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ABSTRACT
This is a report on the progress and development of the project following the

First Research Co-ordination Meeting in Manila, Philippines, 1-4 July, 1996. The
collection of food samples is performed by modified market basket (i.e. based on
the Daily Average Per Capita Consumption of Caloric data for every food com-
modities, and energy values per gram of individual vegetables, fruit, meat etc.)
and duplicate diet method. The food was blended using a commercially available
blender, then was freeze dried. Several autopsy samples have been collected and
are stored at - 40° C in a freezer. Preliminary experiment for quantification of po-
tassium, calcium and strontium in 9 food samples has been performed by atomic
absorption spectrometry. From the atomic absorption analysis it was estimated
that the average daily intake for strontium, potassium and calcium are respec-
tively 2.3 mg/day, 2.5 g/day and 0.36 g/day. It was found that from instrumental
neutron activation analysis, the average daily intake for cesium and zinc (from 7
samples) are respectively 36 jig/day and 5.4 mg/day. Future activities to complete
the project are presented at the end of this report.

INTRODUCTION
The overall objective of this work is collection of data on the ingestion and

body content of trace element of importance in radiological protection. As agreed
in the First Research Co-ordination Meeting in Manila, 1-4 July , 1996, the first
priority elements to be determined are potassium, calcium, cesium, strontium,
uranium, thorium and iodine. Those of the second priority among others are so-
dium, zinc, selenium, manganese, and mercury. The objective will be achieved by
performing the following activities:
a. Collection of food samples which representing food that are consumed by the

Indonesian population.
b. Collection of normal human organ, i.e. lung, liver, kidney, muscle, bone and

thyroid. The activity is implemented in cooperation with Department of Fo-
rensic Medicine, Medical Faculty, University of Padjadjaran in Bandung.

c. Determination of the elemental levels in these samples.
Data on elemental levels in foodstuffs will strongly support the food and nu-

trition program in Indonesia in the detection and overcome micro nutrient defi-
ciency, such as selenium and zinc, and the development comprehensive data on
food components of the Indonesian foodstuffs. Probably due to lack in analytical
capability, up to the present time data on trace element levels in the Indonesia
foodstuffs are not available yet and interest in studying of trace element levels in
autopsy specimens are scarce.

In this report the progress and development of the project activities and pre-
liminary results of the activities, following the First Research Co-ordination
Meeting in Manila, Philippines, 1-4 July, 1996, are presented.
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COLLECTION AND PREPARATION OF FOOD SAMPLES
Food samples are prepared by market basket and duplicate diet method.

According to our knowledge, however, activities similar to US Food and Drug
Administration's Total Diet Scheme are not available yet. That is why the
"Protocol for Samples Composite for the Joint FDA-IAEA-NBS-USDA Project on
Human Daily Dietary Intake of Minor and Trace Elements" cannot be imple-
mented in this work. Instead based on the Daily Average Per Capita Consump-
tion of Caloric data for every food commodities (published by Central Bureau of
Statistics) and energy values per gram of individual vegetables, fruit, meat etc.
(published by Nutrition Research and Development Center), we prepared food
samples equivalent to one tenth of average individual daily consumption for
West and Central Java population. The sample was prepared by cooking a mix-
ture of staple foodstuffs and drinking water (or tea), the mixture was blended
using commercially available blender, and then freeze dried. No spices (such as
garlic, pepper, onion etc.) was added to the cooking mixture. Trace element con-
tent in the samples consisting of group commodity mixture will be compared to
those prepared by duplicate diet method.

In the present activities we prepared duplicate samples of foodstuffs that are
consumed by West and Central Java populations. Wherever possible the food
samples to be collected shall represent meals that are consumed by a large num-
ber of population. In a big city or an industrial area, the food samples are pre-
pared from lunch that is served every working day by a factory or an office for its
employees. By this way, trace element content in a single duplicate lunch sample
represents trace element intake for a relatively large populations (more than 200
adult individuals) who consumed the lunch. Trace element intake from other
sources (e.g. lunch on holidays, snack, breakfast and dinner) will be estimated
from the trace element content in duplicate meal samples collected at random
from individuals who belong to the respective group. The samples consists of
same quantity of foodstuff that was consumed at home for one day in a plastics
bag (for solid samples) and plastics bottles (for liquid samples). Samples from
population in rural areas will be taken at random from individual who lives in
respective area by collecting the same amount of whatever foodstuffs they eat
during the day in a plastics bag and drink in a plastics bottle.

