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INTEGRATED ORIENTAL FRUIT FLY MANAGEMENT BASED ON
STERILE INSECT TECHNIQUE IN GUIMARAS ISLAND
ABSTRACT

A new stock culture of Oriental fruit fly was reared from pupae collected from infested
fruits in Guimaras. The newly hatched larvae were fed with artificial diet developed
at the PNRI and maintained at the Entomology Laboratory. Among the early
generations of the fruit flies colonized in the laboratory, the rearing procedures
significantly reduced the fecundity or volume of eggs laid by the female flies. The
volume of eggs laid was significantly low during the first three generations but it
increased during the fourth and stabilized during the fifth generation. On the other
hand, there were no significant differences observed among the different generations
with respect to other life history traits. These included egg hatchability, pupation,
pupal weight, adult emergence, flight ability and sex ratio. Seeding 3- or 4-ml eggs
per 6-liter tray of larval diet produced significantly heavier pupae as compared with
those coming from the 5-ml eggs. In Guimaras, an intensified fruit collection was
made (8,412.4 kgs) to remove sources of field infestation and to assess the degree
of fruit infestation in the island. Starfruit, guava and mango were available in the field
almost year-round while the rest of the fruits gathered were present only during
certain months of the year. The availability of these fruits was the main factor
responsible in supporting the Oriental fruit fly population in Guimaras. The peak in
fruit fly population occurred in June that coincided with the fruiting season of most of
the fruits. There were more fruit fly pupae recovered from fallen fruits than picked
fruits. Our results were similar to those observed in the previous years so that field
sanitation or 'pulot dagas' program was initiated in the early part of the year. Both
provincial and municipal information campaign and public education program were
conducted. These were done through meetings, dialogue, radio interviews and
announcements prior to full implementation of the male annihilation and sterile insect
technique in 1997.

OBJECTIVES

This project aims to suppress/manage the wild Oriental fruit fly population in
Guimaras prior to the release of sterile fruit flies. Specifically, the project aims to:
1. Mass produce the Oriental fruit fly at the PNRI entomology laboratory
2.
3.
4.
5.

METHODS

Conduct life history traits studies on wild flies being reared in the laboratory
Conduct population dynamics/monitoring studies on fruit flies in Guimaras
Conduct massive collection of fruits for infestation studies
Conduct information campaign and public education regarding the project

ORIENTAL FRUIT FLY PRODUCTION

A. Life History Traits and Quality Control Studies
For mass rearing operations, wild Oriental fruit fly pupae collected from
infested fruits in Guimaras were reared and continuously maintained in the
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PNRI laboratory. These pupae collected from infested fruits, particularly
mango, were sent from Guimaras by our cooperator at the National Mango
Research and Development Center (NMRDC). The adult flies were allowed
to emerge in wood-screened cage where they were provided with washed
sugar, enzymatic yeast hydrolyzate (ICN Biochemicals, Cleveland, Ohio)
and water in cotton mop. The test procedures used for the life history traits
studies were similar to those described in Manoto, et al. (in Press). Eggs laid
by females were collected daily eight days after adult emergence and
measured in a graduated cylinder. A small plastic vial perforated with about
0.5-mm-diameter holes on the sides was used as the oviposition receptacle.
The vial was soaked in either guava or orange juice to stimulate flies to lay
eggs in the holes. Eggs were collected until adults are about 30-40 days old.
For quality control data, percentage egg hatch was determined by collecting
three samples of 100 eggs per batch kept on moist blotting paper held in
Petri dish. Egg hatch was determined three days after egg collection.
The newly-hatched larvae were placed on artificial diet developed at PNRI
which is made up of the following ingredients namely; yeast, rice bran,
cooked yellow sweet potato, sugar, muriatic acid, sodium benzoate and
water (Rejesus, et al., 1975). Seven days later, the larvae were sifted and
washed out of the medium and placed in trays lined with coir dust for
pupation. Percent pupation was determined from three samples of 100
mature larvae placed in plastic cups lined with coconut coir dust and covered
with muslin cloth. The number of pupae recovered was measured in a
graduated cylinder. For quality control, the weight of three samples of 25
pupae each was taken from where the weight of individual pupa was
calculated. For adult emergence, three samples of 100 pupae each were
counted two days before emergence and placed in plastic cup and held in
small wood-screened cage. Three days after adult emergence, the number
of uneclosed pupae was counted for calculation of % adult emergence. On
the other hand, % fliers was obtained from three samples of 100 pupae per
batch. The pupae were placed on a Petri dish and a flight tube measuring
8.8 cm in diameter and 10 cm in height was put in place. The flight tube was
coated with unscented talcum powder to prevent the flies from walking up.
B. Egg Seeding
Seeding 3, 4, and 5 ml eggs per tray of diet was done to compare pupal
recovery and pupal weight for each treatment. Eggs were spread on tissue
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paper placed on top of the larval diet using a camel's hair brush. Mature
larvae that developed were collected after seven days for pupation in coir
dust. One week later, the pupae were sifted and measured with a graduated
cylinder for each treatment. Where appropriate, data were subjected to
analysis of variance and means separated by Duncan's Multiple Range Test
(DMRT) at P=0.05 level of significance. Percentage data were transformed
by arcsine before analysis.
FRUIT COLLECTIONS

Weekly collections of fruits were conducted in different sites representing several
barangays from the five municipalities of Guimaras. Fruit samples including both
cultivated and wild were collected either as picked or droppings (fallen fruits) as
possible host(s) of the fruit fly.
Collected fruit samples were brought to the laboratory, classified according to
kind, counted and weighed. These fruits were placed over sawdust for pupation
of the larvae. After seven to ten days of holding, the sawdust was sifted to collect
the pupae. Pupae obtained were placed in small plastic containers inside screen
cages for adult emergence. The number and species of fruit flies that emerged
were recorded.
The degree of fruit infestation was computed based on the number of fruits
infested over the total samples and the number of pupae per kg infested fruits
was determined.
POPULATION DYNAMICS/MONITORING STUDIES

The relative abundance of male flies in the five municipalities of Guimaras was
monitored using plastic traps baited with methyl eugenol and malathion. The
traps were serviced at 15-day intervals and flies caught were segregated by
species. The abundance of flies in the area was expressed as catch per trap per
day (CPTD). Monitoring of the presence and number of male flies in the island
was determined by setting-up two traps for each of the 93 barangays.
INFORMATION CAMPAIGN

To effectively disseminate information about the objectives of the project and
obtain reactions/support from the target clienteles, a series of information
campaign was conducted. This was done on the provincial as well as the
municipal levels in Guimaras with financial assistance from the Governor's office.
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RESULTS AND DISCUSSION

FRUIT FLY MASS PRODUCTION

A. Life History Traits and Quality Control Studies
Table 1 summarizes the different parameters taken to determine the quality
of wild flies reared under laboratory conditions. Life history traits of the
Oriental fruit fly were taken and compared over five generations of the test
insect. The traits include: eggs laid and hatched, pupation, pupal weight,
adult emergence, flight ability and sex ratio The volume of eggs collected
was significantly lower during the early generations of the wild flies being
colonized in the laboratory. This is evident in the first to the third generation
of the fruit fly. On the fourth generation, the volume of eggs laid increased
and then stabilized during the fifth generation. Similarly, egg hatchability
seemed erratic during the first four generations although no significant
differences among the means were observed. For the other life history traits,
no significant differences were observed in % pupation, pupal weight, %
adult emergence, % fliers and sex ratio in the different generations of the
fruit fly. Current study showed that rearing of wild Oriental fruit fly would take
four to five generations before it could adapt to the new diet and rearing
conditions. The life history trait most affected by laboratory colonization of
the wild fly was the fecundity or the number of eggs laid by the adult female
fly. Similar findings were reported by other workers and that life history traits
are useful criteria for evaluation of diets and rearing for fruit flies (Leppla, et
al., 1983, Economopoulos, 1992, Vargas, 1989).
Table 1. Life history traits of wild Oriental fruit fly reared in artificial diet at the PNRI
laboratory
%
%

Pupal Wt

Hatch

Pupation

(nig)

69.7NS

98.0

14.6

90.0

2.80 d

46.0

98.0

14.6

3

53.30 c

6.2

99.7

14.1

4

140.00 b

79.3

98.0

5

167.00 a

86.2

100.0

Generation

1
2

Eggs (mL/
week)

1

%
1

2

0.21 e

Emer-

Sex Ratio
% Fliers

M

F

85.3

51

49

77.0

73.0

46

54

96.0

91.7

55

45

13.8

94.3

90.7

52

48

13.5

95.3

91.3

52

48

gence

'Means of 3 replications
2

Mean followed by the same letter are not significantly different from each other by DMRT (P=0.05)

B. Egg Seeding
Different volumes of eggs seeded in the larval diet showed no significant
differences on the mean volume of pupae recovered from a tray of larval
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diet. However, 5-ml eggs seeded per tray produced significantly lighter pupal
weight as shown in Table 2. On the other hand, pupae recovered from both
3- and 4-ml eggs yielded significantly heavier pupae than those observed
from the 5-ml seeded eggs. Studies conducted on effects of rearing on
weight showed that heavier pupae producing larger size Mediterranean fruit
fly had better mating success than those of the smaller size flies (ChurchillStanland, et al., 1986). Similarly, Sharp, et al.(1983) found that large
Mediterranean fruit flies had greater flight capability than small flies. For our
culture, however, flight capability of adult flies was determined from samples
collected per batch and no differentiation in fliers was conducted between
large and small Oriental fruit flies.
Table 2. Mean volume and weight of pupae collected from eggs seeded per tray of
larval diet
Volume of eggs seeded per

Mean volume of pupae

tray of diet (mL)

collected per tray of diet (mL)1

3

1,212 ±193.25 a2

14.18 ±0.75 a2

4

1,055 ±201.81 a

1371 ± 0.81 a

5

985 ± 226.95 a

11.96 ± 0.82 b

Mean weight of pupa (mg)'

'Means of 3 replications
2

Mean followed by the same letter are not significantly different from each other by DMRT (P=0.05)

FRUIT COLLECTION

From January to December, thirteen fruits namely: anagas, atis, bignay, caimito,
calamansi, chico, granada, guava, jackfruit, mabolo, mango, santol and starfruit
were collected from the field as possible host(s) of the fruit fly. Anagas and
bignay grow under wild condition, mango trees in orchard and backyard
conditions while the rest of the fruits are grown in backyard conditions.
Table 3 presents the fruiting periods of the different possible hosts of the fruit fly
in Guimaras. Calamansi, guava and starfruit including mango were available
almost year- round while the rest of the fruits were present only during certain
months of the year. Although calamansi was present year-round there was no
fruit fly recovered from this fruit. Table 4 shows the kinds of fruit collected and
degree of infestation based on the average number of fruit fly pupae recovered
per kilogram of fruits. Both picked and fallen fruits were collected to assess the
degree of infestation. A total of 8,412.4 kgs of fruits was collected to suppress
sources of field infestation. From these fruits, there were about 36,405 pupae
recovered. These pupae served to replenish our old stock culture and used for
1996 PNRI Technical Progress Report • 6
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taxonomic and mating studies both at the PNRI and NMRDC. In most cases,
fallen or dropped fruits had higher degree of infestation than picked fruits. This
is particularly true in the case of starfruit since the dropped fruits were already
ripe and/or have cracks that were attractive to egg-laying female flies. On fallen
fruits, the highest average number of pupae recovered per kg was observed in
mabolo with 57.9 pupae/kg followed by starfruit with 43.5, then guava with 34.6,
mango with 15.6, chico with 5, santol with 1.8 while caimito and jackfruit had less
than 1 pupa/kg. With picked samples, the highest average pupae per kg were
observed in starfruit with 38.2 pupae/kg, followed by guava with 5.4 and mango
with 2.4. Our data showed mabolo and starfruit are preferred hosts of the fruit fly
followed by guava and mango. The availability of these fruits was possibly the
main factor that is responsible in supporting fruit fly population in the island. The
fruits served as the main host(s) or as alternate host(s) when the former was not
available in the field. Since the last three fruits are available in the field almost
all years, they served as the main hosts for the Oriental fruit fly. Except for
Bactrocera umbrosus that was found only in jackfruit, the rest of the fruits were
infested by either B. philippinensis or 6. occipitalis in the field (Table 5.)
Identification of the two 6. dorsalis complex including mating studies on these
two species were being done at the NMRDC. Samples of the species were
preserved for taxonomic confirmation in London by Dr. Ian White.
Table 3. Fruiting periods of the different possible hosts of the Oriental fruit fly in
Guimaras Island (January - December 1996)
Fruit

Month
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

1. Anagas

(X)

(Semecarpus
longifolius)
2. Atis

—

—

—

—

—

X

(X)

X

X

—

—

—

—

—

—

—

—

—

(X)

X

—

—

—

—

(X)

X

(X)

X

(X)

(X)

(X)

(X)

X

(X)

X

(X)

(X)

(X)

(X)

(X)

(X)

X

—

—

—

—

—

—

—

—

X

X

(Anonas squamosa)
3. Bignay
(Antidesma bunius)
4. Caimito

X

{Chrysopbyllum
cainito)
5. Calamansi
(Citrus microcarpa)
6. Chico
(Manilkara zapota)
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Month
Fruit
7. Granada

May Jun

Oct

Nov

Dec

—

—

—

—

(X)

(X)

(X)

X

X

X

—

—

—

—

(X)

(X)

X

(X)

—

—

—

—

(X)

(X)

(X)

(X)

(X)

Jan

Feb Mar

Apr

Jul

Aug Sept

—

—

—

—

—

X

X

(X)

—

—

X

(X)

(X)

(X)

(X)

(X)

X

(X)

X

—

—

—

—

(X)

X

—

X

(X)

(X)

(X)

(X)

(X)

(X)

(X)

—

—

—

—

—

—

—

(X)

(X)

—

(X)

(X)

X

X

(X)

(X)

(Pun/ca granafum)
8. Guava
(Psidium guajava)
9. Jackfruit
(Artocarpus
heterophyllus)
10. Mabolo
(Dtospyros blancoi)
11. Mango (Mangifera
Mica)
12. Santol
(Sandoricum koetjape)
13. Starfruit
(Averrhoa carambola)

Table 4. Fruits collected and pupae recovered from picked and fallen fruits in
Guimaras (January - December 1996)
Fruit

Total weight of fruits

Total number of

Ave. no. of pupae

collected (kg)

pupae recovered

recovered/kg of fruits

Picked

Fallen

Picked

Fallen

Picked

Fallen

Anagas

0.1

—

0

...

Atis

1.2

...

0

...

0

...

Bignay

3

...

0

...

0

...

Caimito

21.1

10.2

0

8

0

Calamansi

36.9

—

0

...

0

0

18

0

0

—

0

...

232

599

5.4

34.6

Chico

5.0

Granada

0.2

Guava

42.6

Jackfruit

—

Mabolo

...

3.6

—
17.3
27.1

5.3

—
_

0

...

3

...

307

0.8
...
5.0

0.1

-

57.9

Mango

7,167.0

686.0

17,349

10,697

2.4

15.6

Santol

114.7

94.1

85

172

0.7

1.8

Starfruit

61.7

105.3

2,358

4,577

38.2

43.5

TOTAL

7,463.5

948.9

20,024

16,381
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Table 5. Species of fruit fly recovered from infested fruits and their corresponding
parasitoids (January - December 1996)
Bactrocera
Fruit

philippinensis/

B. cucurbitae

fi. umbosus

Parasitoid

occipitalis
Caimito

X

0

0

0

Chico

X

0

0

0

Guava

X

0

0

0

Jackfruit

0

0

X

0

Mabolo

X

0

0

0

Mango

X

0

0

0

Santol

X

0

0

0

Starfruit

X

0

0

0

X = presence of species
0 = absence of species

POPULATION DYNAMICS/MONITORING STUDIES:

Fluctuation in the male Oriental fruit fly population in Guimaras is shown in Fig.
1. Population increased during March reaching a peak in June. The increase in
fruit fly population during these months may be correlated with the availability of
most of the host fruits like starfruit, guava and mango. There was a decline in
population during the succeeding months which coincided with the rainy season.
This is possibly due to excessive rain or flooding that may have inhibited adult
emergence from most of the pupae.
INFORMATION CAMPAIGN:

For 1996, a series of information campaign on fruit fly control/management both
on provincial and municipal level was conducted in Guimaras. At the provincial
level, the Governor's office sponsored the information campaign which was held
at the Barangay Hall of the Capitol. During the meetings of the local government
officials, the 'pulot dagas' or gathering of fallen fruits was initiated for
implementation in the whole island. In June 11,1996, an information campaign
was held at the Barangay Hall of the Provincial Capitol with the participation of
the provincial, municipal and barangay officials as well as representatives from
government and non-government organizations including mango growers. On the
municipal level, info campaign was conducted during the municipal development
council meetings for each of the 5 municipalities namely; Buenavista, San
Lorenzo, Sibunag, Jordan and Nueva Valencia.
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There were also radio interviews and announcements made through the local
radio stations in Guimaras and lloilo. Station DYRI in lloilo in its school in the air
for Gintong Ani Program held a series of lecture-interviews with the staff of
NMRDC and PNRI on mango production and pest management including fruit fly
control. In addition, meetings with the large mango orchard owners/managers
were made for their financial commitment to the project. The owners include the
President of TREE, Inc. (now FARM, Inc.), owner of the Guimaras Tree Farm
with more than 30 hectares of mango and the Operations Director of the Oro
Verde Holding & Development Corporation, Marsman with about 240 hectares
of mango trees. Financial assistance in the purchase of methyl eugenol was
requested for the project. Workplans prepared for full implementation of the
project in 1997 were also presented.
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Fig.1. Population Dynamics of
Oriental Fruit Fly in Guimaras (1996)
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THE USE OF GAMMA RADIATION FOR THE EXTENDED
COMMERCIAL STORAGE OF SOME AGRICULTURAL CROPS
ABSTRACT

The efficacy of food irradiation to reduce microbial growth, insect infestation and
extend storage life of rice and corn was investigated. The tests consisted of storage
trials of rice and com (microbiological, physico-chemical, sensory and entomological)
under commercial conditions. The results indicated that irradiated rice and corn at a
minimum dose of 0.5 kGy could reduced significantly the microbial counts and insect
infestation. The physico-chemical properties like moisture, pH, crude protein and
amylose content of the irradiated rice were not significantly affected, however
chemical qualities like gel consistency, fat acidity were slightly affected as the dose
was increased up to 1.0 kGy. The sensory qualities of irradiated rice such as taste
and odor were slightly affected. Preliminary results also showed that rice packaged
in plastic sack lined with polyethylene bags are the most suitable type of packaging
materials used.

OBJECTIVES

1. To establish the irradiation dose that will control and eliminate microbial load and
insect infestation of rice and corn.
2. To conduct physico-chemical, sensory and wholesomeness tests of the above
mentioned product.
3. To conduct storage studies on irradiated rice and corn for shelf-life extension.
4. To determine the suitable materials for packaging the irradiated rice and corn.

METHODS

A.

PROCUREMENT AND PACKAGING OF SAMPLES

Samples of rice (1,125 Kg.) and corn (1,125 Kg.) were procured by the NFA from
the farm. They were packaged in 3 types of packaging materials namely (a) PPM
C-50 sack (Lot 1), (b) Polyethylene plastic (Lot 2), (c) PPM C-50 lined with
polyethylene bags (Lot 3). Each package contained 1 kg. of samples.
B. IRRADIATION

Samples for irradiation were exposed to Co-60 Irradiation Facility. Irradiation
doses of 0.5 and 1.0 kGy were given for insect disinfestation purposes while
doses of 1.0,3.0 and 5.0 kGy were given for microbial decontamination.
C. ANALYSES

All the samples of irradiated and non-irradiated rice were analyzed for
microbiological, entomological, physico-chemical and sensory evaluations. The
corn samples were analyzed for microbiological, entomological and some
physical aspects.
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D.

STORAGE

Samples of rice and corn were stored at the NFA Warehouse, in Visayas Avenue.
The irradiated and non-irradiated samples were separated from each other to
prevent reinfestations. For further protection from birds and rodents, the
irradiated and control lots were enclosed with wire meshed cages.
E.

SAMPLING

Monthly sampling has been conducted after the initial samples have been
withdrawn from all the lots for both commodities for six months. Sampling was
then undertaken every two months for the next ten months.
RESULTS AND DISCUSSION

1.

RICE IRRADIATION

A. Microbiological Tests
The microbial growth on the irradiated rice continued to decrease
significantly during 10 months storage at ambient temperature. The
reduction in the total plate count was proportional to the increase in dose.
At a dose of 5.0 kGy about 3 log cycles reduction was obtained regardless
of packaging materials used. In terms of fungal growth, the irradiated lots
showed slow rate of production especially for those samples packed in
polypropylene sacks lined with plastic. The growth of fungus was observed
to be high in Lot I (in plastic sacks alone). The Control samples exhibited
higher fungal growth than irradiated samples in all types of packaging
materials.
8. Physico-chemical Tests
1. Moisture Content and pH - the overall percentage of moisture content
of rice was between 11.0 - 12.3% and pH between 6.0 - 6.3. The
irradiation doses up to 1.0 kGy, the types of packaging materials and
the storage time did not significantly affect the moisture content and pH
of irradiated rice.
2. Fat Acidity - the storage time and irradiation dose up to 1.0 kGy at 4th
month of storage produced no specific effect on fat acidity of irradiated
rice. The values for lot 2 (in polyethylene bags) and 3 (PPM C-50 sack
line with plastic) did not show significant difference, however, lot 1
(PPM C-50 sack only displayed unstable fat acidity values.
The 10th month storage of rice showed significant reduction of fat
acidity in both irradiated and non- irradiated samples specifically for
samples packed in plastic sacks alone (Lot I). Lots II and III showed
similar values after extended storage.
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3. Gel Consistency - the irradiation dose up to 1.0 kGy for the 4th month
of storage resulted in increased gel consistency which is an indicator of
tenderness/softness of rice when cooked. In terms of packaging
materials used, the quality of gel consistency of rice was more stable in
Lot 2 and 3 than in Lot 1.
On the 10th month of storage rice packed in plastic sacks only (Lot I),
showed an increase in gel consistency, however, those irradiated
samples from Lots II and III were found to have the same consistency
as compared to the control samples.
4. Total Soluble Solids - it appears that higher dose yielded higher soluble
solids (free amino acids, reducing sugars, starch and fatty acids) which
resulted in a more soluble and easy degradable components of rice.
The values of Total Soluble Solids of irradiated and control samples
remained stable after 10 months storage at ambient temperature.
5. Water Uptake Ratio - some fluctuations in water uptake values were
observed in irradiated and non-irradiated samples but these appears to
be rather small. The irradiated rice did not show marked difference
compared to control however, during cooking they would require less
water to prevent softness in texture.
The Water Uptake Ration in the irradiated samples as compared to
control samples did not show significant change in values after 10
months storage.
C. Sensory Evaluation
The irradiated rice up to a dose of 1.0 kGy reduced the organoleptic quality
of the product. Analysis of the irradiated samples revealed reduction in the
overall acceptability of rice for the duration of 6 months storage. Thus the
softness, glossiness, whiteness and payability were affected. Possibly was
due to some degradation of starch of irradiated rice which make the product
tender and soft when cooked.
D. Entomological Evaluation
The number of adult insects (dead and alive) recovered from the irradiated
samples decreased progressively as the dose was increased from 0.5 to 1.0
kGy during storage. The number of live and dead insects in the control lots
range from 8.0 - 298.0 while the irradiated had 1 - 86 insects per bag. The
samples that were packaged in polypropylene sack lined with plastic were
not heavily infested with insects unlike those that were packed in sack alone.
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There was a decrease in the percentage of insect damage in the kernels of
the irradiated rice (2.5%) as against the non-irradiated (14.2%) samples
during storage.
After 10 months storage at ambient temperature the irradiated rice continued
to demonstrate decrease in the number of live and dead adult insects.
Significantly a dose of 1.0 kGy showed total elimination of all kinds of
insects. Complete control was achieved at 1.0 kGy dose for Tribolum, 0.
aurinamensis, Sitophilus in all types of packaging materials. The live insects
found in the irradiated bags in the previous months were probably of
external origin. The increase in the number of insect bored kernels was
noted in the control samples particularly those that were packaged in plastic
sack alone. The irradiated dose (0.5 and 1.0 kGy) showed marked
decreased in the number of insect bored kernels.
£

2.

Packaging Studies
Of the packaging materials tested for insect disinfestation namely, (1) PPM
C-50 sack, (2) plastic polyethylene, (3) PPM C-50 sack lined with
polyethylene, packaging 2 and 3 seem to be the most appropriate materials
for the irradiated rice.

CORN IRRADIATION

A. Microbiological Studies
Results of the total plate counts showed a reduction of 2 and 4 log cycles at
dose of 3 and 5 kGy. A dose of 5 kGy significantly reduced the bacterial
count below the acceptable level (i.e. not more than 10,000 colony forming
units per gram). Mold growth was progressively increased in both irradiated
and non-irradiated samples. Initially the aflatoxin content of both treatments
were analyzed due to high mold growth content. The result showed that the
non- irradiated samples contained 48.0 - 72.0 ppb while the irradiated had
10.0 to 40.0 ppb aflatoxin B1. These figures were way above the standard
limit for aflatoxin B1 level that is not more than 25.0 ppb. Coliform counts
were higher in non-irradiated samples (1,100 MPN/gm.) as compared to the
irradiated (43.0-210.0 MPN/gm.)
The microbiological analysis of irradiated and non- irradiated corn was
already terminated after 4 months storage due to high contamination of mold
growth.
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6. Physico-chemical Test
The moisture content of the irradiated and non- irradiated corn ranged from
10.0 -18.9% on the 4th month of storage. The high content level of moisture
could be the main reason for high microbial contamination. The bulk density
of the non-irradiated samples are comparable with the irradiated samples.
After 6 months storage, the moisture content of irradiated and control corn
ranged from 9.7 to 17.8%.
C. Insect Infestation
The extent of insect infestation in the control samples continued to increase
with storage time while the irradiated sample showed minor infestations after
of the irradiated products. The insect causing infestation of irradiated
product were Sitophilus, Cryptolestes and Tribolium species. The
percentage of insect damage was higher in the control samples ranging from
11 to 12% while the irradiated showed 5-8%.
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IRRADIATION AS A QUARANTINE TREATMENT
FOR ORNAMENTALS
ABSTRACT

The orchid weevil Orchidophilus aterrimus (Waterhouse), was found the most
damaging and most difficult to control among the insect pests surveyed. The duration
of development of the different stages orchid weevil were as follows: egg incubation
was 7.20±1.47 days, larval period was 58.70±11.24 and the pupal period was
10.83±1.54 days. The total development period from egg to adult was 70.15±12.04
days. The pre-oviposition period of the adult female was 44.27±12.18 days and the
mean number of eggs laid by a female per week was 3.95±1.36 eggs. In general,
radiosensitivity decreased with the age of the orchid weevil; the adult was the least
sensitive and the eggs the most sensitive to radiation. Based on the results,
melanization was not a good indicator to determine whether the orchid weevil was
exposed to radiation. A shorter vaselife was found on Dendrobium cutflowers
irradiated with 100 to 450 Gy. Heliconia cutflowers irradiated with 100 Gy was not
significantly different from the control. Irradiation affected the growth of the seedlings
and ready-to-bloom Dendrobium plants. It also affected the formation of spikes on the
latter. The number of dropped/wilted flowers in flowering Dendrobium plant was
higher on irradiated plants as compared with the control.

INTRODUCTION

The potential of the Philippines as a major trader in the World's ornamental industry
is indicated by its exports of fresh blossoms, decorative cut foliage and nonflowering
or green polished plants. From US $405,319 in 1982, the value of ornamentals
exported hit US $ 727,354 in 1987 and more than doubled to US $963,305 in 1990.
However, this is a very insignificant amount compared to the estimated world import
market of US $1.3 billion.
For the past years, quarantine treatment for ornamental involved the use of chemical
control such as fumigation with methyl bromide or spray with pesticides. However,
with the adverse effects of pesticides to human and environment, the use of gamma
radiation as an alternative quarantine treatment for ornamental is deemed necessary
to realize the growth potential of the ornamental industry and to produce quality
ornamental as source of foreign exchange earnings for the country.
Therefore, the study was conducted to establish an alternative quarantine treatment
for ornamentals intended for export.

METHODS

SURVEY AND IDENTIFICATION OF PESTS

Surveys of orchids pests particularly Dendrobium were conducted in three gardens
in Laguna Province about 60 km. South of PNRI and about 10 km. North of the
University of the Philippines at Los Banos (UPLB). The gardens include: Varunee's
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garden and Nene's garden in Calamba, Laguna and Economic garden of Bureau of
Plant Industry in Los Banos. The survey was conducted at bimonthly interval from
January to July 1992. The Dendrobium plants were examined for the presence of
pests and the degree of damage caused by the pests was observed in the field.
Immature stages of the insect pests were also observed in the field. These stages of
the insect pests were brought to the laboratory and reared until they attain the adult
stage for identification.
In the survey, the owners were interviewed on their crop protection practices in their
respective gardens and their observations on serious pest problems encountered in
their plants.
SURVEY ON ORCHID WEEVIL INFESTATION

Among the pests surveyed, rearing and life history studies were conducted on the
orchid weevil since this pest was found the most persistent and the most difficult to
control. Both the larval and pupal stages are spent inside the pseudobulb or stem of
the plant.
During the months of March and April 1992, a survey on the degree of orchid weevil
infestation was observed in the three gardens. Twenty plants were selected at
random and labelled. Each plant was examined for the presence of exit holes in the
pseudobulb, feeding punctures in the leaves or presence of orchid weevil adults.
REARING OF ORCHID WEEVIL, ORCHIDOPHILUS SP.

