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RESEARCH AND DEVELOPMENT IN
FOOD AND AGRICULTURE

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

ABSTRACT

For stock culture, about 2 to 3 large fruit fly rearing cages each
containing from 60,000 to 65,000 adult fruit flies were maintained
in the laboratory. Data on egg hatchability (87.1%), pupation
(99.3%), adult emergence (94.3%), fliers (87.1%) and sex ratio
(49.8:50.2, M/F) were routinely gathered for each generation. For
fruit fly production, 3,5 and 6 ml eggs were seeded per tray of
larval diet and results showed 3 ml-eggs produced large and
heavier pupa (14.1mg) as compared with 5 ml-eggs (12.6 mg) and 6
ml-eggs (11.9 mg). On the other hand, methyl eugenol feeding tests
were conducted to determine if male annihilation could be
integrated with SIT and preliminary results showed the older the
fruit flies exposed to the lure, the longer it fed and the more
frequent it visited the lure.
Fruit fly infestation based on the number of pupae recovered per
kg of fruits was relatively high in fallen or dropped fruits
particularly in starfruit (85.8) and mango (52.8). The relative
abundance of the oriental fruit fly in Guimaras was also
determined at 15-day intervals and data showed population peak
was observed in July and then it declined reaching lowest count in
October. To suppress male fly population, a total of 1,273 hectarearea in Guimaras was covered with fibreboards impregnated with
methyl eugenol and malathion at 4 pcs per hectare and replenished
every 50 days. Monitoring of fruit flies showed a decrease in fly
population. However, to be most effective, ah island-wide
implementation of male annihilation has to be undertaken. Also,
application of SIT in Naoway, a 12-ha islet SE of Guimaras was
proven to be successful after two biweekly releases of sterile fruit
flies.

OBJECTIVE

METHODOLOGY

eradicate the Oriental fruit fly in Guimaras with an ultimate
goal of establishing a fruit fly-free island in order to facilitate
export of mangoes without the need for quarantine treatment.

TO

Fruit Fly Production and Quality Control

Repair and upgrading of the Entomology Modular Laboratory for
fruit fly production was requested to increase fruit fly production
ta25 million pupae per week. The first phase of the repair started
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last January and the second phase was initiated in December, 1995.
For mass rearing operations, two to three large fruit fly rearing
cages each containing 60,000 - 65,000 adult flies were continuously
maintained in the laboratory as stock culture. Data on the number
of eggs collected per week per cage, percentage egg hatchability,
pupation, adult emergence and fliers, and sex ratio were routinely
gathered to ensure good quality flies in each generation.
Egg Seeding Test
The use of 3,5 and 6 ml eggs seeded per tray of diet were
compared based on pupal recovery and pupal weight for each
treatment. This was done by spreading the different egg densities
in tissue paper placed on top of diet using a camel's hair brush. The
larvae that developed were collected after 7 days for pupation in
coconut coir dust. After one week, the pupae were sieved and
measured in a graduated cylinder. The number of pupae per 10 ml
were counted and the weights of 25 pupae for each treatment were
determined.
Methyl Eugenol Feeding Test
Methyl eugenol feeding test was studied using 6-, 9-, 12- and 13day-old sterile unmated male adult flies. Five sterile male adults of
each age group were painted on the thorax with enamel paint for
identification and held in small cubicle cages. A cotton wick in
bottle ampoule to which 1.5 ml of methyl eugenol had been
applied was placed inside the cage. The amount of time individual
male spent feeding and visiting the methyl eugenol source was
noted over a 30 min period. The methyl eugenol source was then
removed, and the males were re-tested 5 days later following the
same procedure.
Ecological Studies
I. Fruit Infestation
Biweekly host survey of Oriental fruit fly (OFF) was
continuously done from various locations in major areas of
Guimaras. Picked or dropped host fruits either cultivated or
wild suspected to be host of OFF were collected and brought to
NMRDC laboratory. Fruit samples were weighed, dissected
and the larvae collected were allowed to mature and pupate in
coir dust. After one week, the pupae were collected by sieving
the coir dust. Fruit infestation was determined by counting the
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number of pupae recovered per kg of infested fruit either
picked or dropped.
II. Population Dynamic Studies
OFF population dynamic studies were conducted in 3
barangays which include Supang in the town of Buenavista,
Lininguan in Jordan and Igang in Nueva Valencia. Fifty traps
were placed per site by hanging on trees situated
approximately 50 m apart. Trap catches were collected twice a
month and the counts per trap per day (CPTD) for each month
was determined. Fluctuations in fly populations were
compared among the different sites.
Male Annihilation Field Trials
Prior to areawide fruit fly eradication in Guimaras Island by SIT,
reduction of OFF population by male annihilation technique was
initiated in Guimaras. Setting-up of fiberboards impregnated with
methyl eugenol and malathion was expanded to increase the area
of coverage. In Buenavista, three sites were added and these are
Oro Verde Holding Development Corporation (OVHDC),
Salvacion and Jamandre farm with a total area of 231.9 has. In
Jordan, 11 sites were added namely NMRDC, Poblacion,
Buluangan, Southern Orchard, Chavez Farm, Trappist, Bugnay,
Constancia, Aguilar, Alaguisoc and Tamborong with a total area of
1,021.25 has. Two sites were selected in Nueva Valencia. These
include Concordia and Lucmayan with 10 has each. The total area
covered for this year was about 1,273.15 has.
Mark-Release-Recapture Study in Naoway Islet
Naoway, a 12-ha islet, was selected as a pilot site to demonstrate
the feasibility of eradicating the OFF by SIT. Prior to sterile fly
releases, a mark-release-recapture study was conducted in March
and repeated in August, 1995 to estimate the absolute density of
OFF in the islet. The experiment was done by releasing 10 -11 days
old marked sterile flies in the morning by allowing them to fly
freely from an open cage for 30 min. Twenty-five traps were hung
4 hours after the release at an approximate distance of 50 m apart
covering an area of 6 ha on each site. Released flies were
recaptured 24 - 48 hours after release and were counted in the
laboratory. After counting, the head of individual flies was
removed and then punched in filter paper using concrete nail
^Soaked in acetone-ethyl alcohol solution. The filter paper was then
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exposed to UV lamp and all spots that flouresce were counted as
coming from marked flies. Wild fly population in the islet was
calculated by the Lincoln index using the following formula:

m
where N
n
M
m

=
=
=
=

number of wild flies
number of captured wild flies
number of marked and released flies
number of recaptured marked flies

Sterile Fly Releases in Naoway Islet
Upon calculation of the estimated density of wild OFF in Naoway
Islet, sterile fly releases were conducted at two-week intervals from
August to October, 1995. Sterile pupae were shipped to Guimaras
in polyethylene bags packed in styrofbam box provided with
coolant. The pupae were allowed to emerge in large cages for
emergence and provided with food and water. One day before
release, emerged flies were transported to Naoway Islet by jeepney
and then by pump boat. Sterile flies were released on the following
day from 7:00 - 8:00 am in five release points. Releases of adults
were repeated 6 times at biweekly intervals. To evaluate the
efficiency of SIT, one check trap was set up on each of the 5 release
points and serviced before another release was done. Flies caught
in each trap were crushed on filter paper, examined under the UV
lamp and determined as marked or unmarked (wild) flies. All
cultivated or wild fruits suspected to be host of fruit fly were also
collected, brought to NMRDC and observed for any larva or pupa.
RESULTS AND DISCUSSION

Fruit Fly Production and Quality Control
The upgraded entomology laboratory suited for "factory type"
operations has a total floor area of 218 sq. m. consisting of adult
room, larval room, larval popping room and pupal room. The
additional extention includes the diet preparation room and
storage room. All rearing rooms will be secured to prevent the
escape of flies from the facility.
From January to December, 1995, a total of 110 trays of diet were
prepared and seeded with OFF eggs yielding 118.79 liters of pupae
(4 million) for stock cultures, methyl eugenol feeding, field cage
¥xperiments, mark-recapture studies and sterile fly releases in
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Naoway Islet. Quality control data of stock cultures are
summarized in Table 1. Data showed that adult fruit fly colonies
maintained on sweet potato-rice bran diet for 24 generations were
of good quality based on the mean % egg hatch (87.08), % pupation
(99.23), % adult emergence (94.3) and % fliers (87.11). A mean
average of 155.3 ml eggs was collected per cage per week. Pupal
mean weight was 13.79 mg and male:female ratio was observed at
49.8:50.2.
Egg Seeding Test
Table 2 summarizes the mean number of pupae collected from
different egg densities seeded per tray of diet. High pupal weight
(14.1mg) was observed from the 3 ml eggs as compared with 5 ml
eggs (12.6 mg) and 6 ml eggs (11.9 mg), seeded per tray of diet.
This results suggest that 3 ml eggs is an ideal density to be seeded
per tray of diet to produce large pupae. According to Vargas, et al
(1994), high pupal weight is considered a desirable characteristic in
fruit fly rearing on artificial diets which is important in mating
success (Churchhill-Stanland, et al., 1986) and greater flight ability
as compared with smaller males (Sharp, et al., 1983).
Methyl Eugenol Feeding Test
Table 3 showed the length of feeding time and the number of visits
of different age of irradiated male adult flies to methyl eugenol
source. Results of initial tests showed that the older the flies
exposed to the lure, the longer it fed and more frequent it visited
the lure. Length of feeding ranged from 9.41± 3.80 to 14.71± 5.72
minutes. High number of visits to the lure was also observed in
older flies especially in 13-day old group. After 5 days, refeeding
on methyl eugenol was almost 100% among the sterile males
tested.
Ecological Studies
I. Fruit Infestation
The fruiting period of fruits suspected as host of OFF is
presented in Table 4. Calamansi, guava, guayabano, jackfruit,
mango, papaya and starfruit were almost present all year
round. Three wild hosts were also collected in the field and
their fruiting periods occurred from May to November. The
degree of fruit fly infestation based on the number of pupae
recovered per kg of fruit for different fruits is shown in Table
5. High infestation was observed in fallen fruits particularly in
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star fruit and mango with 85.8 and 52.8 pupae per kg of fruit,
respectively. Among the picked fruits, star fruit was the most
preferred host followed by guava, passion fruit, siniguelas and
guayabano. All the rest of the fruits sampled have low fruit fly
infestation or are not favored as host by the insect. On the other
hand, among the wild fruits collected, bignay was found to be
a preferred alternate host as compared to an-an and wild
grapes.
Table 6 summarizes the monthly fruit infestation of picked and
fallen fruits based on the number of pupae recovered per kg of
fruits. High fruit fly infestation was observed in fallen fruits
especially during the months of March, April, June and August
with the number of pupae recovered per kg of fruits ranging
from 70.9 - 76.6. The increase in infestation or the high number
of pupae recovered maybe attributed to the availability of host
fruits. In picked fruits, however, low pupal counts were
evident throughout the year with values ranging from 0.63 24.4 pupae per kg of fruit.
II. Population Dynamic Studies
The relative abundance of the OFF in the three barangays of
Guimaras is presented in Table 7. Based on CPTD, the peak of
fly population was recorded in June for Liniguan (23.39), July
for Supang (17.16) and also July for Igang (29.71). For
Guimaras, fruit fly population started to increase in March,
reached the peak in July and declined reaching the lowest
count in October (Fig.l).
Male Annihilation Field Trials
The suppression of OFF in Guimaras through male annihilation
was found to be effective in reducing the wild population. As of
this date, about 1,273 hectares of Guimaras was covered with
fiberboards impregnated with methyl eugenol and malathion. The
areas involved 16 barangays extensively planted with mangoes
and some fruit trees under commercial and backyard conditions
(Table 8). Areawide distribution of fiberboards to cover the entire
island of Guimaras should therefore be implemented in order to
increase effectiveness of the male annihilation technique. At PNRI,
130 sacks containing approximately 170,000 of processed
fiberboard squares are ready for shipment to NMRDC.
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Mark-Release-Recapture Study in Naoway Islet
Table 9 summarizes the absolute population density per ha
estimated using the Lincoln method in Naoway Islet. Results of the
two trials of mark-recapture studies showed an average fruit fly
density of 286 flies per hectare. Assuming that the wild population
has a 1:1 ratio, total number of wild flies in the 12-ha islet was
estimated at 3,432. This information on the absolute population
density of OFF in the islet served as baseline data for the actual
number of flies released to flood the area.
Sterile Fly Releases in Naoway Islet
Table 10 shows the sterile fly release data in Naoway Islet. A total
of approximately 1,009,150 sterile flies whose ages ranged from 2 10 days were released at biweekly intervals in five release points.
Except for the 7 wild (unmarked fruit flies) collected 10 days after
the first release, eradication was achieved after continuous release
of sterile fruit flies in Naoway Islet. Data on check traps revealed
that no wild fly was collected beyond 10 days until the last
collection in November 6. Fruit collection data showed that no
Oriental fruit fly pupa was recovered from fruits collected in the
area which indicate that the native fly population was readily
overwhelmed by the high ratio of released sterile fruit flies.
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Table 1. Quality control of Oriental fruit fly stock culture feared in artificial diet from January to
December, 1995.
Generation

% Hatch

% Pupation

(ml)

Pupal
Weight
(mg)

% Emergence

% Fliers

Ratio M

Ratio
F

16

138.0

92.3

99.8

13.4

99.0

92.8

47

53

17

133.3

87.3

99.0

13.4

81.8

81.2

52

48

18

87.7

89.6

98.0

14.2

95.4

83.0

46

54

19

115.5

80.0

99.0

12.9

94.4

82.6

53

47

20

183.5

81.1

98.8

14.8

90.4

78.9

47

53

21

197.5

83.0

13.9

95.2

85.5

49

51

22

178.3

91.9

13.3

98.3

92.4

50

50

23

214.0

91.7

14.5

98.0

95.0

57

43

24

150.0

86.9

99.7

13.7

96.3

92.6

47

53

783.7

893.1

124.1

848.8

448

452

13.8

94.3

Total

1398

Mean

155.3

87.1

100
98.8
100

99.23

784

87.1

49.8

50.2

Table 2. Mean number/weight of pupae collected from different egg densities seeded per tray of
diet.
Number of eggs
seeded per tray of
diet (ml)

Number of Pupae
collected per tray of
diet

3

Weight of 25 pupae

Weight per pupa

(S)

(mg}

Number of pupae
per 10 ml

1031.5 ±267.95

0.3515 ±0.018

14.1 ±0.72

368.3 ±76.93

5

1343.6 ±237.35

0.3153 ±0.032

12.6 ±1.28

424.5 ±117.60

6

1452.4±240.42

0.2971 ±0.042

11.9 ±1.70

451.3 ±107.34
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Table 3. Methyl eugenol feeding of irradiated male adults for 30-minute exposure to the lure
Age of flies (days)

Length of Feeding (min)

Mean number of Visit

6

9.41 ±3.80

2.50 ±1.35

9

11.96 ±3.35

2.29 ±0.95

12

14.71 ±5.72

2.69 ± 0.96

13

10.27 ±2.21

3.6 ±1.38

Table 4. Fruiting period of possible hosts of Oriental fruit fly in Guimaras Island (December 1994November 1995)
'94
Hosts

1995

D

J

F

M

A

M

J

J

A

s

o

N

Atis (Anona squamosa)

-

-

-

-

-

-

X

(x)

(x)

(x)

-

Avocado (Persea americana)

-

-

-

-

-

-

X

-

-

X

(x)

(x)

X

X

-

-

(x)
-

X

Caimito (Chrysophyllum caimito)

(x)
-

-

-

-

Calamansi (Citrus microcarpa)

X

X

X

X

(x)

(x)

X

X

X

X

(x)

X

Cashew (Anacardium occidentals)

-

X

X

X

X

-

-

-

-

-

-

-

-

-

-

(x)
-

-

Cerali

-

-

-

(x)

(x)

-

(x)

(x)
-

(x)

-

X

(x)

-

-

-

X

(x)

X

-

-

(x)
-

-

-

(x)
-

X

Cultivated Fruits

Chico (Manilkara zapota)
Duhat (Syzygium cumini)

-

Guava (Psidium guajava)

X

X

X

(x)

(x)

(x)

X

X

(x)

(x)

(x)

(x)

Guayabano (Anonna muricata)

X

X

(x)

X

(x)

X

X

X

(x)

X

(x)

-

Jackfruit (Artocarpus heterophyllus)

X

X

X

X

X

X

X

X

X

(x)

-

Mabolo (Ciospyrus blancol)

-

-

-

-

-

(x)
-

-

-

-

-

X

(x)

Mango {Mangifera indica)

(x)

w

(x)

(x)

(x)

(x)

(x)

X

(x)

(x)

X

(x)

Papaya (Carica papaya)

X

X

X

X

X

X

X

X

(x)

(x)

Passion fruit (Passiflora edulis)

-

-

-

-

-

(x)
-

X

(x)

X

(x)

-

Pomelo (Citrus maxima)

-

-

-

-

-

-

(x)
-

X

(x)

(x)

-

-

-

-

-

X

(x)

(x)
-

X

Santol (Sandoricum koetjape)

(x)
-

-

-

Sineguelas (Spondias pupurea)

-

-

-

X

(x)

(x)

X

-

-

-

-

Starfruit (Averrhoa carambola)

X

(x)

(x)

(x)

(x)

-

-

(x)
-

(x)

X

(x)
-

(x)

X

(x)
-

(x)

Tiesa (Pouteria canipechiana)

(x)
-

-

-

-

-

An-an

-

-

-

-

(x)

X

(x)

X

(x)

(x)

-

Bignay (Antidesma bunius)

-

-

-

-

-

-

-

(x)

X

(x)

-

Grapes(Ampilodissus planchori)

-

-

-

-

-

-

-

(x)
-

-

-

(x)

X

(x)
-

Wild Fruits

- absence of fruits; x- monthly availability of fruits; (x) fruit samples collected
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Table 5. Volume of individual fruit samples and the degree of infestation expressed by the number
of pupae per kg of fruit sample from Jan. to Dec. 1995.
Fallen

Picked fruits
Fruits

1.

Starfruit

2.

Chico

3.

Starapple

4.
5.

Mango
. Guayabano

Weight

No. of pupa

(kg)

collected

24.4

1,167

8.0

No. of
pupa/ kg of

Weight
(kg)

fruit

No. of
pupa
collected

/ k g of fruit
72.9

47.8

103.2

0

-

-

-

-

41.2

0

-

-

-

-

1,191.3

2,485

2.1

360.2

181

15.1

-

• 33.8

1,031

30.5

57.4

16.5

-

-

-

2.0

0

-

310.3

2,335

0.5

0

12

7,521

No. of pupa

18,479

1,662

51.3

28.9

6.

Guava

7.

Siniguelas

118.8

1,956

8.

Calamansi

3.0

0

9.

Santol

50.0

37

1.4

38

27.1

20.7

37

1.8

-

0

-

-

10.2

13. Jackfruit

7.3

2

0.3

-

-

-

14.

Papaya

7.5

10

1.3

-

-

-

15.

Cerali

0

0

-

11.6

16.

Mabolo

0.2

0

-

-

-

17. An-an (wUd)

0.3

0

-

2.0

29

18. wild grapes

3.0

0

-

-

-

-

19.

Bignay

1.3

8

6.2

0.4

38

95

20.

Avocado

0

0

-

3.3

39

11.8

10. Passion fruit
11.

Atis

12.

Pomelo

TOTAL

1,524.2

0.74

861.1

7.5
-

-

-

13

1.3

356

30.7

14.5
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Table 6.Summary of fruit infestation based on the number of pupae recovered per kg of fruit
samples in Guimaras Island from January to December, 1995.
Month

No. of Pupae/kg of
fruit

Picked fruits
(kgs)

Fallen fruits

No. of Pupae/kg of
fruit

(kgs)

January

25.1

5

62.2

33.7

February

62.9

24.4

50.3

42.6
74.3

March

133.6

0.6

84.0

April

127.1

4.4

15.1

70.9

no fruit collection

May
June

273.7

5.9

903

76.6

July

50.6

0.7

245.6

13.3

August

5.1

7.1

12.5

72.9

.

September

292

9.6

13.4

21.4

October

55

18.3

115.5

26.0

November

13

16.3

115.5

26

December

0

0

48.7

21.89

Table 7. Average monthly catches of male Oriental fruit fly in the three municipalities of Guimaras
expressed as catcper trap per day (CPTD) from December 1994 to December, 1995
Municipalities
Year/Month

Jordan

Buenavista

Nueva Valencia

Average

Guimaras (Ave.)

1994
019

0.16

0.54

0.30

0.30

January

0.18

0.16

0.81

0.38

0.38

February

0.84

0.64

2.43

1.30

1.30

March

0.74

0.54

3.69

1.66

1.66

April

0.74

1.51

8.33

3.53

3.53

May

1.93

5.20

12.58

6.57

6.57

June

23.39

7.69

28.10

19.73

19.73

July

14.80

17.16

29.71

20.56

20.56

December

1995

August

2.98

2.18

12.10

5.75

5.75

September

0.49

0.39

0.54

0.47

0.47

October

0.70

0.21

0.23

0.38

0.38

November

0.90

. 0.23

0.45

0.53

0.53

December

0.82

0.38

0.17

0.46
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Table 8. Area covered by male annihilation method in Guimaras, 1995.
Area (ha)

No. of fiberboards set

Brgys.

716

197.9

NMRDC, Jordan

40

10

Poblacion, Jordan

154

OVHDC, Buenavista

38.5

Concordia, Nueva Valencia

40

10

Salvacion, Buenavista

40

10

Buluangan, Jordan

40

10

Lucmayan, Nva Valencia

40

10

125

30

2130

525

96

25

Chaves Farm, Jordan
S O (Farm A, B, C, D), Jordan
Trappist Monastery, Jordan
Alaguisoc, Jordan

341

Aguilar, Jordan

400

Nugnay, Jordan

350

87.5

Constancia, Jordan

140

35

Tamborong, Jordan

300

75

96

24

Jamadre Farm, Buenavista
TOTAL

85.25
100

5048

1273.15

Table 9. Mark-Release-Recapture Study in Naoway Islet
First Trial

A

Number of marked and released flies (M)
Number of recaptured marked flies (m)

B

Mean

8963

9123

417

305

Number of captured wild flies (n)

41

52

Estimated number of wild flies (N)

881

1555

Density/ha

220

388

Second Trial

A

Number of marked and released flies (M)

B

Mean

9168,

8970

Number of recaptured marked flies (m)

67

42

Number of captured wild flies (n)

11

3

1505

641

376

160

Estimated number of wild flies (N)
Density/ha

Wean

m

*

286; 286 « 12 has. = 3,432 flies

304

268
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Table 10. Data on Sterile Fly Releases in Naoway Islet
Batch No.

No. of sterile fruit
flies released

Flies Recovered
Date of release

Ratio (Sterile:Wild)
Marked

Unmarked

1

149,167

8-23-95

4,534

7

44:1

2

133,049

9-03-95

1,501

0

39:1

3

179,620

9-18-95

669

0

52:1

4

198,470

10-02-95

2,304

0

58:1

5

122,313

10-11-95

5,808

0

36:1

6

226,531

10-24-95*

805

0

66:1

15,621

7

1,009,150

Total

Fig. 1. Fruit fly counts in Guimaras front December 1994 to December 1995.
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THE USE OF GAMMA RADIATION FOR THE EXTENDED
COMMERCIAL STORAGE OF SOME AGRICULTURAL CROPS

ABSTRACT

Preliminary results on the effect of gamma radiation for microbial
decontamination and insect disinfestation of rice and corn were
evaluated. A reduction of about 2-3 log cycles on total microbial
growth for rice and corn was noted at a dose of 5 kGy. Insects were
controlled at a dose of 0.5 kGy. After 5 months storage at ambient
temperature rice samples showed significant reduction in gel
consistency and starch but the free fatty acids, total soluble solids,
proteins remained stable. Of the 3 types of packaging materials
used, polypropylene sack lined with polyethylene plastic persisted
to be of good material for packaging of rice. Irradiated and nonirradiated corn were highly contaminated with molds after 4
months storage due to high moisture content, however insects
were disinfested at a dose of 0.5 kGy.

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 and sensory evaluation of the
above-mentioned products.
3. To evaluate storage studies on irradiated rice and corn for
shelf-life extension.
4. To determine suitable materials for packaging the irradiated
rice and corn.

METHODOLOGY

Newly-harvested and milled rice and corn were procured from the
farm. A total of about 1,125 kg. of milled rice and 1,125 kg. of corn
was used for the study. The rice and corn samples were packed in
2 kinds of packaging materials, namely, plastic polypropylene sack
and polyethylene plastic. Each package contained one kilogram of
sample. They were evaluated for microbiological, entomological,
physico-chemical and sensory on a monthly basis. Storage of
packaging studies were also included in the evaluation.

RESULTS AND DISCUSSION

I.

