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I. Introduction

In order to estimate internal dose and derive annual limits of intake

for radionuciides in the field of Radiation Protection, it is necessary to

study the parameters of ingestion of radionuclides from diet, deposition in

tissues and following metabolism of the radionuclides. But these kinds of

parameters may be influenced by intake of nutrients and inorganic

constituents of diets, for example, a relatively higher uptake rate and

longer retention time of radioiodine in thyroid of person who's diet poor

of stable iodine. So there is a need to have accurate knowledge of

corresponding stable elements intake and their concentration in organs,

especially for some trace elements of importance in radiological

protection such as Caesium, Iodine, Strontium, Thorium and Uranium. A

IAEA RCA CRP on "Ingestion and organ content of trace elements of

importance in Radiological protection" was formulated in 1995 and

initiated after the first RCM CRP on the project, held in Manila,

Philippine 1-4 July 1996. This is the progress report for studies in China

on ingestion and organ content of trace elements of importance in

radiological protection after the first RCM.
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II. Sampling, Sample collection and Preparation

1. Ingestion study

Completed the new diet sample collection from 4 provinces in 1997

for ingestion study: The diet samples collected following the sampling

strategy devised by the Institute of Nutrition and Food Hygiene-CAPM

and consult with FAO for the first total diet study in China in 1990m.The

sampling strategy took account of all relevant ethnic, socioeconomic and

geographic variables'2"41. So the diet samples collected for our CRP should

be representative of the whole country.

The brief procedure of new diet sample collection was as follows:

Sampling strategy

China is a big country with broad territory, various geographical

condition and very different dietary habit and cooking methods. These

result in the difference of diet composition and of food contamination.

Considering the experience elsewhere, sampling areas were divided into

four areas: south area 1 (provinces of Jiangxi and Fujian and Shanghai

city), south area 2 (Province of Hubei and Shichuan, and Autonomous

Region of Guangxi Zhang People), north area 1 (Provinces of

Heilongjiang, Liaoning and Hebei) and north area 2 ( Provinces of Henan

and Shangxi, and Autonomous Region of Niangxia Hui People) Fig. 1.

Three points (two in countryside, one in city) were selected from each

province, city or autonomous region. The four areas cover major

geographical territory of the country and the population in these sampling

areas consist of 47.2% of that of whole country. Therefore, the samples

collected in this way can basically represent the total diet of whole

country.

Survey on diet composition and food consumption

The survey of family dietary menu was conducted for three

successive days by weighing raw food and diet and recording relevant

information including cooking methods and menu. In order to reduce the
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influence of seasonal change, survey in south areas, was conducted in

spring (May and June) and in north in autumn (September and October).

30 families were randomly selected in each point, totally 1080 families

were selected from whole country. The average consumption of each day

and of each food for Chinese reference man (adult man engaging in light

physical activity) was calculated based on each province, city or

autonomous region.

Category of food

Based on diet composition, all foods were categorized as following

13 types: 1. Cereal and its products; 2. Bean and nut, and their products; 3.

Yam and its products; 4. Meat and its products (including poultry); 5. Egg

and its products; 6. Aquatic food and its products; 7. Milk and its

products; 8.vegetable and its products; 9. Fruit and its products; 10. sugar

and its products; 11. Drink and water; 12. Alcoholic beberages; 13. Spices

(including cooking oil). If the food consumed is less than 1% of the total

consumption of its type, it was replaced with similar food. In this way,

sampling lists were tabulated for each province, city or autonomous

region.

Cooking diet and preparation of sample

Four sampling points including vegetable market, subsidiary food

store, foodstuff store, farmer market and/or farmer family from three

survey places in each province, city or autonomous region were selected

for sampling. Various food collected were treated and cooked according

to local dietary habit in assigned restaurant, kitchen or labortary. Cooked

food was ground and mixed separatedly by category. Meanwhile, spices

were combined with corresponding types of staple food and foodstuff,

and prepared and cooked together. In this way, 12 types of mixed diet

were obtained from each province, city and autonomous region. All

samples under frozen status were shipped to sponsoring, institute. These

four sets of samples from four areas were formed. For the whole country,

48 individual staple foodstuff samples were obtained for analysis.