Field-collected adults were reared in the laboratory at 25.06±1.17°C and
72.88±5.78% RH in glass jars covered with nylon organdy cloth. Fresh Dendrobium
leaves were provided two to three times a week for them to feed on and oviposit their
eggs. Sexing of adult weevils was done following the procedure of Buchanan (1935)
as cited by Mau (1983).
Orchid leaves were exposed to about 50 orchid weevil adults (25? :25o") in nylonorgandy covered jars for oviposition. Eggs dissected from infested leaves were
transferred on wet blotting papers in petri dishes. Soon after hatching, the larvae were
individually transferred on cut stems provided with artificial tunnel made by puncturing
the stem with a nail. The infested stems were placed inside the test tubes (2.5 cm
diam., 20 cm ht.) with nylon-organdy covers and held in trays. Emerged adults were
transferred to clean vials provided with fresh Dendrobium leaves and wet cotton rope.
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Orchid plants in cages were infested with adult weevils to augment the stock culture
in the laboratory. This was done by enclosing a succulent pseudobulb with the weevils
in nylon-organdy bag tied at the base with a string or rubber band. The adults were
transferred to uninfested orchids after three to four days.
LIFE CYCLE STUDIES

Fresh leaves of Dendrobium were placed in an oviposition jar. Two to three days after
infestation, the leaves were taken and soaked in water for five minutes to soften the
epidermis on the sites of oviposition. The leaves were dissected with the use of
forceps or nail to serve as entrance holes for the young larvae. After five to 10 days,
the larvae were removed from the leaves by dissection and transferred to cut stems
provided with artificial tunnel made by puncturing the stem with a nail. The infested
stems were placed inside the test tubes (2.5 cm diam.; 20 cm ht.) with nylon organdy
cloth and held in trays for about a mpnth. After which, the stems were dissected and
checked daily thereafter to determine the insect's stage of development. Larval period
was calculated by subtracting the length of the incubation period from egg to pupal
stage.
The pre-oviposition period, fecundity and longevity were determined using two
methods. In the first method, each pair of adult weevil (1 male: 1 female) was
contained in a glass vial and fed with fresh Dendrobium leaves. Eggs were collected
at weekly interval until death of the female and the number of dead adults was also
determined. In the second method, field-collected adult weevils (8 males: 11 females
with unknown date of emergence) were confined in a glass jar and provided with
Dendrobium leaves. Mortality was taken at weekly interval. The number of eggs laid/
female/week was calculated by the number of females alive at the end of the week.
IRRADIATION OF THE DIFFERENT STAGES OF THE ORCHID WEEVIL

Studies on the effect of irradiation on the different stages of orchid weevil viz. Egg (1 to-3-day -old and 4-to 7-day old), larva (2- to 4-day-old and 30-day-old), pupa [early
(not showing browning) and late] and adult (pre-ovipositing and ovipositing), were
undertaken using the Gamma Cell 220 Irradiator at PNRI. The different
developmental stages were exposed to 150, 300 and 450 Gy radiation doses.
Unirradiated lot served as the control. For each developmental stage, mortality was
taken and recorded daily. The larvae and pupae were reared up to adult stage. The
adults were confined in glass vials provided with fresh leaves of Dendrobium.
Dissection of infested leaves was done at weekly interval to collect any egg laid by the
adult female.
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MELANIZATION STUDIES

Newly-hatched larvae were placed in orchid leaves punctured with forceps to serve
as entrance holes. The larvae were irradiated using 5,10,20 and 50 Gy doses. When
the larvae reached the last instar, they were placed in a freezer (-20°C) for 24 hours
to kill them. The larvae were removed from the freezer, kept at room temperature and
observed for melanization.
VASELIFE DETERMINATION OF CUTFLOWERS FOLLOWING IRRADIATION TREATMENT

Dendrobium. Dendrobium cutflowers var. Norashikin Blue Fairy were packed in boxes
and irradiated with 100, 150, 300 and 450 Gy using the Multipurpose Gamma
Irradiator. Unirradiated lot served as the control. After irradiation, the cutflowers were
individually placed in test tubes containing distilled water and kept at 25°C and 7080% RH (Fig.1). The number of dropped and wilted flowers was taken and recorded
daily. The data was analyzed using Completely Randomized Design (CRD) with five
replications.
Heliconia. The variety of Heliconia cutflower was identified based on the description
of Vergara (1991). The Heliconia cutflowers variety Sase were irradiated with the
same doses used in Dendrobium. Unirradiated cutflowers served as the control lot.
After irradiation, the cutflowers were also individually placed in test tubes containing
distilled water (Fig. 2). The number of dropped flowers was counted and the degree
of browning of flowers and bracts was recorded using the following rating: 0 = fresh,
1=5-10%,3 = 1 1 - 25%, 5 = 26 - 50% and 7 = 51-100% browning. The data was
analyzed using CRD with 3 replications.
IRRADIATION OF DIFFERENT GROWTH STAGES OF DENDROBIUM

Different growth stages of Dendrobium viz. Seedlings, ready-to-bloom and flowering
were exposed to 150, 300 and 450 Gy radiation doses to determine if irradiation
affects the growth and/or flowering of Dendrobium orchids. The data collected include
plant height, number of leaves, number of stems/shoots for seedlings; plant height,
number of leaves, number of stems and formation of spikes for ready-to-bloom; and
number of dropped and wilted flowers for flowering Dendrobium plant. Five plants
were used for each dose or treatment replicated three times. The data was analyzed
using Randomized Complete Block Design (RCBD).
RESULTS AND DISCUSSION

SURVEY AND IDENTIFICATION OF PESTS

Based on the survey, the commonly encountered orchid pests include the snails,
millepede, mites and insects like orchid weevil and thrips. Other pests like the scale
insects, mealybugs, grasshoppers, katydids and some caterpillars of lepidopterous
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pests have been reported by the owners or managers of the gardens surveyed.
However, these pests were not considered of significant importance since they are
mostly general feeders.
Among the insect pests, the orchid weevil was found present in the three gardens
surveyed and was most prevalent at the Economic Garden especially in the dry
months of March and April. The adults are dark brown to almost dull black in color
with distinct longitudinal depressed lines or furrows extending from the base to the
apex of the elytra. They are characterized by the projection of the head into a snout
used by the newly-emerged adults in getting out of the pseudobulb after emergence.
Adult weevils feed on leaves, flowers, pseudobulb and exposed roots of Dendrobium.
Damage is usually in the form of holes or cavities made during adult feeding. Based
on the description of Buchanan (1935), the orchid weevil was identified as
Orchidophilus atemmus (Waterhouse). Photographs showing the different
developmental stage of the orchid weevil is shown in Figure 3-6.
Crop protection measures which include weekly or bimonthly spraying of insecticides,
fungicides and foliar fertilizers is the usual practice at the Varunee's or Nene's
Garden. However, at the Economic Garden pesticide spraying was not done regularly
but only on a case to case basis although fertilizer was applied at monthly intervals.
SURVEY OF WEEVIL INFESTATION

Results of the survey on weevil infestation are shown in Table 1. The data show
higher weevil infestation observed at the Economic Garden as compared to the other
two gardens. The high infestation may be due to erratic application of pesticide
resulting in the rapid multiplication of the pest or the insecticide being used, may not
have been adequate to control the weevils.
Table 1. Mean % Infestation of Orchid Weevils in Three Gardens
Garden

% Infestation
March 1992

April 1992

Economic Garden

57.5

85.0

Varunee's Garden

30.0

47.5

Nene's Garden

40.0

52.5

SEXING AND MEASUREMENT OF ADULT WEEVILS

Sexing of field-collected orchid weevils showed a low female to male ratio (1 ?:1.6cf)
from a total of 152 adults examined. This phenomenon cannot be explained although
our results were contrary to those reported in Hawaii where they got a ratio of
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1.2 ? :1 o" (Mau, 1983). Body measurements of the different life stages of the weevil
is shown on Table 2.
Table 2. Mean Body Measurements of the Different Developmental Stages of Orchid
Weevil
Body Width (mm)

Body Length (mm)

No. of Individuals

Egg

0.51±0.07

0.81±0.07

34

Mature larvae

2.66±0.35

8.75±1.25

16

2.10±0.26

5.51±0.68

20

Female

2.18±0.16

4.47±0.31

30

Male

2.36±0.27

4.85±0.52

30

Stage

Pupa
Adult

OVIPOSITION AND INCUBATION PERIOD

The eggs of the orchid weevil are laid singly in cavities caused by adult feeding. The
egg is oval and white when newly-laid later becoming yellowish within a few days
before hatching. Then the mandibles of the developing larva become visible a brown
spots and later the head capsule can also be observed as the egg hatched a day
later. Incubation period varied from 4 to 13 days with a mean of 7.20±1.47 days at
ambient conditions as determine from a total of 25 eggs.
LARVAL DEVELOPMENT

The newly-hatched larva is yellowish with light brown head and feeds readily into leaf
tissues after hatching. Dissection of infested plant showed that the larval development
occurred within the pseudobulbs. The larva produced a gallery which is oriented
longitudinally and downwards from the site of oviposition. The gallery is usually filled
with solid larval excrement or frass up to where the grub is found. Mature larvae were
6 to 10 mm long and 2 to 3 mm wide. The duration of the larval stage, calculated by
subtracting the length of the incubation period from the egg to pupa, ranged from 39
to 80 days with a mean of 58.70±11.24 days (n=23).
PUPATION

Pupation occurred within the gallery made by the larva. The newly-developed pupa
was creamy white in color. The eyes darken and became visible 2 to 3 days after
pupation. Browning of the eyes and rostrum and blackening of the wing pads were
evident on the 6"1 to 9th day. Prior to adult emergence, the color of the wing pads and
rostrum deepened to black and dark brown, respectively. Antennal segmentation and
browning of femoratibial joints, pretarsus and part of the abdomen were also
indicative that the pupa is about to emerge. The pupa measured 5.51 ±0.68 mm long
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and 2.10±0.26 mm wide. Pupal period ranged from 9 to 15 days with a mean of
10.83±1.54days.
ADULT EMERGENCE

The newly-formed adult was light to dark brown in color and became totally black in
2 to 3 days. The adult stayed inside the pupal cell for sometime and started feeding
only 6 to 10 days. After emergence, sex ratio was determined to be 1:1.14 (male:
female) (n=22). Total development period, i.e. from egg to adult ranged from 54 to
103 days with a mean of 70.15±12.04 days.
PRE-OVIPOSITION PERIOD, FECUNDITY AND LONGEVITY

The pre-oviposition period of the female adult weevil ranged from 29 to 66 days with
a mean of 44.27±12.18 days. The mean number of eggs laid by a female per week
ranged from 2.0 to 5.33 with a mean of 3.95±1.36 eggs. Maximum adult longevity was
observed at 310 days (ca. 10 months). The number of eggs collected weekly from
field-collected adults were also taken. The mean number of eggs laid per female per
week based on the number of females alive at the start of the week ranged from 0.2
to 4.0 with a mean of 1.69. The adults inside the oviposition jar lived for approximately
20 weeks. It was also observed that the females laid very few eggs during the first
month of confinement in the oviposition jar.
IRRADIATION OF DIFFERENT DEVELOPMENTAL STAGES OF ORCHID WEEVIL

Result of the irradiation studies of different ages of orchid weevil eggs were
summarized in Table 3. Data shows that younger eggs (1 -to- 3- day-old) were more
sensitive than older ones (4- to 7- day-old). Generally, insect eggs have been found
to be most sensitive to radiation (Tilton and Browner, 1983) and this could be due to
a high degree of mitotic activity and lack of differentiation which are correlated with
sensitivity to radiation (Bergonie and Tribondeau, 1959). Irradiation of young eggs
resulted to 100% mortality while for older eggs mortality increased with an increase
in the dose applied. Significant differences in egg mortality was observed among the
doses used. Our results indicate that orchid weevil egg are more radiosensitive than
eggs of other species of beetles like fuller rose beetle (Johnson et al, 1990) and other
species of Coleoptera (Brower and Tilton, 1973, Brown et. al., 1972 and Dawes et.
al., 1989). The larvae that hatched from irradiated eggs lived for only five to 10 days.
Table 3. Percent Mortality of Young3 and Oldb Orchid Weevil Eggs Exposed to
Different Doses of Radiation
Age of Eggs
1-3'

Dose (Gy)

Corrected Egg Mortality* (%}

450

1996 PNRI Technical
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Corrected Egg Mortality* (%)

Dose (Gy)

Age of Eggs

4-7"

300

100.00 b

150

100.00 b

0

0.00 a

450

74.89 d

300

28.87 c

150

8.78 b

0

0.00 a

'Data are the means of 5 replicates. Means followed by the same letter in each column are not
significantly different (P=0.05, DMRT)

When 2- to 4-day-old larvae were irradiated, larval mortality was found directly related
to dose (Table 4). There were significant differences in larval mortality among the
dose used. Treated larvae fed very little to none at all specially those receiving higher
doses. In effect, treated larvae were smaller and weaker compared with control. In the
irradiation of 30-day- old larvae. All larvae treated with 150 and 300 Gy survived five
days after irradiation while only 8% of the larvae treated with 450 Gy survived.
However, no significant difference was observed among the doses used (Table 5).
About 7% of the larvae treated with 150 Gy pupated but none emerged into adult.
Table 4. Percent Mortality of 2-4 Day Old Orchid Weevil Larvae Exposed to Different
Doses of Radiation and Longevity of Surviving Larvae
Longevity3

Larval Mortality 5DAF (%)

Dose (Gy)
450

67.00 a

12.00 c

300

33.00 b

12.00 c

150

23.00 c

21.00 b

0

0.00 d

103.00 a

'Data are the means of 4 replicates. Means followed by the same letter in each column are not
significantly different (P=0.05, DMRT)

Table 5. Percent Mortality, Pupation and Adult Emergence of 30-Day-Old Orchid
Weevil Larvae Exposed to Different Doses of Radiation
Larval Mortality

Dose (Gy)

at5DAI'(%)

Pupation3 (%)

Adult
Emergence3 (%)

Longevity3 (days)

450

8.00 a

0.00 c

0.00 b

19.25 d*

300

0.00 a

0.00 c

0.00 b

26.25 c*

150

0.00 a

6.60 b

0.00 b

42.75 b "

0

0.00 a

86.67 a

83.33 a

83.38 a "

'Data are the means of 6 replicates. Means followed by the same letter in each column are not
significantly different (P=0.05, DMRT)
'Longevity of surviving larvae
"Longevity of surviving larvae and pupae
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From the data presented in Table 6, pupal mortality was observed only on early
pupae (pupae not showing Browning) treated with 450 Gy. Also, none of the surviving
pupae emerged into adults. In contrast, irradiation on late pupa resulted to zero
mortality and 100% adult emergence on all doses used. (Table 7). On the other hand,
the longevity of emerged adults decrease with an increase in dose. Significant
differences were observed among the doses used.
Table 6. Percent Mortality and Adult Emergence of Early Pupa of Orchid Weevil
Exposed to Different Doses of Radiation
Pupal Mortality at

Dose (Gy)

Adult Emergence (%)

5DAI' (%)

Longevity (%)

450

28.57 a

0.00 d

9.56*

300

0.00 b

38.09 c

12.62"

150

0.00 b

76.19 b

21.50"

0

0.00 b

100.00 a

54.69**

'Data are the means of 7 replicates. Means followed by the same letter in each column are not
significantly different (P=0.05, DMRT)
'Longevity of surviving pupae
"Longevity of surviving pupae and emerged adults

Table 7. Percent Mortality of Late Pupa of Orchid Weevil Exposed to Different Doses
of Radiation and Longevity Emerged Adult
Pupal Mortality at

Dose (Gy)

5DAI (%)

Adult Emergence (%)

Longevity of Emerged
Adults3 (days)

450

0.00

100

13.75 d

300

0.00

100

21.00 c

150

0.00

100

29.00 b

0

0.00

100

88.50 a

'Data are the means of 5 replicates. Means followed by the same letter in each column are not
significantly different (P=0.05, DMRT)

Table 8 shows that irradiated pre-ovipositing adults survived treatment five days after
irradiation. None of the adult females laid eggs throughout the entire life span. The
longevity of the adults was also affected by exposure to radiation. Similarly, all
ovipositing adults survived irradiation treatment five days after irradiation (Table 9).
However only adult females treated with 150 Gy laid eggs but none of the eggs
hatched. For both pre-ovipositing and ovipositing adults, those irradiated lived much
shorter compared with the control.
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Table 8. Adult Mortality and Longevity of Pre-Ovipositing Adults Exposed to Different
Doses of Radiation
Adult Longevity'

Adult Mortality

Dose (Gy)

Mean No. of

at 5DAI

Female (?)

Male {d")

Eggs Laid

450

0.00

21.16d

18.67 d

0.00

300

0.00

25.16 c

20.83 c

0.00

150

0.00

28.00 b

20.00 b

0.00

0

0.00

64.00 a

49.40 a

1.00*

'Data are the means of 5 replicates. Means followed by the same letter in each column are not
significantly different (P=0.05, DMRT)
*Some adult females are still laying eggs.

Table 9. Adult Mortality, Longevity and Fecundity of Ovipositing Adults Exposed to
Different Doses of Radiation
Adult
Dose (Gy)

Adult Longevity"

Mortality at
5DAI

Female (?)

Male(tf)

Mean No. of
Eggs Laid

Egg
Hatchability
(%)

450

0.00 a

14.77 a

12.77 a

0.00

300

0.00 a

15.53 a

14.80 c

0.00

-

150

0.00 a

23.49 b

20.56 b

0.83

0.00

0

0.00 a

60.48 c

57.45 a

5.00

93.00

"Data are the means of 5 replicates. Means followed by the same letter in each column are not
significantly different (P=0.05, DMRT)

In general, the radiosensitivity of the orchid weevil decreased with the age of the
insect based on the mortality obtained for each stage five days after irradiation with
dose ranging form 150 to 450 Gy). The adult was the least sensitive and the eggs the
most sensitive to irradiation. However, within a developmental stage the sensitivity of
the insect also varied with younger age being more sensitive than older ones.
MELANIZATION STUDIES

Based on visual observations, last instar orchid weevil larvae irradiated at first instar
with 5, 10, 20 and 50 Gy and unirradiated control did not show any significant
difference in the degree of melanization.
From a total of 11 trials, none of the larvae turned completely brown or dark brown.
Browning was observed in certain parts of the larvae on both the control and treated
larvae even after 24 hours (Figs 7a, 7b and 7c). The results obtained were not
comparable to the ones obtained using the Caribbean fruit fly (Nation 1995).
Melanization test for irradiated orchid weevil larvae produced inconsistent results.
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VASEUFE DETERMINATION OF CUTFLOWERS FOLLOWING IRRADIATION TREATMENT

Dendrobium. Studies on the tolerance of Dendrobium cutflowers (var. Norashikin Blue
Fairy) to varying doses of radiation showed a negative effect of irradiation with doses
ranging from 100 to 450 Gy. This was shown by a significantly higher percentage of
wilted and dropped flowers on irradiated compared with untreated flowers at two days
after irradiation (DAI) onwards (Fig. 8 ) . More than 50% dropped and wilted flowers
occurred at 6,10 and 14 DAI. There were no significant difference observed between
100 and 150 Gy at 4 DAI onwards although still significantly different from the control.
Heliconias. Irradiated Heliconia cutflowers easily showed symptoms of browning of
tips (bracts and flowers), bending and dropping of flowers compared with the control.
It was observed that most of the dropped flowers occurred on the third day after
irradiation (Fig. 9 and 10a). There were significant differences in percentage of
dropped flowers among doses used. However, the degree of browning of tips of both
flowers and bracts as well as bending of the shoot was significantly higher on
cutflowers irradiated with doses ranging from 150 to 450 Gy five to seven days after
irradiation (Fig. 10b). There were no significant differences observed between
cutflowers irradiated with 100 Gy and the control.
IRRADIATION OF THE DIFFERENT GROWTH STAGES OF DENDROBIUM

Figure 12 shows the response of Dendrobium seedlings to different doses of
radiation. Increment in plant height and leaves of irradiated seedlings were
significantly lower compared with the control. The effect of irradiation on seedlings
was more evident on the occurrence of a change in leaf color from green to somewhat
rusty red (Fig. 11).
In contrast, on ready-to-bloom Dendrobium plants, irradiation has no significant effect
on plant height but on the number of leaves and shoots (Fig. 13). Significantly lesser
leaves and shoots were formed especially at 300 and 450 Gy than those treated with
lower doses. In addition, only the unirradiated plants produce flowers or spikes (40%)
during the four-month observation period. The formation of spikes in ready-to-bloom
Dendrobium plants was either delayed or inhibited. This however still needs to be
confirmed through continuous observations.
The effect of irradiation on flowering Dendrobium plants is shown in Figure 14.
Apparently, those irradiated Dendrobium plants have a greater percentage of dropped
and wilted flowers compared with unirradiated ones.
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CONCLUSION AND
RECOMMENDATIONS

Based on the data obtained, 150 and 300 Gy radiation doses could be used as the
disinfestation doses for orchid weevil. However, these doses were found to shorten
the vaselife of Dendrobium cutflowers. Likewise, irradiation also affected the growth
of the Dendrobium seedlings and caused a change in leaf color from green to rusty
red. The formation of spikes on ready-to-bloom was either delayed or inhibited and
the percentage dropped and wilted flowers were found higher on irradiated flowering
Dendrobium plants.
Melanization could not be used as an indicator to determine whether the orchid weevil
was irradiated or not since brown patches were observed both on irradiated and
unirradiated larvae.
Since the disinfestation doses (150 and 300 Gy) affected the Dendrobium cutflower,
it could be interesting to look instead into the sterilizing dose in orchid weevil. Studies
on the reproductive system of adult male and female weevil following exposure to
gamma radiation (0,100,150 and 300 Gy) should be conducted.
The response of the different growth stages of Dendrobium should be observed
further as the data obtained were the result of a four-month observation period only.
Based on preliminary observations, varieties such as Parrot and Parakeet were more
tolerant than the Sase variety. Hence, further studies along this line are
recommended.
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FIG. I. Experimental set-up for Dendrobium cut/lowers exposed to
gamma radiation.

FIG. 2. Experimental set-up for Heliconia cutflowers exposed to
gamma radiation.
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1'IG. 3. Orchid weevil egg (30 X)

FIG. 4. Orchid weevil larva (30 X)
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FIG. 5. Orchid weevil pupa, ventral view (30 X)
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FIG. 6a. Orchid weevil adult female

FIG. 6b. Orchid weevil adult male
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I-1G. 7a. Melanization studies on orchid weevil.

FIG. 7b. Melanization studies on orchid weevil
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FIG. 8. Effect of gamma radiation on the vaselife of Dendrobium culflowcrs.
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FIG. 9. Heliconia cut/lowers 3 days after irradiation showing
the dropped flowers
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FIG. 10a. Relationship of percentage dropped petals and radiation dose on
Heliconia var. Sasc.
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FIG. 10b. Relationship of browning and radiation dose on Heliconia var. Sase
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FIG. II. Irradiated Dendrobium seedling showing (he change
in leaf color from green to rusty red.
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FIG. 12. Response of Dendrobium seedlings to gamma radiation .
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FIG. 13. Response of ready-to-bloom Dendrobium plant to gamma radiation.
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FIG. 14. Response of flowering Dendrobium plant to gamma radiation.
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DAIRY CATTLE PRODUCTION UNDER
Two MANAGEMENT SYSTEMS IN THE PHILIPPINES
ABSTRACT

Crossbred Holstein Freisian x Sahiwal (HFxS) dairy cattle which were managed at
smallholder level and given strategic nutritional intervention (i.e., BCmM feedmix
supplement given to pregnant cows from 2 months prior to calving till 3 months
postpartum) resulted in a significant decrease in calving-to-conception interval, of
109.7 days (i.e., from 244.6 to 134 days, n=30 cows representing 52.6% of the
animals monitored in the Laguna project site. Milk yield/cow/day was significantly
increased (P<0.0l) in 42.1% of cows in the Laguna site, i.e., from 4.82 to 5.67 Kg; and
in 60.6% of cows in the Quezon project site, i.e., from 4.54 Kg to 5.76 Kg. The
majority of the cows were at parity nos.4 and 5, while 14% of those in the Laguna site
had attained parity no. 6. Reproduction evaluation of the cows through progesterone
RIA technology and rectal palpation showed that only 1.7% of the study cows in the
Laguna site and 5.9% in the Quezon project site were subestrus/with poor ovarian
function.
A survey of dairy cows managed communally in Pontevedra, Capiz, of the same
breed (HFxS) but younger in age, majority of which were at parity no. 2, showed a
calving interval of 11.8 months, with 27 calvings, 4 abortions and 1 stillbirth during 11
months of observation period. Milk yield was 6.1 Kg/cow/day. These cows will be the
object of urea molasses mineral supplementation in the near future.

OBJECTIVES

The project aims to increase dairy cattle production and productivity:
(a) at smallholder level in the Laguna and Quezon project sites, through the use of
BCmM strategic nutritional supplementation and RIA technology at farm level;
(b) in Pontevedra, Capiz through the use of multi-nutrient block supplementation and
RIA technology, after an initial survey of the dairy cows managed communally by
the Caguyuman Resource Dairy Cooperative.

METHODS

A.

DAIRY FARMING UNDER SMALLHOLDER LEVEL

Crossbred Holsten-Freisian X Sahiwal (HFxS) dairy cattle aged 7.5 years as of
January 1996, which were managed by smallholder dairy farmers in Sta. Cruz
and Pagsanjan, Laguna (n=60) and in Sariaya, Quezon (n=34) were monitored
monthly by the PNRI-BAI research team in coordination with the NDA technical
field staff at the project site, and the assistance of 4 CDTs (cooperative
development technicians) who were chosen from the 50 dairy farmers involved
in the project.
BCmM nutritional supplementation consisting of rice bran (49%), copra meal
(49%), dicalcium phosphate (1%) and salt (1%) was given to pregnant cows two
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months prior to calving till parturition time (2 Kg/cow/day) and for three months
postpartum (3 Kg/cow/day), to address the negative energy balance observed
during the cows' critical reproductive period and to cope with their lactational
demands. The Malinao Cooperative Marketing in San Pablo city was chosen to
prepare the feedmix to be distributed to the project sites.
The 'on-farm' activities in the two project sites included liveweight estimates
through heartgirth measurements using the weighband pulled to 5 kg using a
spring balance, body condition scoring (range: 1 (thin) to 5 (overfat), and
dialogues/meetings with the farmer cooperators on the reproductive, health and
feeding management of their cows and the importance of vigilance in their
observations and recording of estrus and other reproductive events. A
blackboard to record milk yield/week, feeding management, dates of estrus,
breedings, calvings and deworming/vaccination, was given to each
cooperator/farm in the 2 project sites. Sampling of milk (weekly), forage/feed
(monthly) and fecal (bimonthly) as well as gathering of data on reproductive,
feeding and health events as well as ovarian examination through rectal
palpation were recorded during the monthly visits, on a checklist prepared for the
purpose.
The milk production of the study cows were gathered from the records of the
National Dairy Authority supplemented by data obtained from the Milk Collection
Centers in the project sites.
Climatological data were taken from the PAGASA weather office and IRRI
records.
Progesterone hormone in milk was analyzed using radioimmunoassay
technology. Pregnancy diagnosis and assessment of ovarian activity of the
animals were made using progesterone as key indicator, complemented by rectal
palpation. Forage and feed samples were analyzed for ash, dry matter and N
contents.
The information obtained were inputted into the data bank using dBASEIV.
B.

DAIRY FARMING UNDER COMMUNAL LEVEL

An initial survey of the farm managed by the Caguyuman Resource Dairy
Development Cooperative (CRDDC, located within the compound of the Panay
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State Polytechnic College, Bailan Campus in Pontevedra, Capiz, was conducted
in January 1996.
Field monitoring activities were conducted bimonthly. Cow weights, body
condition scores, feeding management, breedings, calvings and health of the
animals were observed and recorded 'on-farm' using a checklist, as described
earlier for the Laguna and Quezon sites. Ovarian examination by rectal palpation
of cows both non-pregnant and those bred 2-3 months earlier, was conducted by
the BAI technician. Milk samples were collected weekly and airshipped to PNRI.
Fecal samples were collected twice and examined for parasitic ova at the
Philippine Animal Health center using the flotation and sedimentation method.
progesterone hormone was analyzed by radioimmunoassay technology.
Pregnancy diagnosis and assessment of ovarian activity of the animals were
made using progesterone as key indicator, complemented by rectal palpation.
The cows were dewormed in March 1996.
The data gathered were entered into the data bank.
RESULTS AND DISCUSSION

A.

SMALLHOLDER MANAGEMENT OF DAIRY COWS

Meteorological characteristics of project sites
The mean temperatures were 27.0 C in 1995 and 27.1 C during the 1st 3
quarters of 1996 in the Laguna sites; corresponding temperatures were 26.9 C
in 1995 and 26.5 C, resp., in the Quezon site, were recorded. Total rainfall was
higher for Quezon compared to Laguna site, i.e., 4,112 mm in 1995 and 1,662
mm during Quarters l-lll of 1996 in Quezon site, compared to 2,666 mm and
1,074 mm, resp., in the Laguna site. Mean percent relative humidities were also
higher in Quezon site compared to Laguna site (86.35% vs. 81.9%, Qtrs. l-lll,
1996).
Dairy cow management
The cows were continued to be tethered on pasture under coconut canopy at
daytime and generally given foraged/rice straw overnight. In addition to the
BCmM supplement which was provided by the research project to pregnant cows
at 2 months before calving till 3 months postpartum, some supplement (rice
bran/copra meal/commercial concentrate) were usually given to pregnant and
lactating cows, depending on the farmer's financial capability. While the majority
of the cows in the Laguna site were housed in stalls overnight, the cows at
Quezon site were generally kept in the open backyard overnight, tied to a post
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or tree. Breeding of cows was year-round (Al/natural mating/mixed). Cows were
hand-milked once a day, i.e., in the early mornings before they were brought to
natural pastures to graze.
Animals' general condition
The mean annual (1996) liveweights of 397 Kg (Laguna, n=60) and 377 Kg
(Quezon, n=34) and corresponding mean body scores of 3.2 and 2.8, resp.,
indicated better nutritional status of cows in the Laguna site. This may be due to
the relatively better economic status and education level of the farmers in this site
compared to those in the Quezon site, to proximity to technology inputs, the
Laguna project site being located at the periphery of the provincial capital.
Moreover, climatological factors such as heavier rainfall in the Quezon site
contributed to lower dry intake arising from less grazing time and thus, less dry
matter intake. The cows which had received the BCmM strategic
supplementation were able to recover earlier from their postpartum losses in
weight and body condition compared to pre-intervention observations, indicating
faster recovery from negative energy balance at peripartum period during the
intervention period, compared to pre-intervention period.
Forage analysis and evaluation
The N-content of roughages given to the cows were typical of tropical forages,
e.g., 0.98-1.8% for mixed grasses, 0.72% for rice straw, 4.4-5.5% for broad
leaves and 3.1% for mixed forage.
Parasitic aspects
Worm burden in terms of fecal egg counts usually consisted of 1-2 types of
grastrointestinal parasites; levels were generally low/tolerable.
Reproductive performance
Thirty cows which so far had conceived after receiving the BCmM nutritional
supplementation in the Laguna site (representing 52.6% of the study cows)
showed a mean average of calving-to-conception interval of 134.9 days
compared to the previous mean of 244.6 days for these cows (decrease, 109.7
days, P<0.1).
An evaluation of the reproductive status of the cows at the end of the year, 1996,
in the Laguna site, based on milk progesterone concentrations and ovarian
examination by rectal palpation showed 46.7% cycling, 38.3% pregnant, 13.3%
at postpartum anoestrus and 1.7% subestrus/poor ovarian condition. At the
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Quezon site, 41.2% of the cows were cycling, 38.2% pregnant, 14.7% at PPA,
and 5.9% subestrus/poor ovarian activity.
Mean calving intervals were 18.2 months and 17.9 months in the Laguna and
Quezon project sites, respectively.
It was also observed that 43.9%, 33.3% and 14.0% of the cows in the Laguna
site had reached parity nos. 4,5 and 6, resp., by the end of the December 1996
while 50.0% and 44.1% of the cows in the Quezon site were at parity nos. 4 and
5, respectively.
: Performance
A mean milk yield/cow/day value of 5.5 Kg was observed in 1996 in the Laguna
project site. The same mean yield was also observed in Quezon. These are
offtake values since these did not include the amounts consumed by the calves.
A significant increase in average milk yield/cow/day (0.85 Kg, P<0.0l) was
observed in 42.1% of cows monitored in Laguna site (yield, from 4.82 to 5.67 Kg)
and a significant increase (1.22 Kg, P<0.01) in 60.6% of cows in Quezon site
(i.e., 1.22 Kg, P<0.01; yield from 4.54 to 5.76 Kg).
Remarks
The nutritional gap experienced by grazing dairy cows was addressed by
strategic supplementation using locally available feed resources. Some
improvement was observed, in terms of shortened calving-to-conception intervals
and increased milk yield in about half of the study cows that were monitored; the
period of intervention, however, was not sufficient to assess the effect of the
nutritional intervention on calving intervals.
The importance of management with emphasis on vigilance in estrus detection,
recording of reproductive events, was stressed to the farmers to enable them to
arrive at a cost-effective dairy farming enterprise.
B.

COMMUNAL MANAGEMENT OF DAIRY COWS

Description of Location and Animals
The climate in Pontevedra, Capiz is type E with all months having 2.4 inches or
more of rainfall. The topography of the farm is rolling. The cows managed by
CRDDC in Pontevedra, Capiz were of HFxS breed.
The initial survey in January showed a herd inventory of 48 cows at parity nos.
1 and 2,1 bull, 22 heifer calves, 14 bull calves and 10 calves (6M, 4F) less than
6 months old.
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Husbandry Practices
The cows were housed in two open barns and were given a dairy ration of
chopped sugarcane tops and napier grass (ad lib). Concentrate consisting of
cattle feedbase mix: hog grower (2:1) was given: (a) to lactating and pregnant
cows 3 weeks prior to calving (3-4 Kg/cow/day), (b) to dry cows (1.3 Kg/cow/day),
and (c) to calves 7-10 months old (1.2 Kg/cow/day). A commercial mineral lick
was made available to lactating cows. The animals were allowed to exercise in
the rolling pasture for half an hour daily. Breeding was by natural mating using
the dairy bull of the cooperative.
The young calves were placed in an animal house which was elevated from the
ground. The calves were totally weaned from birth, given colostrum from day 2
to 3, and milk by tube feeding on the succeeding days. The heifer calves and bull
calves were placed in separate compartments in the bam and were given daily
rations of roughage and concentrate.
General Condition of Animals
The average weights of the cows were 403 Kg (n=48, January 1996) and 382 Kg
with a mean body score of 3.1 (March 1996). The lactating cows showed a mean
body condition score of 3.0 and the dry cows, 3.1, during the month of June. At
the end of November, the mean weight was 369 Kg and the body score, 2.8
(n=43).
Feed Analyses
The analyses of feeds/roughages given to the cows showed the following Ncontents (dry basis): sugarcane tops, 0.75%, napier grass 1.04%, mixed grassforage 2.3%, cattle feedbase mix 6.8% and molasses 0.5%.
Reproductive Performance
There were 27 calvings with 4 neonatal deaths, namely, 2 female calves which
died due to: (a) malnutrition and b) infection; 2 male calves which died because
of: a) congenital abnormality (no anus and tail) and b) inability to suckle. The
mean birthweight of the calves was 27.1 Kg. Reproductive wastages during the
year included 4 abortions and 1 stillbirth.
The calving interval was 11.8 months (n=26 cows)among those that had reached
parity no. 2. When pregnant cows were included, the estimated calving interval
was 12.4 months (n=34 cows, representing 70.8% of the study cows.
Based on the progesterone concentrations obtained by radioimmunoassay of the
weekly milk samples received from Capiz by air shipment, the following
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reproductive evaluation was made at the end of November 1996: 25.5% cycling,
61.7% pregnant, 2.1% at postpartum anoestrus and 2.1% subestrus/poor ovarian
activity.
Eighty five percent (8.5%) of the cows for this period could not be assessed since
no milk samples for progesterone RIA were available [cows culled/sold/ wild.

Milk Performance
The cows were milked by hand twice a day. The mean milk yield/cow/day for the
period January-October 1996, was 6.14 Kg. The calves were weaned from birth.
From the CRDDC records, it was found that 28-36% of the total milk production
during the period January-April 1996 was allotted to the calves.
Parasitism
The level of parasitism was low, with 14 cows positive for rumen fluke, liverfluke
and strongyles, 6 positive for both rumen fluke and liverfluke while 7 were
positive for strongyles in January. Deworming with Albendazole was done in
March 1996.
Remarks
The usefulness of progesterone radioimmunoassay technology in the
assessment of the reproductive status of the cows was shown inasmuch as the
farm visits to Capiz could be conducted only every other month for economic
reasons, each trip necessitating air travel. The weekly milk samples sent to PNRI
for progesterone RIA and reproductive evaluation of the cows has helped much
in this case.
The multinutrient lick block will be introduced to the cows that are managed
communally to determine whether this will increase the milk performance of the
cows; also, to improve the growth rate of the calves. The animals will be
transferred upon completion of the new housing which is under construction at
the slope of the hill located at the periphery of the Panay State Polytechnic
College (PSPC) Campus, to give the cows better space for movement, and to
minimize abortions due to trauma.
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DEVELOPMENT OF PROGESTERONE IMMUNOASSAY K I T FOR
EVALUATING THE REPRODUCTIVE STATUS OF
RUMINANT LIVESTOCK
ABSTRACT

Monthly immunizations of 4 white rabbits and 3 native goats with booster doses of
progesterone BSA conjugate to produce polyclonal antibodies were done. The titering
of collected antisera, and initial purification of the progesterone polyclonal antibodies
using the ammonium sulfate precipitation and the rivanol methods, are reported.
Progress in the development of the solid phase radioimmunoassay (SPRIA) system
for milk progesterone in cattle using 1-125 labelled progesterone is also reported,
where the test antibody is first 'self-coated' on NUNC star polystyrene tubes prior to
the introduction of the cow's milk/reference solution and the radiolabelled hormone.

OBJECTIVES

General:
Specific:

METHODS

To develop a radioimmunoassay kit for the determination of
progesterone levels in milk of ruminant livestock.
1. To produce progesterone polyclonal antibodies.
2. To develop an immunoassay system for milk progesterone in
ruminant livestock.