Rice
A. Microbiological Tests
The irradiated (13 and 5 kGy) lots showed marked
reduction in total plate counts by as much as 2-3 log cycles
as compared to non-irradiated lots (Table 1). The total
mold and yeast counts of the irradiated samples showed
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less than 10.0 colony forming units per gram while the
non- irradiated lots showed more than 3,000 counts per
gram (Table 2). Apparently, the control samples had 4-15
MPN/gm of Coliform counts while no growth was
obtained in the irradiated lots (Table 3).
B. Entomological Tests
The number of adult insects (dead and alive) recovered
from the irradiated samples decreased progressively as the
dose increases (Table 4). The number of alive insects in the
control lots ranged from 74 to 1,305 while the irradiated
lots did not exceed 15 insects per bag. There was a
decrease in the percentage of insect damage in the kernels
of the irradiated rice (2.0%) as against the non-irradiated
samples (10%) after 5 months storage.
C. Physico-chemical Tests
The quality of the irradiated and the non- irradiated rice
after 5 months storage at ambient temperature showed the
following results:
1. There was no considerable decline in the pH and
moisture content of the irradiated rice.
2. The gel consistency and amylose content of the
irradiated rice (0.5 and 1.0 kGy) increased considerably
with the increase in dose. The highest value obtained
for gel consistency of irradiated samples (100 mm)
would mean softness of the rice when cooked.
3. The fat acidity values of the irradiated and nonirradiated samples did not show significant
differences. '
D. Sensory Evaluation
The overall acceptability of the irradiated cooked rice
showed negative responses from the trained panellists of
PhilRice Institute. However, statistical treatment will be
conducted at the end of the study to confirm its
significance.
E. Packaging Studies
Of the packaging materials, tested for insect disinfestation
namely, ® polypropylene sacks, © polyethylene bags,
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(D polypropylene sack lined with plastic, packaging #3
seem to be the most appropriate materials for the
irradiated rice.
II. Corn
A. Microbiological Test
The result of the total plate counts of corn showed a
reduction of about 2 and 4 log cycles at doses of 3 and 5
kGy, respectively (Table 5). A dose of 5 kGy greatly
reduced the bacterial counts below the acceptable limit (i.e.
not more than 104 cfu/ g.).
Mold growth increased progressively in both irradiated
and non-irradiated samples. This could be due to high
moisture content (more than 15.0%) of the samples. The
evaluation of this commodity was terminated at 4 months
storage due to heavy contamination of mold growth and
the presence of Aflatoxin in both irradiated and nonirradiated samples.
Coliform counts were lower in irradiated (43.0 - 210
MPN/g) as compared to the non- irradiated (1,000
MPN/g) samples.
B. Entomological Tests
The number of live insects recovered from the nonirradiated samples increased progressively from 50-1,305
while the irradiated lots had only 1-15 adult insects/bag
(Table 6).
PROJECT PERSONNEL

Zenaida de Guzman
Mitos Tolentino
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Table 1. Total microbial count (Rice)
Lot#/
Dose

Monthly Storage
2

1

0

4

3

5

RL.0

6.43

7.01

4.28

4.28

4.9

5.46

RL,1

4.18

5.79

3.3

3.23

3.36

3.92

RL,3

3.7

3.67

2.5

2.23

2.46

2.18

RL,5

1.0

1.0

1.0

1.0

1.7

1.3

RLjO

5.92

7.11

4.34

4.39

4.08

3.11

RLjl

5.53

5.53

4.0

3.36

3.53

2.08

RLj3

5.4

457

2.43

2.04

2.18

1.9

RL£

1.0

1.0

1.0

1.0

2.18

1.4

RL3O

5.75

6.63

3.95

3.98

4.0

3.46

RL,1

4.11

5.72

3.34

3.54

332

2.24

RL,3

3.86

4.08

2.3

2.26

2.0

1.85

RL£

1.0

1.0

1.0

1.0

1.54

1.0

6

8

6

8

Table 2. Total mold and yeast count (Rice)
Lot # /
Dose

Monthly Storage
0

1

2

3

4

5

RL.0

1.95

7.03

3.90

4.06

4.15

3.61

RL,1

1.0

5.45

3.48

3.48

3.61

2.86

RL.3

1.0

2.08

2.34

2.85

1.0

2.54

RL,5

1.0

1.0

2.04

1.0

1.0

1.30

RLjO

2.85

2.78

2.08

4.88

3.04

2.40

RL2I

2.23

2.08

1.0

3.40

2.90

1.0

RLj3

1.0

2.11

1.0

2.60

1.30

1.0

RLj5

1.0

1.0

1.0

1.0

1.0

1.0

3.49

2.41

2.54

4.74

2.93

2.40

RLjl

1.0

2.34

1.0

1.0

, 2.54

1.18

RLj3

1.0

2.23

1.0

1.0

1.0

1.0

RLj5

1.0

1.0

1.0

1.0

1.0

1.0

x RL,0
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Table 3. Coliform count (Rice)
Lot#/
Dose

Monthly Storage
0

1

2

3

4

5

8

6

RL.0

7.0

4.0

150.0

<3.0

93.0

4.0

RL,1

<3.0

<3.0

15.0

<3.0

<3.0

15.0

RL,3

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

RL,5

<3.0

<3.0

<3.0

<3.0

<3.Q

<3.0

7.0

<3.0

RL,0

7.0

7.0

<3.0

<3.0

RLjl

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

RLj3

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

RLj5

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

RL,0

<3.0

<3.0

<3.0

<3.0

28.0

<3.0

RL,1

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

RL,3

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

RL,5

<3.0

<3.0

<3.0

<3.0

<3.0

<3.0

Table 4. Comparison of number of adult insects (dead and alive) on irradiated and non-irradiated
rice during storage at ambient temperature
Storage Period (Months )
Lot # / Dose

c

1

0

)

1

4I

3

6

8

Dead Alive Dead Alive Dead Alive Dead Alive Dead Alive Dead Alive Dead Alive Dead Alive
Lot I
0

0

2

0

2

0.5

2

0

1

1

1

0

0

0

0

2

0.5

2

1

8

13

34

5

6

0

0

2

3

11

31

4

0

0

3

0

20

4

0

0

10

7

24

34 130

88

60

1

0

0

0

3

9

9

7

11

2

0

0

0

2

0

0

6

1

12

2

8

0

0

12

19

0

7

34

3

23

6

3

0

0

0

0

0

0

0

1

0

10

2

2

0

0

0

5

2

0

1

3

0

7

0

5

9

1

3

0

5

0

0

0

0

2

2

0

0

0.5
1

Lot II

Lot HI
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Table 5. Total microbial count (Corn)
Monthly Storage

Lot # / Dose
1

0

3

2

5

4

CL,0

7.20

7.45

7.46

5.37

CL.1

5.83

5.40

6.08

4.88

4.43

CL,3

4.62

4.30

4.56

3.70

3.08

CL.5

4.30

3.46

3.57

1.95

1.40

CLjO

6.92

7.50

5.48

5.61

5.54

CL,1

5.61

4.51

4.11

4.40

4.32

0*3

4.20

4.34

4.88

2.65

3.32

CL^'

3.89

3.30

3.70

1.78

2.18

CLjO

6.91

7.49

5.60

5.23

5.36

CL.1

5.43

5.48

4.65

4.90

4.43

CL.3

4.34

4.59

434

3.18

3.08

CL,5

2.81

3.40

2.43

2.27

1.93

5.34

•

-

-

-

-

-

-

-

-

-

-

-

-

Table 6. Comparison of number of adult insects (dead and alive) on irradiated and non-irradiated
corn during storage at ambient temperature
Storage Period (Months >
Lot # / Dose

;

1

0

i

4[

3

6

8

Dead Alive Dead Alive Dead Alive Dead Alive Dead Alive Dead Alive Dead Alive Dead Alive
Lot I

30 149

72

74

2

3

164

31

0

1

3

5

2

0

65

0

11

1

7

15

19

48

3

3

2

9

20

65

51

59

3

182

4

3

0

1

1

0

4

0

0

0

4

1

1

0

11

0

4

0

1

1

6

27

130

279

551

702 1,305

28

2

68

0

0

0

1

0

2

7

5

3

4

0

3

0

2

1

2

1

3

2

0

0

3

0

2

0

0

5

2

5

70

0.5

0

0

0

1

1

1

0

0

0

0

0

6

1

0.5

1

0

4

1

2

0

0

2

0.5
1

Lot II

Lot III

IRRADIATION AS A QUARANTINE TREATMENT FOR ORNAMENTALS

ABSTRACT

Field collection and rearing of orchid weevil were continued to
have continuous of the test insects in the laboratory. Irradiation of
30-day old larvae with 150,300 and 450 Gy showed that larval
mortality was directly related to dose. Some of the irradiated
larvae developed into pupa but died eventually with prolonged
larval stage.
For the early or young pupae, only those treated with 450 Gy were
not able to emerge as adults. However, for the young orchid weevil
adults, only those treated with 150 Gy laid eggs but none of these
eggs hatched into larvae. Furthermore, irradiated adults were
short-lived as compared with the control.
No apparent trend was observed on melanization of irradiated
larvae. Observations on the effect of irradiation on the vase-life of
different cutflowers and Dendrobium seedlings are on-going.

OBJECTIVES

METHODOLOGY

General:
To establish an alternative quarantine treatment for ornamentals
intended for export
Specific:
1. To continue field collection and rearing of orchid weevils in the
laboratory
2. To determine radiosensitivity of larvae, young pupae and
adults of the orchid weevil
3. To conduct studies on melanization of irradiated larvae of the
orchid weevil
4. To determine the effect of irradiation on the vase life of
different cutflowers
5. To determine the effect of irradiation on Dendrobium seedlings.
Rearing of Orchid Weevil
Collection of orchid weevil adults, pupae and larvae was done at
Nene's Garden and Varunee's Garden in Calamba, Laguna and All
Seasons Farm in Sto. Tomas, Batangas. The adults collected were
reared in the laboratory in glass jars covered with nylon-organdy
cloth. Fresh Dendrobium leaves were provided to the adults two to
three times per week for them to feed on and oviposit their eggs.
After two to three days, the infested leaves were taken and soaked
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in water for five minutes to soften the epidermis over the
oviposition sites. The leaves were dissected with the use of forceps,
eggs removed, counted and incubated on wet blotting paper in
covered and labelled plastic petri dishes. Newly-hatched first
instar larvae were transferred to fresh Dendrobium leaves
punctured with forceps to serve as entrance holes for the larvae.
After five to seven days, the larvae were removed from the leaver
through dissection and then transferred to cut stems (about 10 cm.
long) punctured with a nail to serve as artificial tunnel. The
infested stems were placed inside the test tubes (2.5 cm. diam; 20
cm ht.) covered with nylon-organdy cloth and held in trays for
about a month. Afterwhich, the stems were dissected and checked
daily to determine the insects' stage of development. Newlyemerged adults were individually transferred in glass vials
provided with Dendrobium leaves.
irradiation of Orchid Weevil Larvae, Pupae and Adults
Thirty-day old orchid weevil larvae, early stage of pupae and
adults were exposed to 150,300 and 450 Gy using the GammaCell
220 Irradiator of the Philippine Nuclear Research Institute. The
samples used in the irradiation studies were taken from the
laboratory stock culture. The irradiated and unirradiated samples
were observed daily to determine the mortality and insects' stage
of development. For the irradiated adult orchid wwrh • ^
pair of weevils (one male: one iemaie) was contained in a vial
provided with leaves, the leaves were replaced twice a week and
dissected for the presence of eggs. The eggs collected were
incubated in wet blotting paper and observed for hatchability.
Melanization Studies

i orchid leaves punctured
with forceps to serve as entrance holes. The larvae were irradiated
using 5,10 and 20 Gy. When the larvae reached third instar, they
were placed in a freezer (-20°C) for 24 hours to kill them. The
larvae were then kept at room temperature and then observed
every hour for melanization (Nation and Smittle, 1994).
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Irradiation of Cutflowers
Anthurium, Dendrobium, Heliconia and Oncidium cutflowers were

irradiated using 100,150,300 and 450 Gy to determine the effect of
irradiation on their vase life. Unirradiated cutflowers served as the
control lot. After irradiation, the cutflowers were placed in test
tubes containing distilled water, rest in test tube racks and then
observed daily noting the browning of spathe and spadix as well as
bending of the petiole (Anthurium), falling and yellowing/drying
of flowers (Dendrobium and Oncidium) and browning of bracts and
browning and falling of petals (Heliconia).
Thrips were found present in some Anthurium samples. The thrips
were sent to a taxonomist for identification.
Irradiation of Dendrobium Seedlings
Dendrobium seedlings were irradiated with 150,300 and 450 Gy to
determine the effect of disinfestation dose on the growth of
Dendrobium. Five seedlings were used for each dose. Data being
collected include plant height, number of shoots and number of
leaves. Collection of data was done every two weeks. This
experiment is still in progress.
Pollination of Dendrobium Flowers
Dendrobiumflowerswere pollinated in the Entomology
screenhouse to augment the materials needed in the project.
Pollination is being done in the morning when the temperature is
low. Mature pods (90 to 100 days) are being picked and brought to
Green and Grow for tissue culture.
RESULTS AND DISCUSSION

Rearing of Orchid Weevils
A total 1,154 orchid weevil adults (594 males: 560 females) were
collected in the field. They were combined with the existing stock
culture in the laboratory. The leaves provided to the adult weevils
were replaced twice a week and the infested leaves were dissected.
Four thousand three hundred and twenty seven (4327) eggs were
recovered from the dissection of Dendrobium leaves.
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Irradiation of Larvae, Pupae and Adult Orchid Weevils

Results of the irradiation studies on 30-day old larvae were
summarized in Table 1. Larval mortality was found to be directly
related to dose. It was observed that larvae tend to be smaller and
weaker relative to the control as the dose applied increases. None
of the irradiated larvae developed into pupa.
From the data presented in Table 2, only the early pupae (pupae
not showing browning) treated with 450 Gy were not able to
emerge into adult but it was observed that their rostrum,
femoratibial joints and pretarsus began to turn brown.
Irradiation of orchid weevil adults was also done (Table 3). Only
the adults exposed to 150 Gy laid eggs. However, none of the eggs
hatched from 150 Gy treatment while 100% egg hatch was
observed from the control. Longevity of the adults was also
affected by exposure to irradiation. Irradiated adults were short
lived as compared to the control. More experiments on this will be
conducted.
Melanization Studies
Studies on the effect of different irradiation doses (5,10 and 20 Gy)
on the melanization of first instar orchid weevil larvae were
conducted. However, after 11 trials, no apparent trend was
obtained based on visual observations. Melanization was not
evident even on unirradiated larvae.
Irradiation of Cutflowers
The effect of irradiation on the four different kinds of cutflowers
(Anthurium, Dendrobium, Helkonia and Oncidium) used were the

same. In Anthurium, browning of spathe and spadix as well as
bending of the petiole increases with dose. Thrips were found
damaging some of the Anthurium samples, either opened or
unopened. Infested flowers were usually pale in color, deformed
and with brown spots were the thrips fed. Six days after
irradiation, the thrips present were able to survive at 100,150 and
300 Gy but not at 450 Gy which is lower compared to the doses
(>200 Gy and < 10,000 Gy) required for immediate 100% mortality
c^Tribolium confusum, Ceratitis capitata and Spodoptera litura (Seaton
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and Joyce, 1992). The thrips collected from the Anthurium samples
were sent to a taxonomist for identification and was found to be a
new species. It will be named as soon as it is published.
Irradiated Dendrobium and Oncidium cutflowers showed high
degree of yellowing/drying and falling of flowers compared to the
unirradiated ones. The experiment on Oncidium will be continued
depending on its availability.
In Heliconia, the incidence of dropping of petals was higher in the
unirradiated compared to the irradiated treatment. Based on visual
observation, the degree of browning of bracts and petals increased
as the dose applied increases.
Table 1. Longevity of orchid weevil irradiated at 30-day old with
different doses of irradiation
Dose (Gy)
0

Pupation
(DAI)*

Adult Emergence
(DAI)*

Longevity
(DAI)*

13-19

26-32

132-162

150

26^0

300

19-35

450

17-26

*day after irradiation
Table 2. Longevity of orchid weevil treated with different doses of
irradiation at early pupal stage*
Dose (Gy)

Longevity (DAI)

Remarks

0

89-132

emerged into adult

150

10-33

-do-

300

6-14

-do-

450

5-13

did not emerge into
adult

*stage wherein pupae are not showing browning
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Table 3. Number of eggs laid by adult orchid weevils treated with
different doses of irradiation, percent hatchability and longevity of
adults.

PROJECT PERSONNEL

Dose (Gy)

Mean no. of eggs

Egg hatchability

Longevity of

laid

(%)

Adults

0

11.83 ±5.98

100

29-107

150

1.0 ±1.26

0

10-30

300

0

-

12-26

450

0

-

11-20

Eugenia Manoto, Ph.D.
Glenda Obra
Sotero Resilva
Marlyn Reyes
Dolores Lazo
Restituto Ilagan

IMPROVING DAIRY CATTLE PRODUCTION
AT FARM LEVEL IN SOUTHERN LUZON

ABSTRACT

The report consists of "on-farm research" data on 103 dairy cattle
raised in 10 villages in Sta. Cruz and Pagsanjan, Laguna and in
Sariaya, Quezon. The reproductive and nutritional parameters of
the study cows were assessed through the use of progesterone
reproductive hormone and selected plasma nutritional metabolites.
Cow weight and body condition score, milk production, feeding
management, breeding and health events were monitored.
A databank consisting of approximately 50,000 baseline
information, was completed in June 1995 and had aided in the
identification of the major constraint to dairy farming in the project
sites, i.e., the long calving interval of cows raised at smallholder
level. A re-engineered dairy farming management scheme that
involves strategic nutritional supplementation, improved breeding
management and herd health program, was commenced
immediately after completion of the Baseline Phase, to address the
problems pertinent to the constraint identified in the latter.

OBJECTIVES

METHODOLOGY

Specific for 1995:
1. To complete the "on-farm" baseline information.
2. To monitor the reproductive status of study cows using
progesterone RIA technique coupled with clinical observations.
3. To identify the constraints to dairy cattle production and
productivity at existing farmer level of management.
4. To start intervention measures including strategic nutritional
supplementation using locally available feed resources.
Study Animals and Project Location
Crossbred HFXS dairy cattle (n=103), aged 6.5 years as of January
1995 and raised by smallholder dairy farmers in Sta. Cruz and
Pagsanjan, Laguna (n=67) and in Sariaya, Quezon (n=36) were the
subject of monthly observations.
Field and Laboratory Activities
I. Baseline Phase
"On-farm" monitoring activities were conducted monthly by
the PNRI-BAI research team in coordination with the NDA
_ technical field staff at the project site. Liveweights were
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estimated through heartgirth measurements using the
weighband pulled to 5 kg with a spring balance, and body
conditions of the cows were scored (range: 1-5). Dialogues with
the farmer cooperators on the reproductive and health events
and feeding management of their cows, as well as feed intake
of representative study cows, were regularly made. Sampling
of milk, blood and feces of cows, and of various forages and
concentrates fed to the cows were periodically collected. Rectal
palpation of both cows and those bred 2-3 months earlier, was
also conducted by BAI and NDA research counterparts.
The milk production of the study cows was obtained from the
National Dairy Authority. Climatological data were gathered
from the PAGASA records.
Progesterone hormone in milk/blood plasma was analyzed by
radioimmunoassay technique. Selected plasma nutritional
metabolites, namely, beta-hydroxybutyrate, urea, total protein,
albumin and inorganic phosphorus, were analyzed
biochemically and measured spectrophotometrically at the
PNRI Biomedical Research Laboratory. Fecalysis to examine
parasitic ova for worm burden was conducted at the Philippine
Animal Health Center. Pregnancy diagnosis and assessment of
ovarian activity in both dry and lactating cows were made
using progesterone as key indicator, complemented by rectal
palpation.
The baseline information obtained was inputted into the data
bank using dBase IV, and analyzed using Excel V and Systat
softwares.
II. Intervention Phase
A practical feed mix was formulated taking into consideration
the feed resources available, such as copra meal and rice bran.
The cows were given the feed supplementation during critical
phases of their reproductive life, i.e., 2 months before calving
until 3 months postpartum when maximal physiologic stress is
expected. Vaccination and deworming activities and improved
breeding management were undertaken.
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RESULTS AND DISCUSSIONS

Baseline Phase data gathering was completed in June 1995 and all
information pertinent to dairy cattle production in the Laguna and
Quezon project sites, were stored in the databank
comprising of approximately 50,000 entries.
Feeding Management
As reported earlier, cows were tethered on native pastures under
coconut canopy for about 10 hours at daytime and given cut- andcarry forage/rice straw in the late afternoon for overnight feeding
in the backyard/cow stall.
The data on chemical analyses of forages showed low N-content of
grasses compared to pasture legumes which comprised a lesser
proportion of roughages given to the animals. The crude protein
values ranged from 6.9-13.2% for grasses, 21.2% for pasture
legumes, 17% for forage broadleaves, 4.5% for rice straw,
and 10% for rice bran.
Cut-and-carry forage daily intake per cow averaged 10 Kg grasses
and 7-8 Kg rice straw. Some animals were given supplements like
copra cake with or without rice bran (ave., 2 Kg per cow/day). Salt
was given on alternate days. These were mixed in the cows'
drinking water.
The calves are totally weaned at 7-8 months of age.
General Condition of the Study Animals
The mean liveweights of the cows monitored in Laguna and
Quezon during the first 6 months (January - June) showed mean
liveweights of 398 Kg and 385 Kg, respectively, with corresponding
mean body condition scores of 2.93 and 2.87. The succeeding 6
months (July - December) showed mean liveweights and scores of
400 Kg and 3.1, respectively, in Laguna project site and
corresponding values of 387 Kg and 2.9, in Quezon project site. The
annual liveweights in 1995 (i.e., 399 Kg in the Laguna site and 386
Kg in the Quezon site) were heavier compared to the 1994
liveweights (i.e., 377 Kg and 361 Kg., respectively). Likewise, the
mean body condition scores were higher in 1995 (i.e., 3.0 and 2.9,
respectively) compared to the previous year (i.e., 2.8 and 2.7,
respectively).
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An analyses of the calving weights and body scores of cows during
the baseline period showed lower mean values in Quezon (397 Kg
and 3.1, respectively) compared to those in Laguna (432 Kg and
3.4, respectively); moreover, high milk yielders (greater than 5
kg/cow/day) had higher mean calving weights (413 Kg vs. those
of low milk yielders (404 Kg.). The general decline in body
condition of cows after parturition until mid lactation was
observed for both project sites, with those at Quezon showing a
slower recovery compared to those at Laguna, reflecting greater
nutritional demand and the lack of stored energy to be mobilized
to cope with lactational stress of cows in the milk line at Quezon
project site.
Parasitism

The presence of rumen flukes were observed in June 1995. The
level of parasitism, however was low.
Progesterone and Reproductive Performance

Progesterone in the study cows served was used as a
key indicator of ovarian activity; thus, observed concentrations of
this hormone helped in identifying cows that were cycling,
pregnant, at postpartum anoestrus and those in poor/subestrus
condition. Table 1 shows the reproductive status of cows in the two
project sites during various periods of the year, 1995. The
percentages of cows in the Laguna and Quezon sites that were
cycling during the year were 37.5% and 24.1 %, respectively, cows
pregnant, 50% and 60.5%, respectively, cows at PP anoestrus,
11.5% and 14.1%, respectively, and cows in poor/subestrus
condition, 1.0% and 0.5%, respectively. There were 42 calvings in
Laguna site and 25 in Quezon site.
Nutritional Metabolites
Table 2 gives a summary of baseline data on plasma nutritional
metabolites, particularly, beta-hydroxybutyrate (BHB), urea,
albumin, total protein, inorganic phosphorus and globulin at
critical times in the study cows' reproductive and physiological life,
i.e., at 1 month pre-calving, 1 month postpartum and 2-3 months
postpartum. The mean plasma concentrations of these metabolites
were within the optimum biological values, however, there were
individual cows which showed increased BHB (15.2% of cows at 1
mo. pre-calving, a lower percentage at 1 and 2-3 months P and
increased plasma globulin (39% of cows at 1 month pre-calving,
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9.7% and 19% at 1 month and 2-3 months postpartum. An increase
of plasma BHB beyond the optimum levels is indicative of negative
energy status and a dietary problem, with implications on milk
production and on reproduction, while and increase in plasma
globulin indicates the existence of disease condition such as
mastitis due to bacterial infection.
Milk Production
The cows were milked once a day for a period of 7 + 2.5 months.
The annual mean yield/cow/day was 4.8 kg in Laguna (n= 50
cows) and 4.9 kg in Quezon (n= 21 cows).
No change so far was observed in 11 cows that had been subjected
to intervention in Quezon project site.
Constraints Identified Prior to the Intervention Phase
The major constraint to dairy cattle production was identified as
the long calving interval (i.e., greater than 400 days) observed
among 77.6% of cows monitored in Laguna site and 80.6% of cows
monitored in Quezon site. This was found to be due mainly to poor
breeding management, i.e., delayed service, to the problem of
AI/incorrect timing of breeding and to a lesser degree, to poor
ovarian function. (Fig. I).
Undernutrition was indicated by the flat lactation profile of low
milk yielders. Milk production was also affected by nutritional
constraints such as negative energy balance at late pregnancy and
early lactation as shown by increased plasma betahydroxybutyrate in 15.2% of cows at 1 month pre-calving and the
very significant positive correlations between plasma betahydroxybutyrate and milk yield/cow/day, at 2-3 months
postpartum in Quezon. Inorganic phosphorus deficiency found in
20-25% cows from 1 month pre-calving to 2 months post-calving
can reduce feed intake and milk yield. Inverse trends in patterns of
milk output and body condition of cows were also observed, e.g.,
body condition decreased when milk yields were high and
improved when milk yields declined on the 8th month (Laguna
site) indicating the adverse effect of undernutrition on body
condition and milk yield.
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Action Taken
Having identified the constraints, the farmers were informed of the
findings and the importance of vigilance and the recording of
occurrence of oestrus. The detection of oestrus signs was discussed
to refresh the farmers' knowledge on recognition of estrus for
improved timing of breeding. The use of milk progesterone as an
aid in breeding management and in determining the reproductive
status of their cows, was also underscored.
To address the negative energy problem and inorganic phosphorus
deficiency in pregnant and lactating cows, a special feed mix
consisting of copra meal and rice bran (2:1), 1% dicalcium
phosphate and 1% salt, was given to cows as nutritional
supplementation at late pregnancy (2 Kg/cow/day from 2 months
prepartum) until 3 months postpartum (3 Kg/cow/day) during the
next 6 months of the year.
During the first 6 months of nutritional intervention, only 5 out of
24 cows that had received the intervention showed some increase,
giving a mean daily milk yield/cow of 5.2 kgs vs. 4.8 Kg milk yield
which was observed among these cows prior to intervention with
feed supplementation.
CONCLUDING REMARKS

PROJECT PERSONNEL

Collaborating Agencies

An integrated approach, i.e., combined nutritional
supplementation, health program of deworming and vaccination
and breeding, aided by progesterone radioimmunoassay for early
pregnancy diagnosis and for monitoring ovarian activity of the
study cows, will continue in the succeeding year, with a view to
reducing calving to conception interval, intercalving interval and
improving milk production.
Adoracion Alejandrino, Ph.D.
Celia Asaad
Azucena de Vera
Custer Deocaris
Luzviminda Ignacio
Marissa Herrera
Avelino Coloma
Demetrio Moog
Bureau of Animal Industry
National Dairy Authority (formerly Philippine Dairy Corporation)
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Table 1. Reproductive status of HFxS dairy cows raised at smallholder level in the Laguna and
Quezon Project Sites during 1995.
%PPAnestrus

% Pregnant

% Cycling

% Poor/Subestrus

Laguna

Quezon

Laguna

Quezon

Laguna

Quezon

Laguna

Quezon

Qtrl

33.8

20.1

57.1

68.6

8.6

11.4

0.5

0

Qtrll

32.3

14.3

52.1

62.9

15.6

19.0

0

0

Qtrlll

31.9

35.2

50.0

55.2

11.6

10.1

1.5

0

QtrlV

47.0

26.7

40.9

55.3

9.5

16.2

2.0

1.9

Jan-Jun

33.1

17.2

54.6

65.7

12.1

15.2

0.2

0

Jun-Dec

42.0

31.0

45.6

55.3

10.9

12.9

1.7

1.0

Annual

37.5

24.1

50.0

60.5

115

14.1

1.0

0.5

Table 2. Nutritional metabolite concentrations in blood of crossbred (HFxS) dairy cows managed at
smallholder level in the Laguna and Quezon project sites.
1 Month Postpartum

1 Month Pre-Calving

2-3 Months Postpartum

Mean

sd

range

n

Mean

sd

range

n

Mean

sd

range

n

Laguna

0.44

0.20

0.13-0.90

20

0.60

0.28

0.17-1.51

31

0.47

0.24

0.11-1.11

25

Quezon

0.48

0.13

0.26-0.67

12

0.69

0.24

0.37-1.29

12

0.59

0.22

0.25-1.31

28

Laguna

4.6

1.8

1.7-7.1

24

52

1.9

2.0-10.8

37

5.6

2.1

1.4-13.7

50

Quezon

6.4

1.7

3.4-9.0

15

5.3

1.0

3.3-6.9

26

5.8

1.9

2.4-10.2

32

BHB (mmoI/L)

urea (mmol/L)

albumin

Laguna

37

6

28-48

29 39

6

26-50

42 39

6

26-50

56

(g/L)

Quezon

38

3

32-42

17 38

5

22-44

23 39

5

32-51

48

total protein

Laguna

87

' 10

72-114

32 84

6

71-104

42 85

10

47-107

60

(g/L)

Quezon

84

8

73-109

18 82

8

58-91

22 82

8

60-101

46

iP

Laguna

1.91

0.22

1.48-2.40

29

1.93

0.35

1.10-2.94

34

1.94

0.35

1.20-2.94

50

(mmol/L)

Quezon

2.13

0.35

1.56-2.70

17

2.07

0.45' 1.36-3.10

22

1.93

0.31

1.10-2.52

39

globulin

Laguna

50

12

34-72

29 46

8

25-68

41 48

10

26-74

55

(g/L)

Quezon

46

10

33-77

17 44

5

33-57

21 43

7

23-57

45

Optimum Biological Values:
plasma beta-hydroxybutyrate (BHB)
dry
: < 0.6 mmol/L
lactating : < 1.0 mmol/L
plasma urea
: > 3.6 mmol/L
plasma inorganic P : > 1.8 mmol/L

plasma albumin
plasma total protein
plasma globulin

: 30-38 g/L
: 70-85 g/L
:<50g/L

QUEZON

LAGUNA

67 cows

36 cows
I

I
< 400 days
(22.4%)

> 400 days
(77.6%)

Calving Intervals

<400 days
(19.4%)

> 400 days
(80.6%)

Problems/
Constraints

24 cows
(46.2%)

17 cows
(32.7%)

16 cows
(21.1%)

"calving to 1st service_> 150 days

15 cows
(51.7%)

9 cows
(31.0%)

5 cows
(17.2%)

** bred 3 or more times before conception

Figure 1. General evaluation of cows at existing levels
management in the Laguna and Quezon Project Sites.
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DEVELOPMENT OF PROGESTERONE IMMUNOASSAY KIT FOR
EVALUATING REPRODUCTIVE STATUS OF RUMINANT LIVESTOCK

ABSTRACT

During the year 1995,4 rabbits were continued to be immunized
with booster doses of progesterone-BSA immunogen. In addition,
two goats and two rabbits were given the priming dose of
progesterone vaccine, followed by monthly boosters. The report
includes results on tittering of progesterone antisera collected from
the immunized animals as well as initial work done on the
purification of the progesterone polyclonal antibodies.
Progress in the development and validation of two immunoassay
systems for quantifying progesterone in cow serum/plasma,
namely, liquid phase RIA direct method (LPRIA) using tritiumlabelled progesterone tracer and solid phase RIA (SPRIA) using
iodine-125 labelled progesterone tracer, are also reported. In the
SPRIA system, the test antibody is first 'self-coated' on NUNC
STAR polystyrene tubes prior to the introduction of the cow
plasma sample or standard solution and the tracer (I-125-labelled
hormone).

OBJECTIVES

General:

To develop a radioimmunoassay kit for the determination of
progesterone levels in milk and serum/ plasma of ruminant
livestock.
Specific:
1. To produce progesterone polyclonal antibodies.
2. To develop and validate an immunoassay system for
progesterone in plasma/serum of cattle.
3. To apply RIA technique in evaluating the reproductive status
of dairy cattle.
METHODOLOGY

I.

