“H?03)2.2H20 brown-violet 12.51 55.00 4.00
(12.52) (56.32) (3.84)
CO(CIIH?OS)Z'ZHZO brown-red 12.00 56.00 3.80
{12.56) (56.31) (3.83)
Mn(CuH?O;)Z.ZHZO brown-red 12.00 56.30 3.90
(11.81) (56.78) (3.87)
Zn(CnH?O;)Z.ZHZO brown-red : 14.00 55.20 3.80
(13.75). (55.53) (3.78)
Mg(C,,H,0,),.2H,0 brown-red 5.50 61.00 3.90
: (5.59) (60.78) (4.14)

Table 1. Analytical data and the colours of the plumbagin metal complexes.
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2.2 Determination of stability constants

Solutions contammg plumbagin (5.0 x 10 4 M) and metal acetates
(2.5 x 10™* M) were titrated with carbonate free 0.1 M KOH atu = 0.1 M
(KCI) under an atmosphere of nitrogen and the pH recorded, after the
-addition of 0.2 ml aliquots of alkali.

3. Results and Discussion

All these complexes possess different shades of brown red colour. The
elemental analysis (Table 1) indicate 1:2 (metal:ligand) stoichiometry for all
these complexes. The copper complex is slightly soluble in chloroform while
all the other complexes are insoluble in chloroform. However, all these
complexes are readily soluble in DMSO and pyridine. Their melting points
were found to be above 250°C

3.1 Infrared spectra

Plumbagin has two carbonyl groups, with the h?fdrogen bonded one
appearing at 1640 cm ! and the other at 1660 cm™ (Figure 1). Only the
hydrogcn bonded carbonyl group should be affected by complex formation
and this is indeed what is obscn ed. In the complexes,the carbonyl stretch of
free plumbagin at 1640 cm~ appears in the range of 1620—1630 cm !
Such downward shifts in the carbonyl stretching frequencrcs of
coordinated carbonyl groups have been previously observed! in the metal
comp]exes of 1—hydroxyxanthone. This provides definite evidence for the
participation of the carbonyl group in the bonding of these complexes. The
possible structures for a typical metal complex of plumbagin are shown in
Figures II

3.1.1 Electronic spectra

The UV—VIS spectrum of plumbagin in methanol shows a characteristic
absorption maximum at 394 nm assigned to a m - @ transition of the
carbonyl group. All the metal complexes exhibited the presence of an
additional intense charge transfer absorption band with the maximum in the
range of 450—460 nm (Table 2).

3.2 Solution studies

The successive stability constants were determined by the potentiometric
techniques and calculated by the method of Irving and Rosotti.?

The stability constants calculated in this manner are given in Table 3.
These are in agreement with the Mellor-Maley’s series® for divalent metal
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Table 2 Electronic spectral data of the plumbagin metal complexes

C'omplcx Absorption maximum (nm) (Epsilon x 106)

C11H803(plumbagin} 394 {3.1)
C“(CuH?Os)z'ZHzO 460 (7.1)
Ni(CnH?Os)z'ZHzO 452 (6.8)
CO(CUHTOS)Z‘zHZO 460 (5.9)
MH(C11H703)2'2H20 J 465 (7.3)
Zn(C{;H,0,),.2H,0 450 (6.3)
Mg(CIIH:’OS}Z'ZHZO i 456 (5.7)

Table 3. Stability constants of plumbagin metal .compl'exes

Metal ion log K log K,
Cu(ll) : 531 _ 4.93
Nidll) - 490 4,54
Co(ll) 4.84 4.66
Mn(l) 4.80 4.28
Zn(l) 4.45 3.74
Mg(ll) 4.32 o 3.73
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ions for the corresponding 8—hydroxyquinoline complexes:
Cu(ll) > Ni(1l) > Zn(1l) > Co(1l) > Mn(1l) > Mg(1l)

Studies on complex formation of biologically important metal ions
may be important in understanding metal ion transport and storage in plants.
The metal ions move against a concentration gradient in the root hairs. The
exact mechanism of how the metal ions pass through the cell membrane is
not well understood. It has been proposed that certain carrier molecules are
involved in this type of trzmspmt,2 analogous to, for example, the role of
ferrichromes in the uptake of iron by certain types of bacteria.

_CHy

-2HO OR

CHy

IIa b
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4. Conclusion
In this context, the results described above on the complex formation by a

naturally occurring ligand may provide a model for the uptake, transport and
the storage of nutrient metal ions by plants.
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Abstract ': This paper presents a detailed geochemical classification of groundwater
of Sri Lanka. In view of the fact that nearly 85% of the population of Sri Lanka use
well water and other non-piped water for their drinking water supply, information on
the chemistry of the growndwater is essential, Depending on its chemistry, the
groundwater of Sri Lanka has been classified into 4 main types, namely, Ca,Mg,Na/K
and non-dominant cation types. Each of these major groups are sub-divided into 2 or
4 sub-groups. It was revealed that the chemistry of the groundwater is markedly
dependent on the underlying geology as well as the climate. The dry zone in
particular is abundant in the Na/K type of water whereas the wet zone had Ca and
non-dominant cation types. It is also shown that the proposed classification has
useful applications in delineating areas susceptible to waterborne health hazards.

1. Introduction

The need for clean water as one of the most essential commodities for
mankind can never be over-emphasized. Groundwater monitoring is one of
the most important aspects of groundwater resource management and
prevention of groundwater pollution. Most environmental research activities
have been centered on rivers, lakes and the atmosphere of developed nations.
Very few case studies have been reported from developing countries even
though clean water is often a scarce commodity in such countries.

In Sri Lanka, a country of 15 million people, only 10 — 15% of the
~people have access to piped water, and the majority of the country’s health
problems are related to its aquatic environment. Most people use small,
unprotected wells, and in rural settlements, reservoirs and stream and river
channels are the main sources of drinking water. The proper disposal of
human and other wastes through sewerage systems and latrines is also
severely limited, less than a third of the population having satisfactory
latrine facilities. The poor water supply and excreta disposal systems have
resulted in 40% of the Sri Lankan population being affected by typhoid,
amoebic and bacillary dysentery, infectious hepatitis, gastro-enteritis, colitis
and worm infections. The nced to carefully monitor the groundwater quality
of Sri Lanka, is therefore of high priority and upto now this aspect has been
neglected. g
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Environmental geochemistry essentially deals with the geographical -
distribution of elements and forms the basis for a variety of interdisciplinary
studies involving human and animal health, quality of groundwater, agricul-
ture and nutrition, soil fertility, pollution and mineral exploration. The
study of the abundance and distribution of some trace elements and the
resulting biological manifestations involves geochemists, public health
workers, soil scientists, ecologists and nutritionists.

The chemical quality of groundwater is related to the geology of the
area concerned. For example, areas underlain by acid igneous rocks such as
granite or arenaceous sedimentary rocks generally contain lower levels of
essential trace elements — particularly the first row transition elements —
than areas underlain by ultrabasic and igneous rocks or shale. These however,
may sometimes  contain sufficient concentrations of potentially toxic
elements.!?

It is the aim of this paper to present a detailed chemical classification
of the groundwater of Sri Lanka. It is hoped that this chemical classification
would help, not only the hydrogeochemist, but also town and country
planners and those engaged in the implementation of rural water supply
schemes.

2. Materials and Methods

Figure 1 illustrates the general geology and climate of Sri Lanka and
Figure 2, the locations of the sampling points for groundwater, All water
samples were collected in acid-washed polyethylene bottles and kept cool
and dark until tested. All samples were collected during the period July—
December 1982, The appendix shows the details of locations, Three samples
were taken from each location, for the determination of the following :

Sample 1 : Total dissolved solids, CI', F~, SO, , HCO,;
Sample 2 : NO,”,NO,”, NH,
- Sample 3 : Na, K, Ca, Mg, Fe, Mn, Co, Cr, Cu, V, Zn, 810,

2.1 Analytical procedures

The total dissolved solids (TDS), CI', F, S 042_ and HCO;  determinations
were carried out using 1000 ml of weIl mixed unach:ﬁed fﬂtered sa.mples
(Sample 1). Following the methods of Brown et. al,! TDS SO and
HCO,  measurements were carried out by gravimetry ang tltrlmetry
respccmely The fluoride contents of the water were determmed by the use
of specific ion electrode.!3

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/

A Geochemical classification of Groundwater of.Sri Lanka

T, T T T T T T T
.80 i at

CLIMATIC, PHYSIOGRAPHIC AND MAJOR
GEOLOGIC DIVISIONS OF SRI LANKA

Lowiands <1000f I
Uplends 1000 -dooos |8~
Highiands = 3000ft 7
Oy zone
Intermediate zone
Wel zone

T e =P

Trincomales

* Polonnaruwe

Bofficaioa =

-7
COLOMBO ?
\

I~ Compiled by
C.B. Dissanayoke
S ¥.R Weerasooriya

Cortography by
5. M. B Amunugama

Figure 2.  Map showing the locations of sampling points,
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SAMPLE LOCATION MAP

(SEE APPENDIX FOR DETAILS)
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Figure 1.  Map showing the climate and geology of Sri Lanka.
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A 500 ml Sdmple (Sample 2) was used in the determination of NO, ,
NO, and NH,". The NO, " contents of the water were determined usmg a
SpCleXC ion clcctrodc Thc NO,” and NH, T contents were determined
spectrophotometrically followingthe method of Brown ez all,

A 2000 ml sample (Sample 3) of filtered water, acidified with 3 ml of
reagent grade conc. HNO, was used for the determination of metal ions, and
total SiO,. The V ang 810, were determined spectrophotometrically
following the method of Brown et al.! The metals Cu, Co, Cr and Zn were
determined by atomic absorption spectrophotometry following pre-
concentration using ammonium pyrrolidine dithiocarbamate (APDC)/methyl
isobutyl ketone (MIBK). N, K, Ca, Mg, Fe and Mn were determined by
atomic absorption spectrophotometry without pre-concentration.’ '

Replicate analyses were made for all samples and inier-laboratory
comparisons made. A relative standard deviation of £ 1 — 5% was observed.

3. Results and Discussion
3.1 Plotting of data and map making

As the eye is well adapted to the recognition of patterns inspatial data, maps
have the capacity to present geochemical information with great impact, and
the spatial component becomes an integral part of the compilation and inter-
pretational process. Comparison of hydrogeochemical data with topographic
_geologic or geochemical information is made easier when all are in map form
on the same scale. -

Regional geochemical maps are best suited for ‘application in
agriculture, ecology and human health investigations. Such an approach has
been taken by the Applied Geochemistry Research Group (AGRG) of
Imperial College, London and the British Geological Survey, and has proved
to be of immense value in a large number of disciplines. Generally this type
of map provides the throadest view of large portions or thc totality of
country. The sampling densities of these maps are below 1 km?2, over an area
in excess 10,000 sq km and are usually presented as moving-average
smoothed maps. Local irregularities of the sampling results often obscure
rather than clarify any attempt to extract diagonostic patterns in the produc-
tion of contour maps at regional scale. These nrregularities need to be
harmonized, first with suitable smoothing out proccdures Much of the
studies in this direction had been carried out by Davis? and Olea. i
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3.2 The chemical basis for the classification of groundwater

The major constituents in aquatic systems include Ca, Mg, Na, K, HC03_,
CO42 7, SO 2~ and CI'. The proportions of these eight geochemically signi-
ficant constituents in natural solution provides the basis for naming the
water type. To provide a basis for comparison of water types and to relate
them to specific environments, a graphic method of illustrating data’ and
appropriate terminology must be adopted.

The Piper diagram!? is a multiple trilinear diagram for graphic repre-
sentation of the major chemical constituents of water, and effectively
portrays analytical data. Similar analytical techniques were developed by
Hill,’ Langelier and Ludwig’® and Romani.!* The model used in this
study is a modification by Hem.? Piper diagrams are used in various ways in
hydrogeochemistry. The simplest application is merely to display data to
represent distinctions among individual water samples. A fairly recent and
promising modification of the Piper diagram involves the use of component
cation and anion diagrams to classify water. The water type is generally
named after the dominant cations and dominant anions — defined as consti-
tuting more than 50% of the cation or anion. This has been accomplished
graphically by joining the mid-points of each side of each triangular field
which divides each triangular diagram into 4 smaller triangles. Thus a water
type is easily named, based on the positioning of the points in the cation and
anion triangles. Unless there are non-dominant cations or anions, the water -
type is named after the cations (Ca, Mg, Na/K) followed by a hyphen and a
‘similar term selected for anion possibilities (504, Cl, HCO;/CO;). When a
water type plots in the Piper diagram in the non-dominant cation or non-
dominant anion fields, it indicates that on percentage epm basis, no icn is
present in an amount greater than 50%. In such instances, non-dominant
cation (NDC) or non-dominant anion (NDA) forms the descriptive name.