POLYCLONAL ANTIBODY PRODUCTION

A. Experimental Animals
Three goats (including two newly acquired) and four rabbits were immunized
with progesterone conjugate to produce polyclonal antibodies. The rabbits
were maintained on rabbit pellets while the goats were allowed to graze on
natural pasture. Rabbits found with fungal infection were treated with sulfur
ointment.
B. Immunization of Experimental Animals
For the immunizations, the antigen, 11-alphahydroxyprogesterone-BSA
conjugate was emulsified with complete Freund's adjuvant in physiological
saline solution, and used as primary dose for the newly acquired goats.
Incomplete Freund's adjuvant was used in place of complete Freund's
adjuvant for the booster injections which were administered monthly.
Prior to the injections, the backs of the rabbits and goats were shaved and
disinfected with 70% alcohol. Subcutaneous injections (0.5ml-1.0 ml) of the
emulsion were made in more than ten sites using a glass syringe with 24
gauge stainless steel hypodermic needle. Booster doses of the immunogen
emulsion (90-100 ug/rabbit and 30-50 ug/kg BWT/goat) were given to
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previously immunized animals at monthly intervals. For the newly acquired
goats, Nos. G3 and G4, priming doses of 600 ug and 460 ug immunogen,
respectively, were given, followed by 2 monthly boosters of half the priming
dose.
C. Collection ofAntisera
Samples of blood were taken from the animals one week after each
immunization to check the antibody response: the rabbits were bled on the
marginal ear vein; and the goats, bled on the jugular vein. The blood
samples were allowed to clot for at least 3-4 hours at room temperature and
centrifuged at 650 x G for 20 minutes, at 4°C. The immune sera were
collected and stored at -80 °C.
D. Antibody Titer Determination
Antibody titer was measured using liquid phase Progesterone RIA direct
method. Briefly, 100^1 of appropriate antibody dilutions in PBS (1:50,1:500,
1:1000) and tritium-labelled (100 /A) were tracer added to pre-immune sera
(100 /A) that had been previously incubated with danazol (100 iA). This was
vortexed and stored overnight at 4°C. Dextran-coated charcoal (500 jA) was
added and the suspension, centrifuged at 1,200 x G. The supernate was
decanted into a scintillation vial, and scintillation cocktail was added. The
liquid scintillation counter was used to measure the radioactivity of the
bound radiolabelled progesterone hormone-antibody complex. The Bmax
value of each sample was determined from the radioactive count obtained.
E. Purification of Antibody
The antisera collected from the immunized animals were purified as
described below.
Method A. Ammonium Sulfate Precipitation
Saturated aqueous ammonium sulfate (35-50%, 10 ml) was Padded with
continuous stirring to an equal volume of antiserum. The mixture was
continuously stirred for at least 2 hrs to prevent pockets of high
concentrations of ammonium sulfate which could result in precipitation of
unwanted proteins. The suspension was decanted and the pellet
resuspended in one tenth of the original volume (1 ml). The pellet
suspension was dialyzed overnight using a small bore dialysis tubing against
three changes of PBS solution.
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The antibody titer of a sample of the resulting dialyzate was determined.
Method B. Rivanol Method
Rivanol (2-ethoxy-6,9-diaminoacridine lactate), a cationic dye, was used for
the purification of the antiserum collected from the immunized animals. The
precipitation of the antiserum was accomplished as follows: I) The pH of the
antiserum was adjusted to 8.5 prior to the addition of 0.4% rivanol, slowly
from the separatory funnel, with stirring; 2) The suspension was allowed to
stand for 10 minutes at 3,800 rpm at 4°C; 3) The activated charcoal (1-1.5
gm/100 ml supernatant) was added with gentle stirring for 10 minutes, again
centrifuged for 15 minutes at 3800 rpm at 4 °C. This was passed through a
Whatman filter #42, to obtain a colorless filtrate; 4) To the collected filtrate
contained in a beaker, an equal volume of saturated ammonium sulfate was
added dropwise with gentle stirring; 5) The filtrate with ammonium sulfate
was allowed to stand overnight at 4 °C and centrifuged the following day at
4,000 x G for 20 minutes at 4°C; 6) To the pellet, saline solution (i.e., half
of the volume of the original antiserum) was added and dialyzed against
three changes of saline.
The protein concentration of the purified antiserum was then calculated.
RADIOIMMUNOASSAY OF PROGESTERONE

/.

Liquid Phase RIA System
The liquid phase direct Progesterone RIA method was used in the initial
titering of antisera collected and in the titering of the purified/concentrated
antiserum.

//. Solid Phase RIA System
The locally produced and initially purified polyclonal progesterone antibody
solution was diluted in coating buffer (0.05 M carbonate buffer) and 300 iA
were immobilized on the bottom of each polystyrene NUNC star tube for 24
hrs. The contents of the coated tubes were decanted, and washed twice with
500^1 (0.1% Tween 80). The tubes were decanted after each washing, and
hammer-dried. To each antibody-coated tube, standard progesterone (40 (A)
or sample (40 /A) and tracer (1-125 labelled progesterone, 200 (A) were
added and then incubated overnight. The supernate was discarded and the
bound antigen, counted using the gamma counter.
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RESULTS AND DISCUSSION

POLYCLONAL ANTIBODY PRODUCTION

Titering of Progesterone Antisera
Based on the initial titers of the antisera collected, variable immune responses
to the progesterone conjugate were observed among the animals immunized for
2 years and tested for immune response. At an initial antibody dilution of 1:50,
highest response was shown by rabbit #R4 (Bmax = 74.7%), followed by #R2
(73.4%), #R10 (57.4%) and #R9 (56.2%). There were three mortalities (namely,
rabbit #R1 which died during a weekend in June; #R2, in October due to
pneumonia with hypovolemic shock and #R10 which was sacrificed in December
due to general debility). Initial titering of goat antisera at 1:50 dilution, showed
highest Bmax value of 93.7% from G2 antisera (2-17-96 collection) and 68.0%
response on the day the animal was sacrificed (3-27-96. Goat #G3 showed low
Bmax values (<6.5%) while #G4 gave a Bmax value of 19.8% and 24.9%
(antisera collected August and September 1996, respectively).
Antibody Purification
The unpurified antiserum contains a complex mixture of antibodies with different
affinities, specificities and isotypes. In the development of an immunoassay
system, the accuracy and efficiency of the system is influenced by the specificity
and purity of the antiserum; hence, the removal of unwanted serum proteins is
necessary.
Method A. Ammonium Sulfate Precipitation
A total of 70 antisera were collected from the immunized animals and purified
according to the ammonium sulfate protocol, resulting in the elimination of
interfering substances and concentration of antisera. Table 1 shows Bmax values
obtained from the progesterone polyclonal antibodies which were initially purified
by ammonium sulfate precipitation. These will be further subjected to affinity
chromatography. This method is commonly used for fractionation and as a
preliminary step for subsequent purification.
Table 1. Bmax values of Progesterone Antisera Initially Purified by Ammonium Sulfate
Precipitation
Animal Source

Collection date
of Antiserum

Antibody dilution
1:1000

1:3000

Goat
#2

01-05-96

32.4%

15.6%
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Animal Source

Rabbit

Collection date
of Antiserum

#2
#4

#9

#10

Antibody dilution
1:1000

1:3000

02-07-96

25.5%

10.0%

12-26-95

16.8%

5.2%

02-07-96

11.2%

4.4%

12-26-95

20.0%

8.6%

02-07-96

15.5%

6.9%

12-26-95

7.6%

2.9%

02-07-96

7.0%

2.5%

12-26-95

1.9%

0.6%

02-07-96

8.2%

3.1%

Method B. Rivanol Precipitation
Rivanol (2-ethoxy-6,9-diaminoacridine lactate), a cationic dye, forms insoluble
complexes with negatively charged proteins, albumin, transferin, lipoproteins and
IgM.
The progesterone polyclonal antibody which was purified by rivanol method
(Trial I) was stored in the cold (4°C) pending further purification by affinity
chromatography upon arrival of reagents ordered for this purpose.
RADIOIMMUNOASSAY OF BOVINE MILK PROGESTERONE USING LOCALLY PRODUCED
POLYCLONAL ANTIBODY

The antisera collected 23 November 1995 from the immunized goat and rabbits which
were initially purified by ammonium sulfate precipitation in 1996, were titered using
solid phase RIA 'self coat' method and 1-125 labelled progesterone as tracer.
Bmax values of 24.8% for the pooled rabbit antisera (1:3000) and 39.0% for goat #G2
antiserum (1:3000) were obtained. Further purification by affinity chromatography of
these antisera will be done upon arrival of the needed reagents.
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INDUCTION OF BENEFICIAL MUTATION THROUGH IRRADIATION
FOR RICE VARIETAL IMPROVEMENT
ABSTRACT

Mutants from Malagkit sungsong and Perurutong, two traditional varieties that were
irradiated to improve their stand-ability and yield confirmed the results from the
previous yield test that the short mutants from Malagkit sungsong yielded more than
the original variety. Likewise, the mutants from Perurutong were also confirmed to
yield higher than the original variety but matured late.
One mutant from Malagkit sungsong was seed increased and submitted to PHILRICE
for further evaluation with respect to grain and eating quality.
Segregating population from the different crosses using mutants from Bengawan,
Azmil, IR 52 and PARC 2 with other varieties were also planted for further purification.
They are now in F5-F7 generation.
Meanwhile, the mutant from Malagkit sungsong and Perurutong NBB were crossed
with other varieties to incorporate their short stature and other agronomic characters.
In addition, the mutant from Malagkit sungsong was crossed to IR8 to find out the
allelism of the genes for dwarfness to Dee-geo-woo-gen. This is important to have
an alternative genes for short height so as to obviate the danger of rice failure due to
attack of pests and diseases which may damage the varieties that carry the Dee-geowoo-genes.
In tissue culture, selections from Sinandoming with thicker stem were planted for
purification before they can be yield tested. Tissue culturing of the other varieties was
done to increase the number of regenerated plants.

OBJECTIVES

1. To increase yield
2. To reduce maturity
3. To reduce height
4. To improve lodging resistance
5. To select lines that are resistant to pests and diseases

METHODS

Dry seeds of Malagkit sungsong and Perurutong NBB were exposed separately to
300 and 350 Gy of Co 60 gamma rays. About 2000 to 5000 fertile M, seeds were
planted again as Mj on a single plant basis in seedbed and scored for chlorophyll
mutations after which they are transplanted singly in pedigree rows. The M^ plants
were observed for desirable characters and selected at maturity. They were followed
up to the later generation until purified and then yield tested.
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The seedling used for the yield test were raised in dry seedbed. The field was
prepared by plowing once and tractor rotovated during the final land preparation.
Prior to the final rotovation, fertilizer at the rate of 80-20-20 kg per ha. was applied
as basal. The field was levelled using rake and transplanted with 18-20 day old
seedlings. Three to four seedlings were transplanted per hill.
The growing plants were weeded and sprayed with insecticides when needed and at
panicle initiation 20-0-0 kg nitrogen was applied as top dressing.
For the tissue culture, the usual media using MS supplemented with 2 mg/li 2,4-D, 1
mg/li kinetin, 30 gm/li sucrose at ph 5.8 and solidified in 8% agar is used for callusing
and for regeneration MS medium supplemented with 30 gm/li sucrose, 5 ppm IAA, 0.8
ppm BA, pH adjusted to 5.8 and solidified in 8% agar is used. The dose being used
for the irradiation of callus is 0,3,5 and 7 kr.
RESULTS AND DISCUSSION

The summary of the agronomic data for the mutants from Malagkit sungsong and
Perurutong NBB are presented in Tables 1 and 2, respectively. Four mutants from
Malagkit sungsong yielded significantly higher (Table 1, column 2) were reduced
almost by one month.
Table 1. Summary of Agronomic data of Malagkit Sungsong Mutants. 1996 Wet
Season Planting, PNRI
Entry No.

Days to

Mature

50%

PI. Height

Heading

(cm)

Product-

Panicle

No. of

Length

Grains/

100=

Yield

1

91.7 120.3 b

17.7

22.51

% Sterility Grain Wt.
(gms)
Panicle
104.7 c
48.94 2.62 a

2

96.7 100.0 ef

14.7

20.48

194.4 a

32.12

1.82 b

2.43 e

3

92.7

95.7 g

13.0

21.07

160.6 ab

26.34

1.86 cd

2.70 de

4

108.0

22.62

160.6 ab

33.91

2.04 bed

2.13 ef

102.0

83.3 h
77.7 h

10.0

5

20.3

21.69

105.3 c

20.22

2.37 b

4.40 a

ive Tillers

(cm)

(Tons/
Ha.)
3.67 be

6

96.0 117.0 bed

12.0

21.22

190.5 a

27.36

1.90 cd

1.67 fg

7

78.7 107.7 de

12.0

22.45

194.0 a

27.56

1.74 e

2.13 ef

8
9

91.7 120.0 be

12.0

22.08

171.1 ab

35.34

1.87 cd

2.27 ef

108.0

95.7 fg

14.0

25.40

166.3 ab

33.43

1.85 cd

2.43 e

10

79.0

77.3 h

16.7

19.97

115.2 c

22.17

2.23 bed

4.87 a

11

96.0

76.0h

16.3

19.77

103.7 c

26.32

2.34 b

4.53 a

12

77.3

76.3 h

15.0

20.01

110.7 c

21.19

2.38 b

4.13 ab

15.3

21.71

140.3 be

44.53

2.48 ab

3.03 cd

9.7

23.56

105.9 c

63.10

2.28 be

1.30 g

13
14 (Cont)

91.0 115.7 cde
104.0 140.0 a

NS

Means followed by the same letter are not significantly different from each other by
DMRT at 5% level of significance.
NS = Not significant
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Table 2. Agronomic data of Perurutong NBB Mutants. 1996 Wet Season Planting,
PNRI
Days to Mature
ProductEntry No.
50%
PI. Height
ive Tillers
Heading
(cm)

Panicle

100=

No. of

Length

Grains/

(cm)

Panicle

% Sterility Grain Wt.
(gms)

Yield
(Tons/
Ha.)

15

92.3 114.0 ef

15.7

27.64 a

154.4 a

24.99

2.34

5.4 a

16

92.0 109.3

15.7

27.15 a

151.6 a

19.60

2.29

4.6 ab

17

91.7 116.0 def

15.0

26.52 a

149.0 a

19.66

2.22

5.3 a

18

91.7 117.0 de

14.7

27.71 a

153.5 a

24.08

2.40

4.7 ab

19

88.7 121.3 be

16.0

27.65 a

149.8 a

22.89

2.38

5.3 a

15.0

27.81 a

151.9 a

23.01

2.40

5.6 a

20.09

2.34

5.2 a

20

107.7 123.3 b

21

95.3 119.0 cd

14.3

27.09 a

140.5 a

22

99.0 113.0 f

13.7

27.22 a

155.9 a

16.47

2.36

5.3 a

23

99.0 116.7 def

16.3

27.90 a

177.3 a

23.33

2.30

4.4 ab

24

93.3 113.7 ef

14.0

27.67 a

156.8 a

18.96

2.42

5.2 a

25

93.0 122.7 be

14.3

27.70 a

171.9 a

19.90

2.46

5.3 a

26

93.3 116.7 def

16.7

27.44 a

162.5 a

21.82

2.43

5.5 a

27

93.3

98.7 h

13.3

22.22 b

139.3 a

20.87

2.57

4.9 a

106.0 170.7 a

11.7

23.74 b

91.5 b

28.83

2.95

1.9 b

28 (Cont)

NS

Means followed by the same letter are not significantly different from each other by
DMRT at 5% level of significance.
NS = Not significant
The yield difference between the highest yielder mutant is more than 3 tons compared
to the original variety. This is a very good improvement, and besides, the mutants
have also shown some field resistance to virus. One selection was therefore
multiplied and sent to PHILRICE for further grain quality test.
For Perurutong NBB, practically all the mutant lines yielded significantly higher than
the original variety. The maturity however, were as late as the original Perurutong.
The other mutant lines that yielded significantly higher (Table 2, column 9) than the
original cultivar matured earlier by about one week. This is already a significant
reduction in maturity under our conditions where typhoons come almost weekly during
the wet season.
For the different crosses using mutants from Bengawan, Azmil, IR 52 and PARC 2
with other varieties 1,158 MJFA, M5F5, MgF6 and M7F7 lines were planted over the year.
Seven lines from tissue cultured Sinandoming with thick stem were also being
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followed up for purification. These selections have improved lodging resistance
because of their thick stem.
The other tissue culture activity is shown in Table 3. This tissue culturing is a
continuing activity to produce enough regenerated plants for screening in the second
generation.
Table 3. Summary of Regenerated Plants from Gamma Irradiated Calli.
Dose (Kr)

Azmil

0

42

3

55

5

5

C4-63G

Milagrosa

California

PROJECT PERSONNEL

No. of Plants

Variety

Regenerated

7

6

0

20

3

30

5

20

7

10

0

3

7

3

0

8

Ibarra Santos, Ph.D.
Apolinar Asencion
Adelaida Barrida
Evangelista Borromeo
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VARIETAL IMPROVEMENT FOR HIGH YIELDING AND GOOD
NITROGEN FIXING AND STRESS TOLERANCE IN MUNG BEAN
THE INFLUENCE OF LIME AND PHOSPHOROUS ON NITROGEN
FIXATION BY MUNG BEAN GROWN UNDER ACID SOILS USING
ISOTOPE DILUTION TECHNIQUE
ABSTRACT

Field experiment was done to verify and implement the results of our pot experiment.
It was conducted at the National Research Center, Bureau of Soils and Water
Management (BSWM), Cuyambay, Tanay, Rizal, 73 kms. northeast of Manila to
determine the N2 fixation and yield performance of 3 mung bean varieties grown
under stress environment (acid soils) using isotope dilution technique. PAEC 3 mung
bean variety responded better to Phosphorous (P) application compared with either
NIAB Var92 or M79-25-106. From a mean seed yield of only 50 kg/ha without lime
and P, PAEC 3 further increased its yield to 523 kg/ha with the application of both P
and lime.
The dry matter yields of 3 mung bean varieties responded well with P application than
lime. Without lime or P the mean dry matter yield was only 215 kg/ha. The addition
of P or lime alone increased the mean dry matter yield to 552 & 302 kg/ha,
respectively. When both P and lime added the mean dry matter yield further increased
to 1204 kg/ha.
Negative value (-0.165 kg/ha) on N2 fixation was obtained when no lime or P was
added. N2 fixation increased slightly (0.91 kg/ha) with the application of lime alone.
When P was added, N2 fixation increased to 4.58 kg/ha. With both lime and
phosphorous N2 fixation increased further to 20.35 kg/ha. M79-25-106 fixed the
highest amount of nitrogen (23.56 kg/ha) while PAEC 3 and NIAB Var 92 fixed only
about 18.8 and 18.67 kg/ha respectively.

OBJECTIVES

1. To quantify the amount of N2 fixed by different mung bean genotypes using 15N
isotope dilution method under field condition.
2. To determine the performance of different mung bean cultivars in terms of
nodulation, dry matter seed yields with lime and phosphorous application.
3. To examine N carry over from mung bean to com.

METHODS

EXPERIMENTAL SITE AND DESIGN

A field experiment, using 15N dilution technique (Fried, 1975 and fried 1977) was
conducted at the National Research Center, BSWM, Cuyambay, Tanay, Rizal 73
km. Northeast of Manila from September to November 1995. The soil was ultisol
with loamy clay texture, pH 4.8 (soil:water 1:1), 3.2% organic matter (O. M.), 1.9
ppm Bray P and 0.20 meq/100g soil exchangeable K.
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A completely randomized strip-split design with 4 treatments and 3 replications
was used. The treatments were: 1) PoLo 2) P0L, 3) P,Lo 4) P,L,. Po represents no
application of P fertilizer besides the N application (20 kg N/ha by broadcasting
and incorporating in the surface soil over the entire plot). L<, no application of
lime, L, with application of lime at the rate of 8 tons/ha CaCO3, and P, application
of P at the rate of 120 kg P2O5/ha as superphosphate. In all cases a spacing of
0.25 m between hills and 0.5 m between furrows of 2 seeds/hills was arranged.
Each plot was divided into two: isotope microplots (1m * 1m) and yield subplot
(4 m * 2 m). Subplots grew 3 mung bean varieties and cotton to provide seed
yield data.
SOIL PREPARATION, BASAL FERTILIZERS, LIMING AN0 5 N LABELLING

Three months prior to the experiment the area was planted to corn to deplete N.
At the tasselling stage the corn plants were uprooted and removed from the area.
One month before planting lime was broadcasted into plots with L, treatments.
Unlabelled ammonium sulfate at the rate of 20 kg N/ha (split 3 times) and muriate
of potash at the rate of 60 kg K2O/ha were applied as basal fertilizers by
broadcasting and incorporating into the soil at planting. In the isotope plots,
labelled ammonium sulfate 10% abundance was applied as solution at the rate
of 20 kg N/ha divided into three split applications 8,6,6 Kg N/ha at planting, 15
and 30 DAP, respectively.
CROP VARIETIES, RHIZOBIA INOCULATION AND HARVEST

Mung bean varieties (PAEC 3 mutant, NIAB VAR 92 and M79-25-106) were
used. Cotton (C-2) was used as non-fixing crop. Mung bean seeds were coated
with acid tolerant rhizobia (mixture of BVr9, TAL169 & TAL 420) inoculant from
BIOTECH, UPLB. Both mung bean and cotton were harvested at the same time
at 45 days after planting or at the early pod formation stage for nodulation and
15
N data. Matured pods were harvested at maturity for seed yield data.
ANALYSES OF TOTAL P, TOTAL N AND15N/14N RATIO

Ground plant samples were sent to International Atomic Energy Agency (IAEA)
Lab. at Seibersdorf, Austria for total N and 15N determinations. Total P was done
at the Soils Lab., Bureau of Soils and Water Management (BSWM).
An analysis of variance was performed to determine the effect of cultivar (V), P
level (P), Lime level (L) and interaction i. e. V*P, V*L, V*R, PxLxV on dry matter
production, N yield percent derived from fro atmosphere (% Ndfa) and amount
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of N2 fixed. Comparisons between means of treatments for various parameters
measured were made by Duncan Multiple Range Test (DMRT).
RESULTS AND DISCUSSION

DRY MATTER YIELDS

Data on dry matter yields of 3 mung bean varieties grown under acid soil
conditions are shown in Fig. 1. Very low dry matter yields were obtained when
neither phosphorous nor lime was applied in the field. A slight increase in on dry
matter yields resulted when phosphorous or lie was added. Dry matter yields
doubled when both P and lime were added in the field. Under favorable soil
conditions Afza et al (1987) observed that dry matter yields were low (4.8
tons/ha) when no phosphorous was applied. When 60 kg P/ha was applied, the
dry matter yields of soy bean increased to 6.1 ton/ha. This shows that
phosphorous is a limiting factor in acid soil in order to increase crop production.
SEED YIELDS

In Fig. 2 the yields of 3 mung bean varieties are shown. Similar effect of lime or
phosphorous on seed yields were also observed. Considerable increase in seed
yields when lime or phosphorous was applied in the field. The seed yield more
than doubled when both P and lime were added in 3 mung bean varieties
planted. Afza et al (1987) observed similar results in their studies on soy beans.
Without phosphorous the yield of soybeans was only 2.5 tons. The addition of
phosphorous at 40 kg/ha increased the seed yields to 3.4 tons under favorable
soil conditions.
Phosphorous or lime application may have caused in the reduction of aluminum
and metal toxicities commonly observed in crops planted under acid soil
conditions.
NITROGEN FIXATION

Very low amounts of N2 by mung bean were observed when planted under acid
soils. Negative values were even observed in 2 varieties planted when no lime
or phosphorous were applied (Fig. 3). The negative value observed on the
LoPt/L,?,, treatments was observed on the results obtained by Eltilib and Ledgard
(1988) and Ledgard et al (1985) in mixed legume/grass pastures.
When both phosphorous and lime were applied N2 fixation of 3 mung bean
varieties increased. PAEC 3 mutant fixed around 18.83 kg N/ha while M79-25106 and NIAB Var92 had 23.50 and 18.67 kg N /ha, respectively. These results
clearly demonstrated that to enhance NL, fixation on mung bean grown under acid
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soils both P and lime must be added in the field. Similar results was obtained by
Hardarson et al (1990). They found that mung bean under favorable or normal
conditions could fixed as high as 61 kgN/ha. They further added that common
bean (Phaeoulus vulgaris L.) fixed higher amounts of NL. (64 kg/ha) compared
with mung bean. Hardarson et al (1990) even observed higher amounts of N2
(522 kg/ha) fixed in Faba bean (Vicia faba) under favorable soil conditions.
NODULE NUMBER AND NODULE WEIGHT

With respect to nodule production, PAEC 3 yielded more nodules (35)compared
with either NIAB Var 92 (20) or M79-25-106 (24) at pod formation stage.
However, at physiological maturity nodule production of PAEC 3 mutant decline
to around 12 whereas NIAB Var 92 and M79-25-106 had 13 and 7, respectively
(Table 1). These results tended to point out that at pod formation stage all 3
mung bean varieties were active in producing nodule only at this stage of
development.
Table 1. Nodule number and nodule weight of different mung bean varieties at
two growth stages.
Nodule Number
Variety

Nodule Weight (g)

Pod

Physiological

Pod

Formation

Maturity

Formation

M,

35.05 a

12.62 a

0.090 a

0.070 a

M,

20.39 b

13.66 a

0.050 b

0.038 a

0.086 ab

0.061a

24.83 ab

7.45 a

Physiological
Maturity

In terms of nodule weight PAEC 3 mutant was superior in size with 0.09 g/plant.
While M79-25-106 and NIAB Var 92 had only 0.06 and 0.039/plant, respectively.
Among the 3 mung bean varieties, PAEC 3 mutant appeared superior compared
to the other 2 varieties (Table 1).
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NITROGEN FIXATION AND YIELD RESPONSE BY MUNG BEAN TO
PHOSPHOROUS APPLICATION IN GUIMARAS PROVINCE
ABSTRACT

The effect of different rates of phosphorous application in an acid soil on nitrogen
fixation and seed yield by mung bean was evaluated following the 15N isotope dilution
technique.
Three mung bean cultivars were grown in upland soil (soil pH 4.3) in Guimaras
Province to study the effect of phosphorous on the f^-fixation and seed yield. In
addition, it also aimed to investigate the residual benefit of mungbean to subsequent
cereal crop.
The results showed that application of 180 kg PjOj/ha using variety M79-25-106 gave
the highest bean yield of 466.0 kg/ha. The greatest impact was obtained in the
application of 120 kg P2O5/ha in addition to lime application which gave 435 kg/ha
bean yield as compared to no P, lime application and without inoculation which did
not give any yield at all.
Data on N-fixation could not be presented since 15N analysis has not been started yet.

OBJECTIVES

1. To assess what levels of P could be applied to achieve optimum ty fixation while
ensuring high crop yields.
2. To compare the capabilities of different mung bean cultivars to fix ^ in the
presence of different levels of P and basal application of lime.
3. To study the residual benefit of the mung bean stover to subsequent maize crop.

METHODS

Field experiment in an acid soil (pH 4.3) was conducted in Bgy. Concordia, Nueva
Valencia, Guimaras in October 1996. The treatments consists of four levels of
phosphorous (0,60,120, and 180 kg PjCX/ha) and three mung bean varieties (PAEC
3 mutant, Taiwan Green and M-79-25-106) and one reference crop (Cotton Var. &2)
replicated three times in a split plot design. Basal application of lime (8 tons/ha) was
allowed to incubate for one month prior to planting. Potassium (60 kg H^O /ha)was
applied as basal at planting. Slurry Bradyrhizobium inoculant was coated in the seeds
at planting. Three seeds were planted per hill and later thinned into two plants per hill
and the distances between furrows and hills are 0.5 m and 0.25 m, respectively.
Furadan was applied immediately after planting to control ants and other soil borne
pests. Proper cultural management was observed during the duration of the
experiment.

1996 PNRI Technical Progress Report • 66

Varietal Improvement for High Yielding and Good Nitrogen Fixing and Stress Tolerance in Mung Bean

PLANT SAMPLING

Plant and soil sampling were done during the physiological stage fifty days after
planting. The samples were cut 5 cm. above ground level, weighed, dried and
reweighed before grinding.
Ground samples will be sent to IRRI Chemistry Laboratory for 15N and total N
determinations.
For yield determination, matured pods were harvested when 80% of the pods
turned black. There were two to three harvestings done depending on the
duration of the pod maturity. Pods were dried, threshed and cleaned before
weighing the seeds.
Soil samples were collected before and after the experiment for complete
chemical analyses.
Part of the data were summarized by analysis of variance and comparison of
treatment means by Duncan's Multiple Range Test (SAS, 1988). Data on ri, fixation are not yet available since the samples will be analyzed for15N and total
Nyet.
RESULTS AND DISCUSSION

Positive responses to phosphorous and lime application as well as inoculation gave
promising result.
SHOOT DRY WEIGHT (DRY MATTER YIELD)

Shoot dry weight of different mung bean varieties showed that M-79-106-25 (acid
tolerant van), was the highest (2.28 g/plant) among the genotypes tested with 60
kg P2Cyha added to the soil. Doubling the rate of application of P (120 kg P2O5
/ha) resulted in a decrease of shoot dry weight (1.714 g/plant) of the same
variety. Only PAEC 3 mutant responded favorably to the application of 180 kg
P2Oj/ha among the varieties tested which showed in the increase of its shoot dry
weight.
NODULE NUMBER

With respect to the number of nodules produced per plant, PAEC 3 mutant had
the highest mean nodule number (11.66) when P fertilizer was applied at the rate
of 180 kg PjOs/ha. Taiwan appeared superior compared with other varieties
when 120 kg P2O5 /ha was applied.
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NODULE WEIGHT

Again, PAEC 3 mutant obtained the highest weight (0.193 g) when P applied was
180 kg PA/ha, PAEC 3 mutant produced bigger nodules when 60 kg P2O5 /ha
was applied. Optimum nodule weight of Taiwan Green (0.157g) was obtained
when fertilized with only 120 kg PjOs/ha. All treatments means however, were not
found significant among varieties under DMRT.
SEED YIELD

The highest seed yield (466.0 kg/ha) was obtained at 180 kg P2O5 /ha
application. The application of 120 kg PjOj/ha placed second to the highest with
a seed yield of 435 kg/ha but did not differ significantly from 180 and 60 kg
P2O,/ha. with no phosphorous application the yield was only 167.50 kg/ha. M7925-106 was the highest yielder 434.0 kg/ha but not significantly different from
Taiwan Green (384.12 kg/ha). PAEC 3 mutant gave the lowest of 248.6 kg/ha.
The control plot which did not receive any soil amelioration and inoculant had no
yield at all. The plants were stunted and some died at an early stage.
NITROGEN FIXED

No data on N2-fixation could be presented since the plant samples are to be
analyzed yet for15N determination.
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APPLICATIONS OF X-RAY ANALYSES
ABSTRACT

This is an IAEA supported project whose activities are centered on the two facilities:
1. A radioisotope excited X-ray fluorescence(XRF) spectrometer
2. Total Reflection X-ray Fluorescence spectrometer(TXRF).
The report covers the R &D and technical service activities accomplished for the year.

OBJECTIVES

1. Application of X-ray fluorescence spectrometric techniques for the analyses of
materials
2. Improvement of the sensitivity of the TXRF system for trace element analyses
3. Study on the feasibility of using the TXRF system for surface and depth profiling
studies.

METHODS

1.

RADIOISOTOPE EXCITED XRF

Radioisotopes Cd-109, Fe-55 and Am-241 may be utilized as excitation source.
A solid state Si(Li) detector is used to detect the fluorescent x-rays from samples
usually in the form of pressed powder. Qualitative and quantitative elemental
analyses of materials is done non-destructively, fast and at a relatively low cost.
This method is used for the analyses of major and minor composition of
materials. In some favorable matrices, it could also determine concentration in
the ppm range.
2.

TOTAL REFLECTION XRF

The Total Reflection X-ray Facility was utilized for trace element analyzes of
samples deposited as thin film in a Synsil sample carrier. An X-ray generator
producing Mo x-rays is used as excitation source. A total reflection attachment
is incorporated in the system to discriminate the detection of direct Mo x-ray
beam. A solid state Si(Li) detector is used to detect the fluorescent x-rays from
the samples. This technique is very sensitive and it could detect trace elements
in parts per billion or nanogram range.
RESULTS AND DISCUSSION

1.

Improvement of the sensitivity of the TXRF spectrometer accomplished using
new standards: Present sensitivity is as follows.
Element

Sensitivity (cps/ng)

V

0.141

Mn

0.239

Cr

0.204

Fe

0.304

Co

0.331

Ni

0.395

Cu

0.421

inni- n v n i r . ./,,.;„„/ r>,.

.,.. D,

Applications ofX-Ray Analyses

Element

Sensitivity (cps/ng)

Zn

0.454

Pb
0.201
2. Service analyses were done for the private sector as well as for the other R&D
groups of the Institute: Samples analysed for the period were:
a. Water samples from different sources; tap, well and lakes
b. Water samples near the San Mateo Landfill area in cooperation with the
Isotope Technology Research Group
c.

Forage samples, milk, Selenium catalyst, soil and molasses in cooperation
with the Biomedical Research Group.

d.

Digested Bovine liver

e. Rock sample for Platinum
f.

Block of metal for Platinum

g.

Several pieces of jewelry

h. Wax sample
i.

Sediments samples from IAEA

3. Improvement of the detection geometry of the TXRF through the decrease of
sample to source distance.
4.

Interfaced with the IAEA expert on the assessment of the present TXRF system
on its feasibility to be up-graded for studies of surfaces and depth profiling of
layered structures. An alternate technique to the original proposal was discussed.
A design for this was made for fabrication locally.

5. Arranged for the repair of the TXRF detector and for the implementation of the
other components of the project.
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ABSTRACT

Technetium-99m ( " T c ) is one of the most important radionuclides in nuclear
medicine with applications in the imaging of various organs (brain, kidney, lung, liver,
heart, bones, and thyroid) and diagnosis of some metabolic disorders. It is imported
to the country in the form of a " M o - ^ T c generator, where fission- molybdenum is
adsorbed on alumina and from where " r e is eluted daily. The generator can be
produced locally using reactor-produced " M o held in a zirconium molybdate gel
matrix. The gel concept promises to replace the generator based upon fission
molybdenum because of cost and technical advantages.
The gel is prepared by mixing zirconium oxychloride and molybdenum oxide solutions.
Several variables affect the gel properties: pH, concentration, temperature and order
of mixing the reactant solution, reactant mole ratio and the condition of ageing,
washing and drying of the precipitate. Using small quantities of reactants and a small
amount of radioactivity all the variables had been optimized and controlled. The study
has been successful in producing a gel of desirable elution characteristics. However,
the introduction of batch scale drying produced gels of variable elution yield. Related
to this problem, two preparation procedures which are potentially viable for the largescale production of the gel, were studied for its suitability for large scale preparation
of the gel.