Polyclonal Antibody Production
Experimental Animals

Six New Zealand rabbits were maintained on a diet consisting
of feed pellets. The rabbits were bathed with Asuntol solution
to control external parasites, as needed. Sulfur ointment was
applied when rabbits were found with fungal infection.
Additional two goats were procured during the 1st and 2nd
quarter of the year to augment antibody production. The goats
~ were allowed to graze on native pasture.
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Preparation of Immunogen
The immunogen was prepared by emulsifying the antigen, 11alpha hydroxyprogesterone bovine serum albumin conjugate
in physiologic saline solution, with Freund's adjuvant (50%
v/v); for booster doses, Freund's incomplete adjuvant was
used instead of the complete adjuvant. The emulsion was
tested by placing a drop on a pool of water.
Immunization of Experimental Animals
The back of the rabbits and goats were shaved and disinfected
with 70% alcohol. Subcutaneous injections (0.5 ml-1.0 ml) of
the emulsion were made in more than ten injections using a
glass syringe with 24 gauge stainless steel hypodermic needle.
Booster doses of immunogen (100-120 ug/ ml/ rabbit were
given to previously immunized animals at monthly intervals.
Goat # 1 was given a priming dose of 20.4 ug/kg bodyweight
(total, 285 ug immunogen) while goat # 2,47 ug/kg
bodyweight (total, 659 ug immunogen). Boosters, i.e., half the
priming dose of the immunogen were administered monthly.
Rabbits R9 and R10 were primed in June 1995 with 150 ug. and
112.5 ug., resp., followed by monthly booster doses.
Collection of Antisera
The immune sera were collected one week after each boosting.
Bleedings were performed on the marginal ear veins of rabbits
and on the jugular veins of goats. The collected blood samples
were allowed to synergize for at least 4 hours at 4 degrees
centigrade and the sera were separated from the clot by
centrifugation at 650xg for 20 minutes at 4 degrees centigrade
and stored at the ultra low freezer at -80 degrees centigrade.
Antibody Titer Determination
Antibody titer was determined measured using liquid phase
progesterone RIA. The bound hormone was separated from the
free hormone by means of dextran-T coated charcoal and the
tritium-labelled bound hormone was quantified based on the
radioactivity detected by the liquid scintillation counter
(Packard).

. 35
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II. Purification of Antibody
Dialysis tubings for antisera purification were prepared by
cutting appropriate lengths of 10-30 cm; boiling the tubings 2
times for 5 mins. in EDTA/bicarbonate and rinsing with
deionized water, autoclaving for 10 minutes on liquid cycle
and storing at 4 degrees centigrade with added 0.2% sodium
azide to prevent microbial growth.
The antisera collected from the experimental animals were
purified using ammonium sulphate precipitation method
followed by dialysis at 4 degrees centigrade for 24-48 hrs, in
PBS. These were likewise tittered.
III. Development and Optimization of Progesterone Immunoassay
Systems
Liquid Phase RIA System Direct Method for Progesterone in
Serum or Plasma of Cattle
Optimization of Assay Conditions. Two parameters were
tested: 1. Incubation time for danazol 200 ng/100 ul (1 Hr. vs. 2
Hrs.) prior to the addition of antibody and tracer and 2. LPRIA
incubation time and temperature (4 Hrs. at room temperature
vs. overnight incubation at 4 degrees centigrade). The
progesterone antibody (Edqvist/IAEA) was used at dilutions
of 1:400,1:1600 and 1:6400.
Validation Tests Conducted on LPRIA Direct Method
A. Specificity
1. Trial 1. The reference curve for progesterone using the
antibody obtained from Edqvist as well as standard
curves of progesterone using the antisera collected
from immunized rabbit R5 (1:1000), unpurified and
purified), were constructed and compared.
2. Trial 2. Standard curves of progesterone were
constructed using antisera collected from immunized
rabbit R5 (1:1000) and purified antiserum from goat G2
(1:1000). Cow plasma was serially diluted (8 in 8,4 in
8,2 in 8 and 1 in 8) and the resulting curve, % bound
progesterone, was compared to the progesterone
calibration curve using G2 progesterone polyclonal
antibody.
3. Trial 3. The standard curve of progesterone was
constructed using antiserum from goat G2 (1:1000).
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Serial dilutions of cow plasma were likewise assayed
and compared to the progesterone calibration curve
using the G2 progesterone polyclonal antibody.
B. Recovery
Three levels of progesterone, 2.3,6 and 10 ng, were spiked
on plasma samples from cow No. 4896, and analyzed by
LPRIA.
Solid Phase RIA System
The purified progesterone polyclonal antibody was diluted in
coating buffer (0.05 M carbonate buffer) and 300 ul, immobilized
for 24 hrs, on the inner surface of each NUNC STAR polystyrene
tube. The contents of the tubes were decanted, washed with 500 ul
washing solution (0.1% Tween 80), and again decanted and airdried. This was done for the test antibodies of immunized rabbits
R4, R2 and R5, and of goat G2.
Forty microliters of the standard solution were added to the
antibody-coated tubes. The 1-125 progesterone tracer working
solution (25,000-30,000 cpm) was added to each tube, and the tubes
were incubated overnight at 4 degrees centigrade. These were
decanted, washed twice with washing solution and finally
decanted and air-dried. Radioactivity was measured using the
Sourcerer automatic gamma counter.
Recovery Experiment

Plasma samples from cow #6558 were spiked with progesterone (1
ng and 5 ng) for the determination of % recovery using SPRIA.
RESULTS AND DISCUSSION

I.

Antibody Production
A total of 65 antisera (i.e., 49 from rabbits and 16 from goats)
were collected and titer-tested during the year.
Variable immune response to progesterone-BSA conjugate was
shown by the immunized animals. Among the rabbits that had
been periodically tested for immune response using an inhouse liquid phase RIA protocol, highest response was shown
by rabbit R4 with a Bmax of 80.7% (1:50 ab diln), followed by
rabbits R2 and R5 with Bmax values of 75% and 62.7%,
respectively. Two rabbits, R10 and R9 which were acquired in
1995, and given 112.5-150 ug priming dose in June, and
monthly boosters of 75-120 ug, showed Bmax values of 66.4%
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and 53.8%, resp. at 1:50 antibody dilution Goat G2 which
received a higher priming dose of immunogen (659 ug)
compared to goat Gl (285 ug), showed Bmax values of 75.1%
and 76.4% (1:50 antibody dilution) on the 2nd and 6th boosters
of 300 ug/dose. Figures 1 to 6 gives the patterns of antibody
response shown by rabbits R2, R4.R9, RIO, Gl and G2,
respectively. Two animals (R8 and Gl) were culled due to poor
immune response. Rabbit 5 died of hypovolemic shock in
October 1995.
II. Purification of Antisera
A total of 37 antisera collected from immunized animals with
at least 20% B max were purified by ammonium sulfate
precipitation followed by dialysis. After dialysis at either 24
hrs or 48 hrs, it was observed that dialysis at 48 hrs showed
satisfactory Bmax values for the purified antibodies in the
pellet and negligible binding activity in the supernate. Results
of tittering of the individual purified antisera (1:50) showed
general improvement in B max values of the purified over the
unpurified antisera as determined by liquid phase RIA, e.g., R5
unpurified ab (1:1000) gave a Bmax of 18.2 +/- 0.1% vs. 35.3
+/-1.6% observed from R5 purified antibody; R4 unpurified
antibody (1:1000) showed 27.6% Bmax vs 41.3 +/- 0.7%
observed from R4 purified antibody.
Bmax values of some purified polyclonal antibodies to
progesterone are shown below:
BMax Values at Ab dilution
Animal Source
1:500

1:1000

R2

55.4%

45.0%

R4

57.7%

41.2%

G2

61.8%

55.1%

III. Progesterone Ria Development
A. Liquid Phase RIA (LPRIA) Direct Method
1. Optimization of Assay Conditions
In the LPRIA method, the extraction step for the
purpose of isolating progesterone from interfering
compounds in the blood serum/plasma is eliminated
by the addition of danazol prior to treatment with
antibody and tracer. An incubation time for danazol
of 1 hr was found adequate while an overnight RIA
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incubation at 4 degrees centigrade gave better
progesterone values with improved RIA sensitivity
compared to 4 hrs RIA incubation at room
temperature.
2. Tests on Specificity
a. Expt. 1. Parallelism was observed between the
reference curve of progesterone (range 1-20 ng/ml)
using the reference antibody obtained from
Edqvist/IAEA and the progesterone curves using
the locally produced polyclonal antibody from
rabbit R5: a. unpurified antibody (parallel with
reference curve at progesterone range 1-5 ng/ml);
and b. purified antibody (parallel with reference
curve at progesterone range 5-20 ng/ml) (Fig. 7).
b. Expt. 2. This was also observed for the
progesterone calibration curves using: a. R5
antibody (progesterone range, 0.5-5 ng/ml) and b.
G2 antibody (progesterone range, 0.5-5 ng/ml).
Parallelism between the 2nd progesterone curve,
i.e., using G2 antibody and the progesterone curve
resulting from serial dilutions of cow plasma are
shown in Fig. 8.
c. Expt. 3. Parallelism was also shown between
progesterone curve (0.5-40 ng/ml) using goat G2
antibody and the progesterone curve resulting
from serial dilutions of cow plasma (Fig. 9).
Additional trials on specificity will be made to get a wider
range in the progesterone calibration curve using the
locally produced progesterone polyclonal antibody.
Recovery Experiment
The recoveries of 3 levels of progesterone, 2.3 ng, 6 ng and
10 ng, in plasma samples of cow #4896, were 114.0 +/8.0%, 108.3 +/- 6.7% and 98.5 +/- 3.5%, respectively.
B. Solid Phase RIA (SPRIA)
In the development of a commercial kit, the RIA System
should be as simple as possible, with minimal equipment
required for the assay. Hence, elimination of the extraction
step as well as the centrifugation step to separate the free
from bound hormone, would render the assay more
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acceptable to the end-users. The system was optimized by
first experimenting on the 'self-coating' of the antibody to
the NUNC STAR polystyrene tubes with the right titer of
progesterone antibody and the right amount of tracer (I125 labelled progesterone). The first trial gave low Bmax
values; a marked improvement, however, was attained by
using 300 ul of the polyclonal antibodies under test and
500 ul of the tracer (approx. 12,000-15,000 cpm) in
quantifying the progesterone concentration in the plasma
sample (40 ul). With R5 purified ab (1:1000), Bmax of
70.9% was attained, and with G2 antibody (1:2000), Bmax
of 44.6%, was observed. In a 3rd trial using R4 antibody (912-95) with 1:2000 dilution, a Bmax value of 36.0% was
found.
Recovery Experiments
1. Trial 1. 0.5 ng and 20 ng progesterone, individually
spiked in plasma (cow # 1889) gave recoveries of 108%
and 73.5 +/- 2.5%, respectively.
2. Trial 2. Using R4 antibody (9-12-95) at 1:2000 dilution,
for the self-coating of the RIA tubes, and 500 ul tracer
in the SPRIA of progesterone in plasma of cow #6558
spiked with 5 ng progesterone, 111.4% +/- 2.8% (2.5%
CV) recovery was obtained.
SPRIA application on cow plasma samples. Using Edqvist
progesterone antibody (1:2000) in constructing the
progesterone calibration curve, the progesterone
concentrations and ovarian status of 4 cow plasma samples
were assessed. Results are shown below:

CONCLUDING REMARKS

Sample No.

ng/ml

nmol/L

Remarks

2240

6.5+/-0.6

20.6

cow at luteal phase

48%

nil

nil

anoestrus

2345

6.6+/-05

20.7

cow at luteal phase

6546

25+/-0.2

8.0

cow at luteal phase

Radioimmunoassay technique for progesterone using IAEA RIA
Kits, is presently being applied in dairy cattle production at
smallholder level as well as in communal dairy farming for
monitoring the reproductive status of the animals and for early
pregnancy diagnosis. Its wider application and the sustainability of
its use awaits the development of RIA kits with affordable cost.
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One approach is the production of antibodies locally, rather than
importing this component of the RIA system. The developmental
results obtained for SPRIA and LPRIA systems for progesterone
are encouraging. Some validation tests on these assays for cow
plasma/serum will still need to be completed, after which the
validation of these RIA systems for determining progesterone
concentrations in milk of dairy animals will also be undertaken.
PROJECT PERSONNEL

Adoracion Alejandrino, Ph.D.
Azucena De Vera
Celia Asaad
Luzviminda Ignacio
Custer Deocaris
Marissa Herrera
Avelino Coloma
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INDUCTION OF BENEFICIAL MUTATIONS THROUGH
IRRADIATION FOR RICE VARIETAL IMPROVEMENT

RATIONALE

Fancy and traditional rice cultivars will continue to be very
important not only because of their excellent eating quality and
special uses in many food preparations but also as sources of genes
to diversify the genetic make-up of the varieties. Major weaknesses
however, like photoperiod sensitivity, tall stature, longer maturity
and low yield have to be improved before they can be fully
utilized. Mutation breeding using either physical or chemical
mutagens had been proved to be effective in improving one or two
characters. For example, shortening height and maturity in popular
cultivars like Calrose, Basmati, Pelita etc. led to the direct release or
utilization of the mutants. In addition, using the mutants in crosses
with other varieties resulted further in the development of new
varieties. The general strategy is therefore to improve some of our
fancy and traditional rice cultivars for one or two characters using
mutation techniques. Furthermore, mutants with desirable
characters that will be generated from the program will be utilized
in crosses with other varieties to eliminate undesirable mutations
that may have been induced or to use the mutant to improve other
varieties.

OBJECTIVES

1. To improve fancy and traditional rice cultivars in one or two
characters.
2. To isolate desirable mutants which can be utilized in crosses
with other varieties or with improve lines.

METHODOLOGY

The general method that is being followed for dry seed irradiation
is to expose the seeds to either of the following doses, 25,30,35 and
40 kr gamma rays. Then, the irradiated seeds are sown in seedbed
and transplanted to the field. At maturity, one panicle from each
plant is harvested, dried and threshed. The M2 seeds are sown
again and scored for chlorophyll mutation based on 1000 seedlings.
The seedlings are transplanted to the field where the desirable
mutants are noted and individually harvested at maturity. They
are again planted and the process is repeated until purified after
which they are yield tested.
In the yield testing, the seeds of the purified lines are sown in
seedbed and transplanted 21 days after in a well prepared field.
47
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Prior to the final harrowing 80-20-20 kg. NPK per ha. are applied
and incorporated during the final land preparation. Three to four
seedlings are planted per hill with spacings of 20x20 cm. between
hills and rows. At panicle initiation 20 kg. N per ha is applied as
top dressing. The experiment is kept clean by hand weeding and
the insect pests are controlled by spraying with malathion. The
experiment is laid out in a randomized complete block design with
three replications.
Certain mutants are also used in crosses with other varieties and
they are planted on a staggered basis so as to make their flowering
coincide with those of other varieties with which they are intended
to be crossed. At flowering time, the plants intended as female
parents are emasculated, bagged and pollinated the following day
by pollen coming from the male plants. The Fl seeds are harvested,
dried and planted to produce the F2 generation. The process is
repeated until the selections are purified after which they are yield
tested using the standard cultural practices.
In the tissue culturing, two methods are being followed using
either seeds or anther. For the seed tissue culturing, the seeds are
either irradiated first and made to callus in MS or LS2 medium or
the seeds are made to callus and the calli are irradiated and
regenerated in MS4 and other suitable media. The regenerated
plants are transplanted in pots and the seeds are gathered at
maturity, planted again for chlorophyll and other mutations. The
selected plants are planted again until they are purified after which
they are yield tested.
For the anther tissue culturing, the anthers are collected when they
are in the uninucleate stage. The collected panicles are incubated
inside the refrigerator for 7-10 days at 10°C. Then the anther are
collected by cutting the tip of the florets with scissors and shaking
the florets to let the anther fall onto the N medium. This operation
is done under aseptic condition and after sterilizing the panicles.
The method being followed for tissue culturing the immature
panicle is to gather the panicles when they are newly initiated
(about 1 inch or so in length) and removed them and inoculated on
N or MS4 media. The container are sealed and placed in cultured
room with temperature of about 28 °C. Once calli are formed they
are irradiated and transferred to the regeneration medium. The
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regenerated plants are planted in pots and chromosomes are
doubled by colchicine treatment. At maturity, the seeds are planted
again for chlorophyll and other mutations. The method for
handling the segregating population and yield testing are the same
as described previously.
RESULTS AND DISCUSSION

Yield performance of the malagkit sungsong mutant showed that
two lines yielded numerically higher than the original cultivar.
These mutants were also earlier in maturity by 17 and 14 days
respectively, compared to the original variety. In addition, the
mutants are shorter by 38% and 23% respectively. The difference in
maturity is very significant under tropical conditions where
typhoons come almost every week during the rainy season and
success or failure of a crop depends, to a large extent on earliness
even only for a week. This is not to include the reduction in risks to
attacks of pest and diseases. With respect to perurutong NBB, four
mutant lines outyielded significantly the original cultivar aside
from their maturity being reduced by 5 days. In addition,
reduction in height by as much as 62 cm. was noted in one of the
high yielding mutants.
The yields of the crosses using the mutants with other varieties (22
lines) compared to the control were not significantly different.
Lines with longer grains are however, saved for further testing
with respect to grain and eating quality.
With respect to the tissue culturing, desirable variant from gamma
irradiated calli of C4-63G and Sinandoming were isolated like
darker green leaf, thicker stem and earliness by 6-7 days. They are
now planted for confirmation in the third generation.
The other tissue culturing varieties like Pinidua, Fortuna, Milfor,
Sigadis-milagrosa, C4-63G and Azucena etc. were damaged by
typhoon that hit the country this year. This damage also happened
to the segregating population and multiplication planting of
mutants from malagkit sungsong and perurutong NBB. New
planting had been done to increase the limited mutant seeds.
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INDUCTION, EVALUATION AND UTILIZATION OF
BENEFICIAL MUTATIONS IN MUNGBEAN

ABSTRACT

Four PAEC-developed mungbean varieties (PAEC 3, PAEC 5,
PAEC 9 and PAEC 10) were compared with the now famous
TAIWAN GREEN in a four-replication performance test conducted
from March to May 1995 at the Philippine Nuclear Research
Institute in Diliman, Quezon City.
PAEC 3 (1.203 tons dried seeds per hectare), TAIWAN GREEN
(1.166 tons per hectare) and PAEC 5 (1.036 tons per hectare) were
considered to have produced about the same grain yield per unit
area. PAEC 10 (1.036 tons per hectare), a multifoliata, and PAEC 9
(0.930 tons per hectare) yielded about equally well but a little less
than the first three varieties mentioned. Both PAEC 10 and PAEC 9
have the distinctive dull yellow seedcoat. The significance of the
data on grain yield and related matters are thoroughly discussed.
A mutant for powdery mildew resistance has not yet been obtained
from the mutation-induction procedure utilizing the single-cell
approach of exposing potted mungbean plants to gamma radiation
at flowering time. It is too early yet to give up hope of ever
obtaining a powdery-mildew-resistant mungbean seedling.

OBJECTIVES

To contribute to the pool of mungbean varieties from which a
farmer may select a few that are suitable for planting in his farm at
a given time of the year and with due consideration to preferred
seedcoat color and appearance and grain size; and to explore the
possibility of using mutation induction as a means of producing
resistance to the powdery mildew disease of mungbean.

INTRODUCTION

As a source of plant protein (about 20% of dry seed weight), which
is much cheaper than animal protein, for Filipinos, mungbean has
many advantages among which are: ® A crop of dried mungbean
seeds may be harvested in the very short period of 60 to 70 days ©
The mungbean (either in dried seed form or sprouts) lends itself as
a major ingredient in many palatable native dishes. Because of its
short maturity period, mungbean may be grown after the rice crop
is harvested in September, October, November, December or
January. It can take advantage of the residual soil moisture.
Together with sweet potato (and other root crops), mungbean will
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continue to increase in importance in the food security and
nutrition of Filipinos as Philippine population continues to increase
and rice hectarage is reduced by conversion into villages.
Mungbean will make up for the lower protein content of root crops
when compared with rice.
The powdery mildew disease of mungbean can drastically reduce
mungbean yields during the dry season (October to March) when
mungbean should be grown. The cloudy but rainless weather in
January and February favors the rapid multiplication of the causal
pathogen on the upper surface of the mungbean leaf while at the
same time, there is no rain that will wash them off. All possible
ways including mutation induction should be tried to produce
powdery-mildew-resistant mungbean. PAG-ASA 2, supposedly a
powdery mildew resistant mungbean variety, became susceptible
to the disease only two years after it was released by the Philippine
Seedboard for use by Filipino farmers.
METHODOLOGY

A. Yield trials of PNRI mungbean varieties:
Seeds of 4 PNRI mungbean varieties (PAEC 3, PAEC 5, PAEC
9 and PAEC 10) and TAIWAN GREEN, a Seedboard variety,
were prepared for sowing in the field. An experimental area
measuring 10 * 15 meters was plowed and harrowed two
times to pulverize the soil. Furrows spaced 50 cm apart were
made by using a light hoe. Complete fertilizer (14-14-14) was
applied at the rate of 60 kg per ha. at planting time. About 15
to 20 seeds were distributed along the rows. The seeds were
covered with soil and were watered immediately.
One week after emergence, the seedlings were thinned down
to about 12 to 15 plants per linear meter. This produced a
population of about 200,000 to 240,000 plants per ha. Weeding,
spraying and irrigation were provided up to maturity stage.
Pods of the different varieties were harvested, dried and
threshed. Seeds were weighed to determine grain yield.
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B. Seed-increase planting of PNRI mungbeans:
Another experimental block with an area of approximately 250
sq.m. was prepared for the seed production of mungbeans
developed at the PNRI. The varieties were planted in 50 square
meter plots and were given the usual care. At maturity, the
pods of the different mungbean varieties were harvested and
threshed. The seeds were later dried and stored in the
refrigerator for about 3 to 4 months.
C. Screening for powdery mildew resistance in PAEC 5
mungbean:
Seeds of PAEC 5 mungbean (M2) generation were prepared for
use in the screening for powdery mildew resistance. Pots filled
with a mixture of ordinary soil, garden soil and organic
fertilizers were prepared. The M2 plants were watered
everyday. At 2 to 3 weeks of age, the seedlings were inoculated
with the disease by rubbing the leaves with the diseased leaves
from infected plants. Observation on their response was made
after 1 to 2 weeks. Powdery mildew inoculum was maintained
by inoculating mungbean seedlings in pots every seven days.
RESULTS AND DISCUSSION

Summarized data on grain yield and maturity are given below:
Rank

Varieties

Yield (tons/ha.)

Days to Maturity

1

PAEC 3

1.203

53

2

TAIWAN GREEN

1.166

52

3

PAEC 5

1.120

55

4

PAEC 10

1.036

57

5

PAEC 9

0.930

56

PAEC 3, TAIWAN GREEN and PAEC 5 appeared to have about
the same yield potential when grown from March to May. This
shatters the myth that TAIWAN GREEN outyields all mungbean
varieties when planted anytime of the year. Previously, it was
found at the PNRI that PAEC 3 significantly outyielded TAIWAN
GREEN by a very big margin when the one-on-one tests were
planted in November or December. Only when planted in May,
June, July or August is TAIWAN GREEN expected to outyield
PAEC 3 but not by a big margin. It should be recalled that the
PCARRD pushed vigorously the nationwide planting of TAIWAN
GREEN without specifying the month of the year when it should
be planted. It should be kept in mind that yellow-seeded
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mungbean (like PAEC 3) is sold at about 10% higher price than
green-seeded mungbean (like Taiwan Green).
What is interesting and significant is the similarity in yield
potential of PAEC 9 and PAEC 10. Based on our experience with
PAEC 2, a multifoliata type, we were expecting PAEC 10 (also a
multifoliata type) to yield less than PAEC 9 (a trifoliata type).
PAEC 10 and PAEC 9 (both large-seeded) were not very far behind
PAEC 3, TAIWAN GREEN and PAEC 5 in grain yield. It should be
emphasized here that the PNRI mungbean varieties are
recommended for planting in October to February. Both PAEC 9
and PAEC 10 have the distinctive dull-yellow seedcoat color. No
commercial mungbean variety with this seedcoat color and
appearance is available in the market. Hence, it will be easy for the
farmers to keep both PAEC 9 and PAEC 10 genetically pure. In
addition, the farmers can remove non-multifoliata plants in the
field of PAEC 10 intended for seed production. We have been
advocating seed production of mungbean (a self-pollinated crop)
by farmers themselves. As a matter of national policy, farmers
should be encouraged to produce their own supply of seeds of selfpollinated crops.
PAEC 5 yields as much as PAEC 3 when conditions are favorable
for pod setting. Seeds of PAEC 5 are smaller than those of PAEC 3
(medium to large size). PAEC 5 makes up for this smallness of seed
by producing more pods and hence, more seeds. It should be
relatively easy to get the farmers to replace the native yellow
mungbean with PAEC 5 because they look exactly the same. The
only difference is the non-shattering nature of the pods of PAEC 5
which consequently does not have to be harvested daily before ten
o'clock in the morning unlike the native yellow mungbean.
In this test, PAEC 3 matured only a day later than TAIWAN
GREEN while PAEC 5 matured only two days later than PAEC 3.
All the PAEC mungbean varieties mature much earlier when sown
from October to December.
TAIWAN GREEN was approved for release to the farmers without
going through the rigorous testing procedures followed by the
Philippine Seedboard. Obviously now, PAEC 3 and PAEC 5
deserve similar treatment. In the final analysis, however, it is
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acceptance by the farmers, rather than Seedboard approval that is
more important. None of the more than twenty Seedboardrecommended mungbean varieties is grown commercially by the
farmers.
It is of utmost importance that the PNRI should provide funds for
the large-scale seed production and distribution of PAEC 3, PAEC
5, PAEC 9 and PAEC 10 mungbean varieties. If there were an
existing Nuclear Institute for Agriculture and Biology (NIAB),
these proposed seed production and extension activities would not
be a problem. The utter lack of love for one's country among the.
physical scientists has prevented the setting up of the first
Philippine NIAB during the last 25 years. Pakistan (formerly West
Pakistan) has had two NIAB's since the early 1970's.
PROJECT PERSONNEL

Ibarra Santos, Ph.D.
Alfonso Grafia
Demetrio Moog

INDUCTION, EVALUATION AND UTILIZATION OF
BENEFICIAL MUTATIONS IN UBI (DIOSCOREA ALATA L.)

ABSTRACT

Agronomic Aspect
The M3V1 and M2V2 vegetative generations (repeated gamma
radiation dose level of 10 Gy for 1st, 2nd and 3rd vegetative
generations) of the Bohol, Zambal and Luklok ubi varieties were
used in this experiment. These were pre-germinated on March 25,
1995 and transplanted in the field on April 26,1995 and May 11,
1995. A bushy segregate with 12 main shoots which have 2 to 3
lateral shoots and another with 3 short main shoots which have
short internodes measuring only 3.5 cm were harvested after only
155 days from planting. Matured tubers weighed 250 and 200
grams, respectively. In the MJVJ, among the tubers harvested on
November 23,1995 (196 days from planting) were a cream-fleshed
mutant from the Bohol ubi variety and a deep-purple-fleshed
mutant root from the Zambal ubi variety.
Tissue Culture Aspect
Before one can make use of tissue culture as a tool for mutation
induction, it is important that the protocol for tissue
culture for a particular plant species be established.
In ubi, various explants were inoculated in Murashige and Skoog's
(MS) medium with benzyl adenine (BA) and naphthalene acetic
acid (NAA) to induce callus formation. Control and irradiated
explants and callus tissues were grown in MS medium with 2 ppm
BA in combination with 6 ppm NAA and in MS with 4 ppm
BA in combination with 6 ppm NAA for plantlet regeneration.
Putative mutants with short internode were identified in the MV2
generation.
Explants from these putative mutant were grown in-vitro
and another set of propagules were grown in the field. Selection of
plants with desirable traits is in progress.