3.3 The chemistry of the groundwater of Sri Lanka

The groundwater of Sri Lanka can be classified into the following 4 main
water types. The appendix shows all chemical data pertaining to this study.

1. Calcium type

2. Magnesium type

3. Sodium/potassium type
4. Non-dominant cation type

Figure 3 illustrates the distribution of these 4 major water types in
Sri Lanka. Each type is further sub-divided into the Cl, SO4, HCOg and
NDA types. Table 1 shows the average for the elements and ionic species.
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Figure 3. © Map showing the distribution of the major groundwater types in Sri Lanka.
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3.3.1 The calcium type

Figure 4 illustrates the Piper trilinear diagrams for the calcium water type. In
Sri Lanka, this type of water is distributed mainly in the northern, central
and in some parts of southern, eastern and north central regions. The Cl type
predominates in the northern parts whereas the HCOg type is prevalent in
the central regions. The effect of salinity and the presence of carbonate
rocks in the areas could possibly be attributed to such a distribution, Table 2
shows the correlation matrix for the elements and ionic species analyzed for
the calcium type of water in Sri Lanka. The total dissolved solids (TDS)
show significant correlations with K, Ca, HCOg and ClL The transition
elements however do not show significant correlations for this type of water.

3.3.2 The magnesitum type

When compared to the other types of water, the magnesium type is distri-
buted only in relatively smaller areas, the southern parts of the country
around Embilipitiya having higher concentrations. In this type of water, only
the Cl and 8O, sub-types could be found. The correlation matrix and the
Piper trilinear diagram for the Mg water type are shown in Table 3 and
Figure 5 respectively. '
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MAGNESIUM TYPE

Figure 5.  Piper trilinear diagrams for the magnesium water type.
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3.3 3 The sodium potasstum type

This type forms a major group and is distributed widely in Sri Lanka, parti-
cularly around the central region. The north western and north central and
the south eastern dry zones mainly contain this type of groundwater. From
among the sub-types, the CI type is predominantly found in these regions.
Excessive evaporation and probably influence of salinity may have
contributed to the prevalence of this water type. Table 4 shows the correla-
tion matrix for the Na/K water type and Figure 6 illustrates the Piper
trilinear diagrams.

3.3.4 The non-dominant cation type

As illustrated in Figure 3 the non-dominant cation type of water is
distributed mainly at the periphery of the central highlands and some parts
of the north central and southern regions. The HCOg4 and non-dominant
anion sub-types predominate in these regions. Table 5 shows the correlation
matrix for the non-dominant cation water type and Figure 7 illustrates the
Piper trilinear diagrams.

3.3.5 Effect of geology and climate on the chemistry of groundwater

A closer study of the distribution patterms of the groundwater types in
Sri Lanka reveals that the underlying geology and the climate affects the
chemical quality of water to a great extent. The wet zone of Sri Lanka
. (See Figure 1) consists for the most part of non-dominant cation types and
calcium — HCOq and non-dominant anion types. In the dry zone however,
the Na/K type predominates and in this type of water the CI sub-type is
found covering vast areas of the dry zone. Evaporation under the, strong
drought conditions as prevaﬂmg in the dry zone of Sri Lanka results in the
accumulation of sodium salts in the soil layers and this factor is largely
responsible for the abundance of the Na/K type in the dry zone. Further, the
northern parts of Sri Lanka are underlain by sedimentary limestones, as a
result of which the calcium type of water predominates in these parts.
Increasing salinity has been observed in areas closer to the shore-lines and in
the Jaffna Peninsula in particular, this is commonly seen. The predominating
anion in this type of water in the dry zone is CL

When one considers the topography, the central highlands have
groundwater of the Ca — HCOg type and with decreasing elevation, merges
into the non-dominant cation type. In the lowlands the Na/K type predomi-
nates. Thus a Ca - NDC -+ Na/K type of sequence is apparent with
decreasing elevations from the highlands to lowlands. This sequence could
well be due to the different geochemical mobilities of the elements
concerned. Further, there are numerous shallow and deep seated fractures
and lineaments within the central regions of Sri Lanka and these are mainly
responsible for the migration of groundwater within the hardrock terrains.
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3.3.6 Application in health

The delineation of areas of different water chemistry has applications in
studies pertaining to human health and epidemiology. The effect of the
chemistry of the groundwater on the health of the human population in
Sri Lanka is of paramount importance due to the fact that the vast majority
of the people use groundwater directly for their drinking and cooking

purposes.

It is apparent from Figure 3 that the effect of Na, K and Cl is more
pronounced in the dry zone areas as ag.:unst Ca and non-dominant cation
types in the wet zone. The people living in the dry zone regions are thus
subjected to a different water chemistry than those living in other parts of
‘Sri Lanka. The effect of water chemistry on the health of the populatlon in
Sri Lanka has been highlighted by stsanayake et. al.® and Dissanayake.*
From these studies it was revealed that there is a correlation between water
hardness and the incidence of cardiovascular diseases. Areas underlain by
groundwater with high water hardness appeared to have a low incidence of
cardiovascular diseases as exemplified by the Jaffna Peninsula. On the other
hand, certain regions in the wet zone where water hardness was low, had a
higher incidence of cardiovascular diseases. Prior information on the
chemical quality of the water of different areas helps in the delineation of
disease prone regions. Among the other diseases dependent on the water
quality are dental diseases such as dental fluorosis and tooth clccay Earlier -
studies3'> have shown certain areas in Sri Lanka, particularly in the north
central and eastern parts to contain anomalous fluoride concentrations in the
groundwater. These areas coincided with a high incidence of dental fluorosis,
particularly among school children.

4. Conclusions

The groundwater of Sri Lanka has been classified chemically and a map
showing the distribution of the different water types prepared. The ground-
water has been classified into 4 major types, namely Ca, Mg, Na/K and non-
dominant cation types. The Ca—HCO4 type is found predominantly in the
wet zone of the central highlands and appear to be associated with the non-
dominant cation types. In the dry zone, the Na/K type is abundant whereas
in northern areas particularly in the Jaffna Peninsula, the Ca—Cl type is
abundant. It is apparent that the distribution of the different groundwater
types is markedly affected by the underlying geology and climatic factors.
The map showing the distribution of the groundwater types has application
in delineating areas susceptible to health hazards depending on the chemical
composition of water. -
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VITAMIN A AND § — CAROTENE CONTENT OF SOME
' COMMON FOODS

T. M. S. ATUKORALA
* Department of Biochemistry, Faculty of Medicine, University of Colombo,
Colombo 8, Sri Lanka,

(Date of receipt : 07 March 1985)
(Date of acceptance : 08 January 1986)

Abstract : The content of vitamin A and its precursor, § -carotene was determined in
some commonly available foods in Sri Lanka. The edible portion of the uncooked
food samples were used for analysis. The concentrations of vitamin A and B -carotene
were determined by fluorescence and absorbance spectrophotometry by established
methods. Fish and ox liver were the richest sources of vitamin A, The vitamin A
content in other animal foods except eggs and milk, was not sufficient to make a
significant contribution to the daily vitamin A intake in a Sri Lankan diet, The
B -carotene content of dark green leafy vegerables ranged from 61.0 — 99.5 Hg/g and
was two to three times higher than that of other vegetables and fruits. A major

roportion of the daily dietary requirement of vitamin A could be obtained as
E-carotene from green leafy vegetables,

1. Introduction

Vitamin A is required for growth, reproduction, vision and maintenance of
the integrity of epithelial tissues. Its deficiency in the early stages leads to
night blindness and xerophthalmia, which may ultimately progress to blind-
ness, if untreated.2-6 Deficiency of vitamin A is mainly due to inadequate
dietary intake of the vitamin or its precursor, § -carotene, Therefore, it is of
- utmost importance to identify good sources of vitamin A and 8 -carotene
among the foods commonly available in Sri Lanka. In fact, the identification
of dietary sources of vitamin A, is listed as a research priority in the latest
report published by the WHO expert committee on vitamin A deficiency.’
The only data available at present is based on analyses carried out in India?
and on preliminary studies by Atukorala et al.! in Sri Lanka,

In this study, analyses for vitamin A and § -carotene have been carried
out on some commonly available foods in Sri Lanka.
2. Methods

2.1 Sampling: The food samples were purchased from three different areas
of Colombo to obtain a mean value for the foods commonly sold in

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


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

188 T. M. S. Atukorala

Colombo. A weighed amount (0.2 — 0.5 g) of the edible portion of the raw,
uncooked food was used for analysis. When analyses were carried out on
plant foods, specimens (for replicate estimations) were taken from different
leaves selected at random. Three different randomly selected samples of each
food item were analysed and the mean + SEM taken,

2.2 The concentration of Vitamin A was determined by a modification of
the fluorometric method of Thompson and co-workers.” Alcoholic KOH
(30%) was used for saponification instead of (60%) aqueous KOH and the
saponification time was increased to 30 minutes. Vitamin A was selectively
extracted into hexane and the fluorescence was measured against a blank
using a Perkin—Elmer LS3 fluorescence spectrophotometer. Each sample of
food was analysed in triplicate.

Retinyl acetate (Sigma, U.S.A.) was used to prepare a standard
solution. Vitamin A derivatives being labile compounds, the absorbance of
the diluted standard was checked prior to use. The standard solutions were
processed in the same manner as the food samples. The mean percentage
recovery was 98.71 + 1.30.

2.3 The concentration of § -carotene was determined by a spectrophoto-
metric method.?4

A standard solution was prepared by dissolving all trans § -carotene
(Sigma, U.S.A.) in absolute ethanol (Reiden de Haen, Germany). This stock

solution (1 mg/ml) was prepared every two weeks and stored in the dark at
4°C.

Carotenoids were extracted into petroleum ether after saponification
of food samples. The petroleum ether extract was washed twice with 92%
methanol to remove xanthophylls.* Its optical density was measured at
450 nm using a SP 6 — 450 UV visible spectrophotometer. Each estimation |
was carried out in duplicate, '

The mean percentage recovery was 97.5 £ 2.10.

2.4 Statistical significance was assessed using the Student’s t test.

3. Results and Discussion

The vitamin A content of flesh foods is given in Table 1. Both fish and ox
liver had more vitamin A than meat or fish. Fish liver had the highest
amount of vitamin A (95.03 £ 17.79 ug/g) with slightly lower amounts in ox
liver, but the difference was not significant. The amount of vitamin A in
chicken was significantly higher (p < 0.001 ) than that of other meats.
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Table 1 Vitamin A content of flesh foods
Vitamin A
Food (ug/g)
Mean SEM
Meat
Beef, muscle 0.29 0.08
Chicken, muscle 2.020 0.20
Mutton, muscle 0.75 0.30
Pork, muscle (lean) 0.349 0.13
Fish .
Seer (Scomber sp. }* 0.404 0.011
Para (Carangids)* 0,338 0.089
Kelawalla (Euthynnus sp.)* trace =
Thalapath (Istiophorus gladius)* 0.115 0.018
Hurulla (Sardinella sivus)* 1.413 0.204
Salaya (Sardinella jussieu) 1.395 0.355
Prawns 1.196 0.495
Liver
Ox liver 76.84 5.84
Fish liver (Para) 95.03 17.79

Each value is the mean of 3 samples.

* The edible portion of large fish without skin was used for analysis.
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Table 2. f—Carotene and vitamin A content of Eggs and Milk

f—Carotene Vitamin A
Food
Mean SEM Mean SEM

Egg, Hen (ug/100 g) 364 72 195 23
Cow's milk (¢g/100 ml)

Pasteurised, bottled 71.0 12.5 52.2 18.5

Pasteurised, packeted 115 17.0 60 14.9

Sterilised, bottled trace - 40.5 7.2

Fresh, unboiled 120 8.6 87.6 19.6

Each value is the mean of 3 samples.

Table 3. f—Carotene content of cereals, starchy roots and pulses.

B—Carotene

Food (Mg/g)
Mean SEM

Cereals
Rice, parboiled = &
Rice, Raw, milled — —
Wheat flour trace —

Starchy roots*

Potato (Solanum tuberosum) 2.78 0.40

Sweet potato (Ipomea batatas) 2.31 0.47

Innala (Coleus rotundifolius) ' 0.232 0.081

Kiriala (Habarala) (Colacasia esculenta ) 0.199 0.035

Pulses

Mysoor Dhal (Cajanus cajan) 12.90 3.4

Cow pea (Vigna unguiculata) 2.50 . 031
7.22 0.52

Mung (Green gram) Phaseolus aureus

Each value is the mean of 3 samples.