OBJECTIVES
METHODS

To have developed a gel-based chromatographic99Mo-99mTc Generator
GEL PREPARATION

Vietnam Procedure
(Patterned after the procedure of Le Van So et al, Institute for Nuclear Research,
Vietnam.)
Zirconium molybdenum gel was prepared by adding zirconium oxychloride
solution, 90 mM, pH adjusted to 1.6, to heated molybdenum solution, 100 mM,
pH 4. Zirconium solution was added slowly and with vigorous stirring. The gel
was vacuum filtered, dried at 80°C for two hours. The dried gel is allowed to
crack in cool water, washed to pH 4, filtered and dried again for two hours at 5060 °C. The gel is cooled for about an hour and is now ready for packing into the
column.
China Procedure
Sodium molybdate solution was prepared by dissolving 14.3 gram molybdenum
trioxide in sodium hydroxide solution and the pH adjusted between 4 to 5. The
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molybdate solution was added slowly and with stirring to zirconium oxychloride
solution (35.3 grams ZrOCI^HjO, pH 1.6). The pH of the reaction mixture is
then adjusted to 4.5. The gel was vacuum filtered, dried at 80°C for 12-15 hours.
The dried gel is allowed to crack in cool water and washed to remove the
superfine particles and increase the pH to 4. The gel is now ready for packing
into the column.
PREPARATION OF THE ZRMO GEL GENERATOR

The dried gel was allowed to crack in cold water or saline solution to fine
particles. About 5-8 grams of the gel particles was loaded to a generator column
of about 1-1.5 cm diameter, 7 cm. long, with G-3 fritted glass filter disk at one end
and closed with rubber stopper at the other end. The gel was transferred to the
column by using a glass funnel or a micropipette to avoid air spaces in the gel
column. A small amount of glass wool was put on the top portion of the gel. The
generator was then connected to a distilled water reservoir by means of
appropriate needles and tiny plastic tubings. The generator was washed with 10ml portions of distilled water. First elution by saline solution was realized after
about 17 hours of radioactive growth.
PERFORMANCE TESTING OF THE GENERATOR

Elution Yield was determined by eluting "Tcfrom the column with 10 ml of 0.9%
saline solution. The activity of the eluate was counted using a Nal(TI) detector.
The activity in the gel column was also measured by counting an equal weight
of the gel. The elution volume was determined using fractionation technique by
eluting " T o with 10 one-ml portions of 0.9% saline solution into separate vials,
and the activity counted in a Nal(TI) detector.
RESULTS AND DISCUSSION

The gel process for technetium production is being developed to meet the
requirement initially for a large stationary generator using (n,Y)wMo. It promises low
cost, low waste, simplicity of use and an alternative to the processing of uranium
fission products.
The gel process under study in this project is the manufacture of an inorganic
ion-exchanger of the system M(IVB)O,. M(VIB)O3.xH2O where M(IVB)= Ti or Zr and
M(VIB)= Mo. A variety of often non-stoichiometric, hydrous composition with mole
ratio 1s M(VIB)O3/M(IVB)O;>2 have been reported in the literature. These are
obtained as gelatinous, amorphous precipitates on mixing aqueous solutions of
soluble salts of Zr or Ti and Mo.
The desired product is a cation exchanger with an open structure which allows free
diffusion of pertechnetate. The product should also be stable towards irradiation if a
•.
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pre-formed target is desired. The properties of these gels vary considerably with
conditions of syntheses, depending on the following parameters: pH, concentration,
temperature and order of mixing the reactant solution, reactant mole ratio and the
condition of ageing, washing and drying of the precipitate. This variability is due to the
slowness and complexity of the concentration-, pH- and temperature- dependent
hydrolytic polymerization and polynuclear complex formation reaction that
characterize the aqueous solution chemistry of M(IVB) and M(VIB). In duplicating the
published works on the preparation of Zr-Mo gels, it was desired to achieve control
of all parameters affecting the properties of the gel.
In a small production scale, two procedures were found to be successful in producing
gels of uniform and satisfactory elution yield. These are the procedures patterned
after that of China and Vietnam. In this process, the gelatinous precipitate is filtered
and dried in several batches. For the production of a large, stationary "Mo-99nTc
generator, a gel of larger size and radioactivity content has to be prepared to meet the
radioactivity requirement of hospital users. This would require a one-step filtration and
drying procedure. But the problem with a one-step filtration and drying of the gel is the
non-uniform drying of the product which in turn results in a non-uniform elution yield
of the generator.
Experiments were performed to effect a uniform drying of the gel. Instead of using
drying oven, infra-red lamp at different distances from the gel was used to dry the gel.
The elution yields obtained with the Vietnam procedure is given in Table 1.
Table 1. Elution yield of 30-gram gels prepared using the Vietnam procedure
Code

% Elution Volume

ZrMo196A

37.6

ZrMo196B

38.1

ZrMo296A

70.8

ZrMo296B

69.1

ZrMo396A

62.3

ZrMo396B

60.1

ZrMo496A

67.3

ZrMo496B

64.4

ZrMo596A

63.3

ZrMo596B

63.8

ZrMo696A

62.5

ZrMo796A

57.4

These results show that the one-batch drying procedure gives gels of low elution yield
compared to the step-wise filtration and drying being done previously. This can be
A PK'm T. .;...;./,/ "•
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explained by the non-uniform drying of the gel which is quite critical in the attainment
of a suitable gel generator.
The Vietnam procedure became our model in preparing the gel after the scientist who
developed the procedure (and who has been working on the procedure for many
years), Dr. Le Van So, came to our laboratory to demonstrate the process. His
procedure is being used in Vietnam in the commercial preparation of the gel
generator. But after this experiment on bulk drying of the gel, we have concluded that
the procedure is very much dependent on the skill of the chemist preparing the gel
and is also very sensitive to drying conditions. The training workshop held in
Indonesia on the preparation of the gel using the procedure of China showed that the
China procedure may be easier to perform than the Vietnam procedure, although, still
very sensitive to drying conditions. The precipitate formed by the China procedure is
less amorphous giving fine, slightly yellowish particles. The resulting gels are more
or less the same in appearance and filtration properties, and the filtration and drying
procedure is less dependent on the chemist's skill. Because of the difficulties
encountered in using the Vietnam method, we have shifted to the China procedure.
Table 2 shows the elution yield of gel samples prepared by the China procedure.
Table 2. Elution yield of gels prepared using the China Procedure
Code

% Elution

CHN196

82.1

CHN296

79.0

CHN396

83.1

CHN496

68.4

CHN596

76.9

CHN696

76.8

CHN796

73.0

CHN896

46.5*

CHN996

80.2

CHN1096

80.8

CHN1196

84.9

*pH was not properly adjusted

In the next experiments, larger size of gels will be prepared. The activity of the
generator will also be increased.
REFERENCES

1. A. Clearfield and R.H. Blessing, J. inorg. nucl. Chem., 34, 2643 (1972).
2. Le Van So, Report of IAEA's Research Coordination Meeting, 26- 30 March,
1990, Bombay, India.
3. Li Maoliang, Communications through the STA-JAERI-BATAN Regional
Cooperation on Reactor Utilization.

Development of Gel Column for

PROJECT PERSONNEL

9V

Mo-99mTc Generator

Elvira Sombrito
Adelina Bulos
Menian Tangonan
Benjamin Batolina
Angelina Balagtas

p..^....,<.,.

URBAN WASTE MANAGEMENT
ABSTRACT

A.

FLOW CHARACTERISTICS AND RESIDENCE TIME FOR LANDFILL LEACHATE TREATMENT
PONDS

From radioactive tracer tests on the mixing patterns in the leachate ponds, it was
concluded that there existed stagnant zones in the facultative pond. It was
therefore recommended that remedial measure be instituted to correct this
situation.
Following these recommendations, the Metro Manila Development Authority
personnel installed aerators in the facultative and maturation ponds so that the
flow of leachate involves the whole of the ponds. Measurement of the chemical
oxygen demand (COD) of the leachate at the maturation pond outlet was
continued to determine the effect of the operation of the aerators.
B.

LANDFILL LEACHATE MOVEMENT

The study on the possible migration of landfill leachate into ground and surface
waters was continued. The tritium content analysis of 21 water samples was
completed this year.
OBJECTIVES
METHODS

To apply radioactive tracer techniques in the operation and management of landfills.
A.

FLOW CHARACTERISTICS AND RESIDENCE TIME FOR LANDFILL LEACHATE TREATMENT
PONDS

After the experiment to determine the flow characteristics and the mean
residence time of the garbage leachate in one of the ponds in series—the
facultative pond—during the rainy season of 1992, it was recommended that
modification in the design be made so that the flow of leachate involves the
whole of the pond.
B.

LEACHATE MOVEMENT

The radiotracer—tritiated water—was poured directly into the hole dug in the
garbage area of the landfill. Water samples were collected at designated
sampling points every month.
The samples were filtered, distilled and the tritium content in the distillate
determined by liquid scintillation counting.
RESULTS AND DISCUSSION

A.

FLOW CHARACTERISTICS AND RESIDENCE TIME FOR LANDFILL LEACHATE TREATMENT
PONDS

Last summer, the MMDA personnel installed four aerators in series in the
facultative pond and three aerators in series in the maturation pond. When these
aerators were operated for about 4 hrs/day the chemical oxygen demand of the
effluent decreased to values lower than DENR limits for industrial discharges to
rivers.

Urban Waste Management
B.

LEACHATE MOVEMENT

Some samples collected from the maturation pond outlet in the fourth quarter of
1995 or 5 months after tracer injection were positive of the tracer.
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RADIATION STERILIZATION OF MEDICAL PRODUCTS
ABSTRACT

OBJECTIVES

The effect of gamma radiation for the sterilization of medical products was conducted.
Various products such as orthopedic implants, surgical gloves and bandage strips
were irradiated and analyzed. Prior to sterilization, the total microbial contamination
of the products was assessed in randomly selected samples. Verification dose tests
were conducted after determining the total microbial load of each product. The results
of the tests conducted showed that doses of 21.0 to 25.0 kGy is sufficient to sterilize
the samples.
1. To determine the bioburden counts of various medical products.
2. To perform verification dose test using sterility test method.
3. To determine the sterilizing dose for each products

METHODS

1.

DETERMINATION OF BIOBURDEN

A

Method 1
From the 3 production lots, 30 samples were taken immediately prior to the
sterilization phase of production. The total bacterial counts were analyzed
using pour plate method on plate count agar and the molds and yeast count
were taken using surface plate method on potato dextrose agar. The total
microbial counts for each medical product and the overall average bioburden
counts for the 3 production lots were determined.

8. Method 3, Protocol B (Verification of 25.0 kGy sterilization dose)
This method was used for routine production of small lot sizes of less than
1,000 devices and infrequent production that occurs more frequently than
once every 3 months. Samples of orthopedic implants such as femoral stem,
brushes and plugs, acetabular cups and brushes were tested using the
above method. The number of samples for bioburden tests depends upon
the production sizes. The average bioburden counts for the 3 lots were
tested and determined.
2. VERIFICATION DOSE TESTS

A

Method I
A total of 100 pieces of medical items were taken from 1 production lot. They
were irradiated at sub-sterilizing dose depending upon the bioburden counts
of the product. The product was then tested for sterility under aspetic
conditions. After 14 days incubation period at 37°C the samples were
assessed for growth (that is non sterile) and no growth (sterile).

8. Method 3
Based upon the overall bioburden average of the samples, the verification
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dose was calculated using the production lot size. Sterility test was
conducted on the samples using turbidity test after 14 days incubation
period.
3.

STERILIZATION DOSE DETERMINATION

A

Method I
The sterilization dose was computed based on the closest bioburden
number using the Table from AAMI Methods.

a

Method 3

The sterilization dose of 25.0 kGy will be used if the overall bioburden
counts of the products is below 1,000 counts per sample. This will be
confirmed by a verification dose test (sterility test) conducted on the
samples.
RESULTS AND DISCUSSION

1.

BIOBURDEN COUNTS

The quantitative determination of microbial loads of various medical items are
shown in Table 1. The bioburden counts of different items showed that there
were variation of counts of microorganisms in each product. The orthopedic
implants such as acetabular cup, femoral stem, femoral cement plugs, femoral
and acetabular brushes contained 6-10 colony forming units/sample (Method I).
Samples of surgical gloves and bid mold maker showed total microbial counts of
16.0 and 64.0 cfu/sample respectively. An overall average count of 95.0
cfu/sample for bandage strips was obtained (Method 3). The bioburden counts
of different items showed that there was variation in counts in the number of
microorganisms in the sample. It is however, very important to know the initial
number of microorganisms of each product prior to sterilization process so that
an effective dose could be applied.
Table 1 shows the quantitative determination of irradiated products at varying doses
of radiation.
Items

Bioburden Count

Verification Dose

Sterilization Dose

(cfu/gram)

(kGy)

(kGy)

1.

Bid mold maker

64.0

4.7

25.0

2.

Acetabular cup

10.0

4.3

25.0

3

Femoral stem

6.0

2.45

25.0

4.

Surgical gloves

19.0

4.3

16.4

5.

Femoral cement plug

10.0

4.3

25.0

6.

Femoral canal brush

10.0

4.3

25.0
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Items
7.
8.
2.

Bioburden Count

Verification Dose

Sterilization Dose

(cfu/gram)

(kGy)

(kGy)

Acetabular brush

10.0

4.3

25.0

Bandage strips

95.0

7.9

21.2

VERIFICATION DOSE TEST

A

Method 1
After determining the bioburden counts for each item, sub-sterilizing dose
needed to sterilize the product at the desired sterility assurance level (SAL)
was obtained. For medical products such a surgical gloves and bandage
strips doses of 4.3 and 7.9 kGy respectively are used to sterilize the items
at 10"2SAL This means that of 2 out of 100 samples were positive for sterility
test at doses mentioned above, they pass the test for verification dose
aspect. However, if more than 2 samples are positive out of 100 samples,
the samples will be considered non-sterile. The surgical gloves and bandage
strips both passed the sterility test.

5. Method 3
A verification dose of 4.3 kGy for orthopedic implants like femoral stem,
plugs and brushes, acetabular cups, and brushes was used. Samples of bid
mold maker was exposed to a verification dose of 4.7 kGy. After exposure
to the above mentioned dose they were tested for sterility for a period of 14
days at 37°C. All the samples of orthopedic implants passed the sterility
tests.
3.

STERILIZATION DOSE DETERMINATION

A

Method I
The calculated sterilization dose for surgical gauze and bandage strips was
16.4 and 21.2 kGy respectively. This means that if we will irradiated these
products in bulk scale we can be assured that the items are sterile at these
doses based on the previous bioburden information.

6. Method 3
The results of verification dose conducted on various orthopedic implants
required a sterilization dose of 25.0 kGy.
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DETERMINATION OF RADON LEVELS IN THE PHILIPPINES
ABSTRACT

Alpha track etch detectors (CR-39) which were used to measure occupational
exposure to radon in non-uranium underground mines were recalibrated. Based on
the new calibration factor obtained, the average radon concentration measured in
underground mines ranges from 30 to 347 Bq m"3. Radon survey was conducted at
the Dr. Daniel Ledesma Hospital in llo-ilo City where radium needles used for
brachytherapy are stored. The radon levels observed in the storage room for radium
needles ranged from 36 to 192 Bq m 3 suggesting some amount of leakage of radon
from the radium needles. Radon concentrations were also measured in PNRI
laboratories and offices and the levels observed ranges from 2 to 53 Bq rrf3.

INTRODUCTION

Radon is a natural gas formed by the decay of uranium in the earth's soil. It emanates
from the ground crust either by molecular diffusion or by convection, and enters the
atmosphere where it is distributed by meteorological process. Radon is a tasteless,
odorless and invisible gas and seven and a half times heavier than air. The
UNSCEAR estimates that radon and its decay products contributes about one-half of
the annual dose received by individuals due to natural sources of radiation. Most of
the dose received results from breathing in the radionuclides, particularly from indoor
air.
In 1996, the Health Physics Research Radon Staff has measured the levels of radon
in non-uranium underground mines, in a hospital, and in PNRI laboratories and offices
as part of the HPRS radiation protection program for workers. Present knowledge of
the biological effects of radon is based mainly on studies of uranium mines which
showed that radon caused lung cancer among these miners. High doses from radon
may also occur in non-uranium underground mines. In hospitals, radium needles are
used by brachytherapy purpose and are most often stored in a radium room after use.
Radon is produced from the decay of radium-226, a product of the uramium decay
chain.

METHODS

A.

DETERMINATION OF RADON IN NON-URANIUM UNDERGROUND MINES

Occupational exposure of miners due to radon in underground mines was
determined using two types of measurements, namely: 1) short-term
measurements by grab sampling and 2) long-term measurements using CR-39
detectors. Pylon AB-5 detectors and Eberline working level monitors were used
to monitor underground mines for radon concentration. CR-39 detectors (used
for integrated radon measurments) are deployed strategically at selected sites
in underground mines. These are collected from the mines after three months
exposure after which these are brought to the HPRS laboratory for analysis.
A plastic film detector, CR-39, sensitive to alpha radiation is utilized to capture
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alpha radiation producing tracks-etched on the detector. The detector is
strategically positioned inside a vial with a screw-cap. Upon exposure of the
detector to radon, alpha particles emitted as a result of decay process produced
a track on the plastic film. Through the process of chemical etching, tracks are
etched on the plastic film using 6.3N NaOH solution at 7WQ, for 16 hours. The
number of etched-tracks representing the number of alpha emissions were
evaluated and counted using an optical microscope.
B. DETERMINATION OF RADON IN HOSPITAL AND IN PNRI WORK AREAS
For measurements of radon in a hospital (Dr. Daniel Ledesma Hospital, lloilo)
and in PNRI laboratories and offices, Lucas cells and filter paper method for
radon determinations were used. Radon gas was sampled by means of Lucas
scintillation cells (Pylon) while radon daughters were sampled by analyzing radon
concentration present in a specific volume of air collected through a filter paper.
In a Pylon portable radon monitor, alpha particles from radon and its daughters
strike the detector [ZnS(Ag)], and in the process light pulses are produced which
are then detected by a photomultiplier detector assembly. Radon gas was
sampled instantaneously in an evacuated Lucas cell, while the radon daughters
were sampled for ten minutes at a flow rate of 1 L/min. The potential alpha
energy concentration (PAEC) due to the radon daughters was measured using
the modified Tsivoglon methods of Thomas (Thomas, 1972). PAEC is the
concentration of radon daughter products in the air, in terms of the alpha energy
that will be released during the complete decay through 2H Po.
RESULTS AND DISCUSSION

1.

CR-39 CALIBRATION
Results of the calibration experiments done in the previous year were used to recalculate all the data that have been gathered in this project including the results
of radon measurments in non-uranium underground mines. The alpha track etch
detectors were irradiated, processed and counted using the PNRI alpha track
counting system. The new calibration factor for the CR-39 detector was 4.8
track3/cm2/KBq/h.

2.

RADON IN NON-URANIUM UNDERGROUND MINES

Nine non-uranium underground mining companies located in different parts of the
Philippines have been monitored for radon concentration. The data showed that
the average activity concentrations of radon in nine mining companies ranges
from 30 to 347 Bq m'3. Elevated radon concentrations in some sites were
observed. These values, however, are still below the occupational limits for radon
exposure recommended by the International Commission for Radiological
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Protection which is 1000 Bq cm'3. Results of radon measurements in
underground mines are summarized in Table 1.
Table 1. Radon levels in non-uranium underground mines in the Philippines.
No. of Sampling

Activity Range

Mean Activity

Sites

(Bq nr3)

(Bq m-3)

1. Surigao del Sur

8

46-345

116

2. Argao, Cebu

4

34-113

66

3. Paracale, Camarines Norte

6

155-336

238

14

74-214

141

5. llogon, Benguet

4

30-257

89

6. Mankayan, Benguet

4

51-82

68

7. Tuba, Benguet

4

53-109

81

19

64-291

184

9

98-347

207

Mines Location

4. Masinloc, Zambales

8. Cebu
9. Aroroy, Masbate

3.

RADON MEASUREMENTS IN HOSPITAL

Radon measurements in radium needles were conducted in the storage room,
the adjacent room and the examination room all situated inside the Dr. Daniel
Ledesma Hospital in lloilo.. Radon levels in the storage room were measured at
a distance of one meter away from the storage area, Sampling were done after
the door of the room was closed for three minutes, one hour, three hours, and
three and a half hours, respectively.
Results showed that radon concentration in the storage room builds up when the
door was closed for a longer period of time suggesting some amount of leakage
from radium needles. The levels observed, however, were still below the
occupational exposure limit of 1000 Bq m"3 set by the ICRP. Results of the
measurements are summarized in Table 2.
Table 2. Radon concentrations at the Dr. Daniel Ledesma Hospital, lloilo.
Dose Rate

Trial

Location

1

1 m from storage room

36

door was closed 30 min prior to sampling

2

-do-

52

door was closed for 1 hr prior to sampling

3

-do-

139

door was closed for 3 hrs prior to sampling

4

-do-

192

door was closed for 3.5 hrs prior to sampling

5

examination room

Remarks

(Bqnr3)

6

4. RADON MEASUREMENTS IN PNRI WORK AREAS
Radon measurements were conducted at the different laboratories and offices
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in the basement and in some portions of the ARC building ground floor. Radon
concentrations observed inside these working areas were calculated to reach a
maximum concentration of 53 Bq m3. These levels are also very much below the
occupational limit of exposure recommended by the ICRP. Results are
summarized in Table 3.
Table 3. Radon concentrations inside PNRI working areas.
Radon Activity,

Location

(air filter) Bq m"3

Applied Physics Room 1 (basement)

25

Applied Physics Room 2 (basement)

53

AMR-basement

11

Chem-basement rm 1

3

Chem-basement rm 2

3

Property (basement)

25
2

Basement Hallway
NTI Staff Room
NTI Counting Room
NTI Laboratory
HP (235) Room 2

6

HP (235) Room 3

2

HP (235) Radon Calibration Room (source closed)
RP Counting Room

4

RP Laboratory

10

RP Laboratory (windows and exhaust fan opened)
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SOMATIC MUTATION IN PERIPHERAL BLOOD LYMPHOCYTES
AMONG METRO MANILA RESIDENTS: INDICATOR OF EXPOSURE
TO ENVIRONMENTAL POLLUTION
ABSTRACT

Phase I of the study comprising 95 sample points from donors residing in Valenzuela,
Metro Manila was finished in May 1996. An Environmental Baseline Mutation
Databank (EBMD) for Valenzuela, containing calculated mutation indices of 95
donors, includes information on sex, age, personal habits including
smoking/nonsmoking activities, medical and employment data of donors as obtained
from individual Questionnaire Survey accomplished by the donors. To date, under
Phase II of the project, 66 data points from donors residing in Las Pinas were
analyzed. EBMD for forty-four sample points was constructed based on information
gathered through donor questionnaire sheets. Based on data presented, comparison
of mean and median values from Las Pinas and Valenzuela showed lower values for
Las Pinas than for Valenzuela data. A 59% average distribution of residents from Las
Pinas was calculated to having a mean value of less than 0.3209 Ml; in contrast,
EBMD Valenzuela registered a mean of 0.4829 Ml with 67.4% of the population. This
shows more people from Valenzuela have a higher Ml values than Las Pinas
residents. Smoking seems to affect Ml values of donor from Las Pinas where ambient
air contains less pollutants than when donors are exposed to high level of pollution
as in Valenzuela where smoking apparently did not affect Ml values of donors.

INTRODUCTION

The results of the 24 hour air sampling in cities and municipalities in Metro Manila
have not changed much since 1993.as reported in the AQMS1995 Annual Report (1).
The persistently elevated total suspended particulates (TSP) values for Valenzuela
in ambient air concentration analyzed from samples collected by AQMS-DENR from
their environmental stations in Metro Manila prompted the project proponent to
undertake a study on the effect of pollutants on incidence of mutation in peripheral
blood lymphocytes of Metro Manila residents. A two-year project funded by DOSTPCHRD was started in 15 May 1994 to establish the correlation between high levels
of pollutants and induction of mutation in blood lymphocytes specifically at the
HGPRT gene locus using a protocol adapted from those developed by Albertini, et
al.(2) Two cities chosen for study are Valenzuela, with the highest atmospheric levels
of TSP, and Las Pinas being the least polluted serving as control.
As a diagnostic tool to determine whether residents in a specific area are subjected
to the damaging effect(s) of pollutants, the HGPRT Mutation Assay was used to
monitor exposure of people from environmental pollution. The study involves
collection and analysis of blood lymphocytes from donors and applying a nuclear
technique to determine mutation at the HGPRT gene locus in the sensitive arm of the
X-chromosome.
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OBJECTIVES

1. Apply the HGPRT mutation assay to selected groups of Metro Manila residents
exposed to environmental pollution.
2. Determine specific population groups in Metro Manila who are significantly
affected by pollutants as evidenced by the increases in their peripheral blood
lymphocytes HGPRT gene mutation index, and
3. Construct an environmental baseline HGPRT mutation databank (EBMD) specific
to the area in Metro Manila being sampled.
The study is undertaken in collaboration with the National Kidney and Transplant
Institute, where part of the procedure is performed. The result of the study will
ascertain if a correlation exists between increased incidence of HGPRT mutation
among residents and an elevated level of environmental pollution in a particular city
or municipality in Metro Manila.

METHODS

Blood samples are collected from donors using sterile heparinized vacutainer
syringes. These were treated in accordance with the developed HGPRT assay (3)
following the protocol enumerated below:
1.

LYMPHOCYTE ISOLATION:

Mononuclear cells at the plasma/ficoll interphase were added to RPMI 1640
medium and centrifuged. Isolated cells were counted using hemocytometer after
testing for viability with tryphan blue solution. Samples with less than 75% viable
cells were discarded (2).
2.

T-CELL INCUBATION:

Phytohemagglutinin (PHA) and 6-thioguanine (TG) were added to lymphocytes
in solution. Cells were incubated in a CO2 humidified chamber. Further incubation
of cell solution in the presence of 3H-thymidine was done for 18 h at 37° C in a
CO2 incubator (2).
3.

RADIOACTIVITY COUNTS:

In vitro synthesis of DNA lymphocytes in culture under the influence of PHA was
terminated by placing the cell suspension on ice. Cells were precipitated with
10% trichloroacetic acid (TCA) (final concentration of 5%) in the cold and filtered
through a Millipore Filter system using GF/C filter. Precipitates were washed with
10 ml vol of 10% TCA and dried with ethanol followed with acetone. Scintillation
fluor (5ml) was added to the dried filter and counted for radioactivity in the liquid
scintillation counter (LSC). This represents the quantity (T). Control samples
included cells cultured without PHA representing background cells and cells
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cultured without TG representing proliferating T-cells (C). All samples were
analyzed in replicates (3).
4.

DNA CONCENTRATION:

An aliquot of TCA-treated cell solution was analyzed for DNA concentration. The
acid-insoluble fraction containing DNA and proteins were treated with ethanol,
heated and centrifuged. The alcohol extract was acidified with perchloric acid,
boiled for 30 min and centrifuged to separate the proteins (4). The soluble
fraction containing cellular DNA was measured at 260/280 nm using
spectrophotometry for DNA concentration (5).
5.

SPECIFIC ACTIVITY:

Specific cellular activity was calculated based on the definition as CPM/cell count
or CPM/DNA concentration (3).

RESULTS AND DISCUSSION

In May 1996, we finished the study on the effect of environmental pollution on
incidence of mutation at the HGPRT gene locus in peripheral blood lymphocytes of
residents and workers from Valenzuela chosen as sampling site because of the
reported high level of TSP in atmospheric air. The mutation indices (Ml) values
reported were based from 95 sample points which constituted the closure of Phase
I of the Project and which represented the environmental baseline mutation databank
(EBMD) for Valenzuela.
For Phase II of the Project,(16 May 1996 to 15 June 1997), 100 samples from donors
residing in Las Pinas will be collected and analyzed for incidence of mutation at the
HGPRT gene locus. Linkages with the Officials at the Municipal Health Center were
made to seek their cooperation in soliciting possible blood donors from local residents
and collecting blood samples.
In this report, we are presenting 2 partial EBMD reports for Las Pinas which constitute
a total of 66 data points. The databank consists of personal, social and medical data
information of donors obtained through personal interviews before blood extraction.
Donors are divided into smokers and non-smokers. We are reporting mutation indices
(Ml) based on DNA concentration and cell counts. We still maintain the original
method of reporting mutation indices based on cell counts for validation of Ml values
calculated on the basis of DNA concentration.
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Table 1 is the EBMD construct containing 44 mutation index values with complete
data information regarding age, sex, smoker/non-smoker habit, occupation, number
of hours spent outdoors, and years of employment.
An EBMD schema containing 22 data points obtained from Personal Questionnaires
of donors but without Ml values is shown on Table 2. The reason for the incomplete
EBMD is that samples could not be counted in the liquid scintillation counter (LSC)
at Health Physics because the equipment malfunctioned since the last quarter of 1996
(at the moment, all LSC in PNRI are not working except the new equipment which is
still under test). In spite of this, we have continued collecting blood samples weekly,
isolating and incubating lymphocytes and processing the samples for acid
precipitation prior to radioactivity counting. DNA concentrations were also determined.
Samples in liquid scintillant are stored ready for counting in LSC. The EBMD showed
14 male and 8 female samples. Age ranges from 21 to 56 years old with 8 of the
samples being smokers. Inclusion of age and smoking habit are important part of the
questionnaire since it has been shown earlier that age and smoking affect induction
of mutation at the HGPRT gene locus in blood lymphocytes (2).
An average mean of 0.3209 and a median of 0.2146 were calculated based on the
initial 44 samples. These values are relatively lower in comparison with the calculated
average mean and median of 0.4829 and 0.3238 respectively, for Valenzuela
databank (n=95) (Table 3).
A 59% average distribution of residents sampled in Las Pinas was calculated to have
a mean of less than 0.3209 Ml value (Table 4). In contrast with the Valenzuela data
(Phase I of the project), about 67.4% of the population sampled from Valenzuela have
Ml lesser than the mean (0.4829). In Table 5, at Ml greater than 0.4, the relative
frequency distribution of the Las Pinas residents was calculated at a much lower rate
of 36.4% indicating fewer individuals from Las Pinas have mutation at the HGPRT
gene locus. It is apparent from these data that residents from Las Pinas seem to have
a lower incidence of mutation at the HGPRT gene locus in their blood lymphocytes.
In Table 6, the average mutation indices for smokers (0.4010 at n=31) and nonsmoker (0.1299 at n=13) indicate that smoking may contribute to a higher mutation
effect than non-smokers. However, it is too early in the study to show that smoking
is a factor in mutation induction in places where environmental pollution is minimal.
The effect of 8 hours exposure to outdoor environment among residents in Las Pinas
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is shown in Table 7 where a consistently lower Ml values are obtained for samples
with less exposure to outdoor pollution (average MI=0.2117) than those with more
than 8 hours outdoor activities (average MI=0.4516).
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Las Finns: Environmental Baseline Mutation Databank (Ill)MD)
MI.
SAMPU'lD

300196A
160496B
040696A
1607961)
13089611
1806961)
230796A
300796A
060296A
070596D
20029613

AC1U

18
19
20
20
20

21
21
21
24
24
25
090796lf1 25
17019613 26
140296B 26

xv.x

U
M
M
F

iM
M
M
M
F
F
F
M

M
M
M
M
M
M
F
M
M
M
F
M

050396A
30079613
030996A
070596A
210596D
090796 A j
160796A
03099613
230496D
200296A

26
26
26
27
28
28
28
28
29
30

230496A
04069613
23079613
06089613
140296A"1

30

180696A
230196A
06029613
270896A
130896A
270896B
300I960
250696A
170196A
23019613
280596A_j
2506961)

31

F

32
38

M
M
M
F

30
30
30
31

38

40
40
43
45
41!
4H
57

M
F
F
M

SMOKER

IONA| 1
NSMKR

0.1801
0.7200
0.1993
—

0.0449
0.0305
0.0306
0.0101

0.7557
0.1025
0.7941

1

studcnl
student
driver
dental aide
dentist
utility man

cargo handler

sccrelary
dentist
meet sweeper
fmiilmy
ttreet evveepcr

0.3500
0.1962
0.2013
0.0338
0.0964
0.4209
0.7495
0.0176
0.0492

midwilc
sweeper
stockclcrk

7
2

8

1

2

>8

4 mo.

5
3
2

14

4
3
3
2

10
1
3
3

8
15

4
5

8

1 1/2

8
3
>8
<8

5
4

9
6
10

1

RITcel fwecper

4

sited sweeper

3
4
8

1 lino
6 mo.

ulilityman
0.3058

3

6 mo.
1

street sweeper

F 0.5921
M 0.6963 1

3
>8
8

mcd. lech 1 2
housewife
3
ict crrmi
vrtitloi

0.0498

1*11 r.r.xnl

4
6
8-10
5

driver

0.1713
0.5934
0.8909

M

Flockclcrk

Eti'eclsweqicr

0.0193
0.0499

<<>

9 mo.

mailman

0.7563
0.4683
0.3280

57

1 IIIU.

8

cigRredc vendor

0.0187

0.4910
0.2146
0.0991
0.0781

8

medical tccli

0.0239
0.5006
0.6110
0.2685

VIIS.
EMPLOYE!)

Iraffic aide

slrcct5wecp0r

0.3030

F
M
M
M
M

OCCUPATION
nmiiil. n n i k c r

denlisl

swcc]ier

janitor
driver
siwiliinin.*|nctcr
u-rerniri strvtr

5
7
>8
>8
8
to

2

21
4 mo.
6 mo.

25
33
g
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Table 2. Las Pinas: Environmental Baseline Mutation Databank (EBMD)
SAMPLE ID

AGIi

19
280197B
221096A
21
24
221096B
26
070197B
27
191196B
28
240996B
28
.280197A
29
031296B
210197A l~29
031296B
29
210197A
29
150996B
30
240996A 1 3 3
.33
140197A
34
191196A
070197A
35
36
121196A
38
140197B
210197B
40
44
15109613
151096A
47
121196B
49
56
031296A

MI. [DNA]
NSMOKER
SMOKER

SEIX

M
MH smoker

nsmokcr

nsmokcr
nsmoker
smoker

M

M

M

M
M
F

M
F
M
M
F
M
M
F
M
F
M

nsmoker
nsmoker

*
smoker

nsinokcr

smoker
smoker
smoker
smoker
smoker
nsmoker
nsmoker

YRS
liMPI.OYl'I)

construction worker

8
2
24
6

6 mos

driver
fireman
housemaid
presidential guard
construction worker

nsmoker
nsmokcr
smoker
nsinokcr

2

12
8

jail officer

fireman

8

jail officer
fireman
maid
police
dental aide
roombov
fireman
clerk 11

2
8
1

...

smoker

smoker

it HRS

...

smoker

M
M
F

OCCUPATION

fireman
strcetsweeper
streetsweepcr
janitrcss
jail warden

12
4
2
8
3-4
8
8
3
3
5
8

8
6 mos
2
3
2
2
2
2
2
3
8
7
10 inos

6 inos
1
15
1
1
14
5
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Table 3. Average Mutation Indices (MI) of Las Pinas v/s Valenzuela
Las Pinas
Valenzuela
n=44
n=95
Mean
0.3209
0.4829
Median
0.2146
0.3238

Table 4. Average Distribution of MI of Las Pinas and Valenzuela
Las Pinas
Valenzuela
<0.2146
>0.2146
<0.3238
>0.3238
MI
50%
49.5%
50.5%
50%
[DNA]
Median:
Las Pinas : 0.2146
Valenzuela: 0.3238

Table 5. Relative Frequency Distribution of HGPRT Mutation Indices (n=44)

Freq. diitribuhon

>0.1
66%

Mutation Index
>0.2
>0.3
>0.4
54.5%
47.7%
36.4%

>0.5
29.5%

Table 6. Average Mutation Indices for Smokers and Non-smokers (n=44)
M.I. Non-Smokers
M.I. Smokers
0.4010
0.1299
MI. [DNA]
(70%)
(30%)
n=13
n=31

Table 7. Average Mutation Indices of Persons Subjected
to <8 hrs, >8 hrs Outdoor Exposure (N=40)
<8hr
>8hr
M.I.[DNAJ
0.4516
0.2117
(n = 21)
(n=19)
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ABSTRACT

INTRODUCTION

Biomedical studies on nuclear fallout effects show that whole-body exposure to
relatively low doses of ionizing radiation (5-10 Gy) induces the broad spectrum of the
Hematopoietic Syndrome characterized by clinical manifestations of severe anemia,
immunodeficiency, followed by death within 10-30 days. Whole thymus explants
derived from intra-familiar 30-day old inbred male ICR mice were grown in vitro after
enzymatic dissociation and removal of thymic macrophages. This thymocyte model,
applies in many cell death researches and has been found to undergo a
morphologically and molecularly distinct p53-based cascades of apoptotic events with
exposure to DNA-damaging insults, such as some anti-cancer agents, hyperthermia,
hypoxia and radiation. Exogenous application in culture of a radiation protecting agent
GC-2112, an herbal extract derived from water-soluble components of garlic bulbs
{Allium sativum), improves total cellular survival for various observation periods
concomitantly shifting the L D ^ (lethal dose) from 17 Gy (control) to 21 Gy (with
radioprotection). Target-based analyses, reveal time-dependence of radioprotection
process which exhibit shifts in both a and b parameters and clustering of thymocyte
deaths into three distinct modes. This increase in total cell survival of GC-2112treated thymocytes, however, fails to correlate with the prevention of apoptosisassociated internucleosomal DNA scissions. DNA fragmentation in the absence of
irradiation and with treatment of GC-2112 is shown induced; this despite the overall
improvement of total cellular survival of thymocytes exposed to radiation. The mean
dose reduction factors (DRFs) range from 10.7-1.1. Mechanisms to the observed
radiomodification may possibly involve a mixture of bioactive poly-thiols found rich in
garlic bulbs. The findings presented a paradoxical correlation between apoptosis, cell
survival and radioprotection which may be explained by the differential reactivities of
the bioactive compounds in GC-2112 and the variabilities in radiosensitivities of the
primary thymocyte culture. The differential effect on radioprotection exhibited shows
promise in the application of herbal drugs as dietary prophylaxis against clinical
morbidities arising from either medical, occupational or environmental exposures to
ionizing radiation.