INTRODUCTION

Agronomic Aspect
Yam or ubi (Dioscorea alata L.) is the staple foodstuff for millions in
many tropical and subtropical countries (Onwuewe, 1978). It is a
good source of Vitamin C (8-10 mg/100 g of ascorbic acid) and a
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better source of protein than cassava. Its tuber is used mainly in the
preparation of food deliveries. Although it is sometimes used as
substitute for rice and corn or as an ingredient in some vegetative
preparations.
In crops that do not produce any seed like ubi, the only means of
genetic improvement is through induction of mutations. Solid
mutants can be obtained by irradiating tubers directly after harvest
when the non-visible buds are in a very early development stage in
order to give the mutated cell the greatest possible chance to take
part in the formation of the shoot or plant.
METHODOLOGY

Agronomic Aspect
The M2V2 and M2Vj vegetative generations (repeated gamma
radiation dose level of 10 Gy for 1st, 2nd and 3rd successive
vegetative generations) of the Bohol, Zambal and Luklok ubi
varieties were used in this experiment. Selections of 100 setts of
M2V2 and 100 setts of M3Vj were transplanted in the field on May
11,1995 and April 26,1995, respectively. Distance of planting was
50 cm between rows and 50 cm between plants in a row.
Harvesting of tubers were done on September 28,1995 (155 days
from planting), November 23,1995 (196 days from planting) and
January 3,1996 (242 days from planting). Selection of putative
mutants were done and weights of tubers were recorded.
Tissue Culture Aspect
Murashige and Skoog's (MS) basic medium with different
treatment combinations of benzyl adenine (BA) and naphthalene
acetic acid (NAA) was used for callus induction and cell
regeneration of ubi using tubers as explants. This media was
sterilized by using Barnstead sterilizer. Autoclaving time is 20
minutes at 15 psi.
Maintenance of callus tissues induced from tubers were done by
sub-culturing them in fresh MS medium with 2 ppm BA with 6
ppm NAA; 4ppm BA with 4 ppm NAA and 4 ppm BA with 6 ppm
NAA every 3 weeks. Further sub-culturing in MS medium with BA
and NAA for cell regeneration was done.
Irradiation of callus tissues with different doses of gamma rays
was undertaken. These calli were sub-cultured in MS medium with
BA and NAA immediately after irradiation and were further
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maintained in the same treatment combination once a month.
Morphological characteristics of the irradiated and control calli
were recorded.
Identification of putative mutants for short internode was done in
the MV2 generation. Expiants from this putative mutant was grown
in-vitro. Another set of propagules were grown in the field.
Selection of plants with desirable characteristics is being
undertaken.
RESULTS AND DISCUSSION

Agronomic Aspect
A bushy segregate with 12 main shoots which have 2 to 3 lateral
shoots and another with 3 short main shoots which have short
internodes measuring only 3.5 cm were harvested after only 155
days (a little over five months instead of the usual 7 to 8 months)
from planting. Matured tubers weighed 250 and 200 grams,
respectively.
In Table 1, selections of putative mutant lines were done in the
M2V2. Cream color of the flesh mutated from the Bohol ubi variety
while a deep purple color of the flesh mutated from the Zambal ubi
variety.
Table 1. Selected putative mutant lines of ubi varieties.
Vegetative Generations

Varieties

Color of
the flesh

No. of
tubers

Total weight
of tubers (kg)

M 2 V 2 (10&10Gy)2nd
generation

Bohol

Cream
(mutant)

1

1.5

MiV 2 (10&10Gy)2nd
generation

Zambal

Deep
purple
(mutant)

6

2.5

M 3 V,(10,10&10Gy)
1st generation

Bohol

Purple

57

12.8

M 3 V,(10,10&10Gy)
1st generation

Zambal

Purple

28

9.3

M 3 V,(10,10&10Gy)
1st generation

Luklok

Purple

31

14.8

Tissue Culture Aspect
Our experiments for this year were focused on establishing the
protocol for the tissue culture of ubi.
Before one can make use of tissue culture as a tool for mutation
induction, it is important that the protocol for tissue culture for a
particular plant species be established.
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The culture media used for callus induction and plantlet
regeneration of yam consisted of MS medium with BA as cytokinin
and NAA as the auxin. Callus was developed from tuber sections
that was grown in MS with 2 ppm BA in combination with 6 ppm
NAA and in MS with 4 ppm BA in combination with 6 ppm NAA.
The color of the callus tissues varies from whitish, creamish,
yellowish to violet in color. The calli formed were friable and
cabbage-like in shape for both the control and irradiated samples.
Callus tissues were maintained by sub-culturing them in fresh
* culture medium every 2-3 weeks. Further sub-culturing of the
callus tissues in MS with varying levels of BA in combination with
NAA were done for plantlet regeneration.
Putative mutants with short internode were identified in the MV2
generation.
Explants from this putative mutant were cultured in-vitro using
MS medium. Another set of propagules were grown in the field
until tubers were formed. Harvesting of tubers were undertaken.
Selection of plants with desirable traits is in progress.
PROJECT PERSONNEL
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INDUCTION AND EVALUATION OF BENEFICIAL MUTATIONS
IN ASEXUALLY PROPAGATED CROPS: PINEAPPLE

ABSTRACT

Planting materials of pineapple were asexually propagated
through the use of suckers and crown. To date, a total of 277 plants
are being maintained in the field to be used as sources of explants
for tissue culture studies and propagules for mutation induction.
Out of 277 plants, 52 are already fruit-bearing.
Further selection, growing and evaluation of mutants with
desirable traits in the advanced generation planting and in the
recurrently irradiated populations were undertaken.
Promising mutants with reduced spines/ thorns, increased plant
vigor and three (3) types of chlorophyll mutations were obtained.
These mutants are being purified and propagated using the
axillary bud and tissue culture techniques.
Two plants that exhibited 66% and 85% reduction of thorns along
the margin of the leaves were isolated and planted individually in
pots and grown under greenhouse conditions. One of these
mutants has 12 leaves and the other 17, which is approximately 12
inches in length.
Chlorophyll mutants which look-like"ornamental bromeliads"
were purified and are being propagated by using the leaf bud and
the tissue culture methods. A total of 9 chlorophyll mutants were
developed; 8 are now in their vegetative phase and one in the fruitbearing stage (mother plant).
Two series of recurrent irradiation were done to increase the
frequency of mutations. Plants that are chimaeric for reduced
spines and plants with increased anthocyanin pigmentation and
pinkish coloration in their leaves were induced from the MV2
generation that were recurrently irradiated with 30 or 40 Gy
gamma rays.
The protocol for the tissue culture of pineapple Queen variety has
been established and is now being used as a tool for mutation
induction. Induction of callus from crown section is a continuing
activity so that callus tissues are made available for irradiation.
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These calli are being maintained in Murashige and Skoog's (MS)
medium with benzyl adenine and naphthalene acetic acid.
Irradiated crown sections (used as explants) and calli were
inoculated in fresh MS medium and were allowed to regenerate
into plantlets. Reflasking of plantlets were done every 3 weeks
until they are big enough for "pot culture".
Plantlets with reduced spines along the leaf margins were
observed in both the control and those irradiated with 20 Gy.
Preliminary study on anther culture is currently being undertaken.
OBJECTIVES

1. To induce a mutant with reduce or without thorns along the
margin of the leaves in pineapple variety Queen.
2. To induce other desirable mutations (e.g. increase in number of
plantlets, increase seedling vigor and chlorophyll mutations)
which can be used as an improved cultivar.
3. To develop the tissue culture technique for the Queen variety
pineapple.
4. To make use of the in-vitro culture technique as a tool for
induced mutation breeding.

INTRODUCTION

Mutation induction is the only means of genetic crop improvement
when a crop species does not produce any seeds (i.e. asexually or
vegetatively propagated crops) or when the desired character is
not present in the existing populations within reasonable reach of
the plant breeder. It is also the better alternative to conventional
plant breeding approach in a situation wherein the desired
character (i.e. removal of spines) is controlled by a single gene and
a desirable complex character such as good eating quality in the
"Queen" variety pineapple has to be retained.
In the induction of mutations, using ionizing radiations in
vegetatively propagated crops, one of the problems encountered is
diplontic selection and chimera formation which lower the
efficiency of mutation breeding. This problem can be avoided by
developing a single-cell approach which can be made possible by
the development of cloning technique through tissue culture and
the use of axillary buds. Buds consist of few cells which provide
larger mutated sectors in the growing shoot. Hence, the young
buds at the axil of the leaf and the single-cell technique are being
used for mutation induction with the objectives of eliminating or
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reducing the thorns/spines along the margin of the leaf of the
pineapple variety Queen. Other desirable mutations such as
increased size and vigor of the plant which can be the bases of an
improved cultivar and chlorophyll mutations which can be the
bases of ornamental types are, however, welcome.
METHODOLOGY

Control or unirradiated plants were propagated through the use of
suckers and crown. A total of 277 plants are being maintained in
the field to be used as sources of explants for in-vitro culture
studies and propagules for irradiation to induce mutations.
Routinary cultural practices are being done for the optimum
growth of the plants.
Further selection of plants with reduced spines or thorns, increased
plant vigor and chlorophyll mutations were undertaken in the
advanced generation planting and in the recurrently irradiated
populations. These plants were grown in the greenhouse and then
transplanted in the field. Evaluation and purification of these
mutants are being done. Desirable mutants are being propagated
using the axillary bud and tissue culture techniques.
Two series of recurrent irradiation were done this year to increase
the frequency of mutations. Axillary buds derived from plants that
have been previously irradiated with gamma rays ranging from 5
to 40 Gy were recurrently irradiated with 30 or 40 Gy. Data on the
percentage germination/emergence, number of plantlets
developed from a single buds, chlorophyll mutations and other
morphological data were collected.
The protocol for tissue culture of pineapple Queen Variety has
been established and is now being used as a tool for mutation
induction. Induction of callus from crown section is a continuing
activity so that callus tissues are made available for irradiation to
induce mutations. Crown section explants and callus tissues were
irradiated with gamma rays and inoculated in fresh Murashige and
Skoog's (MS) medium with benzyl adenine and naphthalene acetic
acid. Sub-culturing of these tissues were done for plantlet
regeneration. Data on the percentage regeneration and other
morphological data were taken.
Preliminary study on the use of N6 medium for anther culture is
presently being undertaken.
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RESULTS AND DISCUSSION

Planting materials of pineapple were asexually propagated
through the use of suckers and crown. To date, a total of 277 plants
are being maintained in the field to be used as sources of explants
for tissue culture studies and propagules for mutation induction.
Out of 277 plants, 52 are already fruit-bearing.
Further selection, growing and evaluation of mutants with
desirable traits in the advanced generation planting and in the
recurrently irradiated populations were undertaken.
Promising mutants with reduced spines/thorns, increased plant
vigor and three (3) types of chlorophyll mutations were obtained.
These mutants are being purified and propagated using the
axillary bud and tissue culture techniques.
Two plants that exhibited 66% and 85% reduction of thorns along
the margin of the leaves were isolated and planted individually in
pots and grown under greenhouse conditions. One of these
mutants has 12 leaves and the other 17, which is approximately 12
inches in length.
Chlorophyll mutants which look-like "ornamental bromeliads"
were purified and are being propagated by using the leaf bud and
the tissue culture methods. A total of 9 chlorophyll mutants were
developed; 8 are now in their vegetative phase and one in the fruitbearing stage (mother plant).
Two series of recurrent irradiation were done to increase the
frequency of mutations. Plants that are chimaeric for reduced
spines and plants with increased anthocyanin pigmentation and
pinkish coloration in their leaves were induced from the MV2
generation that were recurrently irradiated with 30 or 40 Gy
gamma rays.
The data on the number of plantlets developed from a bud was
taken. Two plantlets arising from a single bud was observed in all
treatments that were recurrently irradiated with 30 or 40 Gy. The
treatment that gave the highest percentage of 2-3 plantlets
developed from a bud was noted at 10 Gy that was recurrently
irradiated with 30 Gy.
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Other beneficial mutations that were obtained were plants that are
chimaeric for reduced spines, increased anthocyanin pigmentation
and striped chlorophyll mutants.
The protocol for the tissue culture of pineapple Queen variety has
been established and is now being used as a tool for mutation
induction. Induction of callus from crown section is a continuing
activity so that callus tissues are made available for irradiation.
These calli are being maintained in Murashige and Skoog's (MS)
medium with benzyl adenine and naphthalene acetic acid.
Irradiated crown sections (used as explants) and calli were
inoculated in fresh MS medium and were allowed to regenerate
into plantlets. Reflasking of plantlets were done every 3 weeks
until they are big enough for "pot culture".
Some reduction of thorns/spines along the leaf margins of
plantlets that regenerated from the control and the explants
irradiated with 20 Gy were observed.
PROJECT PERSONNEL
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INDUCTION, EVALUATION AND UTILIZATION OF BENEFICIAL
MUTATIONS IN ASEXUALLY PROPAGATED CROPS: SWEET POTATO

ABSTRACT

INTRODUCTION

OBJECTIVE

METHODOLOGY

RESULTS AND DISCUSSION

Putative mutants for shade-loving and/or water-logging resistance
selected from chlorophyll mutants were purified by selection. It
should be recalled that these chlorophyll mutants segregated from
increased-yield mutant, a mutant obtained by irradiating cut leaves
of sweet potato (Ipomoea batatas L.) with 5 Gy. These were planted
in 3 replicates with upland Kangkong (Ipomoea aquatica Forsk) on
August 29,1995 (Wet Season) for comparison and verification of its
vegetative growth during the rainy season and during the cool
month of December.
Sweet potato (Ipomoea batatas L.) Poir is one of the readily available
and cheap sources of carbohydrates and is considered next in rank
to rice as staple food and ranks no. 2 among the rootcrops. A
variety with good eating quality such as Kinastanyas sweet potato
variety, may be improved in the yield potential of storage roots,
protein content, sugar content, carotene content, etc. through
single-cell mutation induction by irradiating the leafbase initial
cell.
To induce mutations for earliness, increased-yield potential, high
and low sugar contents, shade tolerance or water-logging
resistance using cut-leaves of sweet potato.
Stem cuttings of shade-loving and/or water-logging resistance and
upland Kangkong were planted in 3 replicates. Distance of
planting was 20 cm between plants in a row and 50 cm between
rows. Planting was done on August 29,1995 (Wet Season) for
further observation of water-logging resistance during the rainy
months.
The purified shade-loving and/or water-logging resistant mutant
and upland Kangkong were planted in 3 replicates on August 29,
1995 (Wet Season) for further observation on water-logging
resistance. These are still in the field up this writing (December,
1995).
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The chlorophyll mutant (which has small leaves) and increasedyield mutant (which has large leaves) are being maintained under
screenhouse conditions.
Stem cuttings of mutant lines from gamma radiation dose levels 15
Gy and 20 Gy were planted in individual pots.
PROJECT PERSONNEL

Ibarra Santos, Ph.D.
Lucia Marbella
Ruben Dacoco

BIOLOGICAL NITROGEN FIXATION IN MUNGBEAN
UNDER STRESS ENVIRONMENT (ACID SOILS)

OBJECTIVES

1. To determine the nutrient/s which is/are limiting to
mungbean production in acid soil.
2. To screen and develop mungbean lines/varieties through
mutation breeding for enhanced biological nitrogen fixation
under acidic soil condition.

RATIONALE

The population of the Philippines has increased tremendously in
the last decade and accompanied by diminishing size of arable
lands as a result of the conversion of productive land for industrial
use and housing complexes. Provision of food for this growing
population requires efficient utilization of available resources. One
approach commonly practised by Filipino farmers to maximize
productivity per unit of land is the utilization of marginal lands
such as acidic soils and hilly lands for cultivation. The soil in this
hilly areas is extremely acidic and relatively infertile. To utilize the
full potential of marginal soils in the Philippines and upgrade the
fertility level of cultivated land would require extensively high
fertilizer input such as nitrogen and phosphorous. However, the
high cost of fertilizer is the main deterrent factor to this strategy.
Hopefully, the use of biological nitrogen fixation technology will
reduce the high cost of fertilizer (N) needed for high production in
these areas.

METHODOLOGY

After the preliminary investigation in the screenhouse at IPB,
UPLB to determine which element/s in addition to liming is/are
limiting in order to obtain optimum bean yield in an acid soil, a
field experiment was followed. This was done at the Bureau of
Soils and Water Management Research Station, Tanay, Rizal
around 74 kms. from Manila. Three mungbean varieties (PAEC 3
mutant, NIAB 92 and IPB acid tolerant M-79-25-106) and one
reference crop (cotton) were planted in a strip-split plot design
replicated three times. Two levels of lime and P at 0 and 8 tons
CaCOj/ha and 0 and 120 Kg P/ha, respectively were used. Split
application of 20 KgN/ha was done with 6,6, and 8 Kg N/ha at
planting, 15 days and 30 days after planting, respectively.
Mungbean was coated with acid tolerant Rhizobium inoculant
from Biotech. Care and maintenance (weeding, insect and pest
control, cultivation and photographic record) were observed. Plant
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samples were taken during the early pod formation and at
physiological maturity stages. Parameters such as fresh and dry
weight of the shoots (stems and leaves), roots, and pods, nodule
weight and nodule number were taken. The samples were ovendried at 70°C for two days or until constant weight were attained.
Ground samples for total N and 1SN determinations were sent to
IAEA Lab., Vienna. Matured pods were harvested for yield
determination. Grain yield was affected by super typhoon Rosing.
Tables 1 and 2 showed significant response to P application on dry
weight and nodule number. Table 3 shows the average seed yield
and dry weight of the three varieties. PAEC 3 mutant seemed to
perform well even in acid soil condition.
Highly significant difference was observed on the seed yield with P
treatment as compared with lime treatment alone.
Table 1. Dry matter weight of three mungbean varieties as affected
by P and lime treatment.
Variety

UPo

PAEC 3 mutant

130

NIAB92

0.90

M79-25-106

1.10

L,Po

L.P*

3.40 a

1.40

4.40

3.50 a

1.10

4.10

3.80 a

1.30

4.90

Table 2. Nodule number of three mungbean varieties as affected by
P and lime treatment.
Variety

LA

L.P.

PAEC 3 mutant

6.00

71.00 a

4.00

58.00 a

NIAB 92

0.00

40.00 ab

0.00

42.00 a

M79-25-106

5.00

33.00 b

14.00

43.00 a

Table 3. Average dry weight and seed yield of the three varieties
Variety

Seed yield kg/ha

Dry weight g/ plant

PAEC 3 mutant

850 a

1.39 a

NIAB 92

730 ab

1.50 a

M79-25-106

546 b

0.87 b

Total N and U N determination are still in progress, no data on
nitrogen derived from atmosphere (Ndfa) and N-fixed could be
reported.
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RESEARCH AND DEVELOPMENT IN
HEALTH, ENVIRONMENT AND
INDUSTRY

APPLICATIONS OF X-RAY ANALYSES

ABSTRACT

This is an analytical technique applicable for elemental
determination in trace quantities. The facility was set-up through a
grant from the International Atomic Energy Agency. The technique
has a multi-element capability, the analyses could be done very
rapidly and is comparatively cheap compared to other techniques.
Activities in this project includes the R&D part which is mainly the
development of the technique for depth profiling and surface
studies of hetero-layered materials and on the more applied side,
the delivery of technical service to sectors requiring elemental
analyses in the very low and trace level concentrations. Major
accomplishment for the year include the attainment of a better
sensitivity.

OBJECTIVES

The aims of the project is set-up a fast and sensitive analytical
facility for determining very small quantities of elements and to
develop the analytical method for their analyses. Various types of
samples in the solid, liquid or gaseous form such as: high
technology materials(semiconductors, super- conductors,
advanced ceramics etc.,), environmental materials, (air, water etc.,),
biological materials and minerals and ores will be analyzed.
Another long term objective is to develop the capability of the
existing system for surface analyses and depth profiling of layered
materials such as thin films.

METHODOLOGY

TXRF is a variant of the well known XRF spectrometry. In this
technique the X-ray tube is mounted 6 degrees from the vertical in
an inverted position. The mounting was locally fabricated by the
machine shop. The TXRF attachment was installed such that the
primary beam is totally reflected and only the X-ray fluorescence
from sample deposited on the Suprasil carrier reached the detector
that is positioned vertically looking up the carrier. In this
configuration all the unwanted background that could contribute
to the detection of very small x-ray peaks are removed.

RESULTS AND DISCUSSION

I.

Total Reflection X-Ray (TXRF) Spectrometry
The system was made operational and the performance was
tested. Its capability to detect elements in the nanogram range
was demonstrated for majority of the elements whose K or L
._ fluorescence x-rays are excitable by the Mo x-rays and
detectable by the Si(Li) detector. The role of proper sample
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preparation methods and facilities to fully take advantage of
the technique was recognized. Finer re-alignment must be
done to attain the highest sensitivity attainable. Attached
figures show the representative spectra obtained from the
present set-up.
Current values of sensitivities from latest re-alignment of the
set-up:
Element

Sensitivity (counts/nG)

V

0.141

Cr

0.204

Mn

0.239

Fe

0.304

Co

0.331

Ni

0.395

Cu

0.421

Zn

0.454

Pb

0.201

For this report period samples analyzed were:
A. Trace element in latex solutions
B. Mushroom tyrosinase protein enzymes for Copper
C. Dissolved chip of metal from the alleged "Yamashita's
block of Platinum"
D. Ceramic block confiscated by the Bureau Customs
E. Dust collected in the Physics laboratory at the basement.
This is done to determine the quality of the air
environment at the laboratory where the samples for
analyses are prepared and stored.
F. Different water samples such as: rainwater, deepwell
water, samples from waterfalls, seawater, drinking water
from various sources and commercial mineral water.
(Details of these analyses are found in the paper presented
to the 1995 Physics Congress held abMSU-IIT, Oct 21-24,
1995)
II. Radioisotope Excited X-Ray Fluorescence (XRF) Spectrometry
This XRF facility utilizes three types of radioisotopes, Fe-55,
Cd-109 and Am-241. This facility is used for elemental analyses
of bulk samples wherein concentrations of the analytes are not
very low. Among the samples analysed were:
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A. Pelletized sample from Dept. Of Metallurgical Eng'g, UP
for lead content
B. A piece of metal from a plane which crashed last World
War 11
C. A block of ceramics confiscated by the Bureau of Customs
and Immigration
D. A chip of metal from the alleged Yamashita' treasure for
Platinum content
E. Multi-layer standards from NIST
F. Ferrites samples synthesized by the Physics Group
G. Pieces of jewelry and gold standards from the Meycauyan
Jeweller's Association (c/o Ms. Cecile Ramos of Ricel's
Jewelry). This is in relation with the PNRI's support to the
Jewelry Industry as part of the STAND 2000 program.
Demonstration on the applications of XRF in the jewelry
industry were performed in several occasions. These were:
1. Actual demonstration of the analyses at PNRI for the
representatives of DOST Region HI and of the
Meycauyan Jeweller's Association
2. Exhibit at the Regional NSTW celebration in San
Fernando, Pampanga
3. Exhibit at the 1st Annual convention of the Philippines
Jeweller's Association at Guiguinto, Bulacan on Nov.
17,1995
PROJECT PERSONNEL
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Neil Raymond Guillermo
Romeo Paradero

DEVELOPMENT OF GEL COLUMN FOR"MO- 9 9 M TC GENERATOR

ABSTRACT

Technetium-99m 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.
Recently, studies have shown the viability of using metallic
molybdate gels in the production of the """Tc generator. These gels
will serve as the column material from which the " T c is eluted.
The gel is prepared by mixing zirconium oxychloride and
molybdenum oxide solutions.
In our attempt to scout for a procedure which is easy, reproducible
and adaptable to our laboratory conditions, we have tried several
procedures of gel preparations. Extensive sample preparations and
tests such as elution yield and elution profile measurements
showed the viability of the Vietnam approach. However the
Vietnam laboratory procedure has to be modified to attain uniform
elution yield and to make it suitable for a large-scale gel
production process. One-batch drying using an IR lamp was
introduced and the elution yield became uniform. The procedure
being used in China has been tried also on a laboratory scale. The
elution yield obtained is fairly uniform and on initial assessment,
the process may be simpler and more suitable for a large scale
production set-up.

OBJECTIVE

EXPERIMENTAL METHODS

developed a gel-based chromatographic 99Mo-99nTc
Generator.

TO have

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

[73]
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two hours at 50-60°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 molybdate solution was added slowly
and with stirring to zirconium oxychloride solution (35.3 grams
ZrOCl28H 2O, pH 1.6). 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 G3 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 10- ml 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 NaI(Tl) 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 c with 10 one-ml portions of 0.9% saline solution into
separate vials, and the activity counted in a NaI(Tl) detector.
RESULTS AND DISCUSSION

The gel process for technetium production is being developed to
meet the requirement for both portable and large stationary
generator using (n,) "Mo. It promises low cost, low waste,
simplicity of use and an alternative to the processing of uranium
fission products.
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The gel process under study in this project is the manufacture of an
inorganic ion-exchanger of the system M(IVB)O2. M(VU3)O3.xH2O
where M(IVB)= Ti or Zr and M(VIB)= Mo. A variety of often
non-stoichiometric, hydrous composition with mole ratio 1*
M(VIB)O3/M(IVB)Os2 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 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 aging, washing
and drying of the precipitate. This variability is due to the slowness
and complexity of the concentration-, pH- and temperaturedependent 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 our attempt to scout for a procedure which is easy, reproducible
and adaptable to our laboratory conditions, we have tried several
procedures of gel preparations. We have chosen the Vietnam
approach following the visit of Dr. Le Van So of the Radioisotope
Production Department of the Dalat Nuclear Research Institute in
Vietnam to our laboratory in 1992. The gels prepared by the
Vietnam procedure produces fine white particles. A large number
of samples have been prepared in order to get acquainted with the
procedure and to be able to optimize preparation conditions. The
nonradioactive gels were analyzed for some of their properties
such as moisture content, mole ratio, structure, thermogravimetric
profile and molybdenum and zirconium contents.
At first, the gel preparations following the Vietnam approach
produced gels of generally low (less than 70%) and variable
(sometimes high) elution yield, although the elution volume for a
5-8 gram column remained at less than ten milliliter. This is
illustrated in Table I. Filtration of these samples were done in
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batches to improve the drying process using a conventional drying
oven.
The low elution yield was attributed to the non-uniform drying of
the gel, which was brought about by the filtration of the gel in
small batches. Bulk filtration method was introduced using a large
Buchner funnel. The gels were then dried in two stages using an IR
lamp as described in the procedure above. The introduction of this
bulk drying procedure plus the experience gained from repeated
preparations in judging the sufficiency of drying time resulted in
high and reproducible elution yield as shown in Table II. Two
generators (A and B) were prepared from some of the gels
prepared, as noted. Generator A is prepared from gels dried in a
drying oven while generator B is from gels dried using an IR lamp.
The gels prepared using the procedure of China gave fine, slightly
yellowish particles. The China procedure is easy to handle and the
resulting gels are more or less the same in appearance and
filtration properties. Six radioactive gels have been prepared and
so far the elution yields obtained were satisfactory. The elution
yield ranges from 73 to 81 %.
In all the tests for elution yield, we have used nanocurie amount of
molybdenum-99 eluted from imported commercial generators. The
product yield is 35-40 grams for gels prepared according to the
procedures described above.
The 99Mo-99nTc generator assembly for demonstration purposes
had been fabricated with the assistance of Mr. Nicanor Nicolas.
The assembly was tested for performance. Modifications have been
introduced to accommodate adjustments in eluate flow rate.
REFERENCES
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Table I. Elution Yield Data for Gels Dried in Batches
Sample Code

Elution Yield,%

ZrMo-08L

64

ZrMo-09L

69

ZrMo-17L

47

ZrMo-18L

82

ZrMo-23L

90

ZrMo-27L

74

ZrMo-30L

42

ZrMo-35L

26

ZrMo-36L

24

ZrMo-37L

37

ZrMo-38L

34

ZrMo-40L

54

ZrMo-195A

40

ZrMo-195B

95

ZrMo-295A

19

ZrMo-295B

25

ZrMo-395A

34

ZrMo-395B

63

ZrMo-495A

45

ZrMo-495B

71

ZrMo-595A

52

ZrMo-595B

51

ZrMo-695A

75

ZrMo-695B

74

.[77]
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Table II. Elution Yield Data for Gels Dried in One Batch using IR Lamp
Sample Code

Elution Y i e l d s

ZrMoA

71

ZrMoB

78

ZrMoC

85

ZrMoD

70

ZrMoE

75

ZrMoF

87

ZrMoG

91

ZrMo0795A

90

ZrMo0895A

60

ZrMo0995A

69

ZrM01095A

81

ZrMoll95A

83

ZrMo0795B

92

ZrMo0895B

61

ZrMo0995B

66

ZrM01095B

81

ZrMoll95B

84

. 78

URBAN WASTE MANAGEMENT

ABSTRACT

OBJECTIVES

METHODOLOGY

Studies using radioactive tracer techniques to determine possible
migration of landfill leachate to ground and surface waters were
started in the San Mateo Sanitary Landfill being operated by
MMDA. Safety assessment analysis of the tracer test, tracer
injection and tritium content analysis of 68 water samples were
completed this year.
To apply radioactive tracer techniques in the operation and
management of landfills
A curie (37 GBq) of tritium in the form of tritiated was placed with
garbage in the initial site opened when the facility started
operation in 1990.
Water samples were then taken from eight sampling sites chosen
from monitoring wells within the facility, deepwells, springs and
wells within 500 m radius from the injection site. Sampling was
undertaken weekly for the first month. This interval was increased
to two weeks for the next two months and every month thereafter
for about two years.
The tracer concentration in the samples was determined by liquid
scintillation counting.