* Srarchy roots without peel were used for analysis.
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Of the different varieties of fish studied, small fish .(Hurulla and
Salaya) had a significantly higher (P < 0.01) amount of vitamin A than large
fish (Table 1). _

The B -carotene and vitamin A content of eggs and milk is given in
Table 2. Eggs provide a rich source of both f§ -carotene (364 + 72 ug/100g)
and vitamin A (195 * 23 pg/100g). Fresh, unboiled cow’s milk had the
highest amount of f -carotene with slightly lower amounts in packeted
pasteurised milk and significantly (p < 0.05) lower amounts in bottled
pasteurised and sterilised milk. Vitamin A content of milk also showed a
similar variation, but the difference was not significant.

Rice showed no detectable amounts of § -carotene, while wheat flour
contained only traces (Table 3). Of the starchy roots studied, potato and
sweet potato had a higher content (p < 0.01) of 8 -carotene than other
starchy roots. The § -carotene content in pulses was higher than that in
cereals or starchy roots, with Mysoor dhal and green gram having signifi-
cantly (p < 0.05) higher amounts than cowpea.

The B -carotenc content of vegetables analysed is given in Table 4.
Dark green leafy vegetables had a significantly higher (p < 0.02) amounts of
B -carotene compared to other vegetables except carrots. Moderate amounts
of B -carotene were observed in spring onions, leeks and legumes with levels
decreasing in that order. Of the vegetable fruits studied, pumpkin had the
most § -carotene (Table 5).

Coconut contained only traces of f -carotene. Among fruits, signifi-
cantly higher (p < 0.001) amounts of § -carotene were found in mango and
papaw, with mangoof the Karthakolumban variety having the highest
amount (Table 6).

4. Conclusions

The results obtained in the study are comparable to a similar study carried
out on Indian foods.? The food samples were analysed in the [resh state as
purchased and the effect of cooking or processing on the vitamin A and
B -carotene content was not studied.

Both fish and ox liver were rich sources of preformed vitamin A. Meat
and fish, with a low content of vitamin A (0.2 — 2 ug/g) do not make a signi-
ficant contribution to the vitamin A supply in an average Sri Lankan dict.
Eggs and milk form a richer source of preformed vitamin A and § -carotene.
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Table 4. f—Carotene content of vegetables.

—Carotene
Food ; (ug/g)
Mean SEM

Dark-Green leafy vegetables

Mukunuwenna (Alternantbera sessilis) 99.5 16.7

Kankun (Ipomea aquatica) 81.4 e 21

Gotukola (Centella asiatica) 87.1 19.5

Kathurumurunga (Sesbania grandiflora) 75.8 28.2

Spinach (Basella alba) 61.9 10.7

Sarana (Sesuvium poriulacastrum) 76.5 12.2
Other Vegetabies

Leeks (Allium porrum) 21.29 6.01

Cabbages (Brassica oleracea) 2.75 0.65

Carrots* (Daucus carota) 40.39 1.17

Spring onions (Allium cepa) 30.36 0.73
Legumes

Beans (Phaseolus vulgaris) . 18.60 0.99

Winged Beans (Phaseolus lunatus) 17.69 1.05

String Beans (Vigna cylindrica) 7.59 0.03

Each value is the mean of 3 samples.

*Food without peel was used for analysis,
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Table 5. f—Carotene content of vegetable fruits
pf—Carotene
Food (ug/g)
i Mean SEM

Vegetable fruits

Brinjals (Solanum mefonge;i:fz) 2.13 0.65

Pumpkin® (Cucurbita mixima) 12,77 0.89

Snake gourd (Trichosanthes anguina) : 5.14 3.88

Bitter gourd (Mormordia charantia) 2.34 0.56

Ladies fingers (Hibiscus esculenteus) 3.25 0.98

Ribbed gourd (Luffa acutanguia) 1.82 1.06

Each value is the mean of 3 samples.
The edible part of each food was used for analysis.

*Food without peel was used for analysis.
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Table 6. f—Carotene content of fruits

f—Carotene

Food ' (ug/g)

Mean SEM

Coconut (Cocos nucifera) trace ™
* Fruirts*

Orange (Citrus sinensis) 2.06 0.76
Plantains (Ambul variety) — Musa sapientum 2.81 0.42
Plantains (Kolikuttu variety) — Musa sapientum 2.58 0.30
Pineapple (Ananas comosus) 5.15 0.62
Papaw (Carica papaya) 22.4 0.49
Mango (Mangifera Indica) 20.96 0.58
Mango (Karthakolumban variety)- Mangifera Indica 31.51 1.10
_Guava.s-?' (Psidium guafava) ] 8.97 : 0.86
Ripe Jak fruit (Artocarpus beterophylius) 2.71 0.60

Each value is the mean of 3 samples.
* The edible portion of each fruit without skin or seeds was used for analysis.

* The fruit was used with skin.
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Most of the commonly available plant foods showed significant
amounts of B -carotene. The dark green leafy vegetables analysed (e.g.
Mukunuwenna, Gotukola) had a two to three times higher content of
B -carotene compared with other vegetables, and therefore constitute a very
Important dietary source, although the biological activity of g -carotene per
unit weight is lower than that of vitamin A (1 International unit of
vitamin A = 0.3 g vitamin A or 0.6 ug —caroteneZ). Other vegetables
(carrots, leeks, spring onions and legumes) were moderate sources of
B -carotene. Fruits, especially papaw and some varieties of mango, also make
an important contribution to the supply of § -carotene as they can be
consumed in the raw state without prior processing. These studies suggest
that a major part of the daily dietary requirement of vitamin A m a
Sri Lankan dict could be had in the form of B -carotene from commonly
available plant foods,
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STUDIES ON THE AGAROPHYTE, GRACILARIA EDULIS
— EXPERIMENTAL FIELD CULTIVATION AND METHODS OF
IMPROVING YIELD AND QUALITY OF AGAR.
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Abstract : Preliminary investigations on the extraction of phycocolloids from five
common red algae of §ri Lanka revealed that Gracilaria edulis forms a suitable source
for the production of agar. This coupled with the relative abundance of this species
prompted the investigations on the cultivation of this alga and on the methods of
extraction of agar from this species. Vegetative fragments from the apex of the plant
were used as “‘seed” material for planting. Planting of alga was carried out from
October 1982 to June 1983 and each month an experiment was set up using algae
collected in that month. The algae grew to its maximum size in about 2% to 3
months attaining a length of 30 — 35 cm and fresh and dry weights of 20 — 30 g and
1.5 to 2.5 g respectively. The agar content and gel strength of agar obtained from
cultured G, edulis were determined. The amount of agar increased with increase in
growth of alga but there were no significant differences in the gel strength of agar.

. These data compare well with those obtained for naturally occurring G, edulis, The

" effects of different pre-treatments of naturally occurring 6. edulis on the yield and
gel strength, have been studied. While prior wet grinding increased both yield and gel
strength of agar, prior soaking did not have any improvement on the agar. Extraction
under pressure resulted in a product with increased yield and gel strength. Prior alkali
treatment of the sea weed was found to increase the gel strength and pretreatment
with KCl upto a concentration of 4% increased the gel strength markedly,

1. Introduction

Marine macroscopic algae which are popularly known as seaweeds are
gaining importance as food and also as source of commercially important
polysaccharides such as  agar, carrageenan  and  alginic  acid.
Seaweeds have also been used as a source of biomass and in a number
of pharmaceutical products®:’ A large number of seaweeds that could
be utilised for these purposes are found along the coasts of
Sri Lanka’'* Of these scaweeds, species of Sargassum and Gracilaria
have been reported to be ~ present in appreciable quantities. The former
could be utilised for the extraction of alginic acid and the latter for
agar. Thus there is considerable scope for the utilization of these
seaweeds in Sri Lanka. :
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Several species of red alg;cte occurring in Sri Lanka have been found to
be potential sources of agar''? and two species of Gracilaria namely
Gracilaria edulis and Gracilaria verrucosa are found in appreciable quantities.
However, the estimated quantity of available Gracilaria® is far below the
requirements of an industry for the production of agar. Therefore exploita-
tion of these algae at industrial level cannot be based on the raw materials
that could be collected from natural beds alone. In addition indiscriminate
harvesting of Gracilaria for export as raw sun dried seaweeds by private small
scale exporters makes this small resource even smaller. These factors
therefore limit the proper utilization of these red seaweeds for commercial
purposes in Sri Lanka,

Under these circumstances the only alternative is to increase the
amount of raw material by artificial cultivation. Cultivation of seaweeds have
been successfully practised for a long time in countries like Japan,
Philippines, Indonesia and India. A preliminary investigation on the
cultivation of Gracilaria lichenoids ( = G. edulis) has been carried out at
Puttalam lagoon in Sri Lanka t00.l1? Further, Sivapalan and
Theivendirarajah!! have shown that this species could also be cultivated in
other parts of the country. The main reason for undertaking the cultivation
of seaweeds such as Gracilaria is the increase in demand for this valuable raw
material for economic exploitation. The present work on the cultivation of
G. edulis was carried out at Mandaitivu, Jaffna.

Extraction of agar from Sri Lankan seaweeds have been investigated
previously.1+2 In many instances it has been observed that many red algae
yield little agar and the gel strength of the agar is also low. It is possible to
increase the yield and gel strength of agar by various pretreatments.
A systematic study on improving the yield and gel strength of agar obtained
from G. edulis has also been undertaken during the present investigation.

2. Materials and methods

G. edulis was cultivated at Mandaitivu which is an island situated on the west
of Jaffna peninsula. This area was selected for cultivation as it supported
good natural growth of G. edulis and the seawater environment is also ideal
for the growth of this species. Further, this alga grows well in shallow water
and the area selected formed the required habitat.

Seaweeds are cultivated by means of spore production and by vegeta-
tive fragmentation and the latter has been found to be much ecasier and
quicker for G. edulis.” Several methods for propagating Gracilaria, including
vegetative fragmentation on coir ropes” coir net frames!® and on coral
stones”* have been carried out. In this investigation all these methods were
tried out, where vegetative fragments of about 2 cm long, usually taken from
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the apical portions of the Gracilaria plant were employed. This ‘“‘seed”
material was inserted into the twists of coir ropes or coir net frames at
regular intervals. The long line coir ropes or coir net frames with the algae
planted were attached to wooden poles and suspended under water. In the
case of coral stones, weeded coral stones were tied with coir ropes containing
the planting material by nailing the ropes. These were then submerged under
water. The level of water above the planting material was maintained
throughout the investigation. However, during low tides the planting
materials were exposed, but this was only for a short period.

The project was carried out from October 1982 to June 1983 and
cach month a fresh set of planting was made using fragments from a number
of plants collected that month in order to ascertain the best period for the
cultivation and harvesting of G. edulis. Observations were made every week
after planting on the increase in linear growth, wet weight and dry weight of
the algae. The mean length was determined by measuring the length of 20
plants selected at random. The wet and dry weights were determined by
removing all the algae from one meter length of coir ropes or one square
meter area of coir net frames and the results were related to the weights per
plant or per metre length area or square metre area of coir ropes. The plarts
that attained maturity were clipped at the bottom leaving a fragment on coir
rope. Regeneration studics on these fragments were also made using the
same parameters. During the period of investigation physical parameters of
the sea water such as salinity, oxygen concentration and temperature were
also recorded.

The cultured G. edulis was analysed for its agar content and gel
strength of agar. The gel strength was determined by a penetrameter and
expressed as g cm 2. These values were compared with the values obtained
for G. edulis grown naturally.

Detailed studies on improving the yield and quality of agar were made
on naturally grown G. edulis. For the purpose of extracting the phycocolloid
unless stated otherwise, the following method was employed. In each
experiment 10g of powdered G. edulis was soaked in distilled © warer
overnight and the excess water was drained off. Fresh distilled water was
added to the seaweed in the ratio of 1:20 (w/v) and the pH of the mixture
was adjusted to 5. The mixture was boiled for 30 min and after boiling the
seaweed was filtered through double layers of muslin cloth. The filtrate was
frozen overnight at -10°C in the deep freeze. The frozen sample was
subsequently thawed at room temperature and the excess water was drained
off. The agar extracted was spread into thin films over a polythene sheet and
dried at 50—-55°C in a drier. The dried agar was ground in a micromill and
used to determine the yield, and its gel strength and the results are expressed
as % agar and g cm™ 2 respectively.
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3. Experiments and Results

Arialy;is were carried out initially on the agar obtained from five red algae
namely G. edulis, G. crassa, Hypnea musciformus, Gelidiella acerosa and
Laurencia obtusa. It was found that G. edulis produced the highest yield of
agar. Agar solution of different concentrations (1%, 1.5% & 2%) were
prepared using agar obtained from the five algae under investigation and the
gel strength, melting temperature and setting temperature were determined.
These values were compared with those obtained for a sample of Difco agar
(Table 1).