With the increasing use of the peaceful applications of nuclear technology in
various disciplines, e.g. energy, agriculture, medicine and industry, concerns on
the protection of life processes from the harmful effects of ionizing radiation have
gained considerable attention.
Compounds aimed at protecting biological systems from radiation were originally
conceptualized as new-generation warfare agents developed following the
dropping of the plutonium bombs in Nagasaki and Hiroshima in 1945. Under the
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research custody of the Walter Reed Army Hospital in Washington, DC, several
thousands of cysteine derivatives were designed and synthesized to protect
military troops from whole-body exposures in an event of a nuclear disaster.
These compounds were termed as radioprotectors having a role in preventing
secondary ionizations and fixation of damage to the vital biomolecules, e.g. DNA,
RNA, proteins, lipids, arising from primary radiochemical processes induced after
irradiation. The first breakthrough in this area of study was the discovery of WR2721, which unlike all other previously developed radioprotectors, has a more
tolerable level of toxicity.
It was recently discovered that degenerative response of a wide variety of cells
and tissues to radiation exposure is attributed to the induction of a cell death
mechanism that is intrinsically programmed while involving complicated
interactions of various oncogenes and tumor suppressor genes. This form of
radiation-induced death is covered under the wide-spanning modalities of
apoptosis or programmed cell death (PCD). PCD was first observed
morphologically over 50 years ago, however, it was only during the last decade
that interests in the field dramatically increased as manifested by an explosion
of scientific literature regarding the topic. The major reason behind it is with the
knowledge of its great role in numerous biologic processes from the
developmental biology of organisms to its pathology, i.e. autoimmunity, aging,
gout, AIDS, cancer. Moreover, interest in this phenomenon is fuelled by the
discovery that cancer cells die in an apoptotic fashion, which, in corollary, defines
that any malfunction in apoptotic pathways during carcinogenesis is bound to
create mutated neoplasmic lineage refractory to current clinical anti-cancer
approaches, such as chemotherapy and radiation. A deeper understanding on
the basic machinery of apoptosis may in the future lead to tailored therapies to
control the persisting cancer problem.
In our present work, cytotoxic response is studied in some detail in reference to
apoptosis and interphase deaths in thymocytic systems in response to
radiomodification by a radioprotective prophylactic GC-2112 previously described
using cryptogenic models (Deocaris et a/., 1997). Survival curves were generated
from the cytotoxicity data and formally analyzed according to the target theory.
The thymocytes were biochemically and morphologically characterized for
apoptosis based on known hallmarks, i.e. DNA fragmentation patterns and
presence of pyncnosis or nuclear condensations. Data derived from the
population of cultured thymocytes were finally compared with the response of the
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whole thymus organ of a mouse after total-body bombardment with low-LET
radiation from a Co-60 source to present a more holistic perspective on survival
of radioprotected systems.

METHODS

LABORATORY ANIMAL

Inbred 30-day old male ICR mice belonging to the siblings of the same family
weighing 16-21 g were acquired from the animal facility of the Cytogenetics
Laboratory of PNRI. The mice were reared in plastic cages and offered
commercial mice pellets and fresh tap water daily ad libitum. Under diethyl ether
anesthesia, the mice were quickly sacrificed by cervical dislocation and their
thymic lobes were gently removed after exsanguination.
PRIMARY CULTURING OF THYMOCYTES

The organs were washed twice with 10 mM phosphate buffered saline, pH 7.4
(PBS) and suspended in 1640 medium (GIBCO) supplemented with 15% heatinactivated fetal calf serum (FCS) (GIBCO). Mechanical tissue disintegration was
carefully performed to dislodge the thymocytes. The cells were later collected by
aspiration, washed thrice with 5% FCS in RPM11640 and finally suspended in
complete RPMI medium supplemented with 15% FCS in 25 cnf-tissue culture
flasks. Macrophages were removed by modifying the procedure employed by
Korystov (1993). The primary culture of thymocytes was incubated at 37°C in 5%
CO2 atmosphere for 16 hrs prior to treatment. The pre-treatment viability of
thymocytes was determined by trypan-blue exclusion method.
IRRADIATION AND RADIOPROTECTION OF THYMOCYTES

Thymocytes were aliquoted into microfuge tubes and exposed to various
absorbed doses of g-radiation (0, 5, 20 and 50 Gy) with a laboratory-scale
irradiation facility (Atomic Energy of Canada, Ltd.) housed at the Irradiation
Services Unit, PNRI. The Co-60 source has an activity of 418 Ci and dose rate
of 34.5 Gy/hr. Radioprotection was achieved by culturing the cells 15 mins prior
to irradiation in the medium with 50 mg ml"1 of GC-2112. The cells were washed
after 15 mins with 5% FCS in RPMI and transferred into 24-well plates. The setups were incubated at 37°C in humidified CO2 incubator. Time-course cytotoxic
responses were monitored by viability measurement through dye-exclusion. The
survival values were statistically analyzed using SYSTAT software. Extraction of
the radioprotector GC-2112 was described in a previous study (Deocaris et al.,
1997).
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TOTAL GENOMIC DNA EXTRACTION

In brief, 1*107 thymocytes at different incubation time points were collected by
centrifugation at4165*g for 10 mins. The pellet was lyzed in lysis buffer (10mM
Tris-HCI, pH 8.0,2 mM EDTA, 10mM NaCI and 8 mg mf1 DTT). After incubation
for 5 mins at 68°C in a thermostatically-controlled water bath (Thermolyne),
proteinase K (Sigma) was added to the lysate to a final concentration of 0.4 mg
ml'1. Digestion proceeded for 2 hrs at 68 °C with intermittent agitation, followed
by
deproteination
by extracting
in phenol-Sevag
(24:24:1
phenol:chloroform:isoamyl alcohol) and Sevag solution (24:1 chloroform:isoamyl
alcohol). Centrifugation at 13000xg was done prior to extraction of the upper
aqueous layer to facilitate phase separation. The DNA extract was later
precipitated overnight at -20 °C in an ultra-low freezer (Vitris) in 50% isopropanol
and 0.5 M NaCI. The DNA precipitate was collected after centrifugation at
13000g for 3 mins, air-dried and resuspended in Tris-EDTA (10mM Tris, 1 mM
EDTA, pH 7.4). DNase-free RNase (Sigma) was added to a final concentration
of 10 mg ml"1.
CHRISTIAN-WARBURG PROCEDURE IN DETERMINING DNA CONCENTRATION AND PURITY

The concentration of the DNA was read at 260 nm using a UV-Vis
Spectrophotometer (Spectronic 21D, Milton Roy). The optical density (OD) value
was multiplied with the dilution factor and the absorbance coefficient of 50 to
determine the approximate concentration in mg ml"1. Purity was gauged by
obtaining the OD ration of 260/280. A good clean DNA sample would have a ratio
between 1.8 to 1.9 (Sambrook, Fritsch and Maniatis, 1989).
DNA FRAGMENTATION ASSAY

To assess activity of endonucleases associated with apoptosis, DNA
fragmentation in the total cell population was used as end point. The total
genomic extracts were derived from thymocytes harvested during various time
periods (0,2,4,7,14,24,48 hrs). Approximately 0.5 mg of the DNA solution was
suspended in 3 ml of loading buffer (50% glycerol, TAE (40 mM Tris, 20 mM Na
acetate, 1 mM EDTA, pH 7.2), 10% saturated bromophenol blue, 1% xylene
cyanol). Electrophoresis was performed on 1.5% agarose with TAE as the
running buffer. DNA bands were resolved under ultraviolet light (280 nm) and
photographed with an automatic Canon SLR E0510 set at "B" mode and with an
orange filter installed at it macro lens.
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IN VIVO RADIOPROTECTION OF THYMUS

Freshly prepared GC-2112 (4.56 mg kg"1 body weight) dissolved in sterile PBS
was injected intra-peritoneally to the pre-weighed mice as single bolus 30
minutes prior to irradiation in cylindrical irradiation capsules. Control mice were
injected with 500 ml PBS. After 48-hr observation period, the animals were
sacrificed as described. The thymus lobes were excised and rinsed with distilled
water and fixed overnight with 10% formaldehyde (Mallinckrot). The fixed
samples were washed with distilled water and dehydrated at increasing
concentrations of ethanol (Ajax): 30, 50, 70,95 and 100%. The samples were
soaked in xylene (Pharmedic) in two changes for at least 30 min each and
infiltrated with increasing concentrations of paraffin; and finally embedded in hard
paraffin. After histological preparation, 5 mm-thick cross sections of the thymus
were stained with eosin-hematoxylin (Merck), observed and photographed under
light microscopy (Zeiss).

RESULTS AND DISCUSSION

Cells of the immune system has provided important insights into the processes
of cell death and allowed researchers to dissect the interestingly complex
molecular pathways involved in the phenomenon of apoptosis.

In the context of normal physiology, apoptosis in thymic systems plays the key
role during thymic selection leading to mature T cells whose immune function is
characterized as being both self-MHC restricted and self-tolerant. In the
peripheral regions of the thymus, programmed suicide events actively occur
during positive selection for self-MHC restricted T cells and during negative
selection of thymocyte clones whose T cell receptors bind with high affinity for
self antigens; that being synonymous to clonal deletion and clonal anergy
(Abbas, Lichtman and Pober, 1991).

The high rate of mitosis forthymocytes, whose doubling time ranges between 1015 hrs, (Shortman ef a/., 1990) necessitates important measures to ensure
maintenance of a genetically stable lineage. When exposed to a DNA-damaging
agent like radiation, thymocytes readily apoptose through a p53-dependent
pathway. The tumor-suppressor protein p53 initially induces G, cell cycle arrest
on genomic damage to allow for repair by cells carrying the critical DNA lesions.
Depending on the outcome of the damage restitution, the cell may decide to
apoptose as this results from the cooperative interaction of p53 with other gene
products, i.e. bcl2, bax, Rb and E2F-1 (Cox and Lane, 1995). Without this vital
mechanism of cell suicide, genetic abnormalities may untenably propagate during
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cell division predisposing the organism to cancer. Such is clearly seen from the
data on the rising incidence of leukemia, a rare cancer, gathered from the
survivors of the nuclear bombing in Japan revealing 470 cases in the 7.1 million
residents of the "contaminated" territories (Cardis, 1996).
Radioprotectors, that which are used to minimize acute radiation syndromes and
carcinogenesis, may likely have an effect on the onset of apoptosis. And in such
case, thymocytes culture in vitro presents an attractive model for the study.

CULTURE CONDITIONS

Understanding the process of apoptosis in immune cells are preferentially
performed using in vitro approaches because culture conditions can be readily
manipulated and macrophages can be removed. The presence of macrophages
presents the perennial difficulty in detecting apoptotic cells since they are rapidly
eliminated by phagocytosis under in vivo situations

Culturing tissue explants in vitro requires that the physiological conditions of an
in vivo environment be achieved. Physical properties such as pH and proper
temperature have been critically maintained with the CO2 incubator. Nutritional
requirements have been achieved by culturing the cells in a complete medium,
RPMI-164 supplemented with fetal calf serum to provide additional growth
factors. Other culture parameters are discussed: age of mouse, pre-treatment
standing time, removal of macrophages. With these safeguards, baseline survival
of the fragile thymocyte culture prior to the experiments reached 70-80% viability.

Age of mouse. Apoptosis induced by the indicated agent occurs predominantly
in the CD4+/CD8+ immature thymocytes. Their responsiveness to stimulation of
apoptosis vary inversely with age. Optimum results have been obtained in many
studies using mice aged 3 to 8 weeks old.

Pre-treatment standing time. Thymocytes are also known to undergo rapid
apoptosis within 24 hours during nutritional deprivation, particularly of the growth
factors and glucocorticoids (Mishell etal., 1980). This necessitates the culture
supplementation of fetal calf serum and a standing time of at least 24 hours to
ensure the deletion of thymocytes undergoing spontaneousfragmentation in the
absence of radiation exposure.
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Removal oi macrophages. After dissociation of the thymus organ, the cell
suspension is pre-incubated for 2 hours and allowed for adsorption of adherent
bodies onto sterile polypropylene beads during primary culture establishment.
This step is found essential to ensure the elimination of thymic macrophages
which are known to bind to apoptotic thymocytes: a mechanism vital during rapid
elimination of damaged thymocytes and in negative selection (Duvall, Wyllie,
Morris, 1985). Phosphatidyl serine residues (normally confined to the inner leaflet
of the plasma membrane) are mechanically flipped and exposed to the outer
membrane surface which results in the loss of plasma membrane asymmetry of
an apoptotic cell (Fadok et a/., 1992) thus marker that cell for macrophage
phagocytosis. This disposal mechanism is believe to account for the surprising
lack of apoptotic cells among fresh thymocytes, even though 99% of cortical
thymocytes are thought to constantly perish by apoptosis (McDonald and Rees,
1990). Second, macrophages and neutrophils contain some peptide defensines
which are toxic to different cell types (Lichtenstein ef al., 1988)

THYMOCYTE SURVIVAL CURVES

To elucidate the growth and death of thymocytes in culture during concurrent
exposure to ionizing radiation with or without GC-2112, we examine the survival
behavior based on the dye-exclusion principle with trypan blue. The integrity of
the plasma membrane (both structural and functional) of viable cells offers it the
capacity for differential extrusion of the dye, therefore, the cytoplasm of nonviable or dying cells are stained blue.
Prior to discussing the general survival of the thymocyte cultures, the significance
played by the three different parameters are tested: presence of radioprotector,
post-irradiation incubation periods and absorbed doses. All three factors gave
significant impact on the results of the survival curves (P<0.0001).
In order to better understand the phenomenon, the cytotoxicity data is regressed
in the simplified framework of target-based analysis or Treffertheorie using an
exponential decay function: y=a e"*. In this approach, a cell or its vital
constituents, e.g. the DNA, is viewed as the target in which an ionization, being
random and discrete, is considered as a discursive "hit" underscored as
probabilistic. From a physical basis, an exponential decay function is considered
the simplest survival relation being a derivative of the binomial distribution
principle. The targets are based on the hit-survival function, which in turn is
dependent on the size, amount and behavior of the intracellular targets (Lea,

1996 PNRI Technical Prowess Renort • 100

Radioprotectors and Sensitizers in Cancer Therapy

1947). Addition of radiomodifiers have pronounced effects on the a and b
coefficient of the model: a coefficient corresponds with the amount or number of
target(s) impinged upon by radiation contributing to the death of an organism,
whereas b coefficient, technically referring to the slope of the curve, gives an idea
on the relative biochemical status of intrinsic radiosensitivities of the system. This
conceptual framework is also adapted to suit the linear-quadratic (LQ) analysis,
otherwise known as the a-b model, which recently attracted attention as a
biomechanistic tool for modelling tumor control by radiotherapy (Fertil and
Malaise, 1991).
The shape of the survival curve during the 8th hour observation period (Fig. 1 A)
suggests that the cells have apparently accumulated "sublethal" damages and
most may still be undergoing repair. In this early stage, the slow decline in
survival with increasing radiation dose likely points out that the thymocytes may
likely undergo apoptosis since other modalities of cell death are expected to
occur at a much later period. According to the target theory, the cell death count
may be attributed to the radiosensitive subpopulation whose targets have already
been saturated. Application of a radioprotector decreases damage either by
increasing the number of targets or improving the biochemical repair of the hits.
Graphically shown, approximately 15-18% of the thymocytes are rescued with the
application of GC-2112. Survival at D,o, of non-radioprotected controls is at 62%
whereas cells treated with GC-2112 registered 76% survival, the value of which
is close to the baseline survival rate of non-irradiated cultures.
Within 16-24 hrs, GC-2112-treated thymocytes give an overall improvement in
survival by approximately 5-7% compared with controls (Fig. 1 B-C). Sixty-seven
percent of the radioprotected cells at 10 Gy are found viable compared with 6 1 %
in the controls. The disparity between the two-setups are much greater during 24
hours compared with 16 hrs indicating that death is still progressing. In this time
frame, interphase death are normally observed based on survival data from
MOLT-4 cell line, a cultured tumorigenic line from a patient with acute
lymphoblastic leukemia, having similar radiosensitivity and cell cycle
characteristic (Shinohara and Nakano, 1993).
The exponentially regressed survival curve shows greater cytotoxicity profile at
the 48 hr-observation/post-irradiation recovery period. All cell death tributaries,
whether apoptotic, interphase or reproductive, are likely manifested (Fig. 1D).
This distinctive dose-survival curve also reflects the balance between cell death
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due to irradiation and the subsequent recovery and proliferation of thymocytes
surviving after irradiation. As shown, the fraction of thymocytes stained with
trypan blue increases dramatically forming an asymptote after 35 Gy with 100%
lethality. There is a significant difference in the percentage of viable thymocytes
in survival between the GC-2112-treated and the control as covered within the
area 0-12 Gy. And at higher doses thereafter (13-50 Gy), the radioprotector fails
to improve survival as the threshold capacity for protection by GC-2112 has been
exceeded.
Formal mathematical descriptions on the survival characteristics displayed by the
thymocyte systems are shown in Table I. Close kinetic relationships are observed
between survivals of thymocytes whose trends are arbitrarily clustered into three:
Type I characterizes a cytotoxicity trend with the significant disparity in the yintercept, or a-values, between the thymocytes treated with GC-2112 (a=82.2)
and the control (a=74.2) within 8 hr-observation period, a time frame that takes
into account the immediate and acute effects of radiation damage such as
apoptosis. The b-value or the slope, however, was disparate with greater
decrease in survival with the control (b=0.0177) compared with the GC-2112treated cells (b=-0.0123). Such deviations under the LQ analysis imply that the
improved cellular survival may have been attributed to the possible interventions
in the apoptotic death as afforded by GC-2112.
Another survival mode-segregate is of Type II which is exhibited from the time
frames encompassing 16 and 24 hours post-irradiation recovery periods. In this
case, the values of the y-intercepts are perceivably close with each other
whereas the slopes between the GC-2112-treated and the control thymocytes
are variable. It is surmised that this slight difference in the slopes in the radiation
response parameters may involve the surviving subpopulations of the
thymocytes, both in the control and GC-2112-treated thymocytes, that are either
still accumulating sub-lethal damages or are under cell cycle arrest as a carryover effect. Within this time frame, interphase death [defined as cell death before
reaching the first mitosis after radiation exposure], may also come to play in the
picture (Shinohara and Nakano, 1993).
Type III cell death profile is shown within the 48 hr-observation period. This,
unlike the previous mathematical descriptions, gave invariable slopes. Y-intercept
for GC-2112 is slightly higher that the control (SD=8.5). As was previously
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mentioned, at the late observation period, the remaining thymocytes that survived
are highly resistant to radiation and have surpassed the first wave of cellular
proliferation. From these results, it can be explained that GC-2112 may have
affected the cell death profiles at various time-dependent modalities involving
Type I, II and III that coincide with the apoptotic, interphase and reproductive
deaths, respectively.
Other quantitative parameters are the (a) regression values indicating the
precision of estimated regression by the line fitted by the least squares, (b)
isodose effects reflecting the summation of the per unit dose (Gy) change in
viability along a specified dose range (f: 0 to 5 Gy; f l : 0 to 15 Gy) and (c) dose
reduction factor (DRF) which is a measure of the capacity of the radioprotector
to modify the isodose radiosensitivity of the thymocytes. All the regression
coefficients, ranging from 0.7239-0.7717, are appreciably valid for biologic
systems. The largest standard deviations in isodose effects between the control
(SDr=0.09, SDn=0.15) and radioprotected cells (SD^O.08, SDn=0.22) were
noted during the crucial time frame of 8 hours. However, isodose values
increase, as related to the efficiency of cell kill per unit dose, has been noted to
occur as the observation periods lengthen and the isodose effect range is
widened. DRF was found highest during the 8th hour observation period (10.7)
as compared with the other time frames (range:1.1-1.3). Aminothiol DRFs in
mouse LDM are about 1.7, while the best pharmaceutical radioprotective drugs
is less than 1.5 (Grosch and Hopwood, 1979). The values obtained for the in vitro
thymocyte model are relatively high compared with in vivo results from literature
since the radioprotector, in this case, is present in high quantity and is in direct
contact with the cells, thus, eliminating the factor of drug accessibility normally
encountered in cancer cases. Moreover, it is suggested that based on the
interactions observed radioprotection by GC-2112 is most effective during the
early stages of radiation damage possibly by transiently delaying the cell death
events or by modifying apoptotic response.

MORPHOLOGICAL AND BIOCHEMICAL ANALYSES

Thymocytes cultured in vitro are among the suitable models for probing into the
phenomenon of programmed cell death. They are considered as a mixed
population of cells with varying degrees of radiosensitivity and apoptotic tendency
(Compton and Cidlowski, 1992). In the realm of radiation biology, programmed
cell death is a mechanism for deleting individual cells from a population that has
sustained radiation-induced DNA damage. This process is quite essential in
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preventing the proliferation of genetic lesions which could eventually result to
various cancers.
In severe cases, the extensive deletion of the radiosensitive cells results in acute
radiation syndromes (ARS), being dependent on the tissue locality and dose of
absorbed radiation. An immune system damaged by ionizing radiation within the
range of 5-10 Gy typically shows signs of the Hematopoietic syndrome
symptomatic of extreme anemia, immunodeficiency and death within 30 days.
Similarly, the digestive tract is lined by highly radiosensitive epithelial cells, the
stem (clonogenic) cells, which when exposed to heavy doses of radiation results
in the Gastrointestinal syndrome. Encountered in among 11 of the 24 diagnosed
cases of ARS during the Chernobyl accident (IAEA, 1996) are the people
exposed to doses greater than 10 Gy who suffered painful morbidities, such as
the loss of electrolytes, denudation/ulceration of the intestines, hemorrhage and
bacteremia, and death within 5 days. It has been recently shown that the deletion
of the crypt cells in the small intestine as a result of exposure to ionizing
radiation, much similar to the thymocytes, is also mediated by a p53-dependent
apoptosis (Merritef a/., 1994).
The steps of apoptosis are distinctive and genetically programmed. Upon
exposure to an appropriate stimuli, e.g. radiation, the thymocytes are
stxhastically driven to apoptose which is manifested by extensive pyknosis, cell
condensation and shrinkage, disappearance of microvilli and appearance of
blistered surfaces. At its later stages, the cells are phagocytosed by nearby cells
and macrophages. These biological events rapidly occur within the 8 hr-time
frame monitored by the characteristic DNA fingerprints.
A similar ladder pattern of degraded DNA is first reported in the 1980 classic
paper by Wyllie. The apoptotic degradation wrung consists of multiples of
approximately 180-bp subunit identical to the nick fragments of micrococcal
endonucleases DNA digests (Cohen and Duke, 1984). Endogenous calcium- and
magnesium-dependent endonucleases are up-regulated to cleave the DNA at
intemuclear sites which are inhibitable with zinc ions (Cohen and Duke, 1984).

Thymocytes are also well-known to require protein synthesis or expression of
"death" genes for apoptosis to occur. Findings that cyclohexamide, a protein
synthesis inhibitor, immediately blocks endonuclease activation during apoptosis
induced by glucocorticoids, radiation and toposiomerase I l-inhibitors support this
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observation (Ellis, Yuan and Horvitz, 1991). Several potential apoptosis-associated
genes, whose levels were specifically regulated, have been reported (Fesus et a/.,
1987; Owens et a/., 1991).
Does radioprotection necessarily precede prevention of apoptosis? From a purely
theoretical viewpoint, since radioprotection entails the prevention of the
avalanche of cell deaths in radiosensitive normal tissues to avoid the onset of
ARS or even long-term non-stochastic events, such as carcinogenesis and
premature aging, such may also be tantamount to the prevention of radiationinduced apoptosis. Contrary to the popular expectation, onset of thymocytic
apoptosis is manifested 8 hours after GC-2112 treatment in the controls (GC2112-treated, non-irradiated). Contrastingly, the progression of this apoptosisassociated parameter at the molecular (DNA) level occurs despite the previously
mentioned improvement in total cellular survival in Fig. 1A-D.

Primary cultures of thymocytes are known to contain approximately 75-80%
immature CD4*CD8* cells which are susceptible to apoptosis (Clarke et a/.,
1993). This large apoptotic figure are realistically depressed since thymocytes
may have died during the process of primary culture establishment. This is
supported by the findings that in comet or microelectrophoretic assays of
individual nucleoids of cultured neonatal foreskin-derived fibroblast cells, even
standard culture pre-treatments (trypsinization, mechanical dislodging of cells
and cell scraping) produce DNA damage which could lead to spontaneous
apoptosis (Singh etal., 1991). Spontaneous apoptosis may be disregarded since
the negative control did not show signs of DNA fragmentation.

The level of DNA fragmentation after 8 hours of thymocytes treated with GC2112 alone is notably different from that produced after irradiation: without or with
treatment the radioprotector. The presence of the strongly fluorescing highmolecular weight DNA in Lanes 8 and 10 strongly suggests that less number of
cells have apoptosed in the radioprotected groups compared to those exposed
to radiation without treatment of GC-2112. By contrast, no fragmentation
occurred during the first 2 hours since the cell death machinery is still being
initialized.

From this analysis, we propose that while apoptosis is induced in highly
radiosensitive thymocyte subpopulations by placing in culture GC-2112,
radioprotection concurs in the more radioresistant thymocyte subpopulation. It is
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known that some of the cells in the thymus are radioresistant. These are mainly
the mature thymocytes which constitute 5-15% of all thymic cells (Raiser, LinkerIsraeli and Sharon, 1976). Such mixed reaction may be attributed both to the
heterogeneity in composition of GC-2112 (which may contain cytotoxic and
radioprotective sulphur-compounds) and in the thymocyte model.
RADIOPROTECTION IN VIVO

We further tested the corresponding biological effects on the thymus of the
mouse after administration of GC-2112 into the mouse peritoneum prior to
exposure to gamma-radiation (10 Gy). The thymus is a bilobed organ situated in
the anterior mediastinum. Each lobe is divided into multiple lobules by fibrous
septa, and each lobule consists of the outer cortex and the inner medulla. The
cortex contains a dense collection of T lymphocytes (Fig, 3A) Previous
investigators noted that approximately 99% of the cortical thymocytes die by
apoptosis (Hinsull, Bellamy and Franklin, 1987). And while this is be the case, the
detection of apoptosis in the standard histological preparations is difficult since
phagocytic cells rapidly recognize, bind, and destroy the apoptotic thymocytes.
It would require more sophisticated molecular techniques, such as terminal
deoxynucleotidyl transferase-mediated dUTP nick end labelling assay (TUNEL),
to capture the phenomenon of apoptosis. The data that is presented simply
shows information of the radiopathology of this hematopoeitic tissue which is best
observed after 48 hours (Fig. 3B-C). After irradiation, mitosis ceases and the
thymocytes disclose clumped nuclear chromatin. The damage is more severe in
non-radioprotected thymus as cellularity is reduced and the sections are more
eosinophilic (Fig. 3B). Only a small population of thymocytes that survived
radiation goes on cycling and is responsible for the reconstitution of the damaged
thymus (Ayukawa et a/., 1990). Radioprotected thymus shows less degree of
damage, however, to a certain extent, there occurs pycnosis and the presence
of giant cells sparsely distributed among the thymocytes with normal
morphological features (Fig. 3C).

This benchtop results from molecular, cellular to tissue level investigations may
show promise in the clinical application to cancer therapy since it satisfies both
the objectives of a cell death and radiobiology researchers. Both are on the
lookout for potential apoptotic modulators than can eliminate neoplastic cells and
be synergistic with radiation treatment, and at the same time a radioprotector that
can prevent normal tissue damage with radiotherapy. Understanding the
molecular and biochemical pathways that control apoptosis and radioprotection
is both central to the cancer problem.
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Table I. Summary of cytotcxicty trends.
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SURVEY FOR NUCLEAR AND OTHER INDUSTRIAL MINERALS
OBJECTIVES

The main objective is to delineate areas prospective for nuclear minerals and rare
earth elements (REE) in northern Palawan.

RESULTS AND DISCUSSION

The reconnaissance geochemical survey of southern Palawan was undertaken over
an area of 3,500 sq. km. A total of 486 geochemical samples consisting of stream
sediments, panned heavy minerals and soils were obtained. Radiometric readings
were also made at each sampling site. The areas surveyed were located in the towns
of Narra, Aborlan, Quezon, Rizal and Bataraza.
Geological, geochemical and radiometric verification trips were undertaken in Larap,
Camarines Norte, Langogan-Roxas, Palawan and Buruanga Peninsula, Panay to
assess the areas for further semi-detailed surveys.
Footborne and carborne gamma ray spectrometric surveys were conducted in
Rapurapu island and Marinduque respectively for mineralization assessments.
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HYDROGEOCHEMICAL PROCESS STUDIES
OBJECTIVES

The main objective is to establish baseline radon and gamma ray data of major
Philippine faults for earthquake prediction and surface environmental monitoring.
The other objective is to produce geochemical maps that could be used in other
disciplines.

RESULTS AND DISCUSSION

Initial field work on energy park siting in northern Mindanao was undertaken in
connection with the activities of the Sub-Committee on Siting Study. Siocon in
Zamboanga del Norte was deemed a good candidate site for further geological and
geotechnical studies.
Radiometric dating of the sedimentation rate was made on marine piston core
samples from Honda Bay, Palawan. The samples were taken by the MGB research
vessel upon our recommendation and in connection with the MGB's mercury pollution
studies in the area. Results indicated a 3.3 cm/yr sedimentation rate in Honda Bay.
The unit participated in the inter-comparison of marine sample reference standard
under the auspices of IAEA. The elements analyzed were Cu, Pb, Zn, Ni, Ag, Cd and
Fe.
Gamma ray spectrometric survey of Rapu-rapu was undertaken under an IAEA-TA
project.
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HIGH TECHNOLOGY MATERIALS DEVELOPMENT:
PREPARATION OF SUPERIONIC CONDUCTORS
OF THE BETA ALUMINA TYPE
ABSTRACT

Non-stoichiometric samples of Potassium Beta Ferrite, with composition
K20 were prepared by solid state reaction of analytical grade Fe2O3 and K2CO3. The
(3 and (3" phases are normally formed starting at 950°C. Pure |3 phase was obtained
by firing at 1280°C for 6 hours. Structural refinement of the P- phase was done using
data obtained from HRPD runs at Serpong(1). Problems have been encountered with
the refinement of the P'phase using the double phase sample. Attempts to synthesize
a pure P" phase sample was done by doping with 0.1 Li*. Preparation and XRD
measurements for this doped sample is presented. Thermal analyses by differential
scanning calorimetry (DSC) and thermogravimetry (TGA) were conducted with the
three types of samples, the pure P- phase, the P+P" phase and the Li+ doped sample
from 400°C to 500°C respectively.

OBJECTIVES

Investigations of the structure and thermal properties of beta alumina type superionic
conductors (Potassium Beta Ferrites).

METHODS

A.

THERMAL ANALYSES:

Powdered sample of single phase K-P Ferrite weighing 10.100 mG was placed
in Al pan, covered and crimped. This sample was run in a differential scanning
calorimeter(DSC V4.03 Dupont 2100) in N2 atmosphere. It was heated at the rate
of 20°C/min starting from ambient up to 400°C. After this initial run, the sample
was allowed to cool to ambient still in the presence of Nj. This took 1 hour and
24 minutes. Then, the experiment was repeated with similar conditions as the
first run. This sample was again allowed to cool in the same manner after the first
run; then saved at room temperature and again run in succeeding 3 days. Five
runs were completed. Fig. 1 shows the results for these measurements. Thermogravimetric analyses were done to eliminate which of the peaks were due to
absorption of gases from the atmosphere. From experience it was noted that the
samples were highly absorbent of moisture. Measurements were done using Al
pans and the heating rate was also 20°C/min starting from ambient to 500°C.
Experiments were all conducted in air. As in the DSC measurement, the sample
was allowed to cool to ambient by blowing air in the furnace. This took about 51
minutes. Measurement was repeated with same condition as the initial run. The
sample was allowed to cool and saved for a 3rd run the next day. Fig. 2 shows
the thermograms for these measurements in the form of first derivative of the
TGA signals(DrTGA).
Similar thermal analyses for the P+P" double phase sample and the Li* doped
were done. Fig.3 shows the DSC of 3 types of samples, all initial runs while Fig.4
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is the results of the corresponding TGA measurements presented in the form of
DrTGA.
B.