RESULTS AND DISCUSSION

PROJECT PERSONNEL

TO date no radioactive tracer has been detected in all samples that
have been analyzed so far.
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METRO MANILA AIR POLLUTANT CHARACTERIZATION
AND SOURCE IDENTIFICATION

ABSTRACT

The Philippine Nuclear Research Institute is undertaking a project
which aims to determine pollutant sources contributions at selected
sites in Metro Manila. Particulate samples are to be collected and
analyzed for various marker elements and the data subjected to
statistical analysis by receptor modelling techniques. So far
arrangements have been made for the establishment of these
station.
As part of preliminary studies undertaken archived air filters were
digested and analyzed by AAS for some elements: Pb, Fe, Cu & Zn,
concentration are given for all of the elements. Incomplete data on
Mg, Mn & Cr are also given for some samples. In addition some
qualitative data from WD-XRF analysis of High Volume samples
on membrane filters are given the elements detected are: Archived
air filters were also analyzed for polycycles aromatic hydrocarbon.
Data on 32 air filters are also presented.

OBJECTIVES

Overall Objectives:

The project aims to determine major pollutant sources influencing
selected sites in Metro Manila. Nuclear and complementary
techniques will be utilized for the multielements characterization
of air particulate samples and the data subjected to statistical
analysis by Receptor Modelling Techniques. The project is part of a
regional project initiated by the RCA/UNDP/IAEA which
establishes monitoring station in the Asia-Pacific region. Where
Gent type dichotomous samplers will be utilized to collect air
particulate matter, size fractionated to <2.5 micron (fine) and 2.5 10 micron (coarse). The program emphasizes the adoption of
international analytical quality standards to ensure harmonization
of analytical techniques and comparability of analytical data.
Through an IAEA technical assistance grant, the project is being
provided with air monitoring and clean room equipment. The
project is also related to the Japan initiated program on Regional
Cooperation in Reactor Utilization under the umbrella project
"International Nuclear Cooperation in Asia".
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1995 Objectives:
For 1995, the following objective have been set: the setting up of air
monitoring stations at selected sites in Metro Manila; the setting up
of clean laboratory facilities for the processing of samples; start of
sample collection using Gent-type dichotomous samplers and
analysis of samples using locally available analytical techniques.
AAS and TRXRF.
METHODOLOGY

A. Sample Collection (Archived air filters)
Archived air filters are obtained from the DENR-NCR EMPAS
laboratory. A portion of the filter is cut and wrapped in a clean
piece of onion-skin paper and then brought to the PNRI.
Sampling details are copied from the DENR log book.
B. Sample collection on High Volume Samplers Using
Cellulose Nitrate Membrane Filters
8" x 10" cellulose nitrate membrane filters were equilibrated at
60% relative humidity in a desiccator and then weighed and
placed in a filter cassette. This is brought to the DENR Air
Monitoring station and installed in the HV sampler. Sampling
is done for 24 hours. The loaded filter is again equilibrated at
60% relative humidity and then weighed. Sampling details are
recorded in an appropriate log book.
C. Elemental Analysis of Archived Air Filters by Atomic
Absorption Spectrophotometry
Sample Preparation:

A piece of filter paper, 7.5 cm x 7.5 cm is cut from the folded
air filter (with the air particulate in the inner) using a pair of
clean stainless steel scissors. Plastic gloves are worn when
handling the filters.
The sample is predigested by soaking overnight in 5 ml
concentrated HNO3 and then heating at 140° C until the
absence of reddish brown fumes. Heating is continued until
the volume of solution is reduced to 1 ml.
The solution is then cooled and 7 ml. of concentrated HNO3 is
added. The sample is again heated at 140" C until he solution
is colorless and the volume again reduced to 1 ml.
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The sample is then filtered using Whatman 42 filter paper and
the beaker and residue washed with a series of 5 ml portion of
triple distilled water to a 50 ml volumetric flask.
Analysis by AAS

Standards for each element were freshly prepared right before
the AAS analysis. Analysis is done using a Perkin Elmer 2380
Atomic Absorption Spectrophotometer. Instrument
performance is checked by running 4 ppm Cu standard which
should give an absorbance of 0.2 at 324.8 nm wavelength
setting, 0.7 nm slit opening using an oxidizing air-acetylene
flame. Operating parameters for each element taken are from
the AAS Perkin Elmer 2380 Handbook. The average of five
absorbance readings read at 1 second intervals is taken.
D. Analysis of Archived Air Filters for Polycyclic Aromatic
Hydrocarbon
An 11 x 9 cm2 portion of the air filter is cut using a clean pair of
scissors. When handling the filter clean polyethylene gloves
and plastic tipped twissors are used..
The filter is weighed and then placed at the bottom of a Soxhlet
thimble to ensure complete immersion in the extraction
solvent. The solvent is placed in a 250 ml round bottom flask
and the Soxhlet extraction set-up is assembled. The whple setup is protected from light by carbon paper. Extraction is done
for 16 hours.
The extract is then collected and evaporated to a small volume
using a rotary evaporator. The residue is taken up in 2 ml of
solvent and then passed through Seppak silica cartridge and
eluted with 2 ml aliquot of chloroform. The eluates are
evaporated to dryness and taken up in acetonitrile just before
analysis by HPLC. HPLC analysis is done with a Waters 6000A
solvent delivery system and a ^Bondapak G,8 and a
Chromsphere PAH-5 columns with simultaneous UV and
fluorescence detection. The UV detector is a Hitachi Model L4200 and the fluorescence detector a Waters Model 420C.
RESULTS AND DISCUSSION

Analysis of archived air filter was undertaken since the second
quarter of 1994, as preliminary study to determine typical results of
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Pb and other element in air particulate samples. A total of 119
samples have so far been digested for AAS and TRXRF. Analysis
by AAS has been done and summarized in Table 1 for 85 samples
collected from August 1991 to April 1992 and some samples from
Ermita collected in the first quarter of 1993. All of the samples were
analyzed for Pb, Zn, Cu, and Fe. Analysis for Mn, Mg, and Cr
could not be completed due to breakdown of the acetylene
regulator for AAS. Cd was also analyzed for some samples but was
discontinued due to poor detection.
Table 2 gives the mean concentration of Pb, Zn, Fe and Cu for some
DENR stations. Lead concentrations in all the stations exceeded the
1.5/Ug/N cu.m short term ambient air quality standard. The mean
concentration in total particulates (High Volume samples) was not
significantly different from the mean concentration in PM10
samples indicating association of Pb with the fine fraction. Zn, Fe,
and Cu have higher concentration in total particulate than the
PM10 samples, indicating association of these elements with the
coarse fraction. Two trials were done only for the first 39 samples
analyzed, however, very good precision was observed for separate
digestion of the sample. In order to conserve samples, only one
trial was performed for succeeding analysis.
i

Table 3 summarizes data for lead in High volume samples
collected from selected station in the first quarter of 1994. The
analysis was done by a thesis student from the University of Santo
Thomas. None of the samples exceeded the ambient air quality
standard for lead. Lower concentrations of lead are noted as
compared to the samples collected from 1991-1992. This could
indicate the efficaciousness of pollution control measures being
undertaken by government.
The project also participated in the RCA/UNDP/RCA organized
intercomparison on air pollution-related materials. Out of 19
results submitted, 12 were within 1 standard deviation from the
mean and 6 within 2 standard deviations. Unfortunately the
analyses could not be repeated to verify sources of error due to
break down of the AMR fume hood. Analysis of these materials
together with other reference materials will be done prior to
analysis of air particulate samples to be collected at PNRI
monitoring station.
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Qualitative wavelength dispersive XRF was performed on samples
collected on membrane filters provided by the Japan initiated
"Regional Cooperation in Reactor Utilization" under the program "
International Nuclear Cooperation in Asia."
8" x 10" cellulose nitrate filters were used to collect samples with
the High Volume Samples at the DENR-NCR monitoring stations
in Valenzuela, EDSA-DPWH and PAGASA, Quezon City. These
were analyzed by WDXRF at the Mines and Geoscience Bureau
Petrolab. Table 4 gives a summary of the elements detected and
their relative intensities.
On the analysis of polycyclic aromatic hydrocarbons (PAHs) in air
particulates, a paper entitled "Determination of PAHs in Metro
Manila Air Particulate by HPLC with Fluorescence Detection" was
completed for publication in KIMIKA.
PROJECT PERSONNEL

Flora Santos
Soledad Castaneda
Luz Esguerra
Alwyn Anfone
Concepcion Matias
Danilo Cuyco
Roberto Malilin
Gloria R. Jimenez
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Table 1. AAS analysis of Pb, Cu, Fe, Zn, Mn1, Cr1 and Mg1 in quartz and in glass fiber filters from
some DENR Metro Manila air monitoring stations (sampled from August 1991 to April 1992),
Station

Spier

Zn
Fe
Mn
Cr
Cu
Mg
Pb
Date
Collected ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m.

6 ADB

HiVol

09/11/91

3.40

5.05

0.18

0.11

055

27 ADB

HiVol

11/16/91

3.73

2.65

0.23

6.86

0.15

40 ADB

HiVol

01/09/92

3.35

2.74

0.29

0.07

28 ADB

HiVol

01/15/92

1.46

234

1.19

2.91

0.14

29 ADB

HiVol

03/09/92

3.38

3.84

0.16

436

0.21

7 ADB

HiVol

03/15/92

2.15

5.45

0.20

0.11

0.22

0.11

2 ADB

PM10

09/17/91

1.46

0.62

0.09

0.10

0.09

26 ADB

PM10

11/16/91

3.27

0.33

0.09

2.42

0.15

ND

0.11

2.11

0.18

82 ADB

PM10

12/04/91

3.13

0.62

0.11

0.11

83 ADB

PM10

12/10/91

1.56

0.19

0.06

0.10

ND

0.15

84 ADB

PM10

12/16/91

1.21

0.37

0.07

0.14

ND

0.15

85 ADB

PM10

12/22/91

1.32

0.54

0.06

0.06

ND

0.14

56 ADB

PM10

01/09/92

2.79

0.40

0.07

0.06

30 ADB

PM10

01/15/92

0.18

0.06

0.20

0.26

59 ADB

PM10

01/27/92

2.64

0.93

0.05

60 ADB

PM10

02/02/92

2.02

0.73

57 ADB

PM10

02/11/92

1.87

81 ADB

PM10

02/20/92

1.69

58 ADB

PM10

02/26/92

31 ADB

PM10

61 ADB

0.35

0.15

0.36

0.17

0.03

0.59

0.13

0.04

0.10

0.36

0.14

0.45

0.06

0.03

0.75

0.20

0.36

0.06

0.12

0.25

0.16

1.46

0.39

0.06

0.02

1.61

0.18

03/09/92

2.47

0.32

0.04

0.36

PM10

03/09/92

2.68

0.52

0.06

0.18

0.48

0.20

62 ADB

PM10

03/21/92

2.03

0.97

0.06

0.06

0.84

0.20

0.03

0.06

3 ADB

PM10

03/28/92

5.15

1.11

0.21

0.11

63 ADB

PM10

04/02/92

4.13

0.99

0.07

0.07

39 BEL-AIR

HiVol

09/15/92

0.67

0.23

0.18

0.95

0.03

14 BEL-AIR

HiVol

11/16/92

1.10

0.19

0.78

0.04

0.06

0.04

0.39

0.11
0.67

0.17

18 CORINTHIAN PM10

03/21/92

0.97

0.62

0.12

0.08

0.05

0.08

17 DASMARINAS PM10

04/26/92

0.25

0.19

0.07

0.05

0.10

0.05

21 DENR-NCR

PM10

10/23/91

2.85

2.30

0.23

0.08

0.41

0.08

8 Ermita

HiVol

09/23/91

0.47

6.12

020

0.11

0.03

0.11

43 Ermita

HiVol

01/03/92

1.45

3.92

036

0.03

34 Ermita

HiVol

01/13/92

1.36

0.58

0.71

2.94

44 Ermita

HiVol

01/21/92

1.05

2.64

034

41 Ermita

HiVol

02/02/92

1.39

2.75

33 Ermita

HiVol

02/17/92

1.80

0.89

1.49

0.17

0.07

1.18

0.13

0.49

0.11

1.37

0.13

053

4.73

0.01

0.05

Results for some samples only.
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Station

Spier

Mr.
Cu
Mg
Cr
Zn
Fe
Pb
Date
Collected ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m.

42 Ermita

HiVol

02/26/92

1.11

3.18

0.47

0.09

32 Ermita

HiVol

03/15/92

1.07

2.63

020

0.36

45 Srmita

HiVol

03/21/92

1.29

3.14

0.51

0.08

9 Ermita

HiVol

04/02/92

1.09

3.30

0.19

0.09

0.24

0.09

4 Ermita

PM10

09/17/91

0.25

0.12

0.01

0.12

46 Ermita

PM10

01/21/92

0.44

0.58

0.34

0.10

ND

0.18

76 Ermita

PM10

03/02/92

1.13

0.71

0.11

0.10

ND

0.15

77 Ermita

PM10

03/09/92

1.05

0.68

0.04

0.11

ND

0.15

0.12

ND

0.16

ND

ND

1.91

0.21

1.86

0.21

0.11

78 Ermita

PM10

03/21/92

7.67

0.42

0.04

79 Ermita

PM10

04/08/92

0.83

0.23

0.05

0.02

80 Ermita

PM10

04/26/92

0.87

0.92

0.06

0.05

ND

0.16

68 Ermita

PM10

01/16/93

1.33

0.99

0.08

0.14

ND

0.17

69 Ermita

PM10

01/23/93

1.27

0.68

0.06

0.07

ND

0.18

70 Ermita

PM10

02/04/93

1.42

134

0.09

0.10

ND

0.17

71 Ermita

PM10

02/09/93

1.11

0.43

0.04

0.06

ND

0.18

ND

0.16

ND

0.18

72 Ermita

PM10

02/18/93

1.39

0.63

0.18

0.10

73 Ermita

PM10

02/24/93

1.01

0.43

0.18

0.12

74 Ermita

PM10

03/29/93

1.04

2.56

1.33

0.03

75 Ermita

PM10

03/29/93

2.32

3.70

5 Ermita

PM10

04/02/92

1.01

0.99

24 Las Pinas

HiVol

03/15/92

0.21

0.14

19 MCU

HiVol

02/11/92

2.77

20 MCU

PM10

02/11/92

2.45

23 Parariaque

HiVol

07/02/91

37 Parariaque

HiVol

38 Pasig

0.04

0.91

1.21
ND

0.08

0.15

ND

0.09

0.07

0.09

0.07

0.07

0.12

0.07

1.75

0.23

0.10

0.22

0.10

0.67

0.10

0.08

0.09

0.08

1.20

0.20

0.13

0.08

0.20

03/15/92

0.74

0.28

0.09

3.85

0.13

0.04
•

HiVol

03/09/92

0.91

0.47

0.07

5.72

0.12

15 Pasig

HiVol

11/19/92

1.13

0.35

0.13

0.05

0.06

12 Quezon Ave.

PM10

09/21/91

4.19

1.05

1 Quezon Ave.

PM10

03/15/92

1.72

150

64 Quezon Ave.

PM10

12/04/91

2.96

65 Quezon Ave.

PM10

12/10/91

1.52

66 Quezon Ave.

PM10

12/16/91

67 Quezon Ave.

PM10

55 Quezon Ave.

0.05

ND

ND

0.22

0.12

0.54

0.28

0.10

0.18

0.23

0.49

0.13

0.05

-0.27

0.16

2.55

0.42

0.14

0.03

0.04

0.17

12/22/91

1.27

0.25

0.09

0.05

-0.29

0.20

PM10

01/03/92

4.44

0.96

0.21

0.18

0.04

0.18

53 Quezon Ave.

PM10

01/15/92

2.20

0.82

0.13

0.09

0.30

0.18

47 Quezon Ave.

PM10

01/21/92

2.32

0.74

0.14

0.06

0.23

0.13

0.10

0.11

0.35

0.12

0.01

0.12

48 Quezon Ave.

PM10

01/30/92

2.79

0.87

49 Quezon Ave.

PM10

02/05/92

1.93

0.69

0.09

0.07

0.27

0.13

54 Quezon Ave.

PM10

02/11/02

3.55

1.11

0.18

0.13

0.13

0.18
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Station
50 Quezon Ave.

Spier
PM10

Mn
Cu
Fe
Cr
Pb
Zn
Date
Mg
Collected ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m. ug/cu.m.
02/20/92

2.14

0.87

024

0.20

0.15

0.20

0.70

0.17

0.22

0.17

51 Quezon Ave.

PM10

02/26/92

2.03

1.00

0.36

0.10

52 Quezon Ave.

PM10

03/09/92

2.06

1.47

0.60

0.14

10 Quezon City

HiVol

03/15/92

0.95

0.21

0.10

0.21

0.10

11 Quezon City

HiVol

09/15/92

0.77

0.57

0.05

0.10

0.03

0.10

35 San Juan

PM10

04/14/92

0.78

0.15

0.09

1.22

0.09

13 San Lorenzo

PM10

02/11/92

2.40

0.24

0.08

0.06

0.06

0.06

25 Valenzuela

HiVol

03/09/92

2.24

2.60

1.16

0.10

0.78

0.10

16 Valle Verde

PM10

03/21/92

0.72

0.37

0.12

0.06

0.06

0.06

22 Viejo

HiVol

08/08/91

0.92

0.62

0.13

0.07

0.22

0.07

36 Viejo

HiVol

04/08/92

1.09

0.37

021

5.69

0.14
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Table 2. Average concentration of Pb, Zn, Cu and Fe in aerosol samples from selected DENR Metro
Manila Monitoring Stations (sampled from September 1991 to April 1992).
Station

Sampler Type

Inclusive Sampling Dates

Mean

Standard
Deviation

Range

n

Pb
ADB

HiVol

09/11/91 - 03/15/92

2.91

0.89

3.7 - 1.46

6

1.16

0.18 - 5.15

18

ADB

PM-10

09/17/91 - 04/02/92

2.28

Ermita

HiVol

09/23/91 - 04/02/92

1.21

0.35

0.47 - 1.80

10

Ermita

PM-10

09/17/91 - 04/02/92

1.10

0.47

0.25 - 2.32

15

Quezon Ave.

PM-10

09/21/91 - 03/09/92

2.51

0.93

1.27 - 4.44

15

ADB

HiVol

09/11/91 - 03/15/92

3.68

1.32

2.34 - 5.45

6

ADB

PM-10

09/17/91 - 04/02/92

055

0.29

0.06 - 1.11

18

Ermita

HiVol

09/23/91 - 04/02/92

2.92

1.54

0.58 - 6.12

10

Ermita

PM-10

09/17/91 - 04/02/92

1.06

0.94

0.23 - 3.70

14

Quezon Ave.

PM-10

09/21/91 - 03/09/92

0.86

0.35

0.25 - 1.50

ADB

HiVol

09/11/91 - 03/15/92

2.44

2.85

0.07 - 6.86

6

ADB

PM-10

09/17/91 - 04/02/92

0.24

055

0.02 - 2.42

18

Ermita

HiVol

09/23/91 - 04/02/92

0.86

1.63

0.03 - 4.73

10

Ermita

PM-10

09/17/91 - 04/02/92

0.16

0.28

0.02 - 1.21

16

Quezon Ave.

PM-10

09/21/91 - 03/09/92

0.10

0.05

0.03 - 0.20

14

ADB

HiVol

09/11/91 - 03/15/92

0.38

0.4

0.16 - 1.19

6

ADB

PM-10

09/17/91 - 04/02/92

0.08

0.05

0.04 - 0.21

18

Zn-

Fe

Cu

Ermita

HiVol

09/23/91 - 04/02/92

0.40

0.17

0.19 - 0.71

10

Ermita

PM-10

09/17/91 - 04/02/92

0.20

0.35

0.04 - 1.33

13

Quezon Ave.

PM-10

09/21/91 - 03/09/92

0.21

0.14

0.09 - 0.60

14
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Table 3. Lead analysis of glass fiber filters from selected DENR Metro Manila Air Monitoring
Stations (sampled in January to March 1994).
Monitoring
Station

Cone,
ug/cu m

Date

Uncertainty

Valenzuela

01/11 -

12/94

0.353

0.076

Valenzuela

01/28 - 29/94

0.953

0.133

Valenzuela

02/04 - 05/94

0.981

0.076

Valenzuela

02/27 - 28/94

0.397

0.108

Valenzuela

03/06 - 07/94

0.536

0.084

Valenzuela

03/24 - 25/94

1.006

0.087

Q.C.

01/11 - 12/94

0.258

0.081

Q.C.

01/28 - 29/94

0.822

0.092

Q.C.

02/04 - 05/94

0.583

0.079

Q.C.

02/27 - 28/94

0.405

0.092

Q.C.

03/06 - 07/94

0.874

0.091

Q.C.

03/30 - 31/94

0.550

0.089

Ermita

01/10 - 11/94

0.320

0.132

Ermita

01/29 - 30/94

0.516

0.132

Ermita

02/05 - 06/94

0.516

0.132

Ermita

02/27 - 28/94

0.647

0.132

Ermita

03/09 - 10/94

0.527

0.143

Ermita

03/30 - 31/94

0.320

0.132

Viejo

01/10 - 11/94

0.403

0.103

Viejo

01/28 - 29/94

0.736

0.096

Viejo

02/04 - 05/94

0.569

0.0%

Viejo

02/27 - 28/94

0.277

0.087

Viejo

03/12 -

13/94

0i567

0.100

Viejo

03/19 - 20/94

0.351

0.095

Paranaque

01/10 -

11/94

0.366

0.137

Paranaque

01/22 - 23/94

0.337

0.138

Paranaque

02/04 - 05/94

0.166

0.140

Paranaque

02/27 - 28/94

0.255

0.132

Paranaque

03/06 - 07/94

0.263

0.136

Paranaque

03/29 - 30/94

0.176

0.091

Mean

Std. Dev.

0.704

0.308

0.582

0.237

0.474

0.129

0.484

0.170

0.261

0.081
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Table 4. Results of semiquantitative analysis on cellulose nitrate membrane filters by Wavelength
Dispersive Xray Fluorescence Spectrometry with EDDT diffracting crystal (peak areas in square
millimeters)
PAGASA

Elements
Detected
Weather
Conditions

08/14/95

09/21/95

Sunny

Sunny

EDSA-DPWH
10/23/95
Cloudy/
Rainy

Valenzuela

09/27/94

04/18/95

09/27/94

Sunny

Cloudy

Sunny

S

80

60

28

140

64

115

Cl

50

88

50

44

72

60

K

40

50

24

64

81

60

Ca

192

88

68

768

968

552

Sc

60

20

8

104

64

80

Ti

20

20

60

56

60

20

16

6

V
Cr

22

Mn

16

88

35

15

35

11

27

812

6

Fe

72

120

32

495

414

Ni

24

32

32

96

63

Cu

4

12

216

32

64

27

32

4

44

20

25

12

0.27

0.21

0.28

Zn
Pb
2

TSP

2

0.11

0.072

TSP in microgram per cubic meter

0.038

RADIATION STERILIZATION OF MEDICAL PRODUCTS
AND TISSUE GRAFTS

ABSTRACT

OBJECTIVES

METHODOLOGY

The quantitative assessment of the microbial contamination of
different medical and pharmaceutical products were investigated.
Prior to irradiation the total counts of the microbial load on the
products were determined. Verification dose and sterility tests
were performed after bioburden testing and it was shown that
gamma radiation is effective in sterilizing various medical
products such as orthopedic implants, surgical gloves and plastic
disposable items. As a result, clearances for orthopedic implants
and surgical gloves were obtained from BFAD to use gamma
radiation for the sterilization of the above-mentioned products in
commercial quantities. Likewise, pharmaceutical products like
neomycin sulfate, chloramphenicol and hydrocortisone acetate
were analyzed for microbiological contamination prior to
irradiation. The results showed that sterilization dose of 15.0 kGy is
sufficient to sterilize the various items.
1. To determine the bioburden counts of different medical
products prior to irradiation.
2. To determine sterilizing dose for each item.
3. To sterilize biological tissues using gamma radiation.
I.

Medical Products
A. Bioburden Tests
Samples of medical and pharmaceutical products were
rinsed for about 10 minutes in 0.1 % peptone broth and
performed serial dilutions. Total plate counts (TPQ and
mold and yeast counts (TMYC) were made using pour and
surface plate methods. The plates were incubated at 37°C
for TPC and 25°C for TMYC and colonies were counted
after 2 to 3 days incubation period.
B. Sterility Tests
Samples were submerged in the Fluid Thioglycollate
medium and Soybean casein digest for a period of 14 days
at a temperature of 37°C. After this storage period, the
tubes were examined for turbidity. If there are no more
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than 2 positive tubes from whole lot then the lot will be
confirmed sterile.
II. Pharmaceutical Products
Samples of Valbazen suspension, Neomycin sulfate,
Chloramphenicol base and Hydrocortisone acetate were taken
from a pharmaceutical company. The samples were tested for
total microbial counts prior to irradiation. They were irradiated
at varying doses and tested for microbiological and physicochemical characteristics.
III. Tissue Grafts
The freeze dried bone chips and frozen bones processed by the
UP-PGH Tissue Bank staff were brought to the PNRI for
gamma irradiation. The dose given to these samples were 2.5
Mrad. After irradiation, 2 samples per batch were tested for
sterility using soybein casein digest medium. The culture broth
were incubated for about a week at 37°C temperature.
Turbidity of the broth showed positive results
RESULTS AND DISCUSSION

I.

Medical Products
The following medical products were analyzed and found
feasible for gamma radiation.
Name of Product
1.

Bioburden

Verification

Sterility Dose

Count

Dose (kGy)

(kGy)

Femoral stem

<10.0

2.0

12.0

2

Acetabular cup

<10.0

2.0

12.0

3.

Surgical gloves

66.0

7.5

20.0

4.

Plastic plugs

965.0

11.0

25.0

5.

Plastic bottles

580.0

10.3

25.0

6.

Plastic caps

348.0

9.6

23.3

7.

Aluminum tubes

101.0

8.0

21.0

The bioburden counts of different items showed that there
were variation of counts of microorganism in each product.
The average count of orthopedic implants such as femoral stem
and acetabular cup are very much lower than the plastic
disposable items like plugs, bottles and caps. Initial counts of
surgical gloves and aluminum tubes were from 66.0 and 101.0
cfu respectively.

.1 92
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The verification dose to be given for each items depends upon
the bioburden counts. The higher the bioburden counts the
higher the verification dose to be applied.
Sterility tests conducted on the samples showed negative
growth after fourteen days incubation period at temperature of
37°C.
II. Pharmaceutical Products
A. The microbiological and physico-chemical characteristics
of the irradiated and non-irradiated Valbazen Suspension
are shown in the table.
Dose (kGy)

Test Conducted

A.

0

075

1.0

2.0

1.08 xlO 5

<10.0

<10.0

<10.0

3.0 x 103

35.0

<10.0

<10.0

Microbiological
Tests

1.

Total microbial
counts (cfu/g)

2.

Total mold and
yeast counts

3.

E. coli

(+)

(-)

(-)

(-)

4.

Salmonella

(-)

(-)

(-)

(-)

B.

Physico-chemical

light blue

light blue

light blue

light blue

5.3

5.4

5.5

5.5

Tests
1.