It is apparent from the result that G. edulis shows superior quality
with respect to qualities of agar and because of this fact and the relative
abundance of this species it was decided to carry out an extensive investiga-
tion on field cultivation »° &. edults and to improve the qualities of agar
obtained from it.

The cultivation programme was initiated on 09.10.1982. Fragments of
the alga obtained from a few plants were planted and weekly observations
were made on the growth of the alga from the 2 cm fragments in terms of
increase in linear growth, increase in wet and dry weights (Table 2).

The results show that growth of G. edulis from 2 cm fragments is
remarkable as the plant attained about 12 ¢m in eight weeks with a growth
rate of about 0.6 cm per day. Similar observations were made on fresh plant-
ing that were carried during subsequent months. It is revealed (Table 3) that
cultivation programme can be started during every month of the year. This is
in accordance with the observations that G. edulis can be collected from its
natural habitat at Mandaitivu throughout the year. However, algae planted
during October 1982 and January 1983 grew  faster and luxuriantly.
The conditions during the months of October and January seem to favour
faster growth and these months could be selected for any extensive cultiva-
tion of the-algae.

Further observations indicate that G. edulis attains its maturity in
about 2% — 3 months reaching a length of 20 — 30 cm and fresh and dry
weights of 20 — 30g and 1.5 — 2.5g respectively (Table 4).

Analysis of agar obtained from cultivated G. edulis during its different
stages of growth indicates that with increase in age of the plant the agar
content also increased but the gel strength remained unchanged (Table 5).
Comparison of the qualities of agar obtained from cultured and naturally
obtained G. edulis revealed no difference in the agar content or gel st.rength
of agar. However, processing of alga for agar extraction was much easier with

cultivated alga as it was relatively free from calcium dep051ts and other
extraneous materials.
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Table 2. Growth of Gracilaria edulis after different periods

Age of Plant Length (cm) Fresh weight (g) Dry weight (g)
(weeks)
1 3.8 1.01 0.11
2 4.2 1.83 0.21
3 5.4 2.42 0.26
4 6.9 2.88 0.31
5 7.4 3.10 0.35
6 9.3 9.80 0.48
7 11.5 13.50 0.99
8 12.3 14.20 1.30

Table 3. Growth of alga (increase in dry weight) planted at different periods of the year

Algae planted Dry weight (g) at the end of week
on : 1 2 3 4 5 6 7 8
1st Oct. 1982 0.41 0.54 0.75 1.18 1.38 1.67 1.48 1.82
29th Oct. 1982 0.11 0.21 0.26 0.31 0.35 0.48 0.99 1.30
3rd Dec. 1982 0.20 0.32 0.48 0.71 0.95 1.02 1.18 1.26

12th Jan. 1983 0.24 0.31 0.33 0.46 0.54 1.31 1.81 227

18th Feb. 1983 0.11 0.20 0.41 0.54 0.72 0.92 1.01 1.21
13th Mar. 1983 0.10 0.27 0.22 0.51 0.63 0.83 1.02 1.31
12th Apr. 1983 0.12 0.34 0.44 0.56 0.62 0.86 1.01 1.02
8th May 1983 0.30 0.39 0.49 0.67 0.97 1.09 1.21 1.48
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Table 4. Growth of Glacilaria edulis at the time of harvest

Date of planting Date of harvest Length Fresh weight Dry weight
(cm) (g) (g)
1st Oct. 1982 12th Jan. 1983 34.5 20.6 1.40
3rd Dec. 1982 13th Mar, 1983 31.7 24.2 2.30
18th Feb. 1983 8th May 1983 29.3 293 1.82

Table 5. Yield and gel strength of agar obtained from Gracilaria edulis after different
periods of growth.

Age of plant % yield Gel strength
(weeks) - (1.5% solution)
4 20.0 125.8
5 20.5 131.2
6 24.8 120.4
7 29.0 134.3
8 31.0 118.8
9 37.8 102.6
10 41.1 114.2
11 40.2 122.6
12 43.2 112.8
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Observations so far have indicated that G. edulis could be grown
successlully on artificial substrata by vegetative propagation and that the
quality of agar obtained from the cultured agar is comparable to that of the
agar found in natural beds. Thus artificial cultivation together with the
natural raw material cast ashore due to wave action will provide adequate
scaweeds or commercial extraction of agar.

With the information available it was decided to study the properties
of agar on the different methods of extraction. In the initial studies analysis
of agar obtained from G. edulis was carried out on air dried algal thallus
without powdering before extraction. It was noticed that there was
considerable increase in the yield of agar by powdering the seaweeds prior to

extraction, however the gel strength did not improve by this pretreatment
(Table 6).

When the effect of soaking the seaweeds prior to extraction was
investigated it was found that prior soaking did not enhance either the yield
of agar or the gel strength of powdered seaweed (Table 7).

An - experiment was undertaken to determine the time of extraction
that gives the best yield. It was observed that with increase in the time of
extraction both the yield and gel strength of agar increased (Figure 1).

Extraction of agar using different methods were tried out. Seaweeds
were either boiled for 25 mins or autoclaved at 15 Ibs pressure for 25 mins.
This experiment involved powdered/unpowdered and soaked/unsoaked
treatments.

The results (Table 8) indicate that extraction of agar by autoclaving
increased both the yield and gel strength irrespective of whether the seaweed
was powdered or soaked.

The requirements of a suitable pH for extraction of agar was
subsequently examined and it was found that pH near 5 — 6 gave higher gel
strength but the amount of agar produced was greater in the more acidic
conditions (Figure 2).

Finally the effect of concentration of initial seaweed water mixture
prior to extraction was investigated. It was observed that with increase in the
quantity of water the yield of agar also increased but the gel strength was
better with a relatively concentrated solution (Table 9).

Several reports have indicated that pre-chemical treatments of either
the scaweed or agar improved the quality of agar. These aspects were
explored in the following experiment.
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Table 6. Effect of powdering Gracilaria edulis on the vield and quality of agar.

Treatment % agar Gel strength
(1% solution)

Powdered 32.8 81.2

Unpowdered 203 85.6

Table' 7. Effect of prior soaking of powdered seaweed on the yield and quality of agar,

Treatment % agar Gel strength
(1% solution)

Soaked 25.7 79.3

Unsoaked 235 82.5

Table 8. Effects of different methods of extraction on the yield and quality of agar.

Treatment Extraction by % agar Gel strength
(1.5% solution)

Soaked powdered boiling 14.4 146.0
autoclaving L 168.5
Soaked unpowdered boiling 19.0 150.4
autoclaving 32.0 178.3
Unsoaked powdered boiling 12.2 166.0
autoclaving 20.4 180.0
Unsoaked unpowdered boiling 14.6 160.0
autoclaving 24.2 174.0
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Table 9. Effect of seaweed: water ratio on the yield and quality of agar.

Ratio of alga to water % agar _ Gel strength
(wiv) (1% strength)
1:10 5.3 31.5
1:20 14.5 58.2
1:30 19.3 152.8
1:40 23.4 110.8
1:50 31.2 113.2

Table 10. Effect of pretreating the seaweed with alkali on the gel strength of agar.

Contration of Gel strength of agar (1% solution)
solution (%) KCl treated _ BaCl2 treated
0 (control 70.4 70.2
1 73.5 82.5
2 84.5 89.0
<] 99.0 103.5
4 138.5 123.8
5 Q9.5 98.5

Table 11. Effect of pretreatment of agar with alkali on the gel strength.

Concentration of Gel strength of agar (1% solution)
the solution (%) KCI treated BaCl, treated
0 (control) 96.2 96.2
1 136.9 128.0
2 121.4 110.2
3 102.4 102.3
4 98.4 93.8
5 90.5 88.8
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Powdered samples of seaweed were soaked for 1h separately in 50 ml
KCl and BaCly, solutions of concentration 1%, 2%, 3%, 4% and 5%. After
soaking the seaweeds were washed in distilled water, the agar extracted and
the gel strength of agar determined (Table 10).

It is apparent that pretreatment with alkali improved the quality of
agar but higher concentration of alkali seemed to lower the gel strength. Pre-
treatment with BaCly appears to be more effective than with KCI solution.

Subsequently agar was extracted from G. edulis au‘ording to the usual
procedure and about 2g of agar was soaked separately in KCl and BaCl
solution for 1h and washed in water thoroughly after soaking. The g%
strength of the agar was then determined (Table 11).

Pretreatment of agar with alkali appears to produce high gel strength
agar compared to that of the control but here too higher concentrations of
alkali lower gel strength.

5. Discussion

During a preliminary laboratory study on the phenoclogy and life history of
G. edulis to investigate the sclection of seed material, time and method of
growth, nature of substrata and rate of growth of alga it was found that the
alga can be propagated vegetatively much easily, Observations indicated that
vegetative fragments from the basal and middle portions also can grow
although not vigorously as the fragments from the apex. During this investi-
gation and observations over many years no carposponc plants of G. edulis
are observed and this alga appears to be “sterile”.

The present investigation reveals that G. edulis could be cultivated by
the three methods employed but the coral stones supported good growth of
the alga. This may be because of the firm support the alga received compared
to the coir ropes and nets where the alga is subjected to wave action, as a
result portions of algal thalli become detached from the substratum and lost.

Although G. edulis could be grown during any month of the yeat
frequent growth of other algae occurred on the coir ropes which prevented
the growth of this alga. This was noted with the over growth of
Chaetomorpha sp. during November 1982, Struvea sp. during January 1983

,and Jania sp. during April 1983. During these periods frequent weeding out
of these seaweeds was essential for the better growth of G. edulis. During
weeding portions of thalli of G. edulis were also sometimes removed from
coir ropes and lost. The major algae that grew among G. edulis on coral
stones were species of Acanthophora and Caulerpa.
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One other problem facing cultivation of G. edulis is that of grazing by
fish particularly species of Siganids. This was evident from the observation -
that damaged or browsed seaweeds had truncated apical tips as opposed to
the tapered apical tips of intact thalli. Stephen et al (1981) showed similar
browsing of G. edulis by herbivore fishes. The present investigation reveals
that G. edulis could be grown on artificial substrata from vegetative
fragments to harvestable size in about three months. Regeneration studies
from the harvested algae indicate that plants are able to grow at the same
rate as the fresh planting material thus indicating its remarkable regeneration
capacity. This makes three harvests possible in an year. Further it is possible
to harvest about 1 kg wet G. edulis from one metre length of coir ropes.

Of the five species of red algae studied G. edulis was found to be
superior in terms of yield of agar and the ease with which the agar could be
extracted. This alga has been found to be the most abundant of the algae
studied. Thus with the indigenous supply of G. edulis together with cultiva-
tion on artificial substrate it appears that this alga could be made useful for
the commercial groduction of agar in this country. Similar claim has been
made elsewhere,’ Gelidiella acerosa, the principal agarophyte in several
countries including India has been claimed to yield good quality agar, Similar
observation has not been observed with the G. acerosa studied and this
ubserg'ation substantiates the observations recorded by Dantanarayana
el al.

Several reports claim that there is seasonal vanatlon in agar content
and gel strength of agar obtained for different months.® Similar variations
have also been observed in this investigation and the agar obtained during
April were of better quality. Raju and Thomas” reported that the quality of
agar was better in algac obtained in the second and third harvest compared
to the first, However, such an improvement was not observed during the
present investigation.

Effects of pretreatment of G. edulis on the yield and quality of agar
have been investigated. 12 Puring the extraction of agar grinding seaweeds
prior to extraction has certainly increased the yield and quality of agar from
G. edulis. However prior soaking did not improve the guality of agar signifi-
cantly as indicated by Kappanna and Visweswara Rao.” It can be concluded
that wet extraction of the ground scaweed at a pH of 5.6 for relatively
longer period give better yields of agar with good gel strength. Expenments
have also shown that the gel strength of agar could be improved by prlor
alkali treatments.