PREPARATION OF f HE Lr DOPED K-B FERRITE(N=5.33):

The choice of Lr as dopant for the preparation of single phase (3" was based on
findings of several workers. It was observed that Lr induced and stabilize the
production of the P", furthermore increase of electrical conductivity was also
observed(2). Li* ions were introduced in the lattice as L^O by solid state reaction.
Analytical grade Fe2O3. K2CO3 and Li2O in the proportion 5.33Fe2O3, 0.9K2CO3
and 0.1Li2O were homogeneously mixed and sintered in air at various heating
programs using alumina crucible as follows:
Sample

Temperature (°C)

Duration (hours)

A

1000

23

A1

1280

6

B

920

17

B1

1280

5

The samples were ground and the XRD of each sample were taken using Cu
anode. Fig. 5 shows the diffractograms for the A1 sample and Fig. 6 the XRD
pattern for all 4 samples.
RESULTS AND DISCUSSION

Combined TGA and DSC results of the K-P Ferrite single phase sample was able to
identify peaks in the thermograms which are due to evaporation observed as loss in
weight of absorbed materials and those due to some reaction caused by heat flow in
the material. The observed loss of weight could be due to absorbed moisture or gases
from the atmosphere. First DSC run of the sample gave several endothermic peaks
at 137°C, 149°C, 189°C, 200°C and 319°C. In the 2nd run all these peaks
disappeared except for a very broad one that starts from 202 °C to about 350 °C with
a maximum heat flow at 276°C. Corresponding TGA measurements for the initial run
showed a horizontal line for the DrTGA with no weight loss for the initial and
immediate re-run for temperature higher than 300°C. The succeeding 3 DSC runs
which covered a period of 3 days showed the gradual disappearance of the
endothermic peaks below 300°C while peak higher than this was persistent although
there was few degrees shift in position. TGA results for runs immediately and after
one day confirm the absorption of gases from the atmosphere but the values of the
DrTGA above 300°C were consistently null.
For the double phase (P+p") DSC thermograms showed also an endothermic peak
similar to what have been observed in the single phase sample although it was
shifted. TGA results from two runs also confirmed that these is not due to absorbed
gases from the atmosphere. The DSC thermogram of Lr doped samples does not
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give the same peak within the temperature range covered. However the TGA
thermograms was almost similar to the other two.
Lr DOPED K-B FERRITE PREPARATION:

From the diffractograms of the 4 samples the following were observed:
1. The intensities of the Bragg peaks were low but the background signals were
relatively high compared to the previous samples prepared.
2. The shapes of the background were very different from those of the P-phase and
P+P" samples. For the sample A1, fired at 1280°C for 6 hours a broad hump
between 15° and 20° was observed. The linewidth of this sample is already
comparable to the well formed single 3 phase sample. When compared to the
3" alumina peaks(3), it was observed that a number of peaks were missing
between 45° and 50°. Whether these anomalous observation were due to the
samples or due to other reasons have to be resolved. XRD runs using NBS Si
reference material gave results consistent with certified pattern.
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RADIOTRACER TECHNOLOGY AND
SEALED SOURCES APPLICATIONS
ABSTRACT

More tests on the use of tracers on termite control were done this year.

OBJECTIVE

To develop and apply radioactive tracer and sealed sources techniques to local
industries.

METHODS

Radiotracer techniques generally involve labelling a substance, an object or a phase
with a radioactive material and then following it through the system under study.
A bait consisting of coconut woodflour, agar and MIREX which is
Dodecachlorooctahydro-1,3,4-metheno-2H-cyclobuto [cd] pentalene was packed into
a 1 cm dia. and 6 cm deep hole drilled in 1.4 cm dia. wooden dowel. This dowel was
inserted into bored holes in a termite infested area. After seven days, the dowel was
withdrawn. Again another dowel with the above mentioned bait was inserted. The
process was repeated several times until no termite activity was observed.

RESULTS AND DISCUSSION
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BIOLOGICAL MARKERS OF RADIATION INJURY:
A CHROMOGENIC TEST FOR IRRADIATED
ORIENTAL FRUIT FLY, BACTROCERA

PHILIPPINENSIS,

AS QUARANTINE DIAGNOSTIC KIT
ABSTRACT

A biochemical marker for gamma-irradiated Oriental fruit fly, Bactrocera philippinensis
(earlier designation: Dacus dorsalis) was isolated and identified in denaturing
polyacrylamide gel electrophoresis (SDS-PAGE). The biomarker, Gs-protein, is the
biosynthetic product of a radiosensitive gene locus of 6. philippinensis. The gene
appears to be sensitive to gamma radiation even at a low dose of 25 Gy as
demonstrated by the loss of the Gs-protein band from SDS-PAGE gel analysis of
pupal homogenates and total soluble protein fractions of irradiated larvae. Isolated
Gs-protein has a tyrosinase enzyme activity capable of converting tyrosine into an
intermediate product, DOPA. An apparent molecular weight of 109 kDa was
calculated from SDS-PAGE preparation of the Gs-protein using high molecular weight
proteins as standards.
In practical terms, a convenient chromogenic test for tyrosinase present in
homogenates of 6. philippinensis at different stages of development starting from 3day old larvae, has been devised to detect whether the fruit fly had been irradiated at
a dose of at least 100 Gy. Using homogenate material from fruit fly to be tested in the
field, such a simple test, based on the activity of the tyrosinase enzyme with
substrate, produces a positive dark brown to black coloration on a test spot mounted
on acetate film containing 2-methyl DOPA.

INTRODUCTION

The presence of a suitable biological marker for irreversible radiation injury in an
insect pest was identified in pupae of the Oriental fruit fly, Bactrocera philippinensis.
A radiation sensitive protein marker was identified in SDS-PAGE gel profile of 6.
philippinensis pupae (1). Cobalt-60 irradiation of mature larvae at even as low a dose
as 25 Gy was enough to lose the protein marker of pupae as shown in the SDS-PAGE
profile. From further analysis, we conclude that the radiation sensitive protein band
is a tyrosinase enzyme which we initially termed Gs-protein (4). In another study (2),
it has been shown that gamma radiation causes the loss of phenoloxidase
(tyrosinase) activity in larvae of Carribbean fruit fly. This supports our findings on the
radiosensitivity of Gs-protein isolated from larvae of 8. philippinensis.
Irradiation of fresh fruits for importation is one of the methods to disinfest the fresh
produce. Imported fresh fruits are usually screened for the presence of insect pest(s)
and quarantine laws in fruit-importing countries, are very specific and stringent against
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entry of these organisms into the importing country. Efforts have been made to find
an assay that will identify fruit fly as having been sufficiently irradiated.
In this paper,, we present a diagnostic tool adapted specifically for B. philippinensis
from the method used by Nation et al.(3) to identify irreversibly irradiated fruitfly.The
protocol uses methyl-DOPA to produce a dark brown to black coloration with sample
test materials from fruit fly.

METHODS

IRRADIATION:

For DOPA experiment, eggs of Bactrocera philippinensis were irradiated at 100 Gy
at the PNRI Multipurpose Cobalt-60 Irradiation Facility (dose rate = 301.5075 Gy/h).
After irradiation, eggs were allowed to continue their life cycle up to the time that the
control eggs treated likewise but without irradiation developed into fully grown insect
at room temperature.
For SDS-PAGE isolation purposes, mature larvae of B. philippinensis were irradiated
at 25 to 100 Gy and allowed to developed through its different life cycle stages at
room temperature.
SDS-PAGE ELECTROPHORESIS:
Pupae were homogenized in sodium phosphate buffer (pH 7.6) and centrifuged at
1500 x g to separate the soluble fraction. In an SDS (3.3%)-acrylamide gel (8.5%)
and continuous buffer system of 0.1 M Tris-10% glycine (Sigma), Gs protein was
isolated from the total soluble proteins. Electrophoresis was at 25 mA for 1.5 h. Gels
were stained with Coomassie Brilliant Blue (Sigma) and destained in methanol (10%)acetic acid (7%) mixture (4)
MOLECULAR WEIGHT DETERMINATION

High molecular weight markers (Sigma) (a-macroglobulins: 230 kDa, 3galactosidase: 113 kDa, bovine serum albumin: 66 kDa, egg albumin: 45 kDa) served
as standards in determining molecular weight of Gs-protein from SDS-PAGE gel (4).
PROTEIN CONCENTRATION: BRADFORD METHOD

Protein concentration of Gs-protein was measured following the Bradford method (6).
Gs-protein was isolated from SDS-PAGE gel and eluted with water and mixed with
Coomassie Blue dye in accordance to the method of Bradford. Bovine serum albumin
(Sigma) served as standard protein.
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TYROSINASE ENZYMATIC ASSAY

Gs-protein was extracted from unstained SDS-PAGE gel, centrifuged and lyophilized
prior to enzyme assay.
Tyrosinase enzyme assay was performed, firstly, by oxygenating tyrosine (Sigma) in
phosphate buffer (pH 6.5) for 5 minutes and the subsequent addition of 50 /u\ of Gsprotein solution to 1.45 ml of oxygenated tyrosine solution. Rate of reaction was
recorded at 280 nm for 10 min in a spectrophotometer (JASCO). Purified mushroom
tyrosinase (Sigma) was used as activity standard. The protocol for tyrosinase enzyme
assay that was followed can be found in the Worthington Manual for Enzyme and
Related Biochemicals (5).
ABSORPTION SPECTRA

Optical absorption, in the visible spectrum, of pupal total homogenate and SDS-PAGE
isolated-Gs-protein were recorded spectrophotometrically. Starting from 400 nm,
changes in absorbance in the visible range were recorded until 300 nm. The samples
were in phosphate buffer (pH 7.5) and spectrophotometric readings were taken
against phosphate buffer serving as blank.
TOTAL REFLECTION X-RAY FLUORESCENCE (TXRF) SPECTROSCOPY

Isolation and extraction from SDS-PAGE of Gs-protein was done following the
protocol mentioned above with the exception that all reagents were prepared with
triple distilled copper-free water. Gs-protein was analyzed semi-quantitatively for the
presence of bound copper using TXRF spectrometry by the staff of Applied Physics
Research Section of the Atomic Research Division, PNRI, under Ms. Virginia S. Calix.
CHROMOGENIC DIAGNOSTIC KIT FOR FIELD USE

A spot test for field use was prepared using 2-methyl DOPA (10 ng/ml) in phosphate
buffer (pH 6.5) applied as a spot into an acetate film (3). About 10 /ul of 2-methylDOPA was applied on the film and allowed to air-dry (for best results, an overnight
drying period is recommended). A single fruit fly, at any variable developmental
stage, was squashed in water with the pestle part of a Dounce homogenizer and a
drop of the resulting material was applied onto the dried 2-methyl-DOPA solution.
The spot was allowed to dry and within 30 minutes full development of color from dark
brown to black was observed for control insect (unirradiated).
RESULTS AND DISCUSSION

A biochemical marker for irreversible radiation injury, designated as Gs-protein, was
isolated from pupae of Bactrocera philippinensis in SDS-PAGE gel. Electrophoresis
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of fruit fly pupae in SDS-PAGE gel showed a protein band which disappeared after
Cobalt-60 irradiation of mature larvae (Fig. 1). This may suggest that the gene locus
for Gs-protein underwent some mutational event which prevented it from synthesizing
Gs-protein or that the Gs-protein could have been drastically changed to lose its
band-site in the gel. When eggs were irradiated at doses ranging from 25 to 100 Gy
and allowed to continue its development, the Gs-protein from pupae of irradiated
larvae disappeared from the gel protein profile in SDS-PAGE (Fig. 2). These facts are
indicative that Gs-protein is a radiosensitive biomarker whose gene locus underwent
radiation-induced mutational change even at a low dose of 25 Gy.
Molecular weight determination of Gs-protein showed an apparent molecular weight
of 109 kDa (Fig. 3). The visible absorption spectra of total homogenate showed a
Amax of 365 nm indicating the presence of highly absorbing chromophoric group(s)
which could be used in a chromogenic test (Fig. 4). Using the Bradford Protein
Method, the presence of 5 ^g of Gs-protein per mature pupa was determined.
From our initial TXRF study on the presence of copper in Gs-protein molecule, we
have shown copper to be present in SDS-PAGE isolated Gs-protein but at a lower
concentration compared with copper found in mushroom tyrosinase (4). Efforts are
being undertaken to isolate a purified Gs-protein and analyze its copper content in
fruit fly.
Isolated Gs-protein exhibited a tyrosinase activity (Fig. 5) which supports our initial
theory that Gs-protein is a copper-containing enzyme having a tyrosinase activity.
This was eventually proven to be true when, with 2 methyl-DOPA as substrate, a total
homogenate of unirradiated pupae exhibited a dark brown to black color reaction
(Fig. 6). Development of color for unirradiated fruit fly starts from as early as 3-day
old larva. 100 Gy irradiated fruit fly eggs did not develop beyond 6-day old larva.
Initial studies with isolated Gs-protein also showed a dark color reaction with DOPA.
This color reaction between fruit fly homogenate and 2 methyl-DOPA is the basis of
a chromogenic test that we have developed specifically for 8. philippinensis based on
the initial color test of Nation, et al.(3). This chromogenic test is a handy diagnostic
kit for field work in determining the efficacy of radiation dose for Bactrocera
philippinensis found in fruits.
The loss of tyrosinase activity in irradiated eggs indicates that mutation at the gene
locus of Gs-protein due to radiation dose of 100 Gy has resulted in the post-
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translational damage of the enzyme which renders it to be non-functional or that the
gene locus has been somatically mutated so that Gs-protein is not synthesized at all.
Our findings indicate that irradiation of egg even before Gs-protein is synthesized has
resulted in the loss of the Gs-protein from SDS-PAGE gel profile (I). This study
demonstrates that Gs-protein is a radiosensitive protein of Bactrocera philippinensis.
Irradiation of fruit fly eggs at 100 Gy drastically reduced the subsequent survival rate
of the fly (1). Exported fruits undergo screening by the quarantine services of
importing countries for the possible presence of any residual viable infestation,
beyond the egg stage. This chromogenic test would be a handy diagnostic kit for use
by quarantine officers to determine whether flies in larval and pupal stages have been
sufficiently irradiated or not, which if insufficient, may give rise to subsequent viable
residual infestation in the fruit-importing country.
REFERENCES

1. Yulo-Nazarea, M. T. and Manoto, E.C. A biochemical marker for detection of
irradiated pupae of the Oriental fruit fly (Dacus dorsalis) In: Proceedings of an
International Symposium on Management of Insect Pest: Nuclear and Related
Molecular and Genetic Techniques. IAEA Press, Vienna, pp.641-648. (1993).
2. Mansour, M. and Franz, G. Effect of gamma radiation on phenoloxidase activity
on larvae of the Mediterranean fruit fly (Diptera: Tephritidiae). J. Econ. Entom.
J94-381 (1994).
3. Nation, J. L, Smittle, B. J. and Milne, K. Radiation-induced changes in
melanization and phenoloxidase in Carribean fruit fly larvae (Diptera: Tephritidae)
as the basis for a simple test of irradiation. Physio!., Biochem. and Toxicol. 88
(2): 201-205 (1995).
4. Yulo-Nazarea M.T. and Nato, Jr., A. Q. Detection method for irradiated fruit fly
(6. philippinensis) for quarantine purposes Technical Paper. INIS#PH9500600,
IAEA.
5. Charles C. Worthington, (ed.). Polyphenol oxidase (Tyrosinase 1.14.18.1) In:
Worthington Manual for Enzyme and Related Biochemicals. Worthington
Biochemical Corporation, Freehold, New Jersey, pp. 288-291 (1988).
6. Ausubel, F. et al. (Eds.) Quantitation of Proteins In: Short Protocols in Molecular
Biology. John Wiley and Sons, New York. p. 283 (1989).

PROJECT PERSONNEL

Ma. Teresa Nazarea
Alejandro Nato, Jr.

1996 PNRl Technical Progress Report • 123

Biological Markers of Radiation Injury: A Chromogenic Test for Irradiated Oriental Fruit Fly, Bactrocera philippinensis,
as Quarantine Diagnostic Kit

Figure 1. SDS-PAGE protein profile of
pupae (4 day old) B. philippinensis
at 100 Gy (A) and 0 Gy (B)
irradiation dose. Arrow indicates
Gs-protein.
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Figure 2.

Irradialion of matured larvae of 8. philippinensis at doses ranging from 25-50 Gy.
SDS-PAGE protein profile of matured pupae of irradiated larvae at 0 Gy (A), 35 Gy (B),
30 Gy (C), :i5 Gy (D), 40 Gy (E), 45 Gy (F), and 50 Gy (G). Arrow indicates Gs protein.

1996 PNR1 Technical Progress Report • 125

Biological Markers of Radiation Injury: A Chromogenic Test for Irradiated Oriental Fruit Fly, Bactrocera philippinensis,
as Quarantine Diagnostic Kit

1000

230 kDa

113 kDa
at

109 kDa

100
JO

.66 kDa

1
o

45 kDa

beta-galxtosidase
bovtno sawn albumin
egg albumin
— Q —

G^protein

10
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Relative Mobility (Rf)
Figure 3. Molecular weight determination of Gs-protein by SDS-PAGE using
high molecular weight markers: a-macroglobulin (230 kDa),
p-galactosidase (113 kDa), bovine serum albumin (66 kDa), and
egg albumin (45 kDa). SDS-PAGE gel was prepared at 7.5%
concentration with tris-glycine (pH 8.3) buffer. Bands were stained
with Coomassie Brilliant Blue dye.
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ESTABLISHMENT OF FILIPINO REFERENCE MAN:
STUDIES IN THE PHILIPPINES ON INGESTION AND
ORGAN CONTENT OF TRACE ELEMENTS
OF IMPORTANCE TO RADIOLOGICAL PROTECTION
ABSTRACT

The IAEA/RCA-CRP on Reference Asian Man (RAM) was intiated to obtain country
and region specific data on Asian population.
The RAM Phase II is a continuation of RAM Phase i with the objective of collecting
data in trace elements concentrations in the diet and tissues in relation to radiation
protection. Hence, national diets and tissues from selected organs will be analyzed
for internal dose assessment.

OBJECTIVES

GENERAL:

To obtain adequate country and region specific data on elemental composition of diet
and body tissues of normal Filipinos related to the uptake of radionuclides for internal
assessment.
SPECIFIC:

To adopt an analytical technique in the determination of cesium, iodine, uranium,
thorium and strontium in diet and tissue samples.
METHODS

Trace element concentrations in diet and body tissues will be determined using
Inductively-coupled Plasma Atomic Emission Spectrometry. This equipment is
available at NIRS, Japan, hence all samples will be analyzed in Japan. Only sample
collection and preparation will be performed at PNRI. Procedures and requirements
for collection and preparation will follow those of NIRS, Japan.

RESULTS AND DISCUSSION

Last July 1-4,1996, the Philippine Nuclear Research Institute hosted the First CRM
for the Reference Asian Man, Phase 2. There were 10 delegates coming from
participating countries in the Asia-Pacific region who attended the meeting. The major
agenda was to discuss the scope and the protocol of the ingestion and organ
composition studies. Representative sampling programme for both total diet and
human autopsy specimens were presented by each member country covering
geographic areas of their country and socio-economic status of their population.
The meeting confirmed the importance of a harmonized protocol for all participating
countries. Said protocol includes acceptable methods of sample collection, including
storage and preparation, the analytical techniques to be submitted to the IAEA
Program Coordinator.
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A country report was presented during the above-mentioned meeting. This report
contains the plans for the implementation of the project.
The Philippine Nuclear Research Institute has a newly renovated clean laboratory
with minor instruments, glasswares and reagents available for use of the project.
Inter-government agency collaboration has also been established during this period.
These agencies are the Food and Nutrition Research Institute for the representative
regional total diet and the Philippine Constabulary Crime Laboratory for the human
autopsy samples.
PROJECT PERSONNEL

Erlinda Natera
Lorna Jean Palad
Jesusa Vergara (PC Crime Laboratory)
Aida Aguinaldo (Food and Nutrition Research Institute)
Divinagracia Valdez (Food and Nutrition Research Institute)
Owen Libaqueda (PC Crime Laboratory)
Norma Salo (PC Crime Laboratory)
Javier Eduardo
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STUDIES ON TOXIC HEAVY METALS IN THE AQUATIC
ENVIRONMENT: DEVELOPMENT OF ANALYTICAL PROCEDURES
FOR WATER ANALYSIS BY TOTAL REFLECTION X-RAY
SPECTROMETRY
ABSTRACT

The advantage offered by TXRF Method can be applied to the analysis of natural
water samples containing very low-level concentration of elements. Minimal matrix
absorption in water and the enhanced detection limits of TXRF make the analysis of
water samples by TXRF a relatively simple analytical procedure to develop for
environmental studies. For a starter, well water samples obtained in and around Metro
Manila will be analyzed for trace element content. The study may be able to pinpoint
some ground water contamination by nearby industries and/or some mineral
enrichment from natural sources.

OBJECTIVES

To extend the applications of Total Reflection X-Ray Spectrometry to the analysis of
low-level concentration of toxic and other elements in aqueous samples.

METHODS

CHELATION PRETREATMENT PROCEDURE

Well water samples from areas in and out of Metro Manila were collected, filtered
and passed through the column. The chelex column was prepared by pipetting
aliquot of Chelex-100 slurry (30 g in 150 ml water) containing about 400 mg of
air-dried chelex. The column is conditioned by washing it with water, 2.5 M HNQ,
water, 2 M NH4OH then water for the last rinsing. The filtered well water sample
is then passed through the column. The eluate and the residue will be analyzed
by TXRF.
CLOSED LOOP PRETREATMENT PROCEDURE

Water sample is concentrated using a "closed-water evaporation" system. This
step reduces the volume of water from 1 later to below 50 milliliter. The reduced
water volume will be filtered and the filter paper containing the residual particles
(usually white scales) will be subjected to acid digestion . Processed samples will
be analyzed by TXRF.
CLOSED LOOP ACID DIGESTION SYSTEM

For Filter Paper with particulate, a closed loop acid digestion system is
employed. The mineralization step total destruction can make the trace elements
present in complex matrices more available for separation process. Using the
set-up, sample was mineralized using HNOj-HCIO4 (2:3) combination. After
complete digestion, the sample will be counted using TXRF.
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RESULTS AND DISCUSSION

The continuous natural as well as man-made activities contributed much to the
change of the chemical composition of the aquatic system. The presence of heavy
metals like zinc, cobalt, mercury etc. in surface water are widely distributed at lower
concentration, usually irvthe range of nanogram per gram level. To be able to detect
low elemental concentrations of metals in water samples, a very sensitive measuring
technique is required for which Total Reflection XRF is suitable.
In multi-element trace analysis, the sensitivity is determined by peak-to-background
ratio for a given element of interest. In x-ray fluorescence analysis (XRF) the scattered
background radiation is detected together with the fluorescent radiation from the
elements to be analyzed. The spectral background consists of the scattering by the
sample matrix and those coming from the sample support itself. Matrix contribution
may be reduced by appropriate sample preparation while scattering from sample
support may be decreased by virtually eliminating the interaction between the exciting
radiation and the sample support.
Since spectral background is mainly from the scattering of the sample support, this
contribution may be reduced by total reflection of the exciting beam from an optically
flat sample support. The exciting radiation impinges upon the optically flat support at
an angle of incidence below the critical angle of reflection which is a few minutes of
arc. Reflection of the x-ray also results in efficient excitation due to the long primary
path length in the sample, that is, excitation is effected by both the incident and
reflected beam. This is the basis of the TXRF technique for enhancement of detection
power leading to detection limits in the 20-picogram range for some 60 elements.
To utilize the advantages of TXRF, an established sample preparation technique is
of utmost important. Samples have to be prepared as a thin layer so that the total
reflection is hardly disturbed. This means that the analysis for ultra trace element in
the presence of a high matrix content would require decomposition of the sample
and/or chemical separation of the elements of interest prior to the deposition of a thin
film sample in an optically flat support. The use of a thin-film sample eliminates matrix
effect in the measurement process and makes the use of internal standard method
applicable.
A literature search was focused on the development of analytical procedures for
processing water samples and digests prior to TXRF measurement. Chelation ion
chromatography, "a closed-water evaporation" system, and a close-loop acid
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digestion system were selected as sample preparation techniques to be employed.
For instrument calibration, standard solutions were prepared and quantification was
based on calibration curve. All concentration computations were done using the axil
program. For checking purposes of counting system, prepared standard solutions of
Nickel and Cadmium were counted and results obtained so far are as follows:
Original Concentration of Cadmium

1000 ppm

TXRF Reading at 500 seconds

1038.86 ±10.65 ppm

Original Concentration of Nickel

1000 ppm

TXRF Reading at 500 seconds

992.74 ±2.53 ppm

Prepared concentrations (1 and 10 ppm) of both standards are scheduled for
counting.
The above data indicate that the TXRF instrument function accurately as far as
measurement is concerned.
The first recovery test for concentration of elements of interests in standard solution
was done. Stock solutions of standard elements were requested from Nuclear
Materials Research Group. Preparations of two mixed standards (A and B) of each
contains 7 elements of concentration 0.1 ppm. Standard B was processed applying
the chelex procedure while Standard A served as control. An aliqout of both standards
were counted in TXRF instrument. Results obtained are shown below:
Prepared
Cone.
Element

STDA&
STDB

STD A Cone.

STD B Cone. Processed

Unprocessed

Recovery
on Column

Counted As
Is

Proc. Cone.

Effluent

(%)

Computed

Mn

0.1 ppm

0.19 ppm

0.125 ppm

ND*

66

Co

0.1 ppm

0.23 ppm

0.135 ppm

ND*

59

Ni

0.1 ppm

0.19 ppm

0.135 ppm

ND*

71

Cu

0.1 ppm

0.17 ppm

0.16 ppm

ND*

94

Zn

0.1 ppm

0.65 ppm

0.23 ppm

ND*

35

Pb

0.1 ppm

0.16 ppm

0.065 ppm

ND*

41

Cd

0.1 ppm

ND*

ND*

ND*

Legend: ND* = Not Detected

The above recovery test estimated the accuracy of the chelex technique being
employed. Its column effluent is counted so as to monitor the possible breakthrough
during separation. In this case, no measurable amount can be found in the effluent
of standard B. Chelex 100 is a styrene divinylbenzene copolymer containing paired
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iminodiacetate ions acting as chelating groups in binding metal ions. It has a
selectivity capability for divalent ion in the order of Cu > Pb > Ni > Zn > Co > Cd > Mn.
The recovery values are not optimal and more experiments have to be done to effect
their quantitative absorption on chelex 100.
The Chemistry Research Group produced distilled water for solvent purposes.
Baseline reading of element of interests were determined by TXRF as follows:
Sample
Element
DW r(ppm)

DW2*(ppm)

Average

S

ND

ND

ND

Cl

ND

ND

ND

K

0.508

0.595

0.551

Ca

0.472

0.468

0.47

Ti

ND

ND

ND

Cr

0.072

0.092

0.082

Mn

ND

ND

ND

Fe

0.40

0.528

0.464

Co

ND

ND

ND

Ni

0.028

0.073

0.0505

Cu

0.04

0.03

0.035

Zn

0.078

0.112

0.095

Br

ND

0.026

0.026

Sr

ND

ND

ND

Zr

ND

ND

ND

Pb

0.454

0.450

0.452

Note:

DW 1* = Distilled Water Trial #1
DW 2* = Distilled Water Trial #2

For sample concentration using a close-loop evaporation method, two samples were
processed. One is distilled water, serving as blank, and the other one is NAWASA
water taken at the Chemistry Basement Laboratory. In here, the volume of both
samples was reduced from 1 liter to 50 milliliter. The trace elements present in
distilled water will be instrumental^ counted soon while the TXRF reading on Chem
Basement water is shown below.
Element

Sample (ppm)
FWC (CB)*

Cl

41.22 ±0.97

K

6.34 ±0.21

Ca

65.31 ± 0.33
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Sample (ppm)
Element

FWC (CB)*

Cr

0.13 ±0.03

Mn

ND

Fe

0.61 ± 0.02

Co

ND

Ni

0.07 ± 0.02

Cu

ND

Zn

0.06 ±0.01

Br

0.26 ±0.02

Sr

1.22 ±0.02

Pb

ND

FWC (CB)* = Filter Water Concentrate (Chem Basement)

Water samples were collected in and out of Metro Manila. Partial and preliminary
results of the analyses indicate varying concentrations of some elements like nickel,
copper, manganese and iron as shown below:
Water Analysis Report (PPB)
Sample

For 1 Liter Volume Sample

No.
Location

1

Diliman, Q.C.

Mn
5.0

Ni
ND*

Cu
5.0

Nova., Caloocan

479.5

12.5

ND*

3

Paranaque

155.5

14.0

ND*

4

Fairview, Q.C.

31.5

14.0

5

BF Paranaque

629.5

38.5

2

•

2.5
ND*

Co
2.0

Zn

Fe

565.0

32.5

98.0

195.5

221.5

59.0

ND*

19.0

45.0

ND*

254.0

80.5

ND*
2.0

Legend: ND* = Not Detected

A Standard Reference Material Bovine Liver (SRM1577) was also processed to
determine the accuracy and precision of the sample digestion system being used. The
results of two trials indicated poor precision. The results are still being evaluated.
PROJECT PERSONNEL

Elvira Sombrito
Merrian Tangonan
Adelina Bulos
Efren Sta. Maria
Benjamin Batolina
Angelina Balagtas
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ENVIRONMENTAL RADIOACTIVITY MEASUREMENTS
IN THE PHILIPPINES
ABSTRACT

Monitoring of terrestrial and marine environment for radioactivity arising from natural
and artificial sources were conducted regularly as part of the environmental radiation
surveillance program of the Institute. External gamma radiation in ambient air was
measured in established monitoring stations surrounding PRR-1 facility using a High
Pressure Ion Chamber. Samples offish and seawater were collected from the coasts
of Surigao City, Surigao, Borongan, Eastern Samar and Basco, Batanes and were
analyzed for 137Cs. The average ambient gamma dose rate observed around PRR-1
facility was 49 nGy h"1 which falls closely with the average ambient gamma dose rate
of 45 nGy h"1 observed over the entire Philippines (Duran etal., 1996). The average
137
Cs activity concentration of 4 Bq m'3 measured in seawater falls within the range of
values (2 to 13 Bq m'3) reported for seawater collected from the Pacific Ocean (Duran
etal., 1996) and those reported in FAO Area 61 (Aarkrog et.al., 1996). The average
137
Cs activity concentration of 4 Bq kg"1 dry (3 Bq kg"1 wet) observed in fish samples
falls within the reported range of values (0.1 to 3 Bq kg"1 wet) for fish (Duran et.al.,
1996, Aarkrog et.al., 1996).

OBJECTIVES

The project deals mainly with the determination of natural radioactivity levels in the
Philippines and with environmental surveillance for radioactive fallout. Natural
radioactivity measurements consists of two phases, namely: (1) measurement of
exposure dose in the ambient environment due to cosmic radiation and naturally
deposited radioactive ores and substances; (2) measurement of absorbed dose due
to ingested radioactive substances (through diet and drinking water) which occur in
nature. Environmental surveillance for global fallout due to nuclear accidents or
nuclear weapons tests abroad is a continuing activity to provide radiological protection
to the Filipino people from man-made sources of radiation.
Specific objectives are as follows:
1. To determine the average annual absorbed dose rate received by Filipinos from
the ambient environment due to cosmic and terrestrial sources of radiation.
2. To determine the external radiation dose rate around PRR-1 facility as part of
environmental radiation surveillance program of PNRI.
3. To collect seawater and fish samples from the Pacific Coast in order to determine
the concentration of artificially-produced 137Cs as part of the surveillance work on
the French nuclear testings in the Pacific.
4. To estimate external radiation dose rate due to cosmic sources by measuring the
dose rate at sea level using High Pressure Ion Chamber.
5. To conduct environmental radiation surveillance activities in specific areas as per
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request by the proper authority.
6. To prepare technical paper for possible publication in local and international
journals.
METHODS

A.

EXTERNAL RADIATION MEASUREMENTS

Total exposure dose rate in the environment was measured using a High
Pressure Ion Chamber (HPIC) RSS-112 equipped with a spherical ionization
chamber and an electrometer complete with a tripod and data recorder/reader.
The HPIC has an energy response ranging from 7 keV to 10 MeV and is capable
of measuring dose rates from 0-100 mR h'1. Radiation data were stored in the
RSS-112 micro-computer section which can either be manipulated manually or
stored in a computer interface software package. The HPIC was set-up in a
tripod at a distance of 1 meter above the ground. Radiation readings were
recorded at 10 seconds interval for a total of twenty data points. Additional
information such as time, weather conditions, etc. were also noted during
radiation measurements. Exposure dose rates measured per sampling station
were reported in nanoGray per hour (nGy h'1).

B.

SAMPLE COLLECTION AND ANALYSIS

Samples of seawater were collected at about 5-km away from the coastline.
Collection of seawater was performed by dipping a water bucket and transferring
the sample into plastic carboy containers. A total of about 160 liters surface
seawater sample was collected per sampling site. Seawater sample was brought
to the shore and transferred to a plastic container calibrated to contain 150 liters
volume. The pH of sample was adjusted to pH 2-3 with hydrochloric acid and
stable cesium carrier was added. The sample solution was mixed by stirring
manually. Ammonium molybdophosphate (AMP) was added to complex the
cesium in solution. Once equilibrated, the CsAMP complex was collected in a
small polyethylene bottle and brought to the laboratory for analysis. The sample
was dried at 105° C oven to constant weight and set aside for gamma counting
of137Cs.