Color

2.

pH

B. The results on different pharmaceutical products are
shown below:
Name of

Bioburde

Product

n Count

Neomycin

After

Color

pH

Exposure
to 1.5 kGy Before

After

Before

After

50.0

<10.0

white

white

4.8

4.9

30.0

<10.0

white

white

3.9

3.9

40.0

<10.0

white

white

4.0

4.0

sulfate
Chloramphenicolbase
Hydrocortizone

The initial microbial counts of different pharmaceutical
products ranged from 30 to 40 colony forming units per
gram, however, after exposure to 15.0 kGy it was reduced
to less than 10.0 cfu/g. The color of the products were very
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stable even after 15.0 kGy irradiation dose. The pH remain
stable even after gamma exposure.
III. Tissue Grafts
The following bone grafts were irradiated at a dose of 25.0
kGy.
A. Bone chips (freeze-dried)
75 pcs.
B. Segmented bones (frozen)
15 pcs.
Sterility tests of the freeze-dried bone chips were conducted
and the results showed that they are sterile after 7 days
incubation period at 37°C temperature.
PROJECT PERSONNEL

Zenaida de Guzman
Mitos Tolentino

DETERMINATION OF RADON LEVELS IN THE PHILIPPINES

DESCRIPTION

Natural radiation is the largest contributor to the radiation dose of
the global population. According to the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR), among
the various contributors to the annual effective dose equivalent
received by humans living in areas of the world exhibiting normal
background radiation, the inhalation of Rn-222 and its daughters
accounts for about one-half of the dose.
Radon is a natural radioactive gas formed by the decay of uranium
in the earth's soil which is the principal source of radon in
atmosphere. The high ratio of air to radon in outdoor air dilutes the
radon concentrations to levels that are usually of no concern for
human health. However as an indoor pollutant, radon is
considered one of the most significant indoor pollutants and the
probable cause of about 10% of lung cancers worldwide. In the
United States, the Surgeon General has cited radon as the second
most important cause of lung cancer next to smoking.
Radon may enter dwelling places from different types of sources
such as: outdoor air and soil or rock formations that underlie or
surround the house, building materials, water supplies and natural
gas. Once inside an enclosed space such as a home, radon can
accumulate. Radon that enters enclosed spaces can reach high
concentrations in some circumstances. In the assessment of the
total dose received by the public from natural sources of radiation,
the contribution from inhalation of radon and its daughters may be
adequately accounted for from measurements of radon levels in
dwelling places.
Aside from population to radon inside dwelling places,
occupational exposure to radon in underground mines has been
recognized to be another area of concern. Present knowledge of the
biological effects of radon is based mainly on studies of uranium
miners which showed conclusively that radon caused lung cancer
among these miners. High doses from radon may also occur in
non-uranium mines, provided these are underground. While other
countries such as Great Britain have promulgated regulations
which apply to all occupational exposures to radon, the
Philippines, where there are several large-scale underground

95
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mines, has not yet initiated any effort to determine the radon levels
in these mines and the possible need for regulations.
This study has two phases, namely: (1) Determination of Average
Exposure to Radon in Filipino Homes, and (2) Determination of
Occupational Exposure to Radon in Underground Mines.
OBJECTIVES

RESULTS AND DISCUSSION

Determination of Average Exposure to Radon in Filipino
Homes.
A. To establish the average annual per caput and collective
dose contributed by radon to the total exposure received
by the Filipino population due to natural sources.
B. To study the distribution of radon levels in Filipino Homes
throughout the Philippines and to relate this distribution to
the total ambient exposure rates and to geological factors.
C. To study the influence of building material on the radon
concentrations in Filipino homes.
D. To study diurnal and seasonal variations in indoor radon
concentrations.
II. Determination of Occupational Exposure to Radon in
Underground Mines
A. To establish the occupational exposure received by miners
due to radon in underground mines.
B. To study any correlation between the radon concentration
in these mines to: (a) type of mineral being mined, (b)
depth of mine, and (c) ventilation.
C. In the event high concentrations are observed in a
particular mine, to do a case study to determine any excess
incidence of lung cancer and other diseases among the
miners involved.
I.

l.

CR-39 Calibration Experiments
Continuation of the calibration experiments on CR-39 alpha
track detectors which started in Josef Stefan Institute (JSI),
Slovenia during the IAEA fellowship of Ms. Fe dela Cruz were
performed at PNRI Radon Laboratory. The alpha track etch
detectors which were irradiated, processed and counted at JSI
were recounted using the PNRI alpha track counting system.
Results were compared and summarized on Table 1. The
unprocessed detectors which were irradiated at JSI were
processed and evaluated at PNRI laboratory. Final calibration
factor calculated was 4.8 tracks-m3/K-Bq-h-cm2 (Table 2). Data
96
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gathered on radon concentrations in homes and in
underground mines from 1992 to 1994 were recalculated using
this corrected average calibration factor.
2. Radon in Underground Mines
As part of its program on occupational radiological safety, the
HPR determined radon levels in non-uranium underground
mines and workplaces in the country. Two coal mines, the
DMCI Coal Mines in Bislig, Surigao del Sur and the Luvimin
Coal Mines in Argao, Cebu were monitored for radon, in
DMCI Coal Mines, radon levels ranged from 46 to 344 Bq/m3
with an average value of 105 Bq/m3, while in Luvimin Coal
Mines, radon concentrations ranged from 34 to 113 Bq/m3 with
an average of 66 Bq/m3. These values are below the
recommended ICRP limit of 1000 Bq/m 3 for occupation
exposure in underground mines.
3. Radon Survey in Malacanang Palace
Measurement of indoor radon concentrations was conducted
in the rooms of Malacanang Palace namely: State Dining
Room, Sitting Room 3 (FVR's Room) and Sitting Room 4 (First
Lady's Room) as requested by the Director of Internal House
Affairs Office-Palace. The results showed a radon
concentration ranging from 9.1 to 12.2 Bq/m3 with an average
value of 9.9 Bq/m3. This value is lower than the average indoor
radon concentration in the Philippine dwellings which is about
25 Bq/m3. The ICRP limit for indoor radon concentration is 200
Bq/m3.
4. Radon in Phosphogypsum Wallboards
Calibration factor for CR-39 detectors measured at different
geometries was performed for standardization of can
technique and accumulation method for use in the calculation
of radon exhalation rate in phosphogypsum wallboards. The
mean calibration factor determined was 0.02 tracks-m3/Bq-hcm2.
Measurement of radon exhalation rate in gypsum boards from
PHINMA, Inc. was started during the last quarter of 1995. A
total of 53 CR-39 detectors were exposed to the board made up
of phosphogypsum from PHILPHOS, Leyte. Preliminary
assessment of radon exhalation rates in four randomly selected
~ phosphogypsum wallboards from PHINMA was also
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performed. Radon exhalation rates in these samples are as
follows:
Togo sample
Australia
Thailand
US
PROJECT PERSONNEL

=
=
=

Emerenciana Duran, Ph.
Fe dela Cruz
Teofilo Garcia
Louie del Castillo
Lorna Palad
Ma. Lucia Cobar

83.4 mBq/m2-h
14 mBq/m2-h
17 mBq/m2-h
15 mBq/m2-h

SOMATIC MUTATION IN PERIPHERAL BLOOD LYMPHOCYTES
AMONG METRO MANILA RESIDENTS:
INDICATOR OF EXPOSURE TO ENVIRONMENTAL POLLUTION

ABSTRACT

Peripheral Blood lymphocytes from donors residing in Valenzuela,
Metro Manila were assayed for mutation induction due to
exposure to environmental pollution. Hypoxanthine-guanine
phosphoribosyl transferase (HGPRT) gene is in locus 21 and in the
sensitive arm of the X-chromosome. Studies have shown that
HGPRT gene is inducible with radiation and certain mutagens. A
modified mutation assay for HGPRT adapted from the
autoradiographic assay of Albertini is used to determine whether
mutation at the HGPRT gene occurs due to exposure to
environmental pollution in specific areas in Metro Manila.
Valenzuela had been found to have the highest level of total
soluble particulate TSP from vehicular and industrial emissions. To
correlate mutation induction in HGPRT gene of donors from
Valenzuela to pollution level, a questionnaire survey forms part of
the project protocol. This survey is meant to assist the
epidemiology consultant for this project in evaluating the data
obtained. Statistical analysis of the data also helped in establishing
confidence on the data. This project is funded by DOST through
PCHRD and is for a two year period.

OBJECTIVES

1. To apply the hypoxanthine guanine phosphoribosyl
transferase (HGPRT) mutation assay to residents of
Valenzuela, Metro Manila exposed to environmental pollution;
2. To determine specific groups in Valenzuela who are
significantly affected by pollutants as evidenced by the
increase in their peripheral blood lymphocytic HGPRT gene
mutation index, and
3. To construct an environmental baseline HGPRT mutation data
bank (EBMD) specific to donors in Valenzuela.

METHODOLOGY

Blood samples were collected from donors using heparinized
vacutainer syringes. These were treated in accordance with the
developed HGPRT assay following the protocol enumerated
below:
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1. Isolation of lymphocytes
Mononuclear cells at the plasma/ ficoll interphase were added
to the medium and centrifuged. Isolated cells were counted
using hemacytometer after testing for viability with trypan
blue solution. Samples with less than 75% viable cells were
discarded.

2. T-cell incubation
Pytohemagglutinin (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 JH thymidine was done for 18 h at 37°C in a CO2
incubator.
3. Radioactivity Counts
In vitro synthesis of DNA by 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 a
GF/C filter. Precipitates were washed with 10 ml volume 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 cultured without TG representing proliferating
T-cells (C). All samples were analyzed in replicates.
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 protein. The soluble
fraction containing cellular DNA was measured at 260/280 nm
using UV spectrophotometry for DNA concentration (5).
5. Specific Activity
Specific cellular activity was calculated based on the definition
"~ as CPM/cell counts or CPM/DNA concentration.
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RESULTS AND DISCUSSIONS

1. Establishment of Linkages
To identify the different areas as possible sampling sites, the
Air Quality Monitoring Service of DENR-NCR which conducts
air sampling analysis in the area was consulted.
The cooperation of the Committee on Environmental
Protection of Valenzuela under the Chairmenship of Councilor
Evelyn Hernandez was solicited to seek their help in finding
possible donors in the municipality.
The use of the clinic of the Valenzuela Municipal Health Office
was requested for blood extraction from donors by the
municipal medical technologist.
Mr. Romy Dy, head of the Cellular Laboratory of the
Immunology Department of the National Kidney Institute
(NKI) has joined the project as collaborator/consultant. Part of
the research work have been done at the NKI.
2. Identification of Critical Areas in Valenzuela
In consultation with a field epidemiologist, a sampling strategy
was worked out and critical areas identified. These areas
include Barangays Karuhatan and Balubaran which are within
ten kilometer radius from the AQMS/DENR-NCR air sampler
positioned in the municipal hall building.
Specific population groups classified in terms of age, smoking
habit, occupation (indoor or outdoor), lifestyle and medical
history were identified as possible blood donors.
Questionnaires prepared in English and Pilipino were used to
establish the characteristics of the sample included in the
study.
3. Mutation Indices
We have prepared a composite table on information on the
medical and personal background and the corresponding
mutation index of blood donors residing in Barangay
Karuhatan and Balubaran arranged according to amount of
time spent outdoors and indicating whether the donor is a
smoker or a non-smoker. The specific activities of 3H labeled
HGPRT based on cell counts at 0 and 24 hours were not very
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different from each other. This result allowed us to use with
confidence either 0 or 24 hr cell count values in our
calculations. The calculated mutation indices of samples based
on DNA concentration (M.I., [DNA]) showed values very close
to mutation indices based on cell counts (M.I., 0 hr). The 95
sample points constitute a closure of Phase I of this project and
represents a preliminary EBMD (Environmental Baseline
Mutation Databank) for Area I (Valenzuela, Metro Manila)
based on HGPRT mutation indices. The (epidemiological)
confidence limits for this 95 sample points in the EBMD are
being calculated.
A 35.5% cumulative frequency distribution of mutation index
values was calculated from specific activity of 3H labeled
HGPRT based on DNA concentration of mutation index value
greater than 0.6. This result shows that there is a high number
of samples with mutation index values greater than 0.6
indicating that about 35.5% of the total sample population
analyzed have somatic mutation at the HGPRT gene locus.
The rate of prevalence of HGPRT mutation index of <0.5 and
>0.5 per 100,000 are 11.9 and 10.7 respectively based on the
total population of Valenzuela of 420,988.
The average mutation indices of values greater or lower than
0.5 are 0.2700 ± 0.1202 (n = 48) and 0.8802 ± 0.3447 (n = 43)
respectively.
It has been suggested that smoking affects mutation at the
HGPRT gene locus. Our data shows values slightly higher for
smokers (M.I. + 0.5891 ± 0.4640 [n = 48]) than for non-smokers
(M.I. » 0.5240 ± 0.3046 [n = 43]).
We have also tried to determine whether working outside and
being exposed to environmental pollution for more than 8
hours each day affect the mutation indices of donors residing
in Valenzuela. The calculated mean average mutation indices
for two different periods of outdoor exposure to environmental
pollution are M.I. = 0.6359 ± 0.3148 (n = 33) for those with less
than 8 hour outdoor exposure and M.I. = 0.5173 ± 0.3844 (n =
58) with 8 hour or more outdoor exposure. So far, the data
show higher values for those with less than 8 hour of outdoor
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exposure to pollutants every day than the corresponding class
of donors exposed to 8 hour or more to outdoor pollution.
PROJECT PERSONNEL

Ma. Teresa Nazarea
Ma. Lucia Cobar
Carol Baldovino
Javier Eduardo
Antonio Asada

.103

HYDROGEOCHEMICAL PROCESS STUDIES/
ENVIRONMENTAL SURVEILLANCE

ABSTRACT

Radon monitoring of radon in deep wells and soil along the
Philippine Fault zone particularly in Legaspi area and Marikina
Fault segment were carried out.
Results indicate generally low radon levels in the surveyed areas
suggesting no unusual readings. These indicate no imminent
significant seismic manifestations.
A carborne gamma ray spectrometer survey was initiated under an
IAEA-assisted technical assistance. The spectrometer system was
set-up together with IAEA experts. Test runs were carried out in
Camarines Norte and Baguio area. Marinduque was chosen as
pilot area. Due to some electronic malfunctions, only ground (foot)
survey spectrometer survey was completed. The results indicate
generally low surface radioactivity in Marinduque due to
potassium with minor contribution from Th and U. The K
distribution could be used to delineate copper prospective areas.

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.

INTRODUCTION

Variations in radon emission along faults may indicate possible
surface movements or adjustments of the earth's crust, including
volcanoes. Variations in surface gamma ray distributions could be
used to trace faults and contaminations or locations prospective
areas.

METHODOLOGY

Radon monitoring involves measurements of radon in deepwell
waters and soils along fault zones. Radioactivity readings will be
done using gamma ray detectors coupled to spectrometers.

RESULTS AND DISCUSSIONS

Radon measurements in deepwell waters in Legaspi City area
around Mayon Volcano conducted in September 1995 indicated
relatively low radon contents. These measurements were
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interpreted to mean that there is no impending build-up of magma
gases that could lead to volcanic eruptions.
Ground gamma ray spectrometer survey in Marinduque indicated
generally low surface radioactivity due mainly to K and minor Th
and U. The K distribution could be used to delineate copper
prospective areas.
PROJECT PERSONNEL

Gabriel Santos, Jr.
Christina Petrache
Lourdes Fernandez
Wilfred Magsambol
Rolando Reyes
Nardo Garcia
Angelito Ramos
Marilyn Castillo
Rosalina Almoneda
Estrellita Tabora
Julieta Juson
Ireneo Gerilla

SURVEY FOR NUCLEAR AND OTHER INDUSTRIAL MINERALS

ABSTRACT

Radiometric, radon measurement and geological verification
surveys were conducted in northern Palawan. The geological type
localities of the different lithologic units were visited and
radiometric and radon measurements were taken to serve as
references. The measurements indicate generally low values except
in granitic areas in San Vicente. The phyllites in Roxas area appear
to be prospective in gold.
Data encoding of geochemical data of Bicol region including
drilling data were done. The Penarco area in Larap, Camarines
Norte was considered highly prospective for uranium and other
base metals.

OBJECTIVES

The objectives are to delineate areas prospective for nuclear
minerals and rare earth elements (REE) in northern Palawan.

INTRODUCTION

Previous semi-detailed geochemical surveys in San Vicente and
Roxas indicate nuclear minerals and REE with gold prospects.

METHODOLOGY

The previous geochemical survey included sample collection of
stream sediment and panned heavy mineral concentrates at the
sampling density of 2-3 samples per sq km.
Mineralogical and chemical analysis of the samples were carried
out here and abroad as part of the on-the-job-training.

RESULTS AND DISCUSSION

The chemical analysis involving nuclear techniques among others
confirmed the distributions of the radioactive minerals REE and
gold contents in San Vicente. Radon level in northern Palawan is
generally low. The peripheral areas of the domal structure south of
Roxas are believed to be prospective for uranium and other
economic metals. These areas should be investigated in more
detail.
The Penarco area in Larap is considered prospective for uranium
and other base metals. Further geological, geochemical,
geophysical and exploratory drilling investigations are warranted.
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PREPARATION OF SUPERIONIC CONDUCTORS

ABSTRACT

This study involves the preparation, structural analyses and
transport properties determination of Potassium Beta Alumina, a
superionic conductor whose very high ionic conductivity is
attributed to the high motion of the Potassium ions in a two
dimensional layers perpendicular to the c-axis. The interest in these
types of materials are two fold, for its scientific importance as a
good representative of conductivity in a plane and for its
technological applications in the development of high density
energy storage systems. This study is being conducted in
collaboration with a research group in Serpong, Indonesia. Samples
with the correct phase were successfully synthesized and sent to
Serpong for collection of neutron diffraction using the High
Resolution Powder Diffractometer at the RSG-GAS reactor.
Structure refinement using the Rietveld method were undertaken.
Other physical characterization were started locally to gain insight
on the conduction process.

OBJECTIVES

1. To determine the various factors responsible for the observed
high ionic conductivity with emphasis on the geometry of the
static part of the crystal structure.
2. To study the possible transport mechanisms of the conducting
ions and the role of the lattice defects in compounds of the beta
alumina type.
3. To find more materials with high conductivity for ions such as
H+, Na+, Li+, Cu+ O-2 etc.
The influence of the various parameters such as the potential
energy profile along which the ions move, the defects present,
sample condition and preparation will also be studied.

METHODOLOGY

Sample Preparation (Potassium Beta Ferrite)

The preparation of polycrystalline K beta ferrite is similar to that
employed for preparation of ceramics. Powders of AR I^COj and
Fe2O3 with ratio 1:5.33 are thoroughly mixed and pre-sintered. Two
pre-sintering temperatures were tried one at 920°C and another at
1000 °C both in air. The granular pre-sintered sample was reground
until fine and smooth. XRD patterns of the powder was obtained
using Cu anode operated at 40 KV at 20 mA. Samples obtained
after the pre-sintering contains both phases of the beta alumina and
in some occasions traces of Fe2O3. A heating procedure was
developed to obtain a single phase beta alumina free from any
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traces of Fe2O3. The single phase final product was reground to
about 75um heat treated to remove the absorbed moisture and sent
to Serpong for running at the HRPD at the RSG GAS. A sample
containing beta and beta" phase underwent similar comminution
and heat treatment prior to sending to Serpong.
RESULTS AND DISCUSSION

X-Ray Diffraction Analyses
Results of the x-ray diffraction of samples prepared by the above
method shows that a single phase Potassium beta ferrite is formed
as shown in Fig.l and 2.
Neutron Diffraction
Samples of beta and beta+beta" were run at the High Resolution
Powder Diffractometer at Serpong. Structural refinement by
Rietveld method using the RIETAN94 software from Dr. F. Izumi
of Japan. Experimental parameters and results of the refinement
are given in the Appendix 1. As of this time runs were made only
at ambient temperature for both the beta and the beta +beta"
samples.
Ac Impedance Measurement
A system for direct measurements of the low Ac impedance(10-2 to
10-4 Hz) based on the circuits discussed by Bottleberghs was tried
Fig. 6(4). It essentially used the formation of the Lissajous figures
and enables one to measure the cell impedances down to very low
frequencies. Here the cell impedance ZQ is found from the
relationship: Z() •> (a/b)Rexp{-jarcsin(c/a)}
where a, b, and c are voltage differences in millivolts measured
from the oscilloscope. Another set-up more sophisticated than this
utilizes a lock-in amplifier such as the one described in EG&G
Princeton Applied Research'UA Note 31.1.0895g beta alumina
sample of particle size in the order of 75um was pressed to form a
sample 1.130 cm diameter and 0.361 cm thick. Sample was heated
and silver paint was applied on both surfaces. Copper electrodes of
the same size as the sample were used. Initial test at ambient with
signal from 10-2 to 102 Hz at varying amplitudes from 100 mV to
4V applied to the cell did not give the expected response. It is
suspected that the sample itself is not good both in terms of its
densification and also the surface condition. Samples are being
prepared for densification by firing near the transition
temperature(1280°Q and polishing the surface to improve the
contacts.
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CONCLUSION

PROJECT PERSONNEL

It is evident that more studies are still needed to be able to
understand fully the transport/diffusion of the ions in this type of
materials. A multi-disciplinary research with neutron scattering as
the leading study could contribute immensely in gaining basic
information on these type materials. Study of the defects present
which could not be identified of studied could be done by ESR,
other absorption techniques while the microscopic kinetics of the
diffusion could perhaps be supplemented by NMR.
Virginia Calix
Marsongkohadi A. K. Jahja (Adviser)
Neil Raymond Guillermo
Romeo Paradero
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NEUTRON DIFFFRACTION EXPERIMENT AND RESULTS
Sample of B and B" Potassium B fenite with composition K20.5.33Fe2O3
were run at the RSG-GAS. High resolution powder diffraction using neutron with
1.8215 A0 wavelength. Sample were loaded in Vanadium cans and data were
collected from 2.5° - 162.5* at an interval of 0.05° at room temperature. The data
acquisition took 40 hours.
Data Refinement:
The powder diffraction date, was analysed using the refinement routine, RIETAN
(Rietveld Analysis) written by F. Izumi of Japan.. Since the sample is isomorphic with
Na p-Alumina, the P63/mmc space group was used. Results of the refinement in
shown in Tabie 2 while Fig 6 show the refined pattern.
Table 2.. K l+x Fe t: O i; (single-phase) Rietveld analysis refined parameters at room
temperature.
<R,vp = 12,86 %; a = b = 5,932(±1)A, c = 23,830(±3)A)
Space group P63/mmcAnisotropic temperature factor:
exp-[(h*- k*)Pll-l2P33+2hkB,2+(2hl-2kl)fi13]xl0"6 A"2
Atom

g

X

y

z

P..

P»

Pu

Pu

Pa

Kl(6h)

0.1084

-0.28)7

0.28,17

0.2500

27845

-3622

57156

0

0

K2(6h)

0.077J

-0.7810

0.7810

0.25

270310

-7196

-12461

0

0

Fcl(12k)

0.8521

. -0.1679

0.1679

0.10571

1113

-104

1874

0

0

Fc2(4f)

0.7966

, 0.3333

-0.3333

0.026

-6106

764

-3053

0

0

Fe3(4f)

1.1980

0.3333

-0.3332

0.17701

15018

1109

7509

0

0

Fe4(2a)

1.9283

0.0000

0.0000

0.0000

24567

6416

12284

0

0

Ol(12k)

1.2670

0.15795

0.15795

0.05009

14329

760

2615

1746

0

02(12k)

1.3221

0.50158

0.50158

0.14578

19166

2123

9364

-1799

0

03(40

0.5346

0.6667

-0.6667

0.05706

-22237

-1402

-11119

0

0

O4(4c)

0.7914

0.0000

0.0000

0.1402

-9907

-13

-4953

0

0

O5(2c)

1.7189

0.3333

-0.3333

0.2500

126780

2829

63390

0

0

,

113 ]
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PREPARATION OF MAGNETIC MATERIALS
SPECIFICALLY MAGNETIC OXIDES

ABSTRACT

About hundred pieces of ferrites of the hard ferrite (BaFe4O19) and
soft ferrites (NiZnFe2O4/MnZnFe2O4 and MnMgFejOJ were
produced using the conventional ceramics technology. The
physical and electromagnetic properties we measured and found
to be comparable with those existing in the market. The problem of
fast molding the ceramic powder into the desired geometric shape
has still t be solved for the price of these magnetic materials be
competitive to those available in the market.

OBJECTIVES

The main objective of the project is to the develop the techniques
for producing magnetic oxide ceramics that could be adapted
locally using available facilities and raw materials. The project also
involves the determination of the basic properties of the final
product as influence by the composition of the starting raw
materials and also by the various processing parameters involved
in the production. The information and experience gained will be
the basis for the systematic development of new magnetic
materials with the desired electronic/electrical and magnetic
properties applicable in industries. The short goals which is
anticipated to have immediate applications are:
1. To have produce large volume of different types of ferrites
using I industrial grade raw materials and/or local minerals.
2. To have characterized the above samples and measured their
electromagnetic properties.
3. To have developed a method of fast forming of ferrites of
different geometrical shapes and sizes.
4. To have developed the method of forming thin sheets of
ferrites.
5. To have started work on the development of forming flexible
permanent ceramic magnet through the use of special type of
polymer or rubber.

METHODOLOGY

The production of ferrites is composed of several stages. A brief
summary of the production process is shown as follows:
I. Syntheses of the Ferrite Powder
A. Search of raw materials
B. Quality control of raw materials
~
C. Weighing of raw materials
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D. Homogenizing and comminution
E. Pre-sintering in a furnace
F. X-ray diffraction analysis to check if desired structure is
formed.
II. Grinding to Micron Size
A. Either dry or wet grinding
B. Addition of binder/lubricant
C. Mixing homogeneously
III. Forming of the Ferrite Powder Into Desired Shape
A. Die pressing using hydraulic press, different types of
molds are used, pressure applied varies from 5-7 tons per
sq. inch. Present method produce one piece at a time.
IV. Final Sintering At Temperature Higher Than Pre-Sintering
A. Heating schedule is followed to avoid cracks in the final
product. Temperature and length of time at sintering
temperature determine the grain size, density and size of
pores as well as the valence of the cations present. All
influence the electromagnetic property of the final product.
V. Finishing
VI. Inspection, Physical and Electromagnetic Properties
Measurements
A. Density measurements
B. Mechanical strength
C. Remanence
D. Coercive Strength
E. Permeability
F. Temperature response
G. Temperature coefficient
H. Hysteresis
I. Resistivity
RESULTS AND DISCUSSION

Production of products whose performance is comparable to those
available in the market is obtainable, however to compete in terms
of prices is still to be determined. Optimum use of all the
production inputs as well as the use of industrial grade and/ or
locally available raw materials may be necessary. It is believed that
large volume production will be able to generate these information
to give a realistic cost and economic value of the production.
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Specification of the Magnets Produced:
I. Permanent Magnets or Hard Ferrites (mostly of the Barium
Ferrite and Strontium Ferrite types)
Shape

Size

Disc

21.4 mm Dia., Variable thickness
4 3 5 mm Dia., Variable thickness

Cylinder
Toroid

95 mm Dia., Variable thickness
Sharp edges

22 mm O.D., 11 mm I.D., 6-7 mm height

smooth edges

22 mm O.D, 11 mm I.D., 7 mm height

Remanence and Coercive strength approaching those listed in
handbooks.
Resistance- MegaOhms range
Note: Other sizes and shapes are possible but molds have to
designed for each. Remanence other than those listed
in handbooks is possible.
II. Soft Ferrites-Nickel Zinc Ferrites, Manganese Magnesium
Ferrites, Manganese Ferrites, Manganese-Zinc Ferrites.
Shapes and Sizes Same As for Permanent Magnets
Permeabilities, densities and resistivities within those
published in handbooks and commercial catalogs.
PROJECT PERSONNEL

Virginia Calix
Pablo Saligan
Lorena Africa
Neil Raymond Guillermo
Romeo Paradero

RADIOTRACER TECHNOLOGY AND SEALED SOURCES APPLICATIONS

ABSTRACT

More tests on the use of radioactive tracers on termite control were
done this year. A survey of different column scanning techniques
was done with the end in view of designing a prototype suitable
for local industries.

OBJECTIVE

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

METHODOLOGY

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.
The termite control technique being developed involves the use of
3 baits. All baits are packed in a 1 cm dia. and 6 cm deep hole
drilled in 1.4 cm dia. wooden dowel. The first type of bait used
consists of woodflour and agar and is inserted into bored holes in a
termite infested area. A radioactive tracer is added to the 2nd type
which is used to locate the extent and possibly the source of
infestation. The last type contains MIREX which is
Dodecachlorooctahydro-l^,4-metheno-2H-cyclobuto [cd]
pentalene.