While G. edulis appears to be the most promising of the red algae
studied, other algal species too have been found to yield agar suitable for
commercial use in the food industry.
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Abstract + Detailed geological mapping was undertaken in the land around the heads
of the Trincomalee Canyon, in an attempt to determine its probable origin. This
Canyon is in alignment with the Mahaweli shear zone, It has the trend similar to the
general strike of the country rocks and has three principal heads, one at the Trinco-
malee inner harbour and two at the Koddiyar Bay. The head at the inner harbour and
the one south east of the bay probably follow a fracture zone, The River Mahaweli
has played a major role in forming the two main heads and the sub-heads at the
Koddiyar Bay. The survey reveals that the shape of the Canyon heads are controlled
by the geology of the area.

1. Introduction

In 1908, Somerville first noted several deep and narrow notches in the
submarine plateau off the east coast of Sri Lanka,l The Trincomalee
harbour is in one of these and during the two World Wars this harbour
was of immense interest as it was found to be an extraordinarily deep
canyon. Several workers studied it at different times2+3:6: 7 and
confirmed it to be a large submarine canyon,

The' canyon has three main heads and these heads have cut into
the land. The Trincomalee inner harbour is in one and Koddiyar Bay is
in the other two heads (Figures 2,5 and 6). Thus, since the land
surrounds all these heads, this situation was found to be ideal to study
the geology around the canyon heads. A detailed geological mapping
programme was carried out in the area around the heads of the Trinco.
malee Canyon and an attempt was made to find whether the develop-
ment of the canyon heads are geologically controlled.

Geological mapping was undertaken using air photographs
including mosaics from the Survey Department of Sri Lanka. Air
photos (scale 1:20,000 — 1984 air surveys) mosaics (scale ‘2 inches =
1 mile’ — 1956) were available for the entire area. All geological data
were transferred to the mosaics for the preparation of the final geolo-
gical map of the area.

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/

214 _ N. P. Wijayananda

This work was carried out as a part of the Trincomalee Canyon study
programme conducted by the National Aquatic Resources Agency.

2. Physiography

The Trincomalee Canyon has a length of 40 + km with an average slope of
about 1/18 or 3° . The volume of the canyon was computed as the material
missing from the continental margin and is approximately 1000 km?. The
general trend of the canyon axis is horth east — south west.

Three principal heads were identified, two at the Koddiyar Bay and
one at the inner harbour (Figure 2). The narrow outer shelf trough formed
by the headward bifurcation of the main canyon axis forms the head at the
Trincomalee inner harbour. The other bifurcations form two heads at the
Koddiyar Bay.

The axis of the main head at the Koddiyar Bay trends north-east for
about 6 km with a slope of 1/7 or 8° and at a depth of 600 m. it bends 90°
to north-west for a distance of about 3 km with a gentle slope of 1/30 and
again turns 90° back to north-east at a depth of 700 m (Figure 2). The axis
again runs north-east for about six km at a slope of about 4° or 1/15 and
then turns north-north-east at a depth of 1500 m. As it goes further on the
continental slope the canyon turns gradually to north-east, and thereafter
broadens and debounches on the continental rise at a depth of about 3400m.
The two other heads of the canyon project landwards and trend in a north
west-south east direction and are only 50 m deep.

3. General Geology

More than 90% of the island of Sri Lanka is underlain by Precambrian meta-
sedimentary rocks which are grouped into two major lithological zones — the
Highland Series and the Vijayan Series (Figure 1). Within the Highland Series
a subdivision of the south-west group has been identified.? The Vijayan
Series is geographically divided into the Eastern and Western Vijayan.

The Highland Series is composed, predominantly of granulite facies
rocks. the main rock types being charnockites and their variants, quartzites,
marbles and varieties of metasedimentary gneisses. The Vijayan Series
consists of homblende biotite gneisses, migmatites, granites and granitic
gneisses of the amphibolite facies. The south-west group is characterized by
calc-gneisses, calc-granulites, wollastonite-bearing calciphyres and cordierite-
bearing gneisses with sillimanite. :
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Figure 1.

Outline geological map of Sri Lanka showing the study areas (shaded and

cross—hatched)

H.S. — Highland Series
W.V.S. - Western Vijayan Series
E.V.S. — Eastern Vijayan Series
S.W.G. — South West Group
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Figure 2. Bathymetric chart (in metres) of the Trincomalee Canyon. Shaded area of
Figure 1 (Stewart et al. 1964b).
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gt 3000

Figure 3.  Transverse profiles of the Trincomalee Canvon. Profiles oriented to face
down Canyon. For location sce Figure 2. Vertical exageration x 5.8. Depth in
metres.
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The arca studied falls under the Highland Series group of rocks
(Figure 1) and is covered by the one inch to one mile Trincomalee topogra-
phic sheet. Quartzite is the most prominent rock in the area and is also the
most resistive rock type to weathering. All the ridges in the inner harbour are
composed of quartzites and most of the bays have formed in between these
bands. Charnockite is the interbanded rock with the quartzite. Though
charnockite is a more resistive rock in the interior of the island, at the
harbour area, charnockite has eroded faster than the quartzite. Most of the
bays as Nicholson’s Cove, Malay Cove, Minden Cove, Deadman’s Cove are
formed due to the quicker erosion of the charnockites. The southeast of
Koddiyar Bay is mainly charnockite. Three prominent bands of impure
marbles were found in the area. One band lies in the valley bottom of the
Petroleum Corporation Upper Tank Farm area and runs below the China Bay
railway station into the inner harbour at Harden Point. This marble band is
in alignment with the sharp demarcated Yard Cove, but no exposures were
seen beyond Harden Point. Though no outcrops were found in the south
west extension of this marble band, morphologically it is evident that the
band runs into the Thambalagam Bay, between the 177 and 177% mile posts
of the railway linc. Remnants of another similar band is found at Marble
Beach in the south-east valley of the Diamond Hill ridge. The other
prominent marble band was south east end of the study area near the
Ullackalie lagoon (Figure 5).

Thin clongated patches of marble are also found at several places.
They are located as follows: (a) near the sea, down the south-east slope of
the ndge at the Ceylon Fishery Harbour Corporation (Cod Bay) new circuit
bungalow, (b) near the junction of the turn to the China Bay from the
Trincomalee — Dambulla road, and (c) a few metres thick patch at the south-
west bay of the Periyakulam ridge.

A pink feldspar granulitic gneiss is present north of the inner harbour.
This is a very prominent rock in the north of the study area, but is not found
around the harbour. This granulitic gneiss has charnockitic and basic layers
interbanded and is migmatitic at certain places.” These features are well
cxposed at the quarries between the 108 and 109 mile posts of the
Anuradhapura — Trincomalce road. Four prominent garnet-biotite-gneiss
bands were present, two in the north west and two in the south east of the
study arca. The shape of the land north of Sampur (Figure 5) and the gamet-
biotite-gneiss and charnockite lithology clearly shows that the differential
weathering and erosion has contributed to the form of it. The garnet-biotite-
gneiss band necar Ullakulam (Figure 5) is not traceable due to the lack of
fresh outcrops and at some leached outcrops it is difficult to distinguish
garnet-biotite-gneiss and charnockite. A coarse grained scapolite-diopside
rock is found at the old quarry near the Ceylon Fishery Harbour Corpora-
tion, Cod Bay circuit bungalow. Several fine grained porphyritic basalt dykes
were observed near this coarse grained rock and they are closer to the
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Figure 5. Geology of the area around the Trincomalee Canyon heads,
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Sri Lanka Port Authority jetty. Similar dykes of few metres thick have also
been observed in the north coast of the Great Sober Island. A traceable
anorthosite band is present at the south end of the study area near Ullackalic
Lagoon (Figure 5). The area covering from Mutur to Tambalagam Bay is the
Mahaweli flood plain and is the land next to the two canyon heads at
Koddiyar Bay. This area is covered with recent alluvial deposits (Figure 5).

4. Structure

The aerial photographs of the area covering the coastal belt from Seruwila up
to Nilaweli on the scale of 1:20,000 and 1:40,000 were studied for the
preliminary structural investigations. The mega-scale structures observed in
the air photo interpretation were confirmed in the field mapping, and a few
more medium to small scale structures were identified. The arca is charac-
terized by south-westerly plunging antiforms, a synform and steeply dipping
basin (“arena”).

The two ridges at the Navy premises on either side of the Nicholson’s
Cove are limbs of the southernmost antiform with the axis running right
across the Dutch Point. This is an assymetrical antiform. The axis of the
adjoining synform falls across the Great Sober Island and the Trincomalee
town. The nose of it is closer to the Fort Fredrick. The axis of the other
antiform is through China Bay. A steeply dipping basin (“arena”) is found
north west of the area. The pink feldspar granulitic gneiss, the core rock of
this “arena” dips almost vertically. The above structural features do not
show much influence on the formation of the canyon. Two major faults are
located across the two small bays at the Cod Bay. One runs across Palaiyuttu
and displaces the quartzite ridge north of it. The other [ault is through
Tekiluttu and displaces the same ridge at another location. These faults have
directly influenced the opening up of Cod Bay (Figure 6).

The south cast part of the area is of uniform dip at an average 50°
north west. Minor flexures were seen in abundance at most of the large
outcrops (Figure 5). '

5. Discussion

With the limited data available it is rather difficult to draw definite conclu-
sions on the genesis of the Trincomalee Canyon, It is, however, evident that
several factors have contributed to its formation. If the 100 m contour line is
considered as the sca level during the ice age (17,000 years ago), the
landward end of the Trincomalee Canyon would have been very simple at
that time, with only one principal head.
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Several small canyons are also found in the continental shelf of
Sri Lanka. Some of these are located off the main river valleys but only at
Trincomalee do the canyon heads come within 600 ft of the shore.% Uppu
Aru which is in the flood plane of the Mahaweli River has its mouth where
the head of the canyon begins (Figure 2). It is reasonable to assume that
during the ice age the Mahaweli waters moved into the canyon through Uppu
Aru and 1t is interesting to note that cw,n at present these two rivers are
connected.*

Vitha.nage8 has reported that the geological mapping of the eastern
section of the Polonnaruwa sheet (near Gallella) shows that the Mahaweli
lineament follows a N—S shear zone along a calc-gneiss band and probably
continues N—E to lrmcomdlef: where a series of deep submarine canyons
have been located. Vlthcma.ge observed that the River Mahaweli and the
Trincomalee Canyon are in the Mahaweli Shear zone, The Mahaweli shear
zone could therefore be a contributing factor to the formation of the
Trincomalee canyon. Except for the principal axial head of the canyon, all
the other heads lie above the 100 m contour line. The formation of the inner
harbour head and the second head at the Koddiyar Bay have undoubtedly
developed after the ice age.

Bush and Bush? suggest the sharp bend of the canyon in Koddiyar
Bay could be due to a fault zone. Such a fault zone could also have given rise
to the inner harbour head and the second head in Koddiyar Bay. During the
ice age the inner harbour area may have had the normal ridge valley topo-
graphy as we find in the present day land. With the rise in the sea level the
inner harbour area has got submerged gradually and the present bays have
opened up rapidly due to wave and current actions. All the ridges around the
inner harbour are made up of quartzites and the valleys are charnockites,
marble and gneisses. The present day bays have formed in valleys of the ice
age and are due md.miv to differential erosion. The probable fault suggested
by Bush and Bush? falls across the Cod Bay. Two other faults have also been
identified which cut across Cod Bay and northwest openings of the Cod Bay
are due to these faults.

The inner harbour opens up in two directions and the carving parallel
to the general trend of the area is due to differential erosion and that oblique
to the trend line is along fracture planes. These forms have developed due to
the structure and lithology of the area around the inner harbour.

It has been observed that another canyon head is developing at the
mouth of the Mahaweli River (Figure 2). Taking into consideration that the
Mahaweli was connected to Uppu Aru* during the Icc Age and recently
changed its position, it is evident that the river has played a major role in the
formation of the small canyon head at its present mouth. This shows that
the Mahaweli River also has influenced the form and the development of the
canyon.
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6. Conclusions

The recent geological mapping done in the land around the Trincomalee
Canyon shows that the form of the inner harbour head is structurally and
lithologically controlled. The River Mahaweli has played a major role in the
formation of the principal axial head of the canyon. Another axial head is
developing at the mouth of the present Mahaweli River. As suggested by
Bush and Bush? it is possible that the sharp bend in the canyon valley, inner
harbour head and the second head at the Koddiyar Bay is due to a probable
fault zone.
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INCIDENCE OF PLASMID MEDIATED ANTIBIOTIC
RESISTANCE AMONG ISOLATES FROM TOOTH
INFECTIONS IN A DEVELOPING COUNTRY, (SRI LANKA)
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Jaffna, Sri Lanka.
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(Date of acceptance : 17 February 1986)

Abstract : Qut of 55 isolates from tooth infections, the majority were enteric strains,
Further, more than 90% of them exhibited multiple drug resistance. However, the
incidence of strains carrying transferable resistance was very low (<{2%). Therefore,
it is inferred that the source of these causal organisms could be the contaminated
water which exhibited a similar pattern of antibiotic resistance and transferability.
Such incidence of strains in the buccal cavity could facilitate the spread of resistance
to other sensitive strains ot the nasopharynx,

1. Introduction

Tooth infections are mainly caused by gram positive nasopharyngeal flora
e.g. Staphylococcus aureus, Streptococcus pyogens.® In addition, it was
reported’ that gram negative bacilli such as Kiebsiella, Proteus and
Escherichia coli could bring about tooth infections. These organisms enter
“the mouth via contaminated food and water. Studies carried out® show that
the carrier rate of Klebsiella in the throat of a “normal population” is high.
Enteric strains isolated from clinical samples, water sources and from rectal
swabs of normal healthy adults from this area exhibited a high incidence of
multiple resistance and significant percentages of transferable resistance to
most of the.common antibiotics.” The presence of such enteric strains in the
nasopharyngeal region could render a greater chance for the rest of the sensi-
tive “normal flora™ to acquire resistance. This study was carried out to assess
the incidence of plasmid mediated antibiotic resistance among enteric strains
isolated from tooth infections.