About five kilogram sample offish were collected and kept frozen on ice during
transport to the laboratory for processing. The edible portions of fish or the flesh
were separated from the inedible portions by filleting and weighed. The edible
parts of the sample were dried at 105° C oven to constant weight, pulverized and
well mixed thoroughly to homogeneity. About 200 gram of the dried material was
placed in a small polyethylene bottle for measurement of137Cs.
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The seawater CsAMP complex powder and the edible dried portion of fish
samples were analyzed for 137Cs using an ORTEC High Purity Germanium
detector set-up at the AMR laboratory. The HPGe detector was equipped with an
MCA card for gamma spectral analysis and was calibrated against a laboratory
prepared

137

Cs WHO standard for counting efficiency. Counting time was 180

minutes per sample. Activity concentrations of 137Cs were calculated using the
photopeak numerical integration of counts and were reported in becquerel per
cubic meter (Bq m'3) for seawater and becquerel per kilogram dry weight (Bq kg"1
dry) for fish.
RESULTS AND DISCUSSION

ENVIRONMENTAL RADIATION SURVEILLANCE

1.a. Around PNRI (PRR-1) facility and its vicinities
External gamma radiation dose rates measured in 18 established monitoring
stations around PRR-1 are shown in Table 1 with their corresponding annual
average dose rates. One-way ANOVA test for perimeter areas showed
gamma dose rates in ONP1, ONP2 and ONP3 significantly different from
other stations. The levels observed could be due to enhanced radioactivity
from nearby radioactive waste management facility. At one time, a higher
gamma dose rate (140 ± 4 nGy h"1) was observed in ONI3 which could have
been due to the release of 131I being dispensed at the Irradiation Services at
the time of measurement. Based on dose rates measured in 99 sites, the
average absorbed dose rate was 49 nGy h'1 which fall closely within the
range of the average gamma radiation dose rate of 45 nGy h 1 observed over
the entire Philippines (Duran et.al., 1996).
Table 1. Ambient Gamma Radiation Measurements Around PRR-1
Absorbed Dose Rate, nGytv'

Date
PNRI compound

ONI2

ONI3

ONI4

ONI5

61 ± 4

53 ± 2

42 ± 2

1-22-96

54±4

53±2

2-06-96

56±2

64±3

64±1

52 ± 3

51 ± 4

44±2

50 ± 3

140 ± 4

36 ± 2

38±3

6-25-96

I

ONI1

8-07-96

49 ± 3

48 ± 2

60±3

37 ± 4

44±2

10-02-96

50±2

50 ± 5

58±3

47 ± 3

45 ± 3

Average Dose

51 ± 2

53±3

81 ± 3 *

45 ±2

44*2

PNRI perimeter

ONP1

ONP2

ONP3

ONP4

ONP5

1-24-96

60 ± 2

73 ±2

73 ±2

49 ±3

40 ± 3

2-13-96

71 ± 3

78 ± 3

73 ± 2

47 ± 4

39 ± 2

3-28-96

65±7

69 ±3

72±4

46 ± 3

36±3

7-11-96

61 ± 3

66±2

73±3

41 ± 3

37 ± 2

9-12-96

50 ± 3

62±3

77±3

42 ±5

41 ± 6

10-24-96

—

—

61 ±11

44±3

37 ± 2

;
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Absorbed Dose Rate, nGyh1

Date

Average Dose

;

i -61 ± 3

69±2

j

72*4

|

38*3 -

44*4

Two-km radius

OFT1

OFT2

OFT3

OFT4

1-25-96

47 ±3

62 ±5

46 ± 3

55 ± 4

2-14-96

41 ±4

51 ± 2

44±6

50 ± 4

3-28-96

38±3

57 ±5

45 ± 2

47 ± 2

6-24-96

37±3

46 ± 3

39 ± 4

46 ± 4

8-14-96

37 ±3

47 ± 2

34±2

41 ± 3

11-12-96

41 ±2

51 ± 2

46 ±3

44 ±2

Average Dose

40±3

52*3

42±3 J 46±3

Five-km radius

OFF1

OFF2

OFF3

OFF4

1-25-96

49 ±4

56±4

44±3

47 ± 4

2-14-96

40 ±2

43 ±3

35±4

40 ± 4

3-28-96

38±3

48 ± 4

42±4

38±4

6-24-96

32±3

39 ± 2

37 ± 2

32 ± 2

8-15-96

32 ±2

—

39±3

34±3

40 2

jliltili
jHi^fl

\

*

11-12-96

42 ±3

43±4

43 ± 2

Avetage Dose

38*2

45 ± 3

40-±3 \ 39 ±3

!

!1:1111

«/

1

iii;^:i;:::;:;;:i;V^:;^-;-l

1

•Average dose rate does not include 140 ± 4 nGy h .

1.b. PNRI Grid Sites
Table 2 showed external gamma radiation dose rates measured in 22 grid
• sites within the PNRI compound. Absorbed dose rate ranges from 27 to 84
nGy h*1 with an average dose rate of 41 nGy h"1 The observed levels do not
differ from the average dose rate of 43 nGy h'1 observed last year.
Table 2. External Gamma Radiation Measurements at PNRI Grid Sites
Sample
Code

Specific Location

Absorbed Dose
Rate nGy Ir1

S6

Between storage shed and "Co gamma garden, near ONI4 site

52 ± 5

S7

Between " Co Irradn. Bldg. & water tank

42±2

S8

Agri garden (guava & balimbing orchard)

40±2

S9

Agri garden (pineapple, gabi & camote orchard)

34±4

S11

RP garden (back of nipa hut)

84 ±10

S12

Side of Indust. Appl. Bldg. (back of Irrad. Lab, near ONI3 site)

57±7

S13

Side of Animal Fac. Bldg (near Agric. rice field)

39 ±3

S14

Between Cyto. Lab & Env. Measurements Lab.

38±3

S15

In front of HP Modular Bldg

42 ± 3

S16

Between Biomed 1 & 2 Bldg (near guava tree)

44±4

S17

In front of new Admin. Bldg (near PNRI symbol)

39±3
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Absorbed Dose

Sample

Specific Location

Rate nGy h 1

Code

S18

Left side of flagpole In front of ARC Bldg (concrete pavement)

37 ± 2

S19

Basketball court (concrete pavement)

28 ±3

S20

Near guardhouse & PNRI main gate (concrete pavement)

26±2

S21

Back of PNOC-ERDC Bldg.

30±3

S22

Side of new Admin. Bldg near HP Modular Lab.

30±2

S23

Facing poolside area near volleyball court (concrete pavement)

28±6

S24

Back of PNRI canteen and front of Irrad. Lab.

37 ± 2

S27

Near Nuclear Training side entrance

43±3

S28

Comer of PNRI garden near ONI1 site

47±2

S29

In front of ARC main building entrance

27 ± 3

S30

Back of ARC Bldg. near PRR-1 dome structure

49±3

1.c. At Sea Level
To estimate the absorbed dose rate due to cosmic radiation, external
radiation measurements were conducted at Bgy. Sineguelasan, Binakayan,
Cavite. Radiation measurements were taken from the shore and at several
distances from the shore at corresponding water depth. Sufficient shielding
of terrestrial components of natural radiation was achieved at about 5 km
away from the shore with 6-8 meters water depth. At this level, the cosmic
radiation component was estimated to be 21 nGy h'1.
Table 3. External Gamma Radiation Measurements at Sea Level
Absorbed Dose

Sampling Site

Rate nGy h"1

along the shore

26.0 ± 2.1

about 1 meter water depth

26.413.4

about 3 meter water depth

23.0 ±2.3

about 4.5 meter water depth (3 km away from shore)

23.5 ± 2.8

about 6 meter water depth

21.0 ±5.1

about 7.5 meter water depth (5 km away from shore)

21.3 ±3.0

1.d. Other Related Activities
Radiation monitoring activities were undertaken in San Marcelino, Zambales
in response to reports of alleged presence of radiation in lahar-affected
areas. San Marcelino, Zambales is a town where vast land masses have
been buried with lahar since the eruption of Mt. Pinatubo in 1991. HPIC
gamma radiation readings taken from 2 sampling points in Sto. Tomas river
area had an average absorbed dose rate of 48.9 ± 3.1 nGy h'1. Samples of
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lahar and riverwater were also collected for subsequent analysis. This
activity was organized by the Radiation Health Service of the Department of
Health together with four sections of PNRI represented by HPR, RP, AMR
and NMR.
*
2.

DETERMINATION OF 137 CS

Environmental surveillance work in connection with the French nuclear weapons
tests in the Pacific was conducted in some coastal areas of the Pacific Ocean.
Based on current data on water movement, samples of seawater samples were
collected off the coast of Surigao City and Borongan, Eastern Samar. Samples
of fish caught in these waters were also collected. As part of the HP surveillance
program for artificial sources of radiation that may arise from nuclear power
generating plants in neighboring countries like Taiwan, seawater and fish
samples were also collected in Basco, Batanes.
Tables 4 and 5 showed activity concentrations of137Cs in samples of seawater
and fish. The average 137Cs activity concentration in seawater was 4 Bq m3 which
falls within the range of values (2 to 13 Bq m3) reported for seawater in the
Pacific Ocean (Duran et.al., 1996). Activity concentration of137Cs in fish ranges
from 2 to 7 Bq kg'1 dry, with an average of 4 Bq kg'1 dry (or 3 Bq kg'1 wet) which
falls within the reported range of values (0.1 to 3 Bq kg"1 wet) reported for fish
(Duran et.al., 1996). Based on these concentrations, no increase in the levels of
137
Cs in Philippines Pacific coastal waters and in fish samples were observed.
Likewise, no significant increase in the level of137Cs in seawater and fish
samples were also observed in Basco, Batanes.
Table 4. Activity Concentration of137Cs in Seawater Samples
Date

Activity concentration

Collected

Bqnr3

Surigao City, Surigao

2-21-96

5.0 ± 0.9

2.1

Basco, Batanes

6-06-96

3.5 ±0.8

2.1

NP Borongan, E. Samar

10-10-96

4.3 ± 0.9

2.2

SP Borongan, E. Samar

10-10-96

3.0 ±0.9

2.3

Location

LLD

Table 5. Activity Concentration of137Cs in Fish Samples
Sample

Location

Date

Activity concentration

Collected

Bqkg-'dry

LLD

Tambakol

Rizal, Surigao City

2-22-96

4.8 ±1.1

2.6

Alumahan

Rizal, Surigao City

2-22-96

2.5 ±0.7

1.7
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Sample

. PROJECT PERSONNEL

Location

Date

Activity concentration

Collected

Bq kg;1 dry

LLD

Dalagang bukkj

Tabuk, Surigao City

2-22-96

3.8 ±1.0

2.6

Samaral

Uyugan, Batanes

6-07-96

2.1 ±0.9

2.8

Flying fish

Basco, Batanes

6-09-96

3.1 ±0.8

2.2

Matangbaka

Borongan, E. Samar

10-11-96

5.6 ±1.1

2.7

Talakitok

Borongan, E. Samar

10-10-96

7.2 ±1.6

4.0

Salmon

Borongan, E. Samar

10-11-96

4.0 ±1.0

2.4

Emerenciana Duran, Ph.D.
Cecilia de Vera
Teofilo Garcia
Eliza Enriquez
Fe dela Cruz
Alejandro Nato Jr.
Dante Margate
Antonio Asada Jr.
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COMET ASSAY: A MICROGEL ELECTROPHORETIC TECHNIQUE
FOR THE DETECTION OF DNA DAMAGE
AND REPAIR IN INDIVIDUAL CELLS
ABSTRACT

The Comet Assay also called Single Cell Gel Electrophoresis (SCGE), Satellite Assay
and Microgel Electrophoresis (MGE) is a method for measuring DNA damage to
individual cells, based on the technique of microelectrophoresis (Ostling and
Johanson, 1980). The study has now developed a complementary technical
procedure or protocol which will play an important role in biological dosimetry and
monitoring of exposed individuals in case of incident or accident involving radiation
exposure. Cells embedded in agarose are lyzed, subjected briefly to an electric field,
stained with a fluorescent DNA-binding stain, and viewed using fluorescence
microscope. Broken pieces of DNA migrates further in the electric field, and the cell
then resembles a "comet" with a brightly fluorescent head and a tail region which
increases as damage increases.

OBJECTIVES

1.

To develop technical procedure/protocol useful for biological dosimetry.

2. To measure DNA damage to individual cells exposed to radiation.
METHODS

EXPERIMENTAL PROTOCOL

Extraction of blood
1
Each blood sample divided into lots, one being the Control (unexposed) and
the other lots exposed to 0,0.5,1.5 & 3.0 Gy of radiation (y- or X-rays)
i

Prepare the lysis solution, melt agarose solution (1%, 0.6%, 0.5%)
I

Prepare frosted slides with codes
1

Fully frosted slides are each covered with 1.0%
Normal Melting Point (NMP) agarose, covered with coverslip
and allowed to solidify
j

Remove coverslip and add another layer but this time 0.6 %
Normal Melting Point agarose cover with coverslip, place on ice
and cover with aluminum foil
i

After 10 minutes, remove coverslip and add 2 pL of blood suspended in
100 LIL of 0.5 % Low Melting Point agarose at 37°C
and allow to solidify on ice for 10 minutes
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Remove coverslip and immerse in freshly prepared lysis solution
for a minimum of 1 hour at 4°C
1
Remove from lysis solution, drain and place in horizontal electrophoresis
apparatus filled with electrophoresis buffer for 40 minutes for DNA unwinding
i

Place slides in electrophoresis in the same buffer for 20 minutes at 25 V adjusted
to 300 mA by raising or lowering buffer level
i
Remove slides and "quick wash" with the neutralization buffer Tris (using a pasteur
pipette, drop the buffer on the slides and allow to drip immediately off the slides,
wash gels 3 times for 5 minutes with Tris buffer, drip off each time)
i
Bring 100 pL ethidium bromide on the gel, cover with coverslip,
allow a 10 minutes staining period
i
Remove the coverslip.
Rinse with bidistilled water and let drip.
Keep in humid and dark environment at 4°C
1
Slide analysis
Slide analysis are done within 24 to 48 hours after staining with Ethidium bromide
usingfluorescencemicroscope. Measurements are made using calibrated scale in the
ocular piece of the microscope. The metric use is the length of DNA Migration (tail
length) presented generally in micron (tail length = approx. 10 pM). Comet length are
determined by measuring 50 randomly selected cells in each lot per sample.
RESULTS AND DISCUSSION

Still in the process of acquisition of some project facilities and materials / biochemicals
needed.

PROJECT PERSONNEL

Florencio Isagani Medina III, Ph.D.
Juana Gregorio
Cristina Aguilar
Patricia Andrea Carrillo
Edgardo Poblete
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GENETIC SEXING OF BACTROCERA PHILIPPINENSIS
IN THE PHILIPPINES
ABSTRACT

The Philippine fruit fly, Bactrocera philippinensis, is one of the country's most
important fruit insect pest. They attack guavas, carambola, eugenia, papaya, citrus,
jackfruit and other fleshy fruits especially the famous Philippine mangoes, the
country's primary export fruit.
The Philippines is aggressively implementing the development and application of the
Sterile Insect Technique (SIT) for the control or eradication of the Bactrocera. Such
endeavor will necessitate a large number of flies, the efficiency of the SIT as it was
shown in the Medfly experience may be improved by eliminating the female insects
prior to the release of the sterile male. Such technique has important advantages in
SIT program.
The most suitable type of genetic sexing mechanisms both from the economic and the
mass rearing point of view, would be that, that will enable females to be eliminated
early in the development.

OBJECTIVES

1. To detect the presence of interpopulation variation.
2. To study possible genetic changes induced in artificially reared population of
Bactrocera.
3. To induce such heretable changes in the female flies that may find usefulness in
the mass rearing of Bactrocera.

METHODS

Characterization of the mass reared fruitfly
Characterization of the wild fruit fly: morphological and cytogenetic analysis
Induction of heretable changes (e.g. translocation)

a. Using radiation
b. Using EMS
c. Using Colchicine
d. Using combination of a, b, andc

e. Using combination of and b
f.

Using combination of a and c, b and c

The treatment was done on adult males and females and then mated. Observations
were also made on succeeding generations. Other treatments also examine the
different stages of the life cycle, i.e., eggs, larvae and pupae. Except for the physical
mutagen (irradiation), mutagenic treatment (chemomutagens, EMS and colchicine)
will be done by incorporation into the feeds.

1996 PNRI Technical Progress Report • 146

Genetic Sexing of Bactrocera philippinensis in the Philippines
MATINGS

Virgin females were used for matings. This was achieved by collecting all female
flies which emerge during a period of approximately 8 hours.
Treated males of an appropriate age (young) were mated either individually or
en masse with virgin females (one male to two or more virgin females) and a
system of vial identification that permits the tracking of progeny of each male or
group throughout the study.
At the end of each mating period, mated females were transferred to fresh jars
of nutrient medium for 2-3 days to allow more egg-laying. When the F generation
has emerged, all vials were inspected for probable changes.
RESULTS AND DISCUSSION

1.

Fabrication of cages
Four types of cages were constructed and or fabricated from wood and aluminum
rods.
a. Medium-sized mass rearing cages
Two medium-sized mass rearing cages were constructed of wood and nylon
screen which measured 57cM high x 85cM long x 65 cM wide. The front is
covered with plywood and provided with large opening for cleaning and
putting of diet and a small one for the insertion of an egging canister. These
cages have a capacity of c.20,000 flies.
b. Small-sized rearing cages
Small cages were also made of wood and nylon screen measuring
28cM x 28cM. These have a capacity of c.6,000 flies.
c.

Smallest cage
20 cages fabricated of wood and nylon screen were made measuring
20cM x 20 cM and have the capacity of about 4,500 - 5,000 flies.

d. Mating cages
50 mating cages were made of plastic (from a popular "pop soda") were
fabricated and provided with feed and water troughs measuring about 20cM
high and 9cm wide.

2.

The mass rearing of flies were done using the medium-sized cages supplied with
yeast, sugar and honey.

3.

From the mass reared flies, about 7 mL of pupae (300 pupae) were irradiated at
dose from 0, 5, 15; 20, 25, 30, 35, 40, 45, and 50 Gy using a "Co source
(Gamma Cell 220, AECL). The irradiated pupae were allowed to emerge in small
cages and transferred in pairs to the smallest cages, i.e. 1 irradiated male * 1
irradiated female.
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4. The others were paired as irradiated males * non-irradiated females and nonirradiated males * irradiated females with a pairing ratio of 1 male:3 females.
These were caged in plastic mating cages at a ratio of 5 males to 15 females.
5. The eggs from these cages were collected and allowed to develop into larvae in
larva diet and transferred to coconut coir dust for pupation.
6. The pupae and emerged flies are being characterized for some phenotypic
changes. The preliminary results of mating irradiated vs. non-irradiated
(me s:females and vice versa) showed that at 50 Gy, they can still produce eggs
which developed into larvae and finally pupated and in some, emerged into
adults. The irradiation and pairing using the system above are still on going. The
use of other mutagens (i.e. chemical) will be done in the coming year. The
irradiation studies were done at the onset of the project to gain experience in
rearing irradiated flies.
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IRRADIATION SERVICES
OBJECTIVES

1.

To produce/dispense and supply the radioisotope needs of the different endusers in medicine, industry, agriculture and research in all disciplines;

2. To supply radioisotopes at minimum cost;
3. To supply RIA at minimum cost.

RESULTS AND DISCUSSION

1.

2.

3.

Radioisotope Production
a. Quantity

361 orders

b. Activity

193,897 MBq

c.

652,380.00

Gammacell Irradiation
a. Quantity

2,484 samples

b. Activity

44,545.70 krad

c.

29,370.00

Income

Multipurpose Irradiation Facility
a.

PROJECT PERSONNEL

Income

Quantity

6,147 samples

b. Activity

306.34 Mrad

c.

450,985.40

Income

Estelita Cabalftn
Luvimina Lanuza
Aurelio Maningas
Haydee Solomon
Gonzalo Madera Jr.
Francisco Pancho Jr.
Ricardo Gallardo
Franklin Pares
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ENGINEERING SERVICES
OBJECTIVES

1.

Repair and maintenance of electro-mechanical equipment/instruments.

2.

Fabrication of mechanical parts/tools, equipment/installations.

3.

Engineering design/construction specifically in the preparation of plans,
specifications, bill of materials, cost estimates, etc. for infrastructure/04 projects
as well as for mechanical equipment/installations.

MECHANICAL SERVICES

RESULTS AND DISCUSSION

For the year 1996, the Engineering Services (Mechanical) Unit has rendered services
for PNRI in three (3) major aspects namely:
1.

Repair and maintenance of electro-mechanical devices and equipment;

2. Welding, cutting, machining and other fabrication jobs of mechanical parts, tools
and devices; and,
3.

Participation in the infrastructure projects of PNRI particularly in the preparation
of plans, drawings and specifications needed in bidding out the projects as well
as in the monitoring of the construction works.

For the repair and maintenance works, 29 major jobs and 72 minor jobs were
completed. Major jobs consisted of motor rewinding works, general repair of room airconditioning units as well as car air-con units of PNRI vehicles, repair of electromechanical equipment/devices such as pumps, grass cutters, etc.
On the other hand, 10 major and 394 minor shop fabrication jobs were completed.
Major jobs consisted of the fabrication and mounting of catalytic converter for
automotive engine's exhaust system, design and fabrication of rubber latex mixer and
transfer system, design and fabrication of various handling tongs, fabrication of fume
hoods as well as minor body repair of PNRI vehicles.
Plans, drawings and specifications for 16 04-projects were also completed and the
conceptual design and general specifications of the Spent Fuel Storage and HighLevel Source Handling Facility were prepared as part of our unit's participation in
PNRI's infrastructure projects.
PROJECT PERSONNEL
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Ken Danilo Cacatian
Allan Neri
Eligio Abrigana
Ver Soriano
INSTRUMENTATION SERVICES

RESULTS AND DISCUSSION

The Electronics Unit of Engineering Services undertook the design and fabrication of
various electronic modules and instruments. Its R&D activities involved the design and
assembly of prototypes of survey meter, digital sealer, bench-type high and low
voltage power supplies, and nuclear pulser.
A basic function of the Unit is to support the instrumentation needs of the other groups
of the Institute. The Unit, thus, designed a special timer-actuator to fit the
requirements of a research project; it also made a study on the modification of the
operating cycle of an existing chemical reaction vessel. The Unit was also able to
undertake 215 instrument repair jobs. Of these, ten non-PNRI institutions were
served. Also, during the year, the Unifs preventive maintenance activities made its
headway. Sixty three instruments were put into the program. Thirty drop-out relays to
protect instruments from transients arising from power outages were fabricated. The
plans and specifications for the power conditioning of the Cobalt-60 Multipurpose
Irradiation Facility were finished and are now ready for implementation.

PROJECT PERSONNEL

Gonzalo Puga
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NUCLEAR TRAINING
OBJECTIVES

1.

To conduct training courses for professional levels in the use of radioisotopes in
industry, agriculture, medicine and education;

2.

To give assistance and to coordinate apprenticeships and thesis advisorship
program;

3.

To conduct on-the-job training for scientists and technologies to use nuclear
techniques.

RESULTS AND DISCUSSION

1.

2.

3.

4.

Training Courses
a.

No. of training courses conducted

b.

No. of participants

409

c.

No. of Institutions

217

Seminars
a.

No. of seminars

b.

No. of participants

23
830

On-the-Job Training
a.

No. arranged

53

b.

No. of participants

53

Lecture Materials Developed
a.

5.

31

No. of materials

Income

0
199,100.00

For 1996, a total of thirty one (31) training courses were conducted by PNRI for
nuclear manpower development, in the fields of nuclear science and technology and
radiation safety, and non-destructive testing techniques. The number of participants
to these courses totaled four hundred nine (409), coming from two hundred seventeen
(217) different private and government institutions. Five of these courses were for
faculty/educators in the Secondary and Tertiary levels, in order to provide the greatest
multiplier effect in enhancing manpower development in nuclear science and
technology. These were conducted at the Central Luzon Polytechnic College, in
Cabanatuan, Nueva Ecija; the Benguet State University; and at PNRI, as a joint and
cooperative undertaking between PNRI and each of these respective schools. Nondestructuve Testing (NDT) training courses in Levels 1,2 and 3 were conducted in
cooperation with the Philippine Society for Non-Destructive Testing (PSNT).

As part of the nuclear manpower development in the undergraduate level, fifty three
(53) undergraduate trainees were given on-the-job training in the different research
laboratories within PNRI.
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In-house seminars/lectures were conducted at PNRI, as well as seminars in different
secondary schools, as pa.l of upgrading knowledge and information in the field of
nuclear science and technology. The total number of seminars conducted was twenty
three (23), which benefited around 830 participants.
PROJECT PERSONNEL
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COMPUTER SERVICES
OBJECTIVES

This project aims to develop computerized systems and computer software for the
different PNRI research and development, licensing and regulations, technical and
support service activities. This involves analysis, design, programming, testing,
installation and maintenance of these systems.

RESULTS AND DISCUSSION

1.

Number of application software developed

4

2.

Number of computer programs developed/modified ... 29

3. Number of job requests completed

117

4.

149

Number of consultations/assistance

5. Number of reports

3

This year, the PNRI Local Area Network was installed allowing networking among the
various computers in the Institute. Four (4) new application software packages were
developed. These include the Radiation Instrument Calibration Information System,
the Library Statistics Database, Accounts Receivables Subsidiary Ledger and the
PNRI Personnel Information System for Windows. Twenty-nine (29) existing
applications, modules and routines were modified according to the users' present
needs. Two hundred sixty six (266) job requests and consultations were addressed
throughout the year.
A wireless LAN connection with the ASTI was set up, enabling the PNRI to have a
direct Internet connection without going through a telephone line. A PNRI Web site
at the ASTI Web server was also set up and a PNRI Home Page is now available as
well.
Groundwork for the conversion into multimedia of the teaching materials on Nuclear
Science and Technology Education for Secondary Schools was established.
PROJECT PERSONNEL
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NUCLEAR INFORMATION DISSEMINATION
OBJECTIVES

1.

To promote public understanding and acceptance of the beneficial uses of
nuclear energy through a continuing and effective information dissemination
activities;

2.

To provide adequate, popular, semi-technical and technical information materials
on the PNRI activities and/or nuclear energy in general and maintain a
continuous flow of these information to all sectors of the public;

3.

To accelerate nuclear technology transfer through exhibits, audio-visual
presentations and lecture demonstration of the application of nuclear techniques
in industry, food and agriculture and research;

4.

" " establish linkages with the tri-media, other government agencies and private
tutions and organizations that can assist the PNRI in its Nuclear Information
-emination Program;

'

RESULTS AND DISCUSSION

i o participate in international dissemination programs and cooperative activities.

A. In-House
1.

2.

Distribution of nuclear information materials
a.

No. of materials distributed

37,753

b.

No. of clients served

11,152

c.

No. of materials loaned out to clients:
i.

Print

ii.

Non-Print

310
,

249

Guided tour of PNRI facilities and laboratories (AEW visitors - in cooperation
with the AEW '96 Committee on Technical Tours)
a.

No. of visitors

b.

No. of schools/institutions

6,839
132

3. Assistance to walk-in visitors

4.

a.

No. of clients

b.

No. of schools/institutions

200
71

Development/production of nuclear information materials
a.

Print:
i.

1995 PNRI Annual Report (1,500 copies)

ii.

1994 issue of the Philippine Nuclear Journal (1,000 copies)

iii. One training module entitle "Radiation - where from, what for?" - for
use by Nuclear Power Subcommittee on Nuclear Education
iv. Developed/updated 16 brochures:
•

Philippine Nuclear Research Institute

•

Philippine Nuclear Research Institute (condensed version)

•

Radiation Sterilization of Medical Products (2 versions)
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•

Lakas Atomika Para sa Pagpepreserba ng Pagkain

•

Food Irradiation Technology (2 versions)

•

Genetic Crop Improvement

•

Controlling Fruit Flies thru Sterile Insect Techniques (2
.versions)

v.

•

Nuclear Training Courses

•

Radon in Homes and in Underground Mines

•

Regulating the Uses of Nuclear Materials and Facilities

•

Hepatitis B Detection Using Radioimmunoassay

•

Cytogenetic Analysis for Genetic Counselling

•

Radiological Reassurance

Exhibit Materials
•

Developed 5 sets of exhibits for:
Digos, Davao
Tacloban

vi.

•

DOST Technology Fair at PhilTrade

•

TAPI/DOST Display Center

•

Manila Midtown for 2nd Philippine Nuclear Congress

Took charge of the preparation/production of the following
materials as part of the promotional activities of the AEW '96
Committee on Publicity:
•

Baseball caps with PNRI design

•

1997 pocket calendars with the PNRI fagade as design

•

Postcards with the PNRI facade as design

B. Outreach
1.

Participation in special events (film showing and/or exhibits)
a.

7th Annual DOST Technology Fair at PhilTrade from July 8-13,1996.
The technologies/services featured were as follows:
i.

Medical Products Sterilization

ii.

Radioimmunoassay for Detection of Hepa B

m. Nuclear Regulatory Work
iv.
b.

Nuclear Education/Information

Quezon City Science Community celebration of the NSTW at Ateneo de
Manila on July 18,1996.

c.

Served as Secretariat for the 6th Seminar on Public Acceptance of
Nuclear Energy which PNRI and DOST hosted.

C. Tri-Media Linkages
1.

Radio Interviews (in cooperation with STII and PIA)
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Station

Interviewee/s

Date

Topic
Radon

11 January 1996

T. Garcia

DWAN

23 February 1996

A. Alejandrino

DZRM

RIA in dairy cattle

18 April 1996

N.DeVera

DWAN

General info about

4 May 1996

Z. De Guzman

DZMM

Food irradiation

11 May 1906

E. Manoto

DZMM

Sterile insect

22 May 1996

Z. De Guzman

DZRM

11 July 1996

C. Aleta

DWAN

radiation

technique
Medka products
sterilization
15 July 1996

E. Cabalfin

DZAS

21 July 1996

Dr. Juan Torres

DZMM

22 August 1996

Z. De Guzman

DZRB

Medical products
sterilization

23 August 1996
4 September 1996

Z. De Guzman

DWAN

Sec. Padolina

DZRH

C. Aleta

Medical products
sterilization
Invitation for the 2nd
Philippine Nuclear
Congress

15 September 1996

A. Alejandrino

DZMM

18 October 1996

Z. De Guzman

DWIZ

Food irradiation

21 October 1996

Z. De Guzman

ZNN Radio Veritas

Food irradiation

Livestock production
thru RIA

2.

Coordinated with the tri-media on the Publicity for the Public Forum on
Nuclear Medicine held on July 26,1996 at the DOH Convention Hall.

3.

Radio news plugs over DWIZ, DZXL, DZRB and ZNN Radio Veritas on July
25 and 26,1996.

4.

Press releases (provided infonnation and materials to reporters from
tri-media).
a.

Monitored news stories re: PNRI
i.

Medical products, supplies can be sterilized through radiation PNRI; Phil. Recorders, Jan. 22-28,1966, p. 3.

ii.

BNPP nuclear fuel safe, Manila Bulletin, Jan. 19,1996, p.20.

iii.

Nuclear physics handily discussed in science classes, Manila
Bulletin, Jan. 14,1996, p. 2.

iv.

Article about nuclear technology in Filipino Ngayon (c/o Grace
Bengco).

v.

Radioactivity Centenary Launched, People's Tonight, 28 Feb.
1996, p. 19.

vi.

PNRI cites advantages ofradiation,Manila Bulletin, 29 Feb. 1996.
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vii. PNRI Plans public safety against nuke, The Manila Chronicle, 18
Feb. 1996, p. 17.
viii. Promote Nuclear S&T benefits, media urged, Manila Bulletin, 28
Feb. p. 16.
b. Prepared the following press releases:
i. Nuclear safety experts meet in Manila, Jan.'96
ii. Radiation-sterilized amnions donated to Ozone five victims - April
17,1996.
iii. RP hosts workshop on Protection of Nuclear Instruments, March 6,
iv.
v.
vi.
vii.
viii.
ix.

1996.
Philippines, Canada identify technical cooperation areas in nuclear
S&T.
PNRI obtains state-of-the-art nondestructive testing equipment,
PSNM launches poster contest on health care delivery thru
radioactivity.
Press release on the 2nd Phil. Nuclear Congress
Press release on the 24th Atomic Energy Week Celebration,
Radio spot announcements on general information about radiation
and the peaceful uses of radioisotope in agriculture, medicine and
industry.

5. Press Conference
• a. Tri-media conference for the centennial celebration of the discovery of
radioactivity (Sponsor: STII). Date: Feb. 26; No. of media representatives: 15, Venue: Jade Vine.
b. Press con for the 2nd Phil. Nuclear Congress and AEW Celebration
(Sponsors: STII & PIA); Venue: Rembrandt Hotel, Dec. 6,1996.
c. Press con for the 6th Seminar on Public Acceptance of Nuclear Energy,
Holiday Inn, Dec. 9,1996, (Sponsor STII) - with participants from 9
Asia-Pacific countries as resource persons; 9 print/TV media people
attended this press con.
d. Press con on the resolution of the 2nd Phil. Nuclear Congress with
IAEA Director General Hans Blix and Dr. Aleta as resource speakers;
18 print/radio media people attended the press con.
6. TV Coverage
Arranged/coordinated the following:
a. TV interview of Dr. C.R. Aleta for the TV Patrol News Program on
Channel 2, Topic: Safety of the stored uranium fuel on the BNPP.
b. TV coverage of the food irradiation technology and PNRI nuclear
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services for Channel 7's Negosiete TV program.
c. Shooting and interviews for the 8-minute PNRI episode shown in the
Sci-Tech portion of the Business and Leisure TV program on Channel
2. Resource persons were Dr. C. R. Aleta, Ms. E. G. Cabalfin and
Ms. Z. de Guzman. Prepared 18 guide questions for PNRI resource
persons.
d. Channel 9 news coverage of the Public Forum on Nuclear Medicine
held on July 16 at the DOH Convention Hall.
e. TV interview on PNRI technologies. Date: Oct. 17, 1996, Resource
persons: Dr. E. Manoto and Z. de Guzman; Topics: Sterile insect
technique and food irradiation; TV channel and program: Channel 7
(Business Today)
f. Dec. 9 - Channel 9 news program, Atomic Energy Week Celebration
opening ceremonies.
g.

Dec. 13 - Channel 5 news, Hans Blix interview

h. Dec. 16 & 20 - Channel 7, Agrisiete, the program featured SIT, food
irradiation, RIA for livestock production and crop improvement studies.
i.

TV interview on PNRI & Nuclear Applications in Medicine; Date: Nov.
5; Resource person: Nathaniel de Vera; TV Program/Host: Business
Today, Channel 7, Mon Isberto
D. Nuclear Awareness Seminars
Date

School

Speakers

No. of Clients

March 1,1996

Adamson University

Info staff

300 BS Chemistry &

N. de Vera
Z. de Guzman

Eng. students

Phil. Normal University Info staff
N. de Vera
Z. de Guzman

250 teachers

Radiation Health

500 students,

May

June 7

Ms. E. Valdezco

radiologists, etc.

Service
Sept. 19

Jose J. Leido
Memorial School

R. Jimenez
Z. de Guzman

(Calapan Oriental

J. Cerbolles

500 H.S. students &
teachers

Mindoro)
Sept. 20

Baco Catholic School
(Baco, Oriental
Mindoro)

Oct. 10

National Teachers

R. Jimenez
Z. de Guzman

500 H.S. students &
teachers

J. Cerbolles
200 H.S. students

College - Laboratory
School
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Date

School

Speakers

No. of Clients

Dec. 5

TIP-Cubao

N. de Vera
M. Yoshisaki

70 Eng. students

E. Other Accomplishments:
1. Monitored nuclear science and other related news in the following
newspapers: The Manila Bulletin, Philippine Daily Inquirer, The Phil. Star,
Manila Times and People's Tonight.
2. Contributed nuclear news articles to the AsiaNNet. AsiaN Net is a system for
fast/timely exchange of information on nuclear technology through facsimile
network. Participating countries include, Australia, China, Indonesia, Japan,
Korea, Malaysia and Thailand.
3. Provided photography services to PNRI units.
4. Prepared/submitted the following to the Technology Application and
Promotion Institute/DOST.
a. Final report on PNRI's TAPI-GIA assisted project entitled "Fabrication
of Modular Boards and Related Display Materials"
b. Project proposal entitled "Fabrication of Display Boards and Mock-up
Models on the Applications of Nuclear Technology in Health and
Related Fields for the 1996 Annual S&T Fair"
5. Prepared the following speeches:
.a. Draft of Secretary Padolina's speech on the occasion of the Final
Research Coordination Meeting on the Treatment of Low and
Intermediate Level Wastes from Nuclear Applications, April 22.
b. Closing remarks of Undersecretary A.C. Ancog during the closing
ceremonies of the 6th Seminar on Public Acceptance of Nuclear
Energy.
6. Assisted in the printing/reproduction of the 1 st and 2nd announcements for
the Phil. Nuclear Congress.
7. Prepared project proposal on public acceptance activities on radwaste
management.
PROJECT PERSONNEL

Rhodora Leonin
Justina Cerbolles
Marcelo Bautista
Simplicio Bayron
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SCIENTIFIC LIBRARY AND DOCUMENTATION CENTER
OBJECTIVES

Library Services
F. To provide scientific library and documentation services to PNRI employees and
the general public;
G. To identify and acquire a comprehensive nuclear energy literature collection for
study and research;
H. To monitor local exchange of publication of needed information;
I.