Duplicate lunch samples were prepared by the following procedure. An
amount of daily individual meal, including drink, was mixed and blended using
commercially available blender. One tenth of the blended food (ca. 60 g) was
placed in a plastics bag (I), and then cooled in a freezer (-20° C). Another fraction
(9/10 of the blended food) was discarded. The frozen food prepared from lunch
served during five consecutive working days were mixed using a blender. One
fifth of the mixed material (II) was then freeze dried. Total trace element content
in the dried samples (ca. 20 g) represents one tenth of the five working day aver-
age of trace element intake from single lunch. The trace element intake from
other portion of food that was consumed in one day other than lunch (breakfast
dinner and snack) was estimated from samples prepared by the same principles.
In this regard (I) is frozen food of the one tenth of individual daily meal, excluded
lunch, collected every working day from ca. 10 members of respective group. The
daily samples (I) that were collected during five working day were mixed. One
fifth of the mixed food (II) was freeze dried. The average daily intake was esti-
mated from total trace element content in these samples (total trace element
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content in (II) form lunch + (II) from other daily meals represent one tenth of the
average daily intake during working days).

Foodstuff samples representing meals during weekend were prepared by col-
lecting the same amount of whatever they consumed during that period in a
plastics bag for solid samples and plastics bottles for liquid samples. These sam-
ples were stored in a freezer prior to further treatment on the next Monday. An
amount equivalent to one tenth of individual daily meal was then freeze dried,
and will be used to estimate average daily intake of the trace elements. The lat-
ter values will be compared to those for average daily intake on the workdays.

COLLECTION AND PREPARATION OF AUTOPSY SAMPLES
In the present study the autopsy samples, which consist of lung, liver, kidney,
muscle, thyroid and bone, were taken from healthy individuals who died in traf-
fic accident or murdered. The respective organs were promptly separated from
the dead body in less than 24 hours after death. The separation was done using a
sharpened titanium spatula, except bone which was taken by conventional steel
apparatus. This work was performed in a hospital by academic staff of the De-
partment of Forensic Medicine, Medical Faculty, University of Padjadjaran in
Bandung. The organs to be used in this work were those as recommended in the
First Co-ordination Meeting in Manila, except kidney. For technical reason we
got half of a kidney instead of a whole kidney. To remove body fluid and surface
contamination the individual organ was rinsed with demineralized water, then
was put in a clean plastics container. The latter work was done in a clean room
(room 100), under a stream of clean air. Before further steps for the sample
preparation were performed, the clean organ in the plastics container was kept
in a freezer at - 40° C.

In order to get better understanding on how to prepare uncontaminated and
homogenous dried tissue samples, the following preliminary experiment was car-
ried out using beef tissue. The experiment was performed in a clean room using
plastics appliances and steel apparatus painted by epoxy resin. A quantity of or-
gan tissue, e.g. 50-100 g of beef kidney or lung, was placed in a plastics bag and
then dipped in liquid nitrogen for 20-30 minutes. The frozen brittle tissue was
transferred into a new plastics bag, then was crushed by pressing the tissue be-
tween two plates made of hard polyethylene. The crushed tissue was transferred
into a suitable plastics container to be dried in frozen condition.

It was observed in the present experiment that the plastics bag was some-
times broken after being used to press the organ. Up to the present we fail to get
teflon bags to replace the available plastic bag.

ELEMENTAL QUATIFICATION
It has been reported in the first Research Co-ordination Meeting that, in the

preliminary experiment, strontium in diet samples can be determined by non de-
structive neutron activation analysis. In addition we expect that potassium and
calcium in the samples can be determined by neutron activation analysis. At pre-
sent neutron beam for neutron activation analysis is not available at our center
due to the upgrading of the TRIGA Mark II reactor in Bandung that has not been
completed. Instead to perform neutron activation analysis experiment we irradi-
ated the samples using neutron beam in Multi Purpose Reactor in Serpong
(neutron flux 2 x 1014 n cm-2 sec-1 at maximum power 30 MW), in which a special
irradiation container was needed. That is why, in addition to neutron activation
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analysis, we performed a preliminary study on the determination of potassium,
strontium and calcium in diet samples by atomic absorption spectrometry.

About 1 g of diet sample was placed in a pre-cleaned glass container, and then
10 cm3 of concentrated nitric acid was added. The mixture was then heated and
boiled until no brown fume was released from the reaction mixture. To complete
the decomposition of organic matter in the sample, 1 cm3 of perchloric acid was
added and the reaction mixture was then heated to nearly dryness (contain 1-2
cm3 of sample solution). Following the addition of sufficient amount of dilute ni-
tric acid, the sample solution was quantitatively transferred into a 25 cm3 volu-
metric flask. From the resulting solution, 1 cm3 was transferred into a 100 cm3

flask and sufficient amount of dilute nitric acid was added. The content in the
100 cm3 volumetric flask was applied for the determination of potassium and cal-
cium. That in the 25 cm3 flask, following the addition of 0.5 cm3 of 10% potas-
sium chloride, is used for strontium determination. Commercially available ele-
mental standards for atomic absorption analysis were applied in the quantifica-
tion of potassium, calcium and strontium. Air acetylene flame was used for the
atomic absorption analysis of potassium and strontium, and nitrous oxide acety-
lene flame was used for calcium determination. Preliminary values for the level
of these elements in food samples and the estimated daily intake is depicted in
Table 1. It is worth noting that the accuracy of the determination has not been
validated yet.