2. Materials and Methods

2.1 Collection of Samples

Tooth swabs were collected from patients suffering from tooth infections.
These swabs were collected from patients visiting private dental clinics and
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the dental clinic attached to the General Hospital, Jaffna. The samples were
collected by the dental surgeon in sterile peptone water using sterile swabs.
These swabs were incubated in peptone water at 37°C for 5h. Subsequently,
they were streaked on MacConkey agar medium and incubated for 15 h at
37°C. Colonies appearing on these plates were subcultured and identified.

2.2 Antibiotic Sensitivity Test

Isosensitest agar medium (oxoid) was used as the test medium. Bacterial
resistance to antibiotics were determined by the paper disc method.? A
single colony of the pure culture was suspended in 4.5 ml of 0.9% sterile
saline. This was diluted 1:10 in the same diluent (adjusted to) standard
turbidity and streaked evenly on the test medium using sterile absorbent
cotton wool swabs. The plates were incubated at 37°C for 15 min. This was
followed by the application of antibiotic discs on the inoculated surface and
the plates were left at room temperature (28°C) for 15 min. They were then
incubated for 15 h at 37°C. The diameter of the zone of inhibition was
measured using a vernier caliper. Selection plates were prepared by incorpor-
ating sulphamethoxazole (500 ¢ g/ml) nalidixic acid (30 ug/ml) in isosensitive
test agar medium. The list of antibiotics used are given in Table 1.

Table 1 : List of Antibiotics used,

Antibiotics Amount of antibiotic
per disc

1. Nalidixic acid (NA) 30K g
2. Ampicillin (Ap) 10ug
3. Chloramphenicol (Cm) 30u g.
4, Tetracycline (Tc) 0ug
5. Nitrofurantoin (N1) 0ug
6. Sulphamethoxazole (Su) 23.2u g
7. Trimethoprim (Tp) 1.3ug
8. Erythromycin (Em) g 15ug
9. Gentamicin (Gm) | 30pg
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2.3 R-—Plasmid Transfer by Conjugation

E. coli K12 strain EC 1005 (met , nal" ) was used as the recipient strain.
This strain was supplied by Institute of Pharmaceutical Microbiology Univer-
sity of Uppsala, Sweden, (E. coli K12 met™ rif" ) was used as the recipient
when conjugation with nalidixic acid resistant donors was carried out. A
single colony of the recipient was suspended in 50 ml of Luria broth in
150 ml Erlmeyer flask. The broth was diluted to O.D. (optical density) of
0.23 at 600 nm in the same broth and incubated to O.D. 0.42 at the same
wavelength. 0.4 ml of this broth was mixed with the presumptive donor (in
0.2 ml of Luria broth) which was previously incubated for 1 h. The mixture
was incubated at 37°C for 15 h and transferred by a sterile multiple incu-
bator on to selection plates. The selection plates were incubated for 48 h and
colonies appearing on, these plates were restreaked to individual colonies on
the same selection plates and subsequently tested for recipient auxotrophic
marker by culturing them on methionine supplemented minimal salt medium
M9. An antibiotic sensitivity test was carried out on these transconjugants
and transferable antibiotic resistance patterns were discerned.

3. Results

A total of, 55 aerobic gram negative bacterial strains was isolated from 53
tooth infections. The majority of the isolates (49%) were Klebsiella
(Table 2). The 55 isolates were found to exhibit resistance to more than one
antibiotic. The majority of the isolates were resistant to ampicillin , sulpha-
methoxazole and trimethoprim. Further, significant amounts (58%) of the
isolates were resistant to nitrofurantoin. Though none of the isolates were
resistant to gentamicir ,a few were resistant to tetracycline and chloram-
phenicol. Thirty-four different resistance patterns were observed among
strains isolated from tooth infections (Table 3). Resistance patterns were
observed carrying resistance markers up to 8. Out of the different resistance
patterns exhibited by Klebsiella, resistance to ampicillin *, sulphamethoxa-
zole, nitrofurantoin and trimethoprim was predominant (37%). All isolates
of E, coli carried resistance to ampicillin , sulphamethoxazole and trimetho-
prim. This particular combination of resistance genes was also observed
among Paracolon, Proteus and Klebsiella. All isolates exhibiting antibiotic
resistance were conjugated with E. coli K12 EC1005 (met”, nal’ ) and
selected with nalidixic acid (50 pg/ml)and sulphamethaxazole (500 mg/ml).
A Proteus strain carrying resistance to ampicillin , tetracycline, sulphame-
thoxazole, erythromycin, chloramphenicol, nitrofurantoin and trimetho-
prim was found to transfer resistance to sulphamethoxazole.
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Table 3. Frequency of antibiotic resistance patterns among enteric bacteria isolated
from tooth infections

Bacterial species Antibiotic Resistance patterns Number of Isolates
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Grand Total 54
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4. Discussion

Incidence of multiple drug resistance strains among tooth infections suggest
that these organisms could have originated from antibiotic loaded environ-
ments. Such environments could be either the clinical source, human or
animal intestinal flora. Further, these isolates share common resistance
patterns with that of the corresponding strains isolated from water sources.

Earlier studies *showed that the resistant enteric strains isolated from water
sources did not transfer their resistant traits to sensitive strains. Non-
transferability of these resistant genes could be due to the loss of transfer
genes responsible while they are in a non-selective medium such as water. A
similar phenomenon was observed among the isolates from tooth infections
where inspite of the high incidence of resistant isolates only one out of 55
isolates transferred these resistance genes to sensitive strains. This further
shows that tooth infections could also be caused by resistant enteric strains
of human origin and could spread in the community via contaminated water.

Recently it has been reported that R-plasmid transfer by conjugation
could occur between Staphylococcus and E. coli.l The presence of a high
incidence of resistant strains in the nasopharyngeal region could increase the
chances of other sensitive normal flora such as Neisseria, Staphylococcus,
Streptococcus acquiring such resistance. The non-parental use of antibiotics
during tooth extraction 'as a prophylactic agent could remove the normal
sensitive organisms from the nasopharynx and their place could be occupied
by resistant enteric strains, thus bringing about chronic soreness. Stabiliza-
tion of strains like Klebsiella flexeneri in the nasopharynx could render the
chance of the individual suffering from pneumonia caused by the same
. organism.

Thus steps should be taken to prevent the access of enteric strains to
the mouth and nasopharynx. This could be achieved by the use of treated
water and maintaining high standards of personal hygiene. Further the use of
antibiotics in the community should be reduced so that the incidence of
resistant strains would be low.
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AN EVALUATION OF A COLORIMETRIC PROCEDURE FOR
THE ESTIMATION OF GLYCOSYLATED HAEMOGLOBIN AND °
THE ESTABLISHMENT OF REFERENCE VALUES FOR SRI LANKA

E. H. KARUNANAYAKE AND N. V., CHANDRASEKHARAN
Department of Biochemistry, Faculty of Medicine, University of Colombo,
Colombo 8, Sri Lanka.

(Date of receipt : 21.01,85)
(Date of acceptance : 17.02,86)

Abstract : The importance of the measurement of glycosylated haemoglobin as a
quantitative index reflecting metabolic control in diabetics during the preceeding
four to six weeks is now well established. The suitability of the colorimetric method
of Fluckiger and Winterhalter as a technique adaptable for developing countries has
been evaluated. Incubation with oxalic acid for one hour indicated good precision
with coefficient of variation within assay of 3.19 (n=20) and between assay of 2.8%
(n=15) for normals and 1.8% for diabetics. —D—fructose was also used in addition
to 5—hydroxy methyl furfuraldehyde (HMF) as standards. This gives a measure of
efficiency of the reaction. The non-specific blank value for all samples were a
constant. Whole blood samples could be stored at room temperature (30 3°C) for 5
days and for nine days at 4”C. Haemolysates were stable at 4°C for 5 days and for 30
days at —20°C. A good correlation coefficient of r = 0.92 was obtained with a
microcolumn test kit (n=20, p < 0.001). The normal mean (¥SD) for glycosylated
haemoglobin (HbA ) for Sri Lanka was found to be 5.85% * 0.79 for males (n=70)
and 5.88% % 0.79 for females (n=30). A significant difference was not observed
between males and females. The overall mean for narmals was 5.9% + 0.79 (or
0.39% * 0.05 UM HMF/g Hb). Mean for non-insulin dependent diabetics was
10.83% + 3 (or 0.68 £ 0.20 UM HMF /g Hb). The mean %HbA _ for pregnant women
(n=15) in the 3rd trimester of pregnancy was 7.0% £ 0.7 The colorimetric method
meets many of the criteria for an ideal laboratory test. It proves to be the most
suitable method for the measurement of glycosylated haemoglobin in developing
countries.

1. Introduction

The minor haemoglobins (also referred to as fast haemoglobins? — HbA,)
accounting for about 8% of total haemoglobin in blood arise from non-
enzymatic post translational modifications of haemoglobin A (HbA)
(Figure 1). HbA _ constitutes the major fraction.

HbA . is formed from HbA by the chemical condensation of a rnoli-
cule of glucose specifically with the NHo—terminal of the f—chain of HBA.5
It is a slow process occuring during the entire life span of the erythrocyte
and is dependent on in vivo concentration of glucose. HbA . levels are
therefore elevated in diabetics.
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Figure 1.  Electronic pattern of haemoglobin components in normal red blood cells.
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The measurement of HbAlc approximately reflects the time averaged
serum glucose concentration in the preceeding four to six weeks!” and
hence gives a precise reflection of metabolic control in diabetes over a long
period of time,

Methods described for the measurement of glycosylated hacmoglobin
include elcctrophoresis,19 ion exchange chromatography,?” high pressure
liquid  chromatography (HPLC),B affinity chromatography,!®immuno-
assay,'® fluorometry!? and colorimetry.”

Prior to the present investigation no studies have been carricd out in

Sri Lanka on glycosylated haemoglobin. We have therefore evaluated a

suitable colorimetric technique originally described by Fluckiger &

Winterhalter!! and subsequently modified by Worth et a/*® and established
the reference values for Sri Lanka.

In this method the carbohydrate moeity is cleaved by acid hydrolysis
to yield 5—hydroxy methyl furfuraldehyde (5—HMF) which is subsequently
complexed with thiobarbituric acid. The resulting chromogen has a maximal
absorbance at 443 nm.

The colorimetric method determines all glycosylated haecmoglobins.
Ideally HbA, . should be the fraction that should be quantitated. However,
the determination of total glycosylated haemoglobin has been shown to
correlate well with the measurement of HbA12 and HbAlc22 by column
chromatography. ,

2. Materials and Methods

All reagents used were of analytical grade. Spectrophotometer readings were
obtained on a Pye Unicam UV/VIS spectrophotometer (Model SP6 — 450
UV/VIS). Bench centrifuge was used for all centrifugation purposes. All
experiments were carried out at room temperature (30°C + 3° ) unless
otherwise specified.

2.1 Standard haemoglobin solutions

Standard haemoglobin solutions were prepared according to Van Kampen

and Zijlstra26 (Hemiglobincyanide method) and standardised according to
Cannan.” These prepared solutions were stored in brown vials at 4°C after
standardising with commercially available haemoglobin standards
{Acuglobin—Ortho diagnostic systems U.S.A.).
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2.2 Collection of Blood Samples

All blood samples (5 ml) were obtained into heparinised vacutainers. Normo-
glycaemic samples for males (average age 26.1 + 5.86,n = 70) and females
(average age 24.01 + 5.6, n = 30) were collected from the Central Blood
Bank, General Hospital, Colombo. Blood samples from diabetic patients of
both sexes (average age 47 + 13.5, n = 107) were obtained from the General
Hospital, Colombo.