RESULTS AND DISCUSSION

PROJECT PERSONNEL

All baits were eaten up indicating a good placement for the bait.
Live worker termites were also collected, counted and were found
to contain the tracer. No termite activity was observed after
application of 0.34 gm MIREX.
Linda Leopando
Silvestre Abaya
Ma. Luz Ascano
Reynaldo Pedregosa
Albert Dizon
Florante Valderrama

DEVELOPMENT AND APPLICATION OF
NUCLEAR-BASED ANALYTICAL TECHNIQUES

ABSTRACT

For the year 1995, the Analytical Measurements Research analyzed
a total of fifty-nine samples for twenty-seven external clients,
leading to a gross income of P51,650. Fifty-five of the samples were
food and food-related products analyzed by gamma spectroscopy
for Cs-137/Cs-134. Twenty-two of these samples were skimmed
milk products being registered with the Bureau of Animal Industry
for use as animal feed. The other samples analyzed for gamma
radioactivity (cocoa, beer, coconut oil, canned tuna, fertilizer,
tobacco, and desiccated coconut) were for local exporters requiring
a certificate of non-radioactivity for their products. In addition,
four water samples were analyzed for gross alpha and gross betagamma activities to determine compliance with the new
radioactivity standards for drinking water.
The Standard Operating Procedure for gammametric analysis was
reviewed and revalidated. Quality assurance of gamma
spectrometer performance was also continued. The procedure for
gross alpha and gross beta-gamma analysis of water was
developed.

OBJECTIVES

METHODOLOGY

Through this project, the Philippine Nuclear Research Institute
provides analytical services by nuclear and other specialized
analytical techniques to local clients. The project has three
components: delivery of analytical services, development of
facilities and of manpower capability. Nuclear analytical
techniques constitutes a distinctive competence of the PNRI.
A. Sample Receiving and Documentation
Upon receipt of sample, this is assigned a code which indicates
the current year, sample type and its number. Appropriate
forms are filled up by the client to give necessary sample
information, fees for analysis are paid upon submission of
samples.
B. Gammametric Analysis
The sample is mixed and quartered and a portion is transferred
to a pre-weighed Marinelli beaker or another appropriate
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container. The Marinelli beaker is filled up to the one liter
mark and then weighed again to get the weight of the sample.
The sample is counted using a Tennelec CPVDS30 -15180
HP(Ge) detector linked to a tennelec TC 242 amplifier, and an
ORTEC ADCAM 918A Multichannel buffer with PC interface.
Selection of counting time is made in consideration of the LLD
required which should be lower than regulatory limits,
particularly for food samples. A counting time of one hour has
been found to be sufficient for most of the samples analyzed
routinely at the AMR.
The calibration of the system is done monthly using a mixed
radioisotope standard in wax (Amersham Radioactive Mixed
Standard DZ 633). Spectral processing and efficiency
calibration are done using the gamma spectroscopy software,
"Findpeak", prepared by Mr. L. S. Leopando, Head Reactor
Operation.
Gamma spectrometer performance check is done daily using a
check source containing Cs-137 and Co-60. The net counts and
the FWHM (full width at half maximum) for the Cs-137 peak
(661.66 Kev) and Co-60 peak (1332 Kev) are recorded and
plotted on a control chart. Each point is evaluated against the
control chart and a deviation beyond 2 is investigated.
C. Gross Alpha and Gross Beta -Gamma Analysis of Drinking
water (Based on EPA Procedure for Analysis of Radioactivity
in Drinking Water)
An aliquot of the acidified sample is evaporated to a small
volume and then dried on a planchet to give a deposit not
exceeding 5 mg/cm2. This is dried to constant weight and
counted for -activity on a low background GM detector with
anticoincident guard. Alpha activity is measured using an
alpha scintillation counter with a ZnS crystal. The Gm counter
is calibrated for efficiency using a Sr-90 source and the alpha
counter with a U-233 source solution manually plated on the
planchet by HPR.
RESULTS AND DISCUSSION

For the year 1995, the Analytical Measurements Research analyzed
a total of fifty-nine samples for twenty-seven external clients,
leading to a gross income of P51,650. (Table 1) Fifty-five of the
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samples analyzed were food and food-related products analyzed
by gamma spectroscopy for Cs-137/Cs-134. Twenty-two of these
samples were skimmed milk products being registered with the
Bureau of Animal Industry for use as animal feed (Table 2). It may
be noted that for samples analyzed in 1995, ten still registered
radioactivity levels above LLD (lower limit of detection). These
ranged from 1.8 Bq/Kg to 75.0 Bq/Kg and were below 280 Bq/Kg,
the Philippine standard for total Cs-137/Cs-134 activity in animal
feeds. LLDs ranged from 1.29 Bq/Kg to 2.94 Bq/Kg for Cs-137 and
from 1.88 Bq/Kg to 3.14 Bq/Kg for Cs-134.
The other samples analyzed for gamma radioactivity were cocoa,
beer, coconut oil, canned tuna, fertilizer, tobacco, and desiccated
coconut. These were submitted by local manufacturers who are
required by importing countries to provide a certificate of nonradioactivity for their export products. None of the Philippine food
products reflected radioactivity above LLD.
The spectrometer performance evaluated as described above was
found to be stable.
Four water samples were also analyzed for gross alpha and gross
beta-gamma activities to determine compliance with the new
radioactivity standards for drinking water. None of the samples
analyzed exceeded Philippine standards of lBq/L gross beta and
0.1 Bq/L gross alpha activities.
PROJECT PERSONNEL

Flora Santos
Soledad Castaneda
Luz Esguerra
Alwyn Anfone
Concepcion Matias
Danilo Cuyco
Roberto Malilin
Gloria Jimenez
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Table 1. Summary of analytical services performed -1995.
Sample type

No. of
samples

Cost of
analysis

No. of
clients

Animal feed

22

18,260

Regulatory

14

Cocoa

10

Purpose of analysis

8,300

Export

1

Canned tuna

4,150

Export

2

Desiccated coconut

4,980

Export

2

Coconut oil

4,980

Export

3

Water

6,000

Tobacco

2,490

Export

1

Fertilizer

830

Export

1

1,660

Export

1

Beer
Totals

59

2

27

51,650

Table 2. List of clients by sample type.
Number of samples

Sample type

Client name

Animal feed

A. Acero Trading

1

Bureau of Animal Industry

3

BASK Distributors

5

Consumer Industrial

1

CYC Enterprises

1

Daily Spring

1

Dicolex

1

Equalivet

1

Jocosy Int'l. Marketing

1

J.V. Int'l. Marketing

1

Malabon Long Life Trading

1

Merill

1

Palvis Marketing

1

Qualimilk

1

Silver Allies

2

Beer

San Miguel Corporation

2

Cocoa

Cocoa Specialties

10

Desiccated coconut

Franklin Baker

4

Peter Paul

2

Coconut oil

Inchcape Testing Services

4

SGS

1

Sphere

1

Fertilizer

San Miguel Corporation

1

Canned tuna

Permex

5

Tobacco

Compania de Filipinas

3
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Sample type

Client name

Number of samples

Water

La Tondena Distillers

3

Wyeth

1

RADIOSENSIUVITY OF LYMPHOCYTES AMONG FILIPINOS:
RADIATION INDUCED MICRONUCLEUS TEST FOR
RADIATION EXPOSURE ASSESSMENT

ABSTRACT

OBJECTIVES

METHODOLOGY

Cytogenetic damage due to radiation was assessed by using the
cytokinesis-blocking micronucleus frequency in cultured
lymphocytes. The use of micronuclei is an indirect indicator of
chromosome damage. They are formed during cell division from
acentric fragments of lagging chromosomes. When chromosomes
or acentric fragments fail to be incorporated into the daughter
nuclei during mitosis they form micronuclei in the cytoplasm.
Enumeration of micronuclei is simple, fast and statistically precise
for quantifying chromosomal damage. Radiation doses of 0,1,3,4
and 6 Gy are used and the data shows an increasing micronucleus
frequency with increasing radiation dose.
1. To determine the relevance of micronucleus in dose
assessment.
2. To determine the dose response for micronuclei induced by
graded doses of radiation.
Irradiation and Cell Culture
Freshly drawn blood were exposed to 0 Gy, 1 Gy, 3 Gy, 4 Gy and 6
Gy of Gamma-ray. Blood sample irradiation was carried out with
Co-60 Gamma Cell 220 Irradiator Machine. Peripheral blood
lymphocytes (0.5 mL) were cultured in Ham's F10 medium
supplemented with fetal calf serum, streptomycin and penicillin.
PHA was used to stimulate the lymphocytes to transform and
divide in culture. The cells were cultured at 37 degrees Centigrade
in a humidified atmosphere for 48 h. Thereafter, 5.0 ug of
Cytochalasin B (Cyt-B) was added to the cultures in order to inhibit
the cytokinesis of cells but to preserve nuclear division.
Slide Preparation
Cells were harvested after 72 h incubation. The cells were washed
with hypotonic solution and then fixed twice with Carnoy's
fixative, and then plated on glass slides. To observe the
micronuclei, the cells on the microslides were stained either with
Giemsa or fluorescent dyes such as Ethidium Bromide or Acridine
Orange while under observation by fluorescence microscopy.
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RESULTS AND DISCUSSION

The baseline micronucleus frequencies were measured in Cyt-B
cases in lymphocytes cultures from apparently healthy subjects.
The results showed some amount of micronudei from these
subjects (Table 1.) which varied from 0 to 5 micronucleus per
binucleated cell.
Table I. The Radiation Induced Micronucleus Frequency Per
Binudeated Cell
Dose

Cells

(GY) Scored

Number of

Micronuclei

Micronuclei

per Cell

^ b u t t o n of Micronucleus Per Cell
3

4

0

2000

200

0.1 ±0.013

191

7

2

1

2000

363

0.181 ±0.009

346

21

6

1

1

3

2000

450

0.225 ±0.011

403

32

10

3

2

-

4

2000

666

0.333 ±0.013

593

56

14

3

6

2000

840

0.42 ±0.014

751

64

19

4

1

1

The analysis based on binucleated cells counted from graded doses
of gamma radiation showed a trend of increasing frequency of
micronucleus per Cyt-B cell with increasing radiation dose (Fig. 1).
The varied amount of micronucleus in non-irradiated donors can
probably be explained by age (Fenech and Morley, 1986), Nature of
food eaten, occupation and lifestyle.
PROJECT PERSONNEL

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

1
Fig. 1. The Radiation induced Micronucleus Frequency

DETECTION METHOD FOR IRRADIATED ORIENTAL FRUIT FLY
(BACTROCERA PHILIPPINENSIS) FOR QUARANTINE PURPOSES

ABSTRACT

The presence of a biochemical marker for irreversible radiation
injury in an insect pest was identified in pupae of irradiated larvae
of Bactrocera philippinensis A radiation sensitive marker protein
(designated Gs-protein) for radiation injury in the Oriental fruit fly,
B. philippinensis, was detected in the SDS-PAGE profile of two-day
old pupae and adult insect stage. Gs-protein is not observed in
larvae and eggs. An apparent molecular weight of 109 kDa was
calculated. A tyrosinase enzyme activity was observed in the
soluble fraction of pupal total homogenate and SDS-PAGE-isolated
Gs-protein; however, no tyrosinase activity was measured in
irradiated sample. Preliminary TXRF (total reflection x-ray
fluorescence) spectrometric analysis indicates that Gs-protein is a
copper-containing enzyme. The optical absorbance of the soluble
fraction from unirradiated pupal total homogenate measured at
360 nm was found to increase with time. The presence of highly
absorbing chromophore(s) in the visible range in both samples may
indicate that a certain type of tyrosinase activity (other than
melanin formation) may be present and may be responsible for
color formation in insects. From the results of the studies, the
apparent loss of Gs-protein in irradiated larvae is the likely result
of loss of melanization capability in irradiated larvae which, in
turn, is linked to the absence of a certain type of tyrosinase
activity. The data presented indicates the practical role of Gsprotein as a biomarker for gamma irradiation-induced arrest of
pupal development and as a convenient indicator of the
efffectiveness of gamma irradiation as a quarantine treatment.

OBJECTIVES

1. To isolate a radiosensitive gene product in pupae of irradiated
larvae of Bactrocera philippinensis using SDS-PAGE.
2. To identify this radiosensitive gene product based on its
physico-chemical characteristics.
3. To use this radiosensitive gene product as a marker for
radiation injury in irradiated fruit fly.

METHODOLOGY

1. Irradiation
B. philippinensis (5 to 6 day-old third instar larvae) were
irradiated in a Cobalt-60 gamma cell irradiator (301.5075
- Gy/hr) at the Cobalt-60 Facility of the Institute. Dose was at
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100 Gy. After irradiation, larvae were allowed to continue
their life cycle at room temperature. Mature larvae and pupae
of B philippinensis were obtained from the entomology
laboratory of Dr. Eugenia C. Manoto.
2. Polyacrylamide gel electrophoresis
Pupae were homogenized in sodium phosphate buffer (pH 7.6)
and centrifuged at 1500 g to remove the insoluble fraction. A
continuous buffer system of 0.025 M Tris, 0.19M glycine and
0.1% SDS was used to separate soluble pupal proteins. The
Laemmli method for slab gel electrophoresis was followed
with modifications. A10-15 /il sample was applied to each
electrophoretic well. Electrophoresis was performed at 25 mA
for 1.5 h. Gels were stained with Coomassie Brilliant Blue
(Sigma) and destained in acetic acid-methanol solution.
High molecular weight protein markers (Sigma) (macroglobulin: 230 kDa, -galactosidase: 113 kDa, bovine
serum albumin: 66 kDa, and egg albumin: 45 kDa) were used
to determine the approximate molecular weight of the Gsprotein.
3. Measurement of protein concentration
Concentration of Gs-protein was measured by the Bradford
method (2). Gs-protein isolated from SDS-PAGE gel and
eluted with water, was mixed with Coomassie Brilliant Blue
dye following the Bradford method of protein assay. Bovine
serum albumin (Sigma) served as standard protein.
4. Tyrosinase: Enzymatic assay
Gs-protein was isolated from unstained SDS-PAGE gel,
centrifuged and lyophilized prior to enzymatic assay.
Tyrosinase activity assay was performed, firstly, by
oxygenating tyrosine (Sigma) in phosphate buffer (pH 6.5) for
5 min and the subsequent addition of 50 /A of Gs-protein
solution to 1.45 ml of oxygenated tyrosine solution. Rate of
reaction was recorded at 280 ran for 10 min. Purified
mushroom tyrosinase (Sigma) was used as activity standard.
The protocol for tyrosinase activity assay that was followed
can be found in the Worthington Manual for Enzyme and
Related Biochemicals.
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5. Measurement of chromophore absorbance peak
Optical absorbance, in the visible spectrum, of pupal total
homogenate soluble fraction was recorded
spectrophotometrically. The optical absorbance of an aliquot
of the soluble fraction in phosphate buffer (pH 7.5) was
measured at 360 nm. Such measurements were recorded for
up to 5 h.
Absorption spectra in the visible optical range were measured
spectrophotometrically for soluble fractions of pupal
homogenates from both unirradiated and irradiated larvae.
6. Total reflection x-ray fluorescence (TXRF) spectroscopy
SDS-PAGE-isolated Gs-protein was isolated following the
protocol mentioned above with the exception that all reagents
were prepared with triple distilled copper-free water. Gsprotein was analyzed semi-quantitatively for the presence of
bound copper using TXRF spectrometry (courtesy of the PNRI
Applied Physics Research Section).
RESULTS AND DISCUSSION

A biochemical marker, Gs-protein, for radiation injury, designated
as Gs-protein, in the fruit fly Bactrocera philippinensis was observed,
at the earliest stage, in the SDS-PAGE protein profile of two-day
old pupae and was also observed in the adult insect stage. The Gsprotein band is not apparent in the SDS PAGE profiles of eggs nor
of larvae. This suggests that the gene coding for Gs-protein is
expressed only at the pupal stage. Cobalt-60 gamma irradiation
(doses of 25 Gy and higher) of mature larvae resulted in the loss of
the Gs-protein band from the SDS-PAGE pattern of pupae from
irradiated mature larvae. The presumptive Gs-protein gene locus
seemed to have sustained at least one mutational lesion which
resulted in the loss of Gs-protein activity. The putative gene
susceptible to such damage (and coding for the Gs-protein) may be
responsible for the synthesis of a critical primary or secondary
gene product necessary for the transformation of pupae into adult
flies.
An apparent molecular weight for Gs-protein was calculated at 109
kDa. Since this protein is indeed found only at the pupal and adult
stages of the B. philippinensis life cycle, it appears to be a
constitutive protein in the maturation process of the insect.
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Approximately 8 ng of Gs-protein was determined from each pupa
based on the Bradford method of protein analysis.
Gs-protein isolated from SDS-PAGE gel was transferred onto
nitrocellulose filter, eluted out of the filter with water and tested
for tyrosinase activity. The enzymatic activity of pupal
homogenate soluble fraction, SD5-PAGE-isolated Gs-protein and
mushroom tyrosinase as activity standard, are presented. The
irradiated sample exhibited no tyrosinase activity; in contrast,
tyrosinase activity is observed in unirradiated samples for both
total homogenate soluble fraction and SDS-PAGE-isolated Gsprotein. A standard curve for mushroon tyrosinase is also shown
for comparison.
Preliminary semi-quantitative total reflection x-ray fluorescence
(TXRF) spectrometry of isolated Gs-protein indicates the presence
of bound copper. It is known that molecules of tyrosinase enzyme
from mushroom are tetramers with four gram atoms of bound
copper per mole. The presence of bound copper as evidenced by
semi-quantitative TXRF spectral analysis and a tyrosinase enzyme
activity strongly indicates that the Gs-protein is a polyphenol
oxidase. A fully quantitative TXRF spectral analysis of Gs-protein
from B. philippinensis will be presented in a later communication.
The optical absorbance of the soluble fraction from unirradiated
pupal homogenate measured at 360 nm was found to increase with
time. This result is not seen in irradiated sample. The absorption
spectrum of pupal homogenate soluble fraction from unirradiated
larvae showed an absorption peak at 364 nm. A small but
measurable decrease in the absorption peak at 364 nm was
observed for irradiated material. It appears that a decrease in the
optical absopbance at 364 nm correlates with the loss of Gs-protein
as a result of gamma irradiation, and the consequent loss of a
crucial tyrosinase enzyme as evidenced by the loss of tyrosinase
activity observed. It has been shown in the case of the Carribean
fruit fly that in irradiated larvae, the insect partially loses the
capability to undergo the "blackening" process. The loss of the
melanization process seems to be related to the loss of tyrosinase
activity in irradiated total soluble protein homogenate in both the
Carribean and Mediterranean. The presence of highly absorbing
chromophore(s) in the visible optical range in both our samples
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seems to indicate that tyrosinase may not be the only enzyme
responsible for color formation in insects.
From the results of our studies on the apparent loss of Gs-protein
in pupae of irradiated larvae, it strongly appears that the loss of
melanization capability of pupae of irradiated larvae is due to the
loss of constitutive tyrosinase activity as a result of somatic
mutational events at the Gs-protein gene locus — implying the
strong likelihood that the Gs-protein is an enzyme with critical,
stage-dependent, tyrosinase activity.
As evidenced by present data, it has been established that the Gs
gene product in B. philippinensis pupae can be used as a convenient
biomarker for gamma irradiation-induced arrest of pupal
development and hence as a convenient indicator of lethal
radiation injury in this species. Furthermore, our data is sufficient
for the design and construction of more than one type (depending
on substrate) of portable and disposable chromogenic test kits that
can be custom tailored to suit specific quarantine or other needs.
This is the thrust of our further research on the Gs-protein from B.
philippinensis.
PROJECT PERSONNEL

Ma. Teresa Nazarea
Alejandro Nato, Jr
Javier Eduardo

SCIENTIFIC AND TECHNOLOGICAL
SERVICES

NUCLEAR ENGINEERING AND FACILITIES OPERATION

OBJECTIVES

RESULTS

This project aims to provide services to PNRI divisions/units and
outside institutions with the following:
1. Fabrication, assembly, construction and tests of various parts
br components of machineries and equipment;
2. Repair and maintenance of nuclear instruments including
extension of services to medical and industrial sectors.
1.

2.
3.
PROJECT PERSONNEL

Instruments Repaired:
Quantity (major)
Quantity (minor)
Man-Hours
Cost
Training Courses and Activities
Involved in
Non-PNRI Institutions Served

Gonzalo Puga
Buenaventura Soriano
Danilo Diaz
Eduardo Cabildo
Nicanor Nicolas
Ernesto Andres

88
104
8,448
337,380.00
9
15

IRRADIATION SERVICES

OBJECTIVES

RESULTS

1. To produce/dispense and supply the radioisotope needs of the
different end-users in medicine, industry, agriculture and
research in all disciplines;
2. To supply radioisotopes at minimum cost;
3. To supply RIA at minimum cost.
1.

2.

3.

PROJECT PERSONNEL

Radioisotope Production
a. Quantity
b. Activity
c. Income
Gammacell Irradiation
a. Quantity
b. Activity
c. Income
Multipurpose Irradiation Facility
a. Quantity
b. Activity
c. Income

Estelita Cabalfin
Elizabeth de Jesus
Luvimina Lanuza
Lucy Mendoza
Ma. Teresa Borras
Ma. Teresa Salabit
Aurelio Maningas
Haydee Solomon
Francisco Pancho
Ricardo Gallardo

354 orders
166,265 Mbq
603,690.00
2,056 samples
112,362.02 krad
38,696.00
2,705 samples
290.59 Mrad
389,270.40

NUCLEAR TRAINING

OBJECTIVES

RESULTS

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.
1.

2.

3.

4.
5.
PROJECT PERSONNEL

Training Courses
a. No. of training courses conducted
b. No. of participants
c. No. of Institutions
Seminars
a. No. of seminars
b. No. of participants
On-the-Job Training
a. No. arranged
b. No. of participants
Lecture Materials Developed
a. No. of materials
Income

Corazon Bernido, Ph.D.
Norma Pablo
Estrella Relunia
Nathaniel de Vera
Virginia Bonuel
Percedita Cansino
Reynaldo Jimenez
Inocentio Agron
Angeles Marcelo

35
433
148
42
1,897
40
40
2
199,000.00

COMPUTER SERVICES

OBJECTIVES

RESULTS

PROJECT PERSONNEL

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.
1.
2.
3.
4.

Number of application software developed
Number of computer programs developed
Number of job requests completed
Number of consultations

Antonio Refre, Ph.D.
Angel Anden
Ana Elena Conjares
Hazel dela Cruz
Arminda Virias
Julieta Mendoza
Reynaldo Lailo

18
73
102
87

NUCLEAR INFORMATION DISSEMINATION

OBJECTIVES

RESULTS AND DISCUSSION

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. To establish linkages with the tri-media, other government
agencies and private institutions and organizations that can
assist the PNRI in its Nuclear Information Dissemination
Program;
5. To participate in international dissemination programs and
cooperative activities.
In-House
1. Distribution of nuclear information materials
No. of materials distributed
26,500
No. of groups served
11,458
No. of materials loaned out to clients:
slides on PNRI activities
220
photos
29
reference materials
77
poster exhibits
10
exhibit panels, scale models, etc
15
2. Guided tour of PNRI facilities and laboratories (AEW visitors in cooperation with the AEW '95 Committee on technical
Tours)
No. of visitors
9,625
No. of groups served
105
3. Assistance to walk-in visitors
No. of Clients
190
No. of groups served
46
4. Developed/prepared brochures, write-ups and other nuclear
information materials
a. Print:
i. 1993 issue of the Philippine Nuclear Journal (500 copies)
fl40
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ii. 1994 PNRI Annual Report (1100 copies)
iii. Edited and laid out the following brochures:
(1) Radon in Filipino Homes and in Underground Mines
(2) Radiation in our Environment
(3) The PNRI Brochure
(4) Sterile Insect Technology
(5) Food Irradiation Technology (Prepared by Info
Services and Task Force on Public Acceptance of Food
Irradiation Technology)
b. Non-print:
i. 15-minute PNRI institutional video documentary (with
financial assistance from the Science and Technology
Information Institute)
c. Exhibit Materials
i. One set consisting of five panels and one logo board for
the 1995 DOST Technology Fair at SM Cebu City.
Technologies/services featured:
(1) Sterile Insect Technique
(2) Mutation Breeding in Rice
(3) Food Irradiation technology
(4) Nuclear Applications in the Environment
(5) Nuclear Information Services
ii. Three sets of exhibit posters. Each set consisted of five to
six pieces of 30 x 40 inc. illustration board posters on
PNRI technologies and services.
d. Took charge of the preparation/reproduction of the
following materials as part of the activities of the AEW'95
Committee on Publicity. The undersigned was the Chairman
of the Committee.
i. 1995 AEW Poster with the theme National Prosperity
Through Nuclear Technology) - 500 pieces
ii. Coffee mugs with the PNRI logo and AEW Poster design
for media and selected guests - 68 pieces
iii. 1996 Pocket Calendars with the PNRI facade as giveaway to visitors during the AEW celebration -15,000
pieces
Outreach
5. Participation in special events (film showing and/or exhibits)
a. Science fair at the Ateneo de Manila
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b. 6th Annual DOST Technology Fair at SM Cebu City from
July 17 -22,1995. The technologies/services featured were as
follows:
i. Food Irradiation Technology
ii. Sterile Insect Technology
iii. Mutation Breeding in Rice
iv. Radiation in the Environment
v. Determination of Air Pollutants through Nuclear
techniques
vi. Nuclear Information Services
c. Quezon City Science Community celebration of the NSTW at
the NEC building, UP, Diliman in July 27,1995. Exhibits on
the following technologies were featured:
i. Medical Products Sterilization
ii. Determination of Air Pollutants through Nuclear
techniques
iii. Radioimmunoassay for Detection of Hepa-B
d. First Annual Convention of Philippine Jewellers Association,
Cafe Valenzuela at Guiguinto Bulacan, November 17,1995
(exhibit on thickness determination of gold coatings in
jewelries).
e. DOST Region 3 - National Science and Technology Week,
San Fernando, Pampanga, July 26,1995. (Panel exhibit on
thickness determination of gold coatings in jewelries).
f. Atomic Energy Week '95 celebration at the PNRI from
December 11-15,1995.
6. Tri-Media Linkages
a. Radio interviews
i. Arranged/Coordinated the following radio interviews:
Interviewee

Station

Topic

1. Jan. 27

Z. de Guzman

DZRM

Update in food irradiation

2. Feb. 7

Z. de Guzman

DZEM

Update in food irradiation

3. Feb. 8

Z. de Guzman

DZEM

Update in food irradiation

4. Mar. 10

N. de Vera

DZRB

General info on radiation and

Date

medical applications of
radioisotopes
5. Jun. 21

C. Aleta

DZRB

Food irradiation

6. Jun. 21

T.Garcia

DZRM

Radon in homes and mines

7. Jun. 28

N.deVera

DZRM

Medical applications of
radioisotopes
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Date

Interviewee

Station

8. Sept 14

E. CabaJfin

DWAN

Topic
Radwaste disposal and nuclear
services

9. Sept. 15
10. Sept. 19

M.Yoshisaki

DZRM

Nuclear weapons testing

N. de Vera

DZRM

Medical applications of
radioisotopes

11. Sept. 29

M. Yoshisaki

DZRB

Nuclear weapons testing

12. Oct. 6

E. Duran

DZRB

Radioactivity in the environment

13. Nov. 29

A. Eugenio

DZRB

AEW celebration

ii. Prepared 14 radio spot announcements on general
information about radiation and the peaceful
applications of radioisotopes in food and agriculture,
medicine and in industry.
iii. Press Releases:
(1) RP Hosts Food Irradiation Meeting
(2) Regional Training Course on Management of Spent
radiation Sources - Enlighten Public on Radioactive
Waste Management -DOS January 30,1995
(3) RP Hosts Workshop on Protection of Nuclear
Instruments, March 9
(4) PNRI Offers Nuclear Training Course, March 31
(5) Nuclear Course for Science teachers
(6) Interagency Reviews Response Plan for
Radiological Emergency
(7) Nuclear Training Course (RIA)
(8) Nuke pains, nuke gains (RCA Projects)
(9) Poster Contest on Nuclear Energy
(10) PNRI Monitors Environment to Assure Public
Safety Following Nuclear testing
(11) Sterilization of Medical Products Through
Radiation
(12) Medical technologists and Chemists Complete
Nuclear Course
(13) SIT and STAND 2000
(14) Atomic Energy Week Starts on December 11 (For
Radio and TV)
(15) Atomic Energy Week Set on December 11 -16,1995
(For Print)
(16) Detection of Hepa-B
(17) Expert Gab on Energy, Electricity, Power Planning
Held
• . 143
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iv. Press Conference (sponsored by the Science and
Technology Information Institute) at Jade Vine
Restaurant, UN Avenue. Twenty media representatives
from television, print and radio attended this conference.
Discussant: PNRI Director Carlito R. Aleta. Topic:
Nuclear regulations for enhancing public health and
safety.
v. TV Coverage:
(1) Channel 9 Press Conference on Dec. 7,1995 at Jade
Vine, UN Avenue
(2) Channel 4 Opening ceremonies of the AEW
celebration
(3) Channel 9 Opening ceremonies of the AEW
celebration
7. Prepared and sent out 30 communications and coordinated
with DECS (NCR), school principals and science coordinators
re: conduct of nuclear awareness seminars. This activity is in
cooperation with the Nuclear Training Section.
Date

School

Speakers

Clients

1. Sept. 4

Mapua

N. de Vera

30

2. Sept. 7

Aquinas School

R. Leonin

400

3. Sept. 15

St. Joseph's School

R. Leonin

200

4. Sept. 18

UP Integrated School

E. Cabalfin

187

5. Sept. 20

St. Mary's College

N. de Vera

205

R. Leonin
6. Oct. 3

197

San Juan Municipal High

N. de Vera

School

R. Leonin

7. Oct. 6

Laurel High School

N. de Vera

8. Oct. 10

Quirino High School

N. de Vera

9. Oct. 10

Perpetual Help College of

E. Cabalfin

150
600

200

R. Leonin

215

R. Leonin

Laguna
10. Oct. 26

11. Nov. 28

Bernardino Memorial Trade

N. de Vera

School

Z.de Guzman

Don Bosco Makati

N.deVera

180

Z.de Guzman
R. Leonin
12. Dec. 18

St. Mary's Academy of Sto.