Table 1. The level of K, Ca and Sr in diet and the estimated daily intake

Sample

MB-1
MB-2
MB-3
MB-4
DD-1
DD-2
DD-3
DD-4
DD-LL

Average

Strontium
Cone, u-g/g

<0.1
4.1
0.9
7.4
5.3
15
1.0

<0.1
10

Intake
.

1.5
0.4
2.4
2.1
5.4
1.1
.

3.0

2.3*
mg/day

Calcium
Cone, mg/g

0.5
1.5
1.4
2.0
1.8
1.0
1.5
0.4
1.5

Intake
0.12
0.54
0.52
0.65
0.36
0.18
0.26
0.07
0.45

0.35
g/day

Potassium
Cone, mg/g

2.7
3.3
4.1
28
3.8
1.9
1.3
5.3
4.6

Intake
0.6
1.2
1.5
9.3
0.8
0.3
6.9
0.9
0.7

2.5
g/day

Note:
MB - market basket, DD - duplicate diet, DD-LL - duplicate diet from lower level
population.
*Average from 7 samples

In addition to quantification of the three elements by atomic absorption
analysis, instrumental neutron activation analysis was applied for the determi-
nation traces of cesium and zinc in diet samples. Accurately weighed about 0.5
gram of diet samples and elemental standard were exposed to a neutron flux of
1014 n cm3 sec1 for 40 minutes. Each sample was irradiated in duplicate. Fol-
lowing 1 month decay the induced radioactivity was counted by a high resolution
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y-ray spectrometer. The spectrometer system used in this experiment consists of
a high purity germanium detector model No. CNVDS-30-10190 and TC244 am-
plifier made by Tennelec, coupled with an Aptec model 5008 MCArd and the as-
sociated data acquisition and spectrum analysis software using IBM personal
computer. The spectral resolution was 1.9 keV for 1332.4 keV y-ray line emitted
by 60Co and peak to Compton ratio was better than 40. The reproducibility of the
analytical determination in few cases were better than 40%, but in most cases
were better than 15%. The accuracy of the determination has not been validated
yet. The preliminary values for cesium and zinc level in the diet samples and the
estimated daily intake are presented in Table 2.

Table 2. The level of cesium and zinc in diet and the estimated daily intake

Sample

MB-1
MB-2
MB-3
DD-1
DD-2
DD-3
DD-4

Average

Cesium
Cone, ug/g

0.21
0.14
0.22
0.12
0.18
0.09
0.06

Intake jag/day
47
50
82
24
33
16
10

36

Cone. (j.g/g
29
19
23
19
17
38
11

Zinc
Intake mg/day

6.7
6.8
8.5
3.8
3.1
6.7
1.9

5.4

From neutron activation analysis it was observed that estimated daily intake
for cesium and zinc respectively 36 ug/day and 5.4 mg/day. The average daily in-
take for market basket (MB) samples (respectively for cesium and zinc 59.7
p.g/day and 7.3 mg/day) were higher than that duplicate (DD) samples (21 fj.g/day
for cesium and 39 mg/day for zinc).

ANALYTICAL METHODOLOGY
The analytical techniques to be applied for elemental quantification in this

project are depicted in Table 3. The table is somewhat differ to that was pre-
sented in the First Research Co-ordination Meeting in Manila (e.g. ICP-MS for
thorium determination is changed to NAA).

Table 3. Analytical techniques employed for elemental analysis

Sample Element
Cs Sr Th U K Ca

Bone AAS NAA RNAA AAS AAS/INAA
Diet INAA RNAA AAS NAA RNAA AAS AAS/INAA
Kidney RNAA RNAA AAS AAS/INAA
Liver RNAA AAS AAS/INAA
Lung RNAA RNAA AAS AAS/INAA
Muscle AAS AAS/INAA
Thyroid if 4-̂ *.:* AAS AAS/INAA
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FUTURE ACTIVITIES
1. To validate the analytical methods using NIST reference material provided

by the Agency and report the results to Central Reference Laboratory (CRL).
2. To collect ~ 30 additional diet samples and/or staple foodstuffs.
3. To collect ~ 80 additional autopsy specimens (from ~ 15 dead body).
4. To complete the analysis of all collected samples for the first and second

priority elements.
5. In agreement with the CRL, to ship of a representative number of samples to

the CRL for cross checking and/or back up analysis.
6. To report the data to the CRL in the agreed format.
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