2.3 Determination of Haemoglobin

Samples of blood (5 ml) collected into heparinised vacutainers were centri-
fuged (1500g, 10 min) and the plasma removed. The red blood cells were
washed twice in an equal volume of physiological saline (0.154M). The cells
were haemolysed by the addition of one or two volumes of distilled water
and carbon tetrachloride (0.25 vol). The mixture was vortexed for 5 min and
centrifuged (1500g, 15 min). The clear haemolysate was collected and the
haemoglobin concentration of the haemolysate was determined by the
method of Van Kampen and Zijlstra?% by adding Haemolysate (20 pl) to
hemiglobincyanide reagent (5 ml). After at least 3 min the optical density
was measured at 540 nm and the haemoglobin concentration (g/1) calculated
by the use of already prepared standards or O.D. x 377.Blank used was
distilled water. Samples were then accurately adjusted to 50 g/l total haemo-
globin concentration by the addition of distilled water.

2.4 Determination of glycosylated haemoglobin

Oxalic acid (1 ml, 0.3M) was added to an aliquot (2 ml) of adjusted
haemolysate, mixed and placed immediately in a boiling water bath at
- 100°C for exactly 60 min. Evaporation was minimised by placing glass
marbles on each test tube. After incubation samples were cooled in cold
water for 2 min and deproteinisation carried out by the addition of
trichloroacetic acid (1 ml, 40% w/v). The tubes were vortexed (30 seconds)
and then centrifuged (1500g, 15 min). Thiobarbituric acid (0.5 ml, 0.05M)
was added to the clear supernatant (2 ml), mixed and incubated (40°C,
60 min). The colour developed was read at 443 nm. :

Included in each assay were a blank using distilled water instead of
hacmolysate, aqueous standards of 5—HMF (0.01 mM/L to 0.05 mM/L),
aqueous standards of fructose (1 mM/L to 4mM/L) and diabetic and normal
pooled haemolysates previously stored at —20°C.

2.5 Correlation with column method
Twenty samples of blood (8 normals and 12 diabetic) were assayed both by

the ion-exchange column procedure and by the colorimetric method.
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Commercial microcolumns were obtained from Bio-rad laboratories,

Richmond, California. “
2.6 Effect of storage of samples

Whole blood, washed packed erythrocytes, and haemolysates (50 g/l) were
stored at various temperatures and assayed periodically. Determinations were
performed in triplicate.

2.7 Washing for the removal of glucose

Aliquots (2 ml) of 20 haemolysates (all diabetics), the haemoglobin concen-
tration of which were previously adjusted (50 g/l) were analysed for the
presence of glucose by the glucose oxidase method.

2.8 Effect of Haemoglobin concentration on colour development

Pooled normal haemolysates were adjusted to total haemoglobin concentra-
tions varying from 15 g/l to 100 gfl. These were assayed and the colour
developed read at 443 nm. Determinations were performed in triplicate.

2.9 Effect of Incubation time with 0.3 M oxalic acid on colour
development

Aliquots (2 ml) of normal pooled haemolysate (50 g/l) were incubated with
oxalic acid (2 ml, 0.3 M) and periodically samples were removed from the
incubation chamber and assayed. Determinations were performed in
duplicate,

2.10 Stablility of prepared haemoglobin standards

Haemoglobin standards were prepared’ and standardised with commercially
available Acuglobin (Orthodiagnostic systems, USA). The standards were
stored m coloured vials at 4°C. The optical density at 540 nm was
determined at various time intervals, ranging over six months.

2.11 Variation in the total haemoglobin adjustment to 50 g/l

. Unadjusted haemolysate was obtained after washing of the red cells. An

- aliquot (20 ul) of the haemolysate was added to hemiglobincyanide
~reagent (5 ml) and the colour developed was read at 540 nm after at least 3
- minutes. Twenty such determinations were performed.
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2.12 Effect of concentration of oxalic acid on colour developmcnlt

The effect of the molarity of oxalic acid on colour development was investi-
gated on pooled normal haemolysates (50 g/l). Determinations were
performed in triplicate.

2.13 Effect of incubation time with thiobarbituric

Twenty aliquots (2 ml) of supernatant (obtained after digestion with
oxalic acid) were incubated with thiobarbituric acid (0.5 ml, 0.05 M) at
40°C. The optical density at 443 nm were measured at various time
intervals.

2.14 Standards

Both 5—HMF and —D—fructose in appropriate concentrations were used as
standards in duplicate. Fructose standards were used to measure the effici-
ency of the reaction.

2.15 Effect of heating 5—HMF with 0.3 M oxalic acid at 100°C

Varying concentrations of 5—HMF (2 ml)} were heated with oxalic acid
(1 ml, 0.3 M) in a water bath (100°C, 1 hour) and the normal assay was
performed. To identical varying concentrations of 5—HMF were added
oxalic acid (1 ml, 0.3 M) but was not heated (100°C, 1 hour) and the normal
assay performed. The colour developed was read at 443 nm.

2.16 Recovery of Added 5—HMF

Normal and diabetic pooled haemolysates were adjusted to 100 g/l total
haemoglobin concentration. To the haemolysate (1.0 ml) was added varying
concentrations of 5—HMF (1 ml), so that the final concentration of haemo-
globin was 50 g/l. The haemolysates were then assayed. Determinations were
done in triplicate.

2.17 Intra assay coefficient of variation

Multiple (n=20) analysis of blood obtained from one donor was carried out
in a single assay.

2.18 Inter assay coefficient of variation

Pooled haemolysate from normal and diabetic subjects stored at —20°C were
~assayed in 15 consecutive runs during a period of a month. Also included
were aliquots of standard fructose (4 mM). All results were obtained in
duplicate.
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2.19 Blank values and non-specific colour production

Haemolysate (50 ml) was prepared and haemoglobin concentration adjusted
to 50 gfl. Aliquots were then analysed as described below.

a) 1. Five aliquots (2 ml) were assayed as described previously.
ii. The non-specific colour produced was determined by adding distilled
water (0.5 ml) instead of thiobarbituric acid to the supernatant.
ii. Five aliquots (2 ml) were assayed as described except that water
(1 ml) was added instead of oxalic acid (1 ml).
iv. Five aliquots (2 ml) were assayed as described except that the samples
were not heated at 100°C.

b)  Adjusted haemolysate (30 ml) was ultrafiltered under centrifugation
(2000 g, 30 min) using Centricon Microconcentrator Membranes
(purchased from Amicon Corporation) to obtain a protein free ultra-
filterate.

i, Two aliquots (2 ml) of the ultrafilterate were assayed as for glycosy-
lated haemoglobin.

ii. The non-specific colour produced by the ultrafilterate was determined
by adding distilled water (0.5 ml) instead of thiobarbituric acid.

2.20 Validation of modified method

Haemolysates (50 gfl) from diabetics and normals were mixed in varying
proportions to obtain a final volume of 2 ml. The different combinations
were now assayed and colour developed read at 443 nm.

3. Results and Discussion

The importance of the measurement of glycosylated haemoglobin for the
evaluation of long term glycaemic control is apparent from studies carried
out so far. Numerous methods for its quantitation have been made available
since its importance had been recognised. A cheap but sensitive and reprodu-
cible method that could be standardised between laboratories is the colori-
metric methad originally described b\é Fluckiger and Winterhalter!! and
subsequently modified by Worth et al. %8 However, very few attempts have
been made to standardize the method so that results could be compared
from all laboratories.

_ This investigation centred around the evaluation of a number of
“critical factors of the colorimetric technique, and its usefulness as a routine
assay. The study on the effect of storage of samples on glycosylated haemo-
globin content prior to assay showed that whole blood could be stored over
a week at 4°C and 5 days at room temperature (30 + 3°C). Worth et al?8
have reported it to be stable for 2 weeks at room temperature and 4°C.
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Haemolysates were found to be stable for only 30 days at —20°C. It has also
been reported to be stable upto 70 days. 23 Pecararo?! although has
commented about the stability of frozen samples but has failed to indicate
the temperature at which it was stored. According to Worth et al?8
haemolysates were stable upto 6 months at —70°C. In the absence of deep
freezing facilities in most laboratories in Sri Lanka, it is advisable not to
attempt to store the haemolysates, but whole blood can be stored upto 6
days and assayed in one batch. Washed packed cells were stable at room
temperature for only 3 days and is consistent with the results of Fischer
et al.19 At 4°C and —20°C the washed packed cells were stable only upto 9
days. The stability of whole blood and haemolysates are of great practical
importance for a routine assay.

Initial dialysis has been carried out prior to the assay.?923 This is a
serious setback of the assay because of the time factor involved. However,
the assay of the haemolysate for glucose by the glucose oxidase method in
the present study did not reveal any detectable levels of glucose. It therefore
seems unnecessary to include a prior dialysis step.

The precision of the method is dependent on the initial accurate
adjustment of haemoglobin concentration to 50 g/l. Worth et al?® have
reported a conversion factor of 377 by which the optical density at 540 nm
is multipled to give the haemoglobin concentration of unadjusted haemoly-
sate in gfl. The accuracy of this was checked using standard Acuglobin vials
(Ortho diagnostic systems, USA) available commercially and was found to be
in fair agreement. However, as the pH of the hemiglobincyanide reagent
affects the optical density, it should be adjusted accurately. Using the
haemoglobin standards prepared in our laboratory, the coefficient of varia-
tion was found to be 2.8% (n=20). Results on the stability of prepared
haemoglobin standards which were stored for over 6 months and assayed
periodically were acceptable. :

The study on the effect of haemoglobin concentration on colour deve-
lopment at 443 nm indicated a linear response upto 75 g/l (Figure 2)
followed by flattening of the curve above this concentration. This is consis-
tent with the findings previously 1’1&:1;»01‘tc:d.28 A linear response between
haemoglobin concentration (5 g/l to 80 g/l) has also been 1‘eportvf:cl.10
Apparent non-linearity in colour development has also been reported.”™
Pecoraro?! observed a linear relationship upto 20 gfl. From the results
obtained in the present studies an og)timum haemoglobin concentration of
50 gfl as proposed by Worth et ai28 which gives adequate colour develop-
ment and ensures linearity was selected for the assay.

The study of the effect of oxalic acid concentration on colour
development showed (Figure 3) a linear response upto 0.3 M and a fall off
above this concentration. Based on our investigation we have used an
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optimum oxalic acid concentration of 0.3 M which gives a linear response as i
well as adequate colour at 443 nm. This is in agreement with Worth et al,28

An important factor around which much discussion has been centred s
the incubation period with oxalic acid and the end-point in colour develop-
ment. A long period is necessary to achieve an end-point in colour develop-
ment. Gabbay et all? used a 5 h incubation period and Fischer et al10 used
a 4.5 h incubation period. The latter has quoted data to show that 87.5% of _
the maximum colour development can be expected at 4.5 h. However, both
Gabbay and Fischer have not commented about the end-point in colour
development. Pecoraro et al?! incubated initially for 3 h, and subsequently
changed it to 5 h. Subramaniam et a/?* used acetic acid and heated for 16 h
before reaching end-point in colour development.

The reaction is non-stoichiometric and our study indicated that even
after 6 h no end-point in colour development could be achieved, although it
tends to stabilize between 6% and 7 hrs (Figure 4). A linear increase in
colour development was observed upto 3 hours followed by a subsequent fall
off in the rate. Based on our studies, we have used an incubation period of
1 h. Since the rate of colour development is slow, a small error in timing will
have a negligible effect on optical density at 443 nm and hence will not sacri-
fice the precision of the assay. However, quick cooling at the end of exactly
I h incubation followed by immediate deproteinisation (which arrests the
release of 5—HMF) with trichloro-acetic acid is recommended.

In the final colour development by incubating the deproteinized
supernatant and thiobarbituric acid, our studies indicated the need for a
minimum of 45 min incubation time for maximum colour development
(Figure 5). Hence it is recommended that an incubation period of 60
minutes be used. Abraham et all and Saibene?? have incubated for 40
minutes which may be inadequate at times. It is also apparent (Figure 5) that
the rate of colour development was extremely rapid in the first 10 minutes
followed by a slow gradual increase from there on until 45 minutes. It was
also found that the maximum colour developed was stable for 2% h and
therefore readings could be taken within this period.