Total 48 diet samples were sealed in polyethylene bottles and keep in
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low temperature freezer(-3O°C).

In the process of preparation of samples of total diet, incorporation

and loss of any elements should be avoided. All sample containers and

other devices to be used in preparation of samples of total diet should be

made with metal-free materials or titanium. Packing should be performed

using talc-free polyethylene gloves and in clean air hood meeting class

100 standards.

2. Organ composition study

Since suitable organ specimens are generally only available from

accident victims or other similar cases of sudden violent death, it may no

be possible to achieve truly representative sampling. For investigation the

relationship between elements intake and organ content the specimens for

organ content study would be collected from the sudden death subject

inhabited in the region where the diet samples to be collected for the

ingestion study. That is Shanxi, Sichuan, Hebei provinces and Shanghai

city.

The autopsies were carried out within 24 hours of sudden death.

Information of sex, age, height and weight, cause of death, health

condition before sudden death also recorded. The specimens of tissue and

organ collected from each case autopsy including bone (rib), kidney, liver,

lung, muscles,, thyroid. Up to now seventy cases of autopsy samples have

been obtained and collecting of autopsy samples is still on going.

To remove tissue sample from external contaminatin, the surface of

soft tissue should be cut using Tilanium knife and the specimens were

placed in a polytetrefluoethylene(PTFE) vessel with a lid, then immersed

in liquid nitrogen and allowed to cool. For storage the specimens low

temperature vacuum drying was conducted by use of freeze dryer in -40

°C and ground into fine powder in agate mortar and kept at 4°C in

desiccator before analysis.
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HI. Selected analytical techniques

It was advised by the Agency that the analyses will be done by

nuclear and nuclear-related analytical techniques (i.e. NAA, PIXE, XRF,

ICP-MS) supplemented by other nonnuclear techniques (e.g. AAS, ICP-

AES)W. According to need and the facilities available in our country, we

proposed to use Epithermal Neutron Activation Analysis (ENAA) to

determine Iodine, in specimens of diet and thyroid; Flame atomic

Absorption Spectrometry(FAAS) to determine K, Ca, Sr and Inductively-

Coupled Plasma Mass Spectrometry (ICP-MS) to determine Cs, U, Th, as

shown in Table 1.

Table 1. Analytical techniques will be used to determine the high

priority elements of interest

Sample

Bone

Diet

Kidney

Liver

Lung

Muscle

Thyroid

Element

K

FAAS

FAAS

FAAS

FAAS

Cs

ICP-MS

ICP-MS

ICP-MS

ICP-MS

1

ENAA

ENAA

Ca

FAAS

FAAS

Sr

FAAS

FAAS

Th

ICP-MS

ICP-MS

ICP-MS

ICP-MS

ICP-MS

U

ICP-MS

ICP-MS

ICP-MS

ICP-MS

ICP-MS

F-AAS: Flame atomic absorption spectrometry

ENAA: Epithermal neutron activation analysis

ICP-MS: Inductively-coupled plasma mass spectrometry

IV. Developed analytical methods and validation by SRM

ENAA was developed by China institute of Atomic Energy

RCP-MS was developed by Beijing Medical University

FAAS was developed by China Institute for Radiation protection and

Institute of Radiation Medicine-C AMS
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Method validations were required by the first RCM, CRP'61

Methods validation initiated after received SRM from IAEA and

some of them have been completed some of them is still on going.

V. Work plan for coming year:

1. To complete the autopsy sample collection for organ content study;

2. To validate the analytical methods that developed for elements analysis

by using the standard reference materials supported by the Agency;

3. To initiate the programme of element detection by ENAA for I, ICP-

MS for Cs, Th, U and AAS for Sr, Ca, K;

4. To participate the quality control and quality assurance prectice

organized by the Agency.
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Figure 1. Survey Area Division in the First Total Diet Study

North A: Provinces of Heilongjiang, Liaoning and Hebei;

North B: Provinces of Henan and Shanxi and Autonomous Region of Ningxia Hui
people

South A: Provinces of Jiangxi and Fujian and Shanghai City;

South B: Provinces of Hubei and Sichuan and Autonomous Region of Guangxi
Zhang people
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