To develop agency's information retrieval systems by computerizing the center's
holdings.
Documentation Services
A. To establish, maintain and strengthen the PNRI's international linkages through
the direct access project of International Nuclear Information System (INIS) for
the retrieval of nuclear information relevant to the needs of PNRI scientists and
engineers;
B. Bibliography preparation of requested subjects/scientific research and
continuation of supplementing the nuclear energy information in the Philippines;
C. In connection with computerization, to embark on Selective Dissemination of
Information (SDI) for ready access to meet immediate needs of our scientists and
researchers as well as outside clientele.

RESULTS AND DISCUSSION

I.

Library Services
A. Acquisition and Receipt of
Publications

Titles

1. Books purchased/ Gift
Journals Purchased
2. IAEA Publications
3. Technical Reports
4. Journals (Exchanges)
5. Pamphlets, brochures and
other publications requested
6. Annual Report
B. Reference Assistance
1. PNRI personnel
2. Outside researchers
3. Loans to readers (books,
journals and other
publications)
C. Technical Processing of Library
Materials

Volumes
56
1

115
273
151
255

98
12
442
435
214
417

47

52

677
814
7,296

Titles

Volumes
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1. Classification and
Cataloguing
a. Descriptive cataloguing
b. Subject cataloguing

523
466

686
631

2. Recatalogukig
103
a. Books withdrawn
194
b. Cards withdrawn
D. Mechanical Processing of Library
Materials
791
1. Catalog cards typed
650
2. Catalog cards filed
655
3. Books labelled
II. Documentation Services
1. CD-ROM utilization 8821 documents retrieved
2. Encoded 485 titles for Library on-line catalog and 432 for Library loan
databases
3. Prepared and submitted 46INIS input
PROJECT PERSONNEL

Imelda Delfin
Isabel Amiscaray
Elizabeth Vidal
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SMALL LABORATORY ANIMAL PRODUCTION
ABSTRACT

OBJECTIVES

The project was envisioned in response to the demand for the genetically controlled
laboratory animals by researchers and science students from research institutions and
universities respectively. The mice were bred and maintained under laboratory
conditions using commercial feed ration.
1. To establish colonies of small laboratory animals
2. To provide quality experimental animals to researchers at time of need
3. To supply laboratory animals to trainees and students as well as researchers
from outside agencies.

RESULTS AND DISCUSSION

PROJECT PERSONNEL

Actual production of mice
Number of mortality (due to cannibalism)
Number of mice sold
Amount earned for PNRI

654 heads
61
88
P 1,290.00

Florencio-lsagani Medina, III, Ph.D.
Juana Gregorio
Cristina Aguilar
Patricia Andrea Carrillo
Edgardo Poblete

1996 PNRI Technical Progress Report • 164

1996 PNRI Technical Progress Report • 165

NUCLEAR SAFEGUARDS
OBJECTIVES

1. To account for and control of nuclear materials in the country by using PSAC1
ofNM 2 .
2. To monitor and/or report consumable commercial nuclear materials (Thorium)
and depleted uranium as expanded SG3 Agreement with IAEA4.
3. To audit/review PRR-15 Physical Security System.
4. To participate in IAEA "93+2 Programme" for strengthening the effectiveness and
efficiency of the Safeguards System.
Activities

RESULTS AND DISCUSSION
1.

Target

Actual

IAEA P\V inspections of Nuclear
Materials
a) PRR-1

1

1: inspection

7

1

1: inspection

a) PRR-1

4

4:PIL'-3/MBRM

b)

3

3: PIL-2 / MBR-1

4

2: Gen. ledgers (US P J )

b)
2.

3.

BNPP

IAEA Safeguards Reports
BNPP

Updated NM ledgers for PRR-1

1: Subsidiary ledger (KMF"1)
4.

Communications/responses to IAEA
93+2 Programme

3: communications

ASSOCIATED ACTIVITIES:

1. Pre-inspection of spent fuel transfer process and fresh fuel storage at PRR-1.
2. Completed summary of Records of Decision for PRR-1 spent fuel shipment to
USA.
3. Prepared amendments to the Facility Attachment of BNPP.
4. Conducted study on Safeguards and Physical Protection aspect of PRR-1.
5. Hosted the Regulatory Conference on Industrial Gages.
6. Prepared summary of concerns and recommendations from the results of the
regulatory conference on industrial gages.
7. Drafted comments on the following:
a. 13th Session of Standing Committee on Liability for Nuclear Damage
b. Liability on Nuclear Damage in Supplementary findings under Vienna/Paris
Convention.
c. Possible role in the implementation of Continental Test Ban Treaty (CTBT)
d. Import communication of nuclear material for Philippines from January 1982
to September 1985.
e. PNRI stand on Chemical Weapons Convention for DOST" reference during
the Senate hearing on ratification study.
f. Comment on planned HLW12 shipment from France to Japan.
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g. The designation of 5 SG inspectors for Philippines
h. Idaho Engineering Lab. on non-inclusion of TRIGA fuels to be returned to
USA
i. ASIATOM concept paper for Tokyo Conference on Nuclear Safety in Asia,
j . Semi-annuaUtatement report of NM to IAEA.
LOST/MISSING SOURCES INVENTORY:

1. Made report on the investigation of the alleged uranium block found in Silang,
Cavite.
2. Devebped a technical manual for Sealed Radiation Sources Registry System in
the Philippines.
PROJECT PERSONNEL

Magno Yoshisaki
Julietta Seguis
I Sylvia Busine

^Philippine System of Accounting for/and Control
2

Nuclear Materials

z

Safeguards

^International Atomic Energy Agency
^Philippine Research Reactor-1
^Physical Inventory Verification
7

Bstaan Nuclear Power Plant

^ Physical Inventory Listing
Materials Balancing Report
10

Key Measurement Points

^Departmenr of Science and Technology
n

High Level Waste
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FORMULATION AND UPDATING OF REGULATION STANDARDS
OBJECTIVES

RESULTS AND DISCUSSION

1. To review and evaluate pertinent USNRC regulations, guides and reports as well
as safety standards and recommendations for possible adaptation to PNRI
regulatory requirements.
2. To develop new regulations, regulatory guides and bulletins.
3. To update/upgrade existing ones.
DEVELOPMENT OF REGULATIONS

1. Revision of CPR Part 3, "Standards for Protection Against Radiation'
CPR Part 3 was first issued by PAEC in 1976. Work towards its revision
started in 1983 when the PAEC issued an order adopting the 1982 Edition
of IAEA Safety Series No.9, "Basic Safety Standards for Radiation
Protection". In the ensuing work on CPR Part 3, several editions of Safety
Series No.9 were issued by the IAEA. In 1994 the IAEA, in cooperation with
other international organizations developed/issued the latest edition of the
BSS which incorporated the recommendations of ICRP-60. Recognizing the
relevance of the BSS in harmonizing the Standards for radiation protection,
the work on the revision of CPR Part 3 shifted towards incorporating the
format and relevant provisions of the 1994 BSS into the draftrevision.The
draft was completed in mid-1996 and distributed to concerned groups in
PNRI for comments. The review and evaluation of the completed draft by
groups outside of the SD will continue in 1997 until acceptable revision of
CPR Part 3 for PNRI will be finalized.
2. Revision of CPR Part 4, "Regulations for the Safe Transport of Radioactive
Materials in the Philippines'
The draft revision of CPR Part 4 was completed in 1996. It is aimed to
replace the current CPR Part 4 which was first promulgated in 1969. The
draft revision contains the transport requirement that must be followed when
transporting licensed radioactive materials within the Philippines. When
radioactive materials are transported to destinations outside the country or
being imported into the country, the provisions of the IAEA Safety Series
No.6 will apply. This draft revision uses as reference in its development the
regulations of the USNRC 10CFR Part 71, "Packaging and Transportation
of Radioactive Materials", and the 1995 Edition of IAEA Safety Series No.6,
"Regulations for Safe Transport of Radioactive Materials". Comments from
other affected government agencies, such as DOTC and the Bureau of
Customs will be solicited in 1997 prior to its approval and publication in the
Official Gazette.
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3. Development of CPR Part 16, "License for the Use of Sealed Sources
Contained in Industrial Devices".
This proposed regulation establishes the specific licensing requirements for
the use of radioactive materials such as sealed sources as gauges in
industrial manufacturing, mining, and other industrial applications. The
increasing number of licensees in the use of sealed sources in industry will
be benefited by the issuance of this regulation. The review and evaluation
stages in the development of this regulation has been completed and is now
awaiting approval for publication in the Official Gazette.
4. Development of CPR Part 17, "License for the Commercial Sale and
Distribution of Radioactive Materials or Devices/Equipment Containing
Radioactive Materials".
This proposed regulation addresses the requirements that will be imposed
on Importers / Exporters / Distributors of radioactive material for use in
Medicine, Industry, and Research. Licensees in this category are being
monitored permanently to control the entry of radioactive material into the
country and to provide the necessary precautions necessary for the safe
handling and transportation of materials. The final draft of this proposed
regulation is awaiting approval for publication in the Official Gazette.
5. - Development of CPR Part 18, "Licenses for Use of Radioactive Materials in
Research and Education".
This proposed regulation addresses the licensing requirements for use of
radioactive materials in Medical or Industrial Research and Education. By
regulating the use of radioactive material in research and education, it will
enhance the protection provided for the public, particularly the students,
against unnecessary exposure to radiation.
DEVELOPMENT OF REGULATORY GUIDES AND BULLETINS

1. Regulatory Guide
1. The staff has completed the compilation and development of regulatory
information packages (Infopacs) for the following Parts of the CPR:
a. Part 11 - Radiography
b. Part12-Teletherapy
c. Part 13 - Radiopharmaceuticals
d. Part14-Brachytherapy
The Infopac consists of a license application form, regulatory guide for
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the application, and model procedures referred to in the license
application. The Infopac together with the specific part of the CPR, will
be used by the licensees or applicants in complying with specific
requirements of the regulations towards the issuance of the license.
2. The staff-completed a regulatory guide titled "Guide for Recordkeeping
and Reporting Requirements". The guide will be useful for both
regulatory officer and licensees in identifying the different records that
must be maintained in connection with a licensed operation, and the
different reporting requirements that must be addressed in compliance
with the regulations and license commitments.
3. A draft regulatory guide, "Maintaining Radiation Exposure ALARA", was
completed by the staff for use by licensees in developing the Radiation
Protection Program. The guide emphasizes management commitment
in maintaining ALARA principle and initiatives required of the radiation
workers to conduct surveillance and investigation activities to ensure
that exposures meet the ALARA objectives.
2. Regulatory Bulletins
The staff identified and developed regulatory bulletins that are intended to
improve the understanding of regulatory requirements and the effectiveness
of regulatory enforcement. The bulletins completed by the staff address the
-following areas:
a. The role and responsibilities of the Medical Isotopes Committee in a
licensed institution.
b. The importance of proper licensee action to self-identified noncompliances.
c.
d.
e.
f.

Handling of Cadavers that still contain radioactive materials.
Licensee response to a notice of violation.
Licensee guide in developing and implementing corrective actions.
Proper conduct of business with PNRI on licensing and regulatory
activities.
g. Licensee procedure in conducting an investigation on overexposure
incidents affecting radiographic operations.
h. Proposed training and experience requirements of individuals under the
supervision of the RHSO or authorized user,
i. Understanding of the regulatory provisions regarding the transfer of
radioactive materials.
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OTHER ACCOMPLISHMENTS

1. Proposed "Rule of Procedure for the Licensing of Radioactive Materials".
2. Proposed "PNRI Accreditation Criteria for Professional Organizations and
Societies in the Certification of Authorized Users of Radioactive Materials in
Medicine".
3. Proposed modification of "PNRI Certificate of Release".
4. Proposed modification of "PNRI Radioactive Material License".
5. Proposed "PNRI Regulatory Control Program".
PROJECT PERSONNEL

Jose Osroxzon Amparo
Veronica Marcelo
Rosita Daroy
Raquel Espiritu
Sanny Gabilagon
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SAFETY EVALUATION AND LICENSING
PROJECT DESCRIPTION

The Philippine Nuclear Research Institute, in pursuance of its authority mandated
under Republic Act No. 2067, as amended by Republic Act No. 3589 licenses and
regulates the acquisition, possession, sale and use of radioactive materials in the
Philippines. Such activities are being reviewed and evaluated to ensure safety of the
general public, distributors and users of radioactive materials in industrial firms,
hospitals and educational and research institutions.

OBJECTIVES

1. Conduct safety review, evaluation and assessment of applications for licenses
and of existing licenses for radioactive materials in accordance with established
rules, regulations and criteria.
2. Recommend regulatory sanctions on erring licensee in coordination with the
Inspection and Enforcement, Radiation Protection and Radiological Impact
Assessment Units.

RESULTS AND DISCUSSION

To ensure that the activities involving radioactive materials are carried out safely and
do not pose unnecessary risk to the health and safety of the workers and the general
public, the Licensing Review and Evaluation Unit (LREU) reviews, evaluates and
assesses the applications for radioactive material licenses.
For the year under report, LREU issued 264 licenses (206 renewal, 39 amendment
and 19 new). Of the new licenses, 12 are industrial firms, 5 are hospitals, one
research laboratory and one a commercial firm. The Certificates of Release issued
totalled,326. Fees collected from the issuance of licenses and Certificates of Release
amounted P509.185.50 and P17.930.00 respectively.
The Institute has acted on 11 applications for license termination, 7 for industrial
applications, 3 for sale and transfer and 1 for medical use of radioactive materials.

PROJECT PERSONNEL

Vangeline Parami
Thelma Artificio (on scholarship)
Corazon Garcia (on scholarship)
Alan Borras
Carl Nohay
Lynette Cayabo
Salvacion Dean
Johnylen Melendez
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INSPECTION AND ENFORCEMENT FOR RADIOACTIVE
MATERIALS AND FACILITIES LICENSING
INTRODUCTION

The inspection activities for the licensing of radioactive materials is a component of
the regulatory function and responsibility of the Institute. The project activities to be
performed and accomplished are geared towards determining and verifying the
compliance of the licensees to the license conditions, regulations, rules, standards
and other regulatory requirements set forth by the PNRI and to ensure the health and
safety of the public against adverse radiological consequences as a result of such
radioactive materials and facilities.

OBJECTIVES

1. To establish and implement regulatory inspection and enforcement programs and
procedures for radioactive materials and facilities licensing;
2. To verify, review and evaluate the programs, procedures, instructions and other
relevant documentation of licensees;
3. To verify through actual field verification and monitoring licensees activities
pertaining to compliance to the conditions of the license issued by PNRI;
4. To conduct training courses to update the qualification of PNRI inspectors.

RESULTS AND DISCUSSION

1. Revision of PNRI Inspectors Manual and Procedures.
12 copies of revised copies of PNRI Inspectors Manual and Procedures
issued and distributed to Inspectors on October 1,1996.
2. Establishment of Model Quality Assurance Program (QAP) for Each Category of
Licensee
• Final drafts of 8 QAP for evaluation/ approval
3. Establishment of Model Radiation Protection Handbook for Each Category of
Licensee
• First drafts of 8 Handbook for evaluation / approval
4. Establishment of Model Forms/Checklists for Accomplishment of Licensed
Activities for Each Category of Licensee
• Final drafts of Forms/Checklists for evaluation/approval
5. Conduct of Regulatory Inspections and Audits of Licensed Radioactive Materials
and Facilities
• 204 facilities out of 232 facilities
• 38 Evaluation Reports of Licensee Responses
6. Other Related Activities:
• Collected P108,700.00 as inspection fees
• Collected P15,235.00 for 267 Certificates of Transport / Release issued
• 43 Certificates of Pre- and Post-inspection of completed construction/ repair
of PNRI infrastructures undertaken by outside contractors
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PROJECT PERSONNEL

Alejandro Mateo
Librado Gesalta
Edgardo Radio
Edilberto Rivera
Renato Pecho
Teresita de Jesus
Jesus Perez
Myma Piquero
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RADIATION PROTECTION
RADIATION PROTECTION SERVICES
OBJECTIVES

RESULTS AND DISCUSSION

To protect radiation workers and the public from unnecessary exposure to ionizing
radiation by providing, the following services: personnel monitoring, radiation control,
secondary standards dosimetry laboratory calibration and radioactive waste
management.
To ensure that occupational^ exposed workers and the general public are not
necessarily exposed to ionizing radiation, the following services were provided by the
Radiation Protection Services: monitoring of radiation exposures of 2719 personnel
from 315 institutions through a national film badge service; calibration of 420 nuclear
instruments used by 72 institutions to ensure reliable measurements; leak testing of
350 sources in 58 institution and collection and management of spent sealed sources
(20 units), solid (9.28 cu. m.) and liquid (261.6 li) radioactive wastes generated in
various nuclear related activities all over the country. Special radiation protection
services were also provided such as output calibration of teletherapy/brachytherapy
machines including QA/QC measurements of nuclear medicine instrumentation.
Through an IAEA TC project RPS has acquired a Beckman Liquid Scintillation
Counter Model LS 6500 to be use in the characterization of radioactively
contaminated wastes. The system has yet to be installed and put into routine
operation.
The PNRI's Secondary Standard Dosimetry Laboratory (SSDL) X-Ray calibration
facilities has undergone repair and recalibration to improve accuracy and reliability
of measurements.
The Institute through the Radiation Protection Services Unit successfully hosted the
IAEA Third and Final Coordination Meeting on the Coordinated Research Programme
(CRP) on Treatment Technologies for Low and Intermediate Level Wastes Generated
from Small Nuclear Applications, held on 22-26 April 1996. It was participated in by
11 foreign contracting scientists in the field of radioactive waste management.

PROJECT PERSONNEL

Eulinia Valdezco
Estrella Caseria
Editha Marcelo
Demetrio Salom
Ariean Alamares
Jose Calaycay
Jesulito Junio
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Erlinda Bague
Leticia Alberto
Remigio Sarmiento Jr.
Louie del Castillo
Cesar Salabit
Alfonso Manalo
Joselito dela Cruz
T L D DOSIMETRY FOR PERSONNEL MONITORING SERVICES
OBJECTIVES

1. To upgrade the present method of monitoring personnel exposures to radiation
from film badge to TLD.
2. To provide prompt, efficient and reliable radiation protection services to licensed
users of radiation and isotopes.
3. To develop expertise in radiation protection and strengthen present capabilities.

RESULTS AND DISCUSSIONS Conducted initial test run on the calibration process of the system, card calibration

and card annealing. An RPS personnel (Ms. Erlinda M. Bague) undergoes a 3-month
on-the-job training on Radiation Control at the Australian Nuclear Science Technology
Organization (ANSTO), Sydney, Australia, 15 April -14 July 1996.
Ms. Celia Hacker, an IAEA Expert assist the RPS Staff by providing a hands on
training in the effective and optimum use of Automated TLD Reader and on the
software application for the monitoring of radiation workers on national scale. But this
was not achieved due to incomplete HPRS software supplied by the supplier. The
supplier discussed with Mr. Griffith, the IAEA Technical Officer that they had
developed a prototype version of the software under Windows and should this be
successful it will be made available to PNRI.
Another RPS Staff (Ms. Estrella S. Caseria) have undergone an on-the-job training
on the Operation, Calibration and QA Procedure of the Thermoluminescence
Dosimetry (TLD) - Personnel Monitoring System , Vienna International Center,
Vienna, Austria, October 1 - December 31,1996.
PROJECT PERSONNEL

Eulinia Valdezco
Estrella Caseria
Jesulito Junio
Joselito dela Cruz
Erlinda Bague
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NUCLEAR POWER STEERING COMMITTEE

(E.0.243)

SUBCOMMITTEE ON RADIOACTIVE WASTE MANAGEMENT
OBJECTIVES

1. To study and identify sites for final radioactive waste disposal.
2. To conduct studies on the development of radwaste disposal processes/methods.
3. To undertake a key and active role in the establishment of a National Radioactive
Waste Management Center

RESULTS AND DISCUSSIONS

1. Revised the work plan to include the pertinent suggestions by the group.
2. Reviewed and revised the siting criteria of a final repository site.
3. Conducted experimental technical studies on the treatment of low level aqueous
waste by chemical precipitation using the potassium hexacyanoferrate process.
4. Conducted experimental conditioning/immobilization process by cementation, two
of the three cement mix formulation passed the compressive strength test.

PROJECT PERSONNEL

Eulinia Valdezco
Editha Marcelo
Demetrio Salom
Jesulito dela Cruz
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RADIOLOGICAL IMPACT ASSESSMENT
A.

RADIOLOGICAL IMPACT ASSESSMENT

1.

INDUSTRIAL FACILITIES

Industrial Radiography
ABSTRACT

A study which aims to recommend measures to minimize exposure of operating
personnel to radiation and prevent untoward incidents in industrial radiography
operations was done in 1995. Results of the study were presented in a draft technical
paper and finalized considering comments and suggestions gathered.

OBJECTIVE

To implement necessary corrections in the draft paper considering comments of the
NRLSD Unit heads, etc.

INTRODUCTION

The assessment of the routine normal operations of actual radiographic operations
in selected radiographic facilities in Luzon was conducted in 1995. Results of the
study were presented in a draft paper entitled "An Assessment of the Radiological
Impact of the Operation of Selected Radiographic Facilities in Luzon". Estimated
whole body dose exposures of radiography workers during routine normal operations
were found to be below the 50 mSv annual limit for radiation workers. Radiological
consequences to radiography workers, technicians and members of the public during
abnormal occurrences and accident conditions range from very low doses to doses
exceeding the annual limits depending on the scenario.

METHODS

The draft of the technical paper was distributed to the Unit Heads of Nuclear
Regulations, Licensing and Safeguards Division of PNRI, the Chief, NRLSD and the
Director of PNRI. Revisions were made considering the their corrections, comments,
and suggestions. The paper was finalized and submitted to the Philippines Nuclear
Journal for possible inclusion in its 1996 issue. An abstract of the project was
prepared and submitted for possible inclusion in the 1995 issue of the RSP Journal
* The Nucleus".

RESULTS AND DISCUSSION

The final version of the technical paper was accepted and published in the Philippines
Nuclear Journal, Volume 12. The abstract of the project was accepted and published
in the 1995 issue of the RSP Journal "The Nucleus".

PROJECT PERSONNEL

Roel Loterifia
Maria Palattao
2.

ABSTRACT

RADWASTE FACILITY

Evaluation of the radiological impacts of establishment and operation of low level
radwaste facilities are being carried out using appropriate mathematical models.
Measures of these impacts are presented either in measured radiation levels or
projected whole body exposures.
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Radiological Impact Assessment

Evaluation of the radiological impacts of establishment and operation of low level
radwaste facilities are being carried out using appropriate mathematical models.
Measures of these impacts are presented either in measured radiation levels or
projected whole body exposures.
OBJECTIVE

The objective of this study is to provide a radiological impact assessment of the
establishment and operation of a low level radioactive waste facility.

INTRODUCTION

Radwaste repository systems whether interim or permanent are necessary to isolate
radioactive waste from human and the environment. This study is concerned with the
methods available to assess the safety of these facilities.

METHODS

The main mechanisms by which radionuclides from the radwaste facility may be
released to the environment were identified. Appropriate mathematical models were
utilized and results are given in the form of potential doses and risks to individuals.

RESULTS AND DISCUSSION

A.

RADWASTE COMMITTEE ACTIVITIES

A performance assessment methodology for a generic site was studied and
adopted for the Cabigo Point site within the PNPP-1 reservation area. Source
term analysis using finite difference (FD) and mixing cascade (MCMC) model
was conducted. Results were presented in the form of flux and concentration
rates. A technical report entitled "The Use of the Unit Dispersion Unit Source
Term (DUST) Code for the Assessment of the Radionuclide Release Rate from
a Radwaste Shallow Ground Radwaste Facility Using Local Data" was prepared.
Initial evaluation of ground water pathway using pre-existing data was also
conducted. Initial dose projections results were obtained for Cs-137, C-14, and
1-129. Further studies will be performed.
Tested and adopted three (3) computer codes for performance assessment.
These codes are the Finite Difference Model for source term modelling, the MultiCell Mixing Cascade (MCMC) model for radionuclide transport and the
Dispersion Unit Source Term (DUST) for the radionuclide release rate
assessment.
Siting factors and associated site selection criteria for final disposal of radwaste
was prepared and furnished to other subcommittee member- agencies. A
summary of criteria for underground disposal of radwastes based on IAEA
recommendations was prepared for use of the Subcommittee on Radioactive
Waste Management, Nuclear Power Program. Assistance to the lead section
(Radiation Protection) in the experiments to determine an optimum design mix
for the different types of radwaste streams is a continuing activity.
PROJECT PERSONNEL

Luzviminda Venida
Maria Palattao
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B. PNRI RADWASTE FACILITIES
Prepared a brief description of the upgraded ventilation system of the PNRI
Radwaste Facilities. Initial assessment of the consequences of the projected
atmospheric releases of radioactivity up to 3 km. radius was completed. Initial
results of dose projections showed that the annual limits for members of the
public was not exceeded.
PROJECT PERSONNEL

Mary Rose Quizana
Roel Loterifla
Maria Palattao
3.

COMPARATIVE ASSESSMENT OF ENVIRONMENTAL IMPACTS AND HEALTH RISKS OF
PHILIPPINE ENERGY SYSTEMS

ABSTRACT

Various activities of the Nuclear Power Program Subcommittee for Research and
Development on Nuclear Safety are on-going as mandated by Presidential Executive
Order No. 243. The PNRI, as lead agency hosted meetings with representatives of
member agencies, namely National Power Corporation, Department of Environment
and Natural Resources, Department of Energy, and Department of Science and
Technology. Studies on comparative environmental impacts of local electricity
generating plants and prospective nuclear power stations were started, as priority
project of the Subcommittee.

OBJECTIVE

The general objective of this project is to develop a methodology for the comparison
of environmental impacts of Philippine electricity generating plants.

INTRODUCTION

The main focus of this project is to develop a methodology for assessing and
comparing the environmental impacts arising for all emissions of electricity generating
systems in the country. This project hopes to present some preliminary conclusions
to determine the best mix of electricity generating systems for the country taking into
account environmental considerations. The results of this study will be submitted to
the Nuclear Power Steering Committee as inputs for decision making and to other
subcommittees, including the Subcommittee on Public Education and Information and
the Subcommittee on Nuclear Reactor Design Alternatives.

RESULTS AND DISCUSSION

Research and review of current studies on comparative impact assessment of local
electricity generating plants were continued with particular emphasis on
environmental risks of power plants. The Environmental Manual Computer Code was
installed and evaluated. Likewise, the Data Bases Methodologies for Comparative
Assessment of Different Energy Sources (DECADES) was also studied for possible
adoption to the project. Data from individual environmental impact statements of
selected electricity power plants were gathered. Preliminary comparative analyses
were made with the databases provided by the Environmental Manual software. A
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survey questionnaire designed for coal, geothermal, oil and hydrothermal power
plants was developed to gather the necessary data for the study. This was approved
by the PNRI Director for distribution to the different power plants, starting with ten
representative electricity stations.
Consultative meetings and coordination with other member and cooperating agencies
were canied out. Revision of workplans and financial requirements of the committee
were made and approved by the Nuclear Power Steering Committee headed by
Department of Energy Secretary Francisco L. Viray.
PROJECT PERSONNEL

Teofilo Leonin, Jr.
Maria Palattao
Edwin Azarlon
Luzviminda Venida
Roel Loterifia
Mary Rose Quizana
B.

RADIOLOGICAL EMERGENCY PLANNING AND PREPAREDNESS

1.

METEOROLOGY

Phase III: Upgrading of meteorological sensors and equipment
ABSTRACT

Preparatory activities for the upgrading of existing meteorological equipment are
continuously being undertaken.

OBJECTIVE

To establish a mini weather station within the PNRI compound for upgrading of
radiological emergency preparedness and response capability of PNRI.

INTRODUCTION

The continuing operation of several radiation facilities inside the PNRI compound
requires the installation and establishment of its own weather station. This station will
measure several meteorological parameters such as: wind characteristics,
temperature, humidity, rainfall, etc. This study will support the emergency planning
activities of the Institute.

METHODS

1. Identify appropriate site locations for the meteorological tower using specific
criteria and regulations
2. Identify appropriate instruments for measuring the desired parameters
3. Upgrading of existing weather instruments and sensors

RESULTS AND DISCUSSION

Preparatory activities pertaining to the establishment of the mini weather station are
being canied out For data acquisition of meteorological system, installation of sound,
ethemet and fax data modem was completed. A portable data acquisition equipment
was also acquired. Purchase of wind profiler initially through public bidding was done.
In view of a failure of bidding , negotiation for the said purchase through a foreign
supplier was completed. The equipment is expected to be acquired by early 1997.
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PROJECT PERSONNEL

Edwin Azafion
Maria Palattao
Teofilo Leonin, Jr.
2.

DOSE PER UNIT INTAKE

ABSTRACT

Preliminary Derived Intervention Levels in Selected Local Foodstuff were established.

OBJECTIVE

To provide adequate information necessary to determine Philippine values for Derived
Intervention Levels (DIL) in case of nuclear accidents.

INTRODUCTION

This study was initiated upon the recommendation of the IAEA to its member states
to develop a methodology so that optimal information can be gained from the mixture
of the limited amount of age dependent, nuclide specific data.
Analysis of the most important sources of a specific radionuclides are also to be
considered.

METHODS

DILs for Cs-137 for ingestion of fresh and preserved foodstuff was estimated following
the guidelines and procedures provided by the IAEA.

RESULTS AND DISCUSSION

The DIL for Cs-137 was estimated assuming an intervention level of dose of 5 mSv.
A draft technical report entitled "Preliminary Establishment of Derived Intervention
Levels in Selected Foodstuff for Application to Radiological Emergencies" is
completed.

PROJECT PERSONNEL

Mary Rose Quizana
Maria Palattao
Edwin Azafion
3.

RADIOLOGICAL EMERGENCY PLANNING AND PREPAREDNESS

ABSTRACT

A total of four (4) emergency plans were revised and distributed for review and
comments. The draft of the National Radiological Emergency Preparedness and
Response Plan (RADPLAN) was finalized. Workshop, seminars, and refresher
courses were conducted for the RADPLAN participating agencies.

OBJECTIVE

The ultimate objective of this project is to protect public health and safety against
radiological hazards from all sources due to radiological emergencies which may lead
to widespread radioactive contamination of man and his environment.

INTRODUCTION

This project aims to ensure preparedness of the PNRI and other concerned national
agencies as well as the general public in case of a radiological emergency. Various
research activities are also being carried out in support of radiological emergency
preparedness.

METHODS

Radiological emergency preparedness and other pertinent documents and records
are being prepared, revised and reviewed. Conduct of seminars and workshops were
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also done for purposes of defining and establishing implementing plans and
procedures during radiological emergencies.
RESULTS AND DISCUSSION

The following emergency plans were revised and submitted for review and comments:
1. PNRI Emergency Plan for Radwaste Management Facility
2. PNRI Radiological' Emergency Response Plan (RESPLAN)
3. PNRI Emergency Plan for the Co-60 Multi-purpose Irradiation Facility
4. PNRI Immediate Response Procedure
Suggestions and comments are being integrated in the final drafts.
The update of the site characterization studies for the PRR-1 Safety Analysis Report
was completed for inclusion in the SAR.
The final draft of the National Radiological Emergency Preparedness and Response
Plan (RADPLAN) was completed taking into considerations the comments and
recommendations of the nineteen participating agencies. Copies were distributed to
members of the Committee on Radiological Emergency (CORE) for review in
preparation for submission and approval of the National Disaster Coordinating Council
(NDCC).
In connection with the RADPLAN, two seminars were organized and conducted. The
Seminar on Basic Nuclear Science and Technology for RADPLAN Member -Agencies
was held on February 28,1996 at the PNRI. The Live-in Planning Seminar/Workshop
on Emergency Response to a Radiological Incident was held in Bagac, Bataan on
October 21-25,1996. During the seminar/workshop, the representatives from the
participating agencies presented their agency plans to a panel of evaluators. These
member-agencies are the following:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Office of the Civil Defense (OCD)
Department of Transportation and Communications (DOTC)
Department of Public Works and Highways (DPWH)
Department of Agriculture (DA)
National Food Authority (NFA)
Department of National Defense (DND)
Philippine Information Agency (PIA)
Department of Social Welfare and Development (DSWD)
Philippine Atmospheric, Geophysical and Astronomical Services Administration
(PAGASA)
10. Department of Foreign Affairs (DFA)

11.
12.
13.
14.

Philippine National Red Cross (PNRC)
Department of Education, Culture and Sports (DECS)
Office of the President (OP)
Department of Environment and Natural Resources (DENR)
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15.
16.
17.
18.
19.
20.

Department of Science and Technology (DOST)
Radiation Health Service of the Department of Health (RHS/DOH)
Department of the Interior and Local Government (DILG)
Philippine Nuclear Research Institute (PNRI)
Department of Labor and Employment (DOLE)
Philippine National Police (PNP)

The Committee on Radiological Emergency (CORE) was reorganized and was
formally proposed to be a working Committee of the National Disaster Coordinating
Council (NDCC). The membership of the CORE are: OCD as Chairman, PNRI as coChairman, with RHS/DOH, DA, DENR, DILG, PAGASA and DOLE as members.
An in-house Seminar on Emergency Management was also organized and conducted
on June 28,1996. It was attended by senior members of the PNRI Disaster Control
Organization particularly the Disaster Coordinating Council (DCC), Technical Support
Group (TSG) and team leaders of the Emergency Action Teams. As part of
radiological emergency planning, RIA participated .attended and served as secretariat
in the IAEA-sponsored Experts Advisory Group Meeting on the Establishment of a
Regional Mutual Assistance During Emergencies on January 24-28,1996 in Manila.
The RIA entry to the ARTechnical Exhibit Contest entitled "Bayanihan Spirit in case
of a Radiological Emergency* was adjudged grand prize winner during the 24th
Atomic Energy Week celebration.
PROJECT PERSONNEL

Teofilo Leonin, Jr.
Maria Palattao
Edwin Azarlon
Roel Loterifia
Luzviminda Venida
Mary Rose Quizana
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