A major criticism of the colorimetric assay is the occurence of high
blank values. The sample blank was obtained by replacing haemolysate with
distilled water. The value for this has always been low or zero and hence
negligible. Even before the addition of thiobarbituric acid for final colour
development a significant (11.32% of total colour development) amount of
non-specific colour development was observed (Table 1). This was a constant
for all haemolysates. This value was therefore substracted from the final
optical density at 443 nm. '
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Figure 4.  Effect of incubation time with oxalic acid (0.3M) on the colour development.
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Figure 5.  Effect of incubation time with thiobarbituric acid on colour development,
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Table 1
Procedure ' 0.D, at % of maximal
443 nm 0.D. at 443nm
a. (i) Normal assay (n=5) 0.265 100%
(ii)  Non specific colour {n=5) 0.03 11.32%
produced at 443 nm '
(iii) * Normal assay but HZO instead 0.157 59%
of oxalic acid (n=5)
Non specific colour 0.015 5.6%
(iv) Normal assay but no heating 0.06 22.64%
Non specific colour 0 0
b. . With haemoglobin free filterate
(i) Normal assay 0.05 18.86%
(ii)  Non specific colour preduction 0 0

The reagent blank value was obtained by replacing oxalic acid with
water. A high blank response was observed (59% of total colour develop-
ment). Even the haemoglobm free filterate produced significant amounts of
colour. Dolhofer and Wieland? have used sodium borohydride for the prepa-
ration of sample blanks, which is subsequently removed by dialysis. This step
was found to be unnecessary as good correlations with microcolumns have
been obtained in this study and that of Worth et al2® and Pecoraro et al?1
omitting this step.

One study of the colorimetric method showed a poor correlation
with a column method.! But in recent years extremely good correlatlons
have been reported with both the micro and macro .columns. 12,21,23,28
The poor correlation may have been due to the lack of control of variable
factors in the column method. A good correlation with a commercial micro-
column kit was obtained in this study (r=0.92, n=20). This was used as the
basis for the conversion of optical density values at 443 nm to the generally
known per cent HbA, values. The regression line (Figure 6) intersects the X
axis. This is because ]he colorimetric assay detects glycosylation not only at
the N—terminal amino group of the f-chains, but also the substantial glyco-
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Figure 6. Correlation between HbA determination by the colorimetric method and
column method (Bio rad).
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sylation of the N—terminal amino groups of the a chains and the § amino
groups of the lysine reslducs m both a and B chains. Similar observations
were made by Saibene et af 3 Intracellular proteins which are glycosylated
may also contribute although proportionately very low and hence negligible.

Included in the assay in addition to standard 5 HMF, were standard
fructose solutions as recommended by Goldstein.1* The optlcal density
developed at 443 nm from the fructose solutions gives a good measure of the
efficiency of the reaction. The amount of 5—HMF formed from fructose is
dependent on the time of heating and oxalic acid concentration. Hence the
colour developed from fructose standards can be converted to 5—HMF
values from the standard graph for 5—HMF and results expressed as an index
of 5—HMF. Furthermore the possible errors arising from variations in
heating time (1 h) and concentration of oxalic acid etc all of which
contribute to inter'as$ay variations could be minimised.

The present studies indicate that HMF is not destroyed on heating
with 0.3 M oxalic acid and also there is no loss of added 5—HMF ( Rccoverg’
= 100% + ) (Figure ?)} This is consistent with the previous reports.
However, Goldstcm et all* have observed partial destruction of 5—HMF.
Both standard curves (5—HMF and f—D—[ructose) were linear in the range
of concentrations used (Figures 7 and 8). As expected a linear increase in
colour development was observed with increasing percentage diabetic haemo-

lysate (Figure 9).

The intra assay coefficient of variation was 3.19% and the inter assay
coefficient of variation obtained from 15 consecutive runs was 2.8% for
normals and 1.8% for diabetics and 2.1% using a single fructose standard.

Three indices could be used for reporting glycosylated haemoglobin
values. The reference range for glycosylated haemoglobin (HbA,) for
Sri Lankan population (average age 25.5, n=100) is 4.26 to 7.4 per cent
(Mean + 2SD) with a mean of 5.86 per cent. In terms of micromoles of HMF
liberated, the range is 0.29 to 0.48 uM HMF/g Hb. The reference values
could also be given in terms of micromoles of fructose according to which
the reference range for Sri Lanka is 17.02 to 27.73 uM fructose/g Hb with a
mean of 22.37 uM fructose/g Hb (Figure 10).

There was no significant difference between males and females. The
mean for non-insulin dependent diabetics (Average age 47, n=107) was
10.83% HbA{ or 0.68 uM HMF/g Hb or 39.4 uM fructose/g Hb.

The reference values in the present studies for Sri Lanka are in close
agreement with those quoted for other countries.
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Figure 9.  Effect on colour development with increasing percentage diabetic
haemolysate.
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Figure 10, Glycosylated haemoglobin levels in 107 diabetic subjects and 100 normals
Mean + SEM are indicated by the bars,
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Presently 30 samples a day are analysed for HbA . Average time of
assay is approximately 3 hrs.

The colorimetric method for the determination of glycosylated
haemoglobin in recent times has received much attention. It meets many of
the criteria for an ideal laboratory test. Costwise, it is very cheap. About 2%
of the cost for commercial kit methods and needs negligible initial invest-
ment. It has a high precision. The method is not laborious and less time
consuming than most column methods. This is an important factor for a
routine assay. It is easy to standardize between laboratories. The technique
does not need specialised equipment and expertise. Therefore even regional
hospitals in Sri Lanka can carry out the assay, If necessary the assay could be
automated.®22 It has no interference from the labile fraction’:1% and
samples could be stored for a fair period before they are assayed.

Apparent disadvantages are the use of cyanide solutions and the lack
of glycosylated haemoglobin standards. However, as shown earlier the latter
can be overcome by the use of fructose standard solutions and/or pooled
normal and diabetic haemolysates previously stored at —20°C or better
—70°C. Also the assay does not measure HbA, or HbAl but overall
glycosylation. But as definite relationships have been established between
the various indices of the colorimetric method and column method, this
disadvantage is rectified. Considering the overall factors, the colorimetric
method proves to be the most suitable method for the measurement of
glycosylated haemoglobin as a routine assay to evaluate long term glycaemic
control.
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A NOVEL ELECTRON SOLVATION PHENOMENON IN
MOLTEN POTASSIUM THIOCYANATE
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Department of Physics, University of Rubuna, Matara, Svi Lanka,

(Date of receipt : 03 July 1985)
(Date of acceptance : 22 April 1986)

Abstract : Potassium thiocyanate when heated above the melting point is found to
acquire a bright blue color that deepens with increase of temperature. Optical absorp-
tion spectra and electronic conductivity measurements indicate that this pheno-
menon results from thermal generation of solvated electrons, A simple theory is given
to correlate the observations.

1. Introduction

Polarons the ‘self-trapped’ electrons in an ionic lattice, whose existence first
postulated by Landau,!2? having resolved many problems in condensed
matter physics,’*1° continue to arouse the interest of workers in a number
of different fields.5'1%:17 Now it is well established that polarons are also
formed in molecular solids! liquids?+2% and gases.! 3:18 "The best known
systems where solvated electrons (polarons in a liquid are commonly referred
to as solvated electrons) exist are solutions of alkali metals in liquid
ammonia.’ 1%22.25 When these metals are dissolved in liquid NHg, the
solution acquires a blue color. Absorption spectra, €electronic transport and
phase transitions observed here can all be explained on the assumzption that
alkali metal atoms dissociate into ions and solvated electrons.3 ! 4:22,25

In this letter we report our experimental results and theoretical inter-
pretation of a novel phenomenon observed in molten potassium thiocyanate,
that could be explained as due to thermal generation of solvated electrons.

2. Experimental

We have observed that KCNS heated well above the m.p (e 446 K) gradually
acquires a bright blue color that deepens with the increase of temperature.
The effect is completely reversible provided the heating is carried in vacuum
and the decomposition temperature (v 773 K) is not exceeded. The optical
absorption spectrum of the molten salt at different temperatures is given in
Figure 1. It is seen that the spectrum has a broad absorption band with a
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Figure 1.  Absorption spectra of molten KCNS resulting from solvated electrons
(1) 523K (2) 548 K (3) 573 K (4) 623 K. The small peak near 475 nm
comes from the (CNS) * ion (A in nm).
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Figure 3. Plot of log AP (peak absorbance Ap in arbitrary units) vs T2,
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sharp edge at low energies and a long tail towards the high energy region
characteristic to absorption spectra of solvated electrons.3:9:14.22.25 7y
position of the absorption peak and to a lesser extent the absorption edge is
largely independent of temperature. However the peak absorbance [Ap),
very rapidly increases with temperature.,

‘3. Results

We have found that at high temperatures (473-773K) molten KCNS becomes
a very good electronic conductor. The plot of log & ( d e 1s the electronic
conductivity measured by the polarization method)*23 vs T7! is found to
fit into a straight line with an activation energy 23.1k] mol™! (Figure 2).
Furthermore the plot of log A, vs T™! is also a straight line (Figure 3)
with almost identical slope, ie, the relation,

Ap = Aop

is satisfied with E 0.25 eV, (Aé.]:_J
T = Temperature)

Exp (- E/kT), (1)

= constant, k = Boltzmann constant,

It is possible to give a simple theory to explain the above observations.
We propose that the solvated electrons are thermally generated by ionization
of CNS™ ions. If A is the clectron affinity of thiocyanogen (CNS), the
energy I needed to ionize CNS™ into a CNS molecule and a solvated electron
is,

I'=-A"+ R} (2)
where B is the binding energy of the solvated electron (note that the ioniza-
tion energy is lower when a solvated rather than a free electron is formed).
Thus the. concentration N of the solvated electrons in thermal equilibrium is
given by,* 11

N ~ € Exp (-1/2kT), (3)
where C depending weakly on T rnay.be regarded approximately constant! !

in the temperature range involved and the electronic conductivity resulting
from the solvated electrons is,

G, =2 Cpe Exp (-I/2KkT) (4)

where ¢ is the mobility of the solvated electron. The mobility could vary
with T according to the Nerst — Einstein type relation,1*15 but here again,

* The calculation of the equilibtium concentration in this case is completely equivalent to thermal
ionisation of charge carriers from donor levels in a semiconductor.
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the T dependence of the term in-front of the exponential factor in (4) is not
very significant. Hence the plots of log A (Ap is proportional to N) vs T
and log do VS T-1 ‘should have the same slope as observed and we
deduce that I < 0.48 eV. The observed electron affinity of a CNS
molecule in vacaum!? * 18 is 200.8 k] mol !, hence from (1) we obtain
B o~ 1.69 eV and the peak is expected to occur at A& hc/B &£ 735 nm.
The observed value lies between 715 — 750 nm, a‘greeir?g quite well with the
predicted value.

Yet amother observation that supports the idea we have proposed is
the detection of (CNS), ions formed by combination of thermally gene-.
rated CNS with CNS™. The (CNS), ions are known to have characteristic
absorption peak at ~ 475 nm.’ We have noted that molten KCNS has an
absorption peak centered near this point (Figure 1).

The effect is rather insensitive to common impurities other than
water. However in all experiments we have used KCNS purified by several
recrystallizations. Solvated electrons are highly reactive; water, oxygen and
certain other impurities tend to induce some decomposition if the salt is
kept in the molten state (473 — 673K) for prolonged intervals. Again it is
interesting to note that NaCNS having a higher melting point ( ~ 523K)
exhibits the same phenomenon with almost identical features. :

Several attempts have been made to construct models to inters'pret the
detailed structure of the absorption spectra of solvated electrons.2+?:8,10,21
Most of them are based on the assumsption that the electron experiences a
coulomb like potential,2-3:5:8,10,21,2

V() =e? (K! - et (5).

where K, K, are the optical and static dielectric constants of the liquid, for
molten KCNS (478—573K), we have noted K, ¢ 1.5and K o 3.3 and
the hydrogenic ionization energy tumns out to be ~ 172.8 k] mol !
(1s — 2p, transition energy v 1.4 eV).

4. Conclusions

Though not in good quantitative agreement, the slight shift of the absorption
edge towards the red region (Figure 1) with the increase of temperature
could result from decrease of K¢ with the increase of temperature. However,
nﬁmc of the above arguments are sufficient to explain all features in the
absorption profile.

* In these models it is uncertain whether, the binding energy is to be taken as ionization energy or
1s — Zp transition energy.
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Molten KCNS is even a more vivid example of electron solvation than

liquid ammonia. Further studies on this easily observed effect could eluci-
date electron trapping and other equally fascinating problems in molten salt

systems.
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