N. de Vera

Nino, Meycauyan, Bulacan

Z.de Guzman
R. Leonin
J. Cerbolles

220
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8. Contributed 45+ nuclear news items to the AsianNet. AsianNet
is a system for fast/timely exchange of information on nuclear
energy through facsimile network. Participating countries
include Australia, China, Indonesia, Japan, Korea Malaysia, The
Philippines and Thailand.
PROJECT PERSONNEL

Rhodora Leonin
Justina Cerbolles
Marcelo Bautista
Simplicio Bayron
Domingo Jacinto

SCIENTIFIC LIBRARY AND DOCUMENTATION CENTER

OBJECTIVES

Library Services
1. To provide scientific library and documentation services to
PNRI employees and the general public;
2. To identify and acquire a comprehensive nuclear energy
literature collection for study and research;
3. To monitor local exchange of publication of needed
information;
4. To develop agency's information retrieval systems by
computerizing the center's holdings.
Documentation Services
1. 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;
2. Bibliography preparation of requested subjects/scientific
research and continuation of supplementing the nuclear energy
information in the Philippines;
3. 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

I.

Library Services
A. Acquisition and
Receipt of
Publications
1. Books purchased/
Gift
2. IAEA
Publications
3. Technical Reports
4. Journals
(Exchanges)
5. Pamphlets,
brochures and
other publications
requested
6. Annual Report

Titles

Volumes

51

85

149

438

233
157

387
281

203

329

38

42
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B. Reference Assistance
1. PNRI personnel
2. Outside
researchers

587
891

3. Loans to readers
7,145
(books, journals
and other
publications)
C. Technical Processing
Titles
Volumes
of Library Materials
1. Classification and
Cataloguing
a. Descriptive
401
528
cataloguing
b. Subject
414
439
cataloguing
D. Mechanical
Processing of Library
Materials
1. Catalog cards
1,319
typed
2. Catalog cards
1,619
filed
3. Books labelled
304
II. Documentation Services
1. CD-ROM searching 1911 documents retrieved
2. Encoded 710 titles for LIBLO and 312 for lion
databases
3. Prepared and submitted 29 INIS input
PROJECT PERSONNEL

Imelda Delfin
Isabel Amiscaray
Elizabeth Vidal

NUCLEAR REGULATIONS,
LICENSING AND SAFEGUARDS

NUCLEAR SAFEGUARDS

OBJECTIVES

1. To account for and control of nuclear materials in the country
by using PSAC of NM.
2. To implement computerized system of nuclear materials
accounting using PC.
3. To review the Physical Protection System of PRR-1 and PNPP1.
4. To conduct national inventory of all accounted and
unaccounted radioactive sources.
5. To conduct verification/investigation/search/recovery of .
unaccounted radioactive sources.

RESULTS AND DISCUSSION

Activities

1995 Targets

Actual
(w/intervening activities)

1. No. of preparation/SG inspection of NM
a) PRR-1

1

1: inspection

b) PNPP-1

1

1: inspection

2. IAEA Safeguards Reports
a) PRR-1

4

4: PIL-3/MBR-1

b) PNPP-1

3

3: PIL-2/MBR-1

3. Nuclear Material
Ledgers/update

6

2 - General ledgers
4 - Subsidiary ledgers

4. SG Mgt. of non1
1- IAEA request foreign address
SG Thorium
inquiry
import
5. Pre-inspection of PRR-1 fuels in preparation for 1995 SG
inspection.
PROJECT PERSONNEL

Magno Yoshisaki
Julietta Seguis
Sylvia Busine

FORMULATION AND UPDATING OF REGULATION STANDARDS

INTRODUCTION

The Philippine Nuclear Research Institute establishes regulations,
standards, criteria, regulatory guides and bulletins in carrying out
its regulatory functions in the use of radioactive materials in the
Philippines.

OBJECTIVES

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.

RESULTS AND DISCUSSION

I.

Development of Regulations
CPR Part 2, "Regulations for Licensing of Radioactive Materials, *

which was published in the Official Gazette in July 1990 was
revised to address current developments in licensing and
regulatory enforcement and to amend certain provisions. A
final draft was completed after considering relevant
recommendations given by senior NRLSD staffmembers. The
final draft was submitted to the PNRI Director for his approval
and instructions for publication in the Official Gazette.
CPR Part 11, "Licenses for Industrial Radiography and Radiation
Safety Requirements for Radiographic Operations," which was

published in July 1990 was revised to address current
developments and practices in industrial radiography. A
revised draft was prepared and circulated to senior NRLSD
Staffmembers and Licensees for their comments and
recommendations. Thereafter, and after all comments were
considered, a final draft was completed and submitted to the
PNRI Director for his approval. The revised CPR Part 11 was
approved and scheduled for publication in the Official Gazette
on January 22,1996.
CPR Part 3, " Standards for Protection Against Radiation," or

"SPAR" was codified into the CPR in 1980. The SPAR was
originally published in the Official Gazette in April 1976. It
was promulgated to provide the standards to protect the
_ public and radiation workers against the hazards of ionizing
radiation in connection with the use, handling and disposal of
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radioactive materials. The dose limits imposed in the SPAR are
based on the recommendations of IAEA Safety Series No. 9,
"Standards for the Protection Against Radiation, and ICRP-26.
The revision of the SPAR was initiated in 1992. In April 1994,
the IAEA, jointly with the FAO, ILO, WHO, NEA(OECD) and
PAHO, published the International Basic Safety Standards
(BSS) for Protection Against Ionizing Radiation and for the
Safety of Radiation Sources, as IAEA Safety Series No. 115-1.
As a result of this development, the draft revision was again
modified to address the format and content presented in the
BSS. A new draft was completed by the SDS Staff in the 4th
Quarter of 1995 to be circulated to NRLSD Senior members for
comments and recommendation.
CPR Part 4, "Regulations for the Safe Transport of Radioactive

Materials," was first published in the Official Gazette in May
1966. CPR Part 4 is based on the recommendations of IAEA
Safety Series No. 6 of the same title. The revision of CPR Part 4
was initiated in 1993. Modifications in the draft revision were
made until a working draft, Revision 0, was completed in the
4th Quarter of 1995. Rev. 0 will be circulated for review and
comments in 1996 according to approved procedures.
CPR Part 16, "Licenses for the Use of Sealed Sources Contained in

Industrial Devices," is a proposed new regulation that will
contain specific licensing requirements regarding use of
radioactive sealed sources in industrial devices like nuclear
gauges, detectors, analyzers and similar measuring devices.
The draft underwent several stages of modifications resulting
from relevant comments and recommendations from NRLSD
staffmembers and licensees. The 4th Quarter of 1995 ended the
licensees' comment period. A Revision 2 of the draft will be
prepared in the 1st Quarter of 1996 to start the last stage of the
development process.
CPR Part 17, "Licenses for the Commercial Sale and Distribution of
Radioactive Materials or Devices/Equipment Containing Radioactive

Material," is a proposed new regulation that will address the
licensing requirements for a growing list of PNRI commercial
licensees. Development of this CPR started in 1994 and the
draft went through a series of reviews and comments by
NRLSD staffmembers and PNRI licensees. The Revision 2 of
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the draft that considered relevant comments of NRLSD
staffmembers and licensees was completed during the 3rd
Quarter of 1995 and was submitted to the NRLSD Chief for his
additional review and/or recommendation to the PNRI
Director for publication in the Official Gazette.
CPR Part 18, "Licenses for Use of Radioactive Material in Research
and Development and in Education,11 was proposed in early 1995

as a specific regulation that will cover research and educational
institutions that use radioactive material greater than the
regulatory exemption level. A Revision 2 of the draft was
completed in the 4th Quarter of 1995. This draft will undergo
the final stages of reviews and comments in 1996.
CPR Part 22, "Fees for Radioactive Material Licenses and Other
Related Regulatory Services," was proposed in early 1994 as a

move to separate the schedule of fees charged and imposed by
PNRI for technical services rendered from licensing and
regulatory fees. Republic Act No. 2067 and 5207 both provide
that licensing fees and charges must be promulgated. The
criteria and specific provisions of the proposed CPR Part 22
was completed in the 1st Quarter of 1995, however, the
computation of fees was not completed. The NRLSD Senior
staff agreed that the computation of the fees will be provided
by LRE and IE during the first semester of 1996.
II. Development of Regulatory Guides that Address Specific
Parts of the CPR
Regulatory Guides are methods and discussions that the
regulatory staff provides in order that the requirements of the
regulations will be implemented in such a way that they are
acceptable to PNRI. The guides sometimes serve as the
interpretation of the regulations. While compliance to the
guides is not required, the licensee must submit to the PNRI
his alternative method for review and acceptance. The SDS
Staff has completed draft guides that address the provisions of
CPR Parts 11,12,13, and 14. These guides will still be subject
to review and comments by NRLSD staffmembers.
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III. Development of Regulatory Bulletins
Regulatory Bulletins are publications, issued and circulated by
PNRI to its staff and licensees, that inform, explain or remind
concerned individuals about specific provisions of the
regulations that have to be emphasized and implemented
correctly. The SDS staff have completed and submitted to the
NRLSD chief for approval the following bulletins:
1.

Handling of Radioactive Cadavers

2.

Effective Use of the Medical Isotopes Committee to
Oversee the Medical Use of Radioactive Materials in
Licensed Institutions

3.

Importance of Proper Response to Self-Identified
Violations by Licensees

IV. Development of Regulatory Criteria, Procedures and Other
Guides
In addition to the regular activities that were planned and
scheduled for 1995, and in support of these activities, the SDS
Staff prepared and completed the following:
1.

Draft Criteria for Siting of Near Surface Disposal Facilities

2.

Regulatory Guidance for Radioactive Waste Management

3.

Procedure for the Development and Promulgation of
Regulations in the CPR

PROJECT PERSONNEL

Jose Osroxzon Amparo
Veronica Marcelo
Rosita Daroy
Raquel Espiritu
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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

1. Revision of PNRI Inspection Manual and Procedures:
15 procedures for printing approved
2. Establishment of Model Quality Assurance Program (QAP) for
PNRI License:
Final drafts of 8 QAP for evaluation and approval (in progress)
3. Establishment of Model Radiation Handbook for PNRI
Licensees:
Initial drafts completed for evaluation and approval
4. Establishment of Model Forms/Checklists for PNRI Licensee's
Activities:
Initial drafts completed for evaluation and approval
5. Tabulation of Sections of Parts of CPR:
Initial drafts are being written
6. Regulatory Inspections and Audits of Licensed Radioactive
Materials and Facilities Including Follow-Up Inspection:
189 inspections and 189 inspection reports
36 evaluation reports of licensee responses
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7. Regulatory Research and Issuance of IE Bulletins:
Identified problematic inspection items
Conduct of research to provide corrective action
8. Conduct of Inspectors Briefing/De-briefing:
6 briefing and 6 de-briefing
9. Updating of IE Administrative Procedures Including
Computerization Programs:
Final draft of revised IE administrative procedure and
computer programs (on-going)
10. Billing and Collection of Inspection Fees and Payments of
Certificates:
Collected £113,366 as inspection fees from 120 licensees
Collected Pll,165 for 203 certificates
11. Membership in PNRI Committees:
43 certificates of inspection issued
PROJECT PERSONNEL

Alejandro Mateo
Librado Gesalta
Edgardo Racho
Edilberto Rivera
Renato Pecho
Teresitade Jesus
Jesus Perez
Myrna Piquero

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

1. Issuance of 199 licenses
Renewal

136

New

21

Amendments

42

Government

21

Private

178

Commercial

28

Hospitals (and clinics)

37

Industrial Radiography

19

Physician

8

Research

2

Industry

105

Income generated

397,857.25

2. Prepared 255 evaluation reports, 29 government, 226 private.
3. Issued 326 certificates of release generating income of
P17,930.
4. Prepared 111 follow-up/response letters.
5. Conducted 6 pre-licensing inspections.
6. Terminated the following licenses:
_ a. Phil. Geothermal Inc.
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b.
c.
d.
e.
f.
g.
PROJECT PERSONNEL

LMG Chemicals Inc.
DOLE Phil. Inc.
Titan Cement
Dakila Trading Inc.
Simpex Machineries
Philab Industries

Vangeline Parami
Thelma Artifido (on scholarship)
Corazon Garcia (on scholarship)
Alan Borras
Carl Nohay
Lynette Cayabo
Ricardo Templonuevo
Salvadon Dean

RADIATION PROTECTION

Interagenqj National Radwaste Management Center

ABSTRACT

Since the interim storage facility at the PNRI compound in
Diliman, Quezon City can only accommodate an effective volume
of about 200 cubic meters of waste (equivalent to 30 years of waste
generation), the project aims to establish a national radwaste
management center for wastes expected to be generated by
hospitals, research and industrial institutions engaged in various
applications of radiation and isotopes. The PNRI technical working
committee was also tasked to set criteria of different waste
categories, to characterize the experiments on the technology of
waste processing.

OBJECTIVE

TO establish

METHODS

1. Wastes limits were set based on IAEA standards.
2. Identified the sources of wastes.
3. Detailed listing of waste generators for possible wastes
projection needed in determining the size of the facility.
4. Established standard processing/treatment procedure for all
types of wastes.

RESULTS AND DISCUSSION

PROJECT PERSONNEL

a national repository site for the safe management of
conditioned radioactive wastes.

The workplan/ activities of the project was not fully accomplished
by all of the involved agencies. On September 26,1995, a request
was made for a reconsideration of a second extension of the
project. It was approved last December 8,1995 for the period
October 1995 to June 1996 without additional funding and final
report is to be submitted not later than one month after the
completion of the project.
Eulinia Valdezco
Editha Marcelo
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TLD Dosimetryjbr Personnel Monitoring Services

OBJECTIVES

RESULTS AND DISCUSSION

PROJECT PERSONNEL

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.
The TLD System was acquired through the TC project with IAEA
in September 1995. It was initially installed by Mr. Majewski of
Bicron in October 1995 but was not put into operation due to
malfunctioning of the transport board. The board was replaced by
an engineer from Bicron in November 1995 and the system was put
into operation. Four technical personnel from RPS were trained on
the operation of the equipment. Conducted daily QC procedures
and initial test run on the system using the TLD-rem software.
Eulinia Valdezco
Estrella Caseria
Editha Marcelo
Jesulito Junio
Joselito dela Cruz

Upgrading of the Low-Level Radioactive Waste Management System at PNRI

OBJECTIVE

TO upgrade

the radioactive waste treatment facility for the safe
storage of conditioned wastes at PNRI and to develop quality
control procedures relative to the safe management of radioactive
wastes.

RESULTS AND DISCUSSION

The project has been assisted by the IAEA through grants in
equipment, fellowships and expert services. The facility is the only
radioactive waste management center in the country capable of
handling, treating, conditioning and storing (interim storage) the
waste generated nationwide from research, medical and industrial
institutions.

I
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The following are the equipment received through the project:
1. Radiation Scintillation Detector NE
2. Air Monitoring Equipment GES.M.B.H.
3. Hyper Pure Semi-Conductor Detector EG&G
4. Contamination Monitoring Equipment NE
5. Compactor small size Sheppard
6. Forklift Truck Nissan
7. Fumehood with HEPA Filters
8. Desk Top Computer IBM
9. Distilling Apparatus Thomas Scientific
10. Vacuum Cleaner McMaster-Carr USA
11. Heat Prober with thermocouple WAHL
12. Chemical Precipitation Unit - Waste Treatment System Inc.
PROJECT PERSONNEL

Eulinia Valdezco
Editha Marcelo
Demetrio Salom
Arlean Alamares
Jose Calaycay
Jesulito Junio
Abelardo Inovero
Remigio Sarmiento
Alfonso Manalo

Radiation Protection Services

OBJECTIVE

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.

RESULTS AND DISCUSSION

In an effort to achieve the intended objectives, several services
were provided to the licensed users of radiation and radioactive
materials. These services comprised of radiation exposures of 2,301
personnel from 211 institutions through the national film badge
service; calibration of 383 nuclear instruments used by 78
institutions to ensure reliable radiation readings; leak testing of 247
sources in 38 institutions; and collection and management of spent
sealed sources (75 units), solid (4.84 cu.m.) and liquid (136.664 li)
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radioactive wastes generated in various nuclear related activities
all over the country. Special radiation protection services were also
provided such as decommissioning of small nuclear facilities,
follow-up performance evaluation of teletherapy machines and
nuclear medicine instruments for calibration purposes.
Radiation Protection Services has acquired through IAEA
Technical Cooperation Projects a chemical precipitation unit for
treatment of aqueous waste and a fully automated TLD System for
personnel monitoring. Initial test runs were conducted while
calibration of the system is ongoing.
Furthermore, PNRI's secondary standard dosimetry laboratory
(SSDL) continued to participated in the International Dose
Assurance program being administered by the IAEA. This
international coordination effort involving nine member states
aims to improve measurements accuracy and dosimetry practices
in the national level. The PNRI SSDL has also collaborated with the
Department of Health SSDL in the formulation of a work program
to include participation in the World Health Organization/IAEA
Thermoluminescence Dosimeter Intercomparison Run for Co-60
Teletherapy facilities under the auspices of the National SSDL
Organization.
The PNRI successfully hosted an IAEA Regional Training Course
on Management of Spent Radiation Sources and Other Wastes
from Small Nuclear Applications from 23 January to 10 February
1995. Twenty foreign participants from RCA Member States and
three local participants took part in the course.
PROJECT PERSONNEL

Eulinia Valdezco
Estrella Caseria
Editha Marcelo
Demetrio Salotn
Arlean Alamares
Jose Calaycay
Jesulito Junio
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Options for Cost-Effective Treatment of Low-Level Liquid Radioactive Wastes

ABSTRACT

Chemical precipitation was used in the treatment of low-level
aqueous waste. Precipitation was achieved by using the ferric
hydroxide process. Finely divided ion exchange material was
added in order to maximize the decontamination of specific
radionuclides. The use of nickel hexacyanoferrate as a specific ion
exchange material for cesium removal was investigated using the
lowest possible concentration which would yield a high
decontamination result. A small amount of polyelectrolyte was
added to aid in the particle agglomeration of the precipitate so as
to produce a floe that will ensure efficient separation. A high
decontamination factor of 465 was achieved using the process
described above.
Since a simple low cost treatment/ process is required for current
waste methodologies, an indigenous material such as volcanic ash
and rice hull ash were used for the adsorption of radioiodine. A
test run was conducted using different oxidizing agents in order to
achieve a higher adsorption since previous experiments with
volcanic ash without oxidizing agents yielded only a maximum of
84% adsorption.

OBJECTIVES

METHODS

1. To identify a simple low cost process to be applied in reliable
liquid waste treatment operations. This process takes into
consideration likely variations in institutional waste.
2. To conduct studies of options for cost effective treatment of
low-level liquid radioactive wastes.
3. To provide inputs in the design and construction of a
radioactive waste treatment facility appropriate for the type
and quantity of waste generated from nuclear applications.
Chemical precipitation by the ferric hydroxide process was used.
About 100 ml of real aqueous waste containing Cs-136
radionuclide was used in every experimental run. About 50 mg/li
Fe is added with vigorous stirring and the solution is neutralized to
pH 7 with either nitric acid or sodium hydroxide. A 230 mg/li
solution of ferrocyanide was used in the precipitation of Cs-137
radionuclide at controlled low stirring rate, pH is maintained
between 9 and 9.5 by the addition of small amounts of sodium

I
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hydroxide to provide good levels of cesium removal. A
polyelectrolyte was added after pH adjustment to aid in particle
agglomeration of the precipitate to produce a floe that will ensure
efficient separation of the precipitate from the supernatant.
RESULTS AND DISCUSSION

PROJECT PERSONNEL

With the above described precipitation process, a high
decontamination factor of 465 was achieved. For the radioiodine
adsorption, different oxidizing agents like hydrogen peroxide,
potassium permanganate and ferric ion were added to the
radioiodine solution and pass through a column of untreated rice
hull ash. Addition of ferric ions shows around 88% adsorption
compared to the other two which show insignificant results.
Eulinia Valdezco
Editha Marcelo
Arlean Alamares
Jesulito Junio
Leticia Alberto
Remigio Sarmiento
Alfonso Manalo

RADIOLOGICAL IMPACT ASSESSMENT

Radiological Impact Assessment (RIA)
INDUSTRIAL FACILITIES
Industrial Radiography
ABSTRACT

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.
The study recommends measures to minimize exposure of
operating personnel to radiation and prevent untoward incidents
in industrial radiography operations.

OBJECTIVES

1. To evaluate the radiological hazards involved in industrial
gamma radiography during routine normal operations, as well
as, in the event of abnormal occurrences and accident
conditions.
2. To recommend courses of action to formulate/update nuclear
regulations.

INTRODUCTION

Presently, about 24 industrial radiography institutions are licensed
by the PNRI to conduct operations in the country. These
institutions, mostly based in Metro Manila have employed 171
radiographers, 86 assistants, and 66 trainees who are licensed by
the PNRI as of the end of 1995.
Because of the nature of the radiation hazards and the problems
created by the ever-changing work situations, radiography
workers face an occupational hazard from possible exposure to
harmful radiation. Moreover, industrial radiography has caused a
significant quantity of radiological accidents in many countries
including the Philippines.
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METHODOLOGY

The assessment of routine normal operations was carried out by
means of observations and dose monitoring during actual
radiographic operations conducted by 11 radiography institutions
in eight (8) installations and in four (4) project sites in metro
Manila, Batangas, and in Antipolo, Rizal.
Whole body dose exposures of radiographers during normal and
routine operations were estimated and compared to the annual
dose limit for radiation workers. Radiological hazards in terms of
potential doses to radiography workers, technicians/servicemen,
and members of the public were also estimated during abnormal
occurrences and accident conditions based on identified scenarios
and compared with the half-lethal dose value, LD50, if applicable.

RESULTS A N D DISCUSSION

Whole body dose exposures of radiography workers involved in
routine and normal operations range from 0.03 mSv to 27.96 mSv.
These arelow doses compared to the 50 mSv annual limit for
radiation workers.
Radiological consequences to radiography workers and technicians
during abnormal occurrences and accident conditions were
projected to be from as low as 0.03 mSv to as much as 7.5 Sv. Dose
exposures of members of the public were estimated to be from 0.08
mSv to doses easily exceeding the annual limit of 5 mSv. The
upper limit of these doses greatly exceeds the half-lethal dose
value of 4-6 Gy.

PROJECT PERSONNEL

Roel Loterina
Maria Palattao
RADWASTE FACILITY

ABSTRACT

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.
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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.

METHODOLOGY

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 A N D DISCUSSION

l.

PNRI Radwaste Facilities
Environmental samples consisting of 28 soil, 28 vegetation and
10 water were collected at designated sampling points around
the PNRI Radwaste facility. Full gamma spectroscopy analyses
of the samples were completed and results were evaluated.
Database of these samples was updated. Preliminary results of
this study indicate the need to collect and analyze more
samples for confirmatory purposes.
Radwaste Committee Activities
A performance assessment of the proposed Cabigo Point site
for Low Level Waste disposal is being conducted. The release
rate of various radionuclides out of the facility was estimated.
Dose projections due to drinking contaminated well water was
also calculated.

PROJECT PERSONNEL

Luzviminda Venida
Roel LoterMa
Maria Palattao
C O M P A R A T I V E S A F E T Y A S S E S S M E N T OF
PHILIPPINE POWER PLANTS

ABSTRACT

Initial study and preparation for the various activities of the
Nuclear Power Program Subcommittee on Nuclear Safety are ongoing as mandated by Executive Order No. 243. The PNRI, as lead
agency, hosted meetings with representations 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
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nuclear power stations were started, as priority project of the
subcommittee.
OBJECTIVE

INTRODUCTION

RESULTS AND DISCUSSION

The general objective of this project is to develop a methodology
for the comparison of environmental impacts of all powergenerating plants.
The main focus of this project is to develop a methodology for
assessing and comparing the environmental impacts 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.
Research and review of current studies on comparative impact
assessment of local electricity-generating plants were started.
Consultative meetings with other member and cooperating
agencies were carried out. Workplans and financial requirements
of the committee were developed and submitted and reviewed by
the Nuclear Power Steering Committee headed by Department of
Energy Secretary Francisco L. ViraU.
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Teofilo Leonin
Maria Palattao
Edwin Azarion

Radiological Emergency Planning and Preparedness
METEOROLOGY
Phase III: Upgrading of Meteorological Sensors and Equipment
ABSTRACT

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

INTRODUCTION

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

METHODOLOGY

1.

Identify appropriate site locations for the tower using specific
criteria and regulation.

2.

Identify appropriate instruments for measuring the desired
parameters.

3.
RESULTS AND DISCUSSION

PROJECT PERSONNEL

Upgrading of existing weather instruments and sensors.

Preparatory activities pertaining to the establishment of the mini
weather station are being carried out. Site selection studies was
completed and submitted to the Head of Office for approval.
Purchase of instruments and equipment are being negotiated from
outside suppliers.
Edwin Azanon
Maria Palattao
Teofilo Leonin
D O S E PER U N I T INTAKE

ABSTRACT

Preliminary derived intervention levels (DIL) in selected local
foodstuff were established.

OBJECTIVE

TO provide

adequate information necessary to determine

Philippine values for derived intervention levels 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.
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Analysis of the most important sources of a specific radionuclides
are also to be considered.
METHODOLOGY

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 now being
prepared.
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Mary Rose Quizana
Maria Palattao
Edwin Azanon
RADIOLOGICAL EMERGENCY P L A N N I N G A N D
PREPAREDNESS

ABSTRACT

A total of three (3) emergency plans were revised and distributed
for review and comments. The PNRI Disaster Preparedness Plan
was approved for implementation. Workshop, training and
refresher courses were conducted for all members of the PNRI
Disaster Control Organization.

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.

METHODOLOGY

Radiological emergency preparedness and other pertinent
documents and records are being prepared, revised and reviewed.
Conduct of seminars and workshops were also part of this activity
as part of the emergency preparedness activities.
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RESULTS AND DISCUSSION

The following emergency plans were revised and submitted for
review and comments:
1. PNRI Disaster Preparedness Plan (DISPLAN)
2.

PNRI Radiological Emergency Response Plan (RESPLAN)

3.

PRR-1 Radiological Emergency Preparedness Plan

Suggestions and comments are being integrated in the final drafts.
The DISPLAN was subsequently approved for implementation.
Copies of the National Radiological Emergency Preparedness and
Response Plan (RADPLAN) were distributed to 19 participating
organizations for their review and evaluation. These organizations
are:
1.
2.
3.

Office of the Civil Defense
Radiation Health Service
Department of transportation and Communications

4.

Department of Public Woks and Highways

5.

Department of Agriculture

6.

National Food Authority

7.

Department of National Defense

8.

Philippine Information Agency

9. Department of Social Welfare and development
10. Philippine Atmospheric, Geophysical and Astronomical
Services Administration
11. Department of Foreign Affairs
12. Philippine National Red Cross
13. Department of Education, Culture and Sports
14. Office of the President
15. Department of Environment and Natural Resources
16. Department of Science and Technology
17. Department of Health
18. Department of Interior and Local Government
19. Philippine Nuclear Research Institute
Two workshops were conducted as part of preparedness activities:
1.

Workshop for the DISPLAN Emergency Organization

2.

Interagency Workshop on the RADPLAN

These were conducted for purposes of defining and establishing
implementing plans and procedures during radiological
emergencies.
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A training program was submitted as part of the emergency
preparedness activities.
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