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FOREWORD

The International Atomic Energy Agency (IAEA) is pleased that this

Workshop is being organized in co-operation with the National Bureau of

Standards (UBS). The IAEA closely shares NBS's interest in establishing

accurate methods for the analysis of foodstuffs, particularly - in our case -

in respect of the use of nuclear analytical techniques and the measurement of

radionuclides. Work of this kind is supported by the IAEA in many Member

States through co-ordinated research, technical co-operation, training and

analytical quality control services; in one of our current research programmes

- on dietary intakes of trace elements - we are particularly pleased to be

collaborating directly with the NBS. An important part of the programme of

this Workshop reflects the experience gained in the wake of the Chernobyl

nuclear power plant accident, which clearly demonstrated a need for improved

quality assurance of methods for the determination of radionuclides in

foodstuffs. As a consequence, tha IAEA has recently been given specific

responsibility to document appropriate reference methods for assessing key

radionuclides in foodstuffs and environmental samples and for providing

radionuclide reference materials. The IAEA is confident that this Workshop

will throw significant new light on these subjects.

M. Zifferero

Deputy Director General

Department of Research and Isotopes

International Atomic Energy Agency

Vienna, Austria



FOREWORD

The National Bureau of Standards is proud to co-operate with the IAEA in

the organization of the International Workshop on Practical Analytical

Approaches to the Assessment of Human Dietary Intake of Nutrients, Toxic

Constituents and Radionuclides. As the U.S. National Reference Laboratory for

chemical measurements, the NBS Center for Analytical Chemistry is dedicated to

good measurement and to assuring that the quality of measurements is adequate

for the intended purpose. To properly monitor health status of the human

populace and assess nutrient content and toxicant burden of foods, it is

important that an accuracy base for these measurements be established. As

comparisons over time and across diets and nations take on added meaning, it

is important that comparisons indicating differences in foods and in human

status truly reflect the current situation and not reflect differences due to

analytical variability and imprecision. To this end it is important that

practical and sufficiently accurate analytical approaches be developed and be

agreed upon for the assessment of human dietary intake. NBS is therefore

pleased to host the International Workshop, to seek a better understanding of

the problems related to dietary research and monitoring studies with emphasis

on measurement goals and challenges.

Dr. H.S. Hertz

Director

Center for Analytical Chemistry

National Bureau of Standards

Gaithersburg, MD 20899, U.S.A.



GENERAL RECOMMENDATIONS

This workshop consisted of four sessions as shown on page 6. The

discussions of the first three sessions served as a basis for a

panel discussion (Session IV) participated in by the following

experts:

Rapporteurs: V. lyengar, National Bureau of Standards/United
States Department of Agriculture (NBS/USDA),
Gaithersburg, Maryland, USA

R.F.W. Schelenz, International Atomic Energy Agency
(IAEA), Vienna, Austria

J. Tanner, Food and Drug Administration (FDA),
Washington D.C., USA

W. Wolf, United States Department of Agriculture
(USDA), Beltsville Human Nutrition Research Centre
(BHNRC), Beltsville, Maryland, US*

A set of general recommendations was drawn from these discussions.



GENERAL RECOMMENDATIONS

There was a general agreement that more natural matrix standard

reference materials (SRM), especially for radionuclides, should be

developed. These should focus on organic nutrients, radionuclides,

pesticides, and industrial chemicals, in addition to the ongoing efforts

to certify inorganic constituents. It was suggested that when SRMs are

prepared, there should be enough quantity made for the maximum length of

time possible, and the available analytical information updated. It was

repeatedly stressed to increase international co-operation of the

competent institutions in issuing standards to avoid duplication and to

share costs in preparing such standards.

It was emphasized that analytical methodology covering food

collection and consumption service should have strong quality assurance

and control programmes to ensure representative sampling, accurate

analysis and reliable information. In addition, the participants strongly

supported the need for increased efforts regarding speciation and

bio-availability studies in the field of nutrition.

The participants unanimously agreed that more work needs to be done

on collecting dietary intake information, and assessment of the areas

associated with it. Suggestion was made that more centralized sources of

information in this field should be made available to the public. An

academic effort should be initiated in areas of food chemistry,

technology, and analysis as well as for radionuclides to broaden

professional experience at the bench worker's level.

It was generally agreed that this workshop brought to the surface

several unresolved problems in the area of food compositional studies,

with a strong emphasize on the need for improved analytical methodology.

The discussions also focussed on the need for strengthening

multi-disciplinary link between nutritional scientists and analytical

chemists to deepen their nutritional approach and understanding of the

problem.

There was consensus that another workshop on this multi-disciplinary

topic would be needed because many analytical and dietary screening

problems arising from the condensed presentations and lifely discussions

could not be handled in this one-day workshop as appropriate.
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The purpose of the workshop is to seek a hetter understanding of the
protlems related to dietary research and monitoring studies. This workshop is
held in conjunction with the NBS Symposium on Accuracy in Trace Analysis
Accomplishments, Goals and Challenges, September 28 through October 1, 1987,
at Gaithersburg, MD.

Several short presentations by invited speakers are planned for the
following sessions:

SESSION I:

SESSION II:

SESSION III:

SESSION IV:

Inorganic constituents in foods

Organic constituents in foods

Radionuclides in foods

Panel discussion

Workshop Co-ordinators:

Venkatesh lyengar

Rieder Schelenz

National Bureau of Standards
U.S. Department of Agriculture
(HBS/USDA)

International Atomic Energy Agency
Department of Research and Isotopes
(IAEA/HI)



P R O G R A M M E

8.30 - 9.00 a.m.

SESSION I

9.00 - 9.05

9.05 - 9.10

9.10 - 9.25

9.25 - 9.35

9.35 - 9.45

9.45 - 9.55

9.55 - 10.05

10.05 - 10.15

10.15 - 10.45

10.45 - 11.00

assurance

Registration

INORGANIC CONSTITUENTS IN FOODS
Chairman: James R. DeVoe

Welcome (G.V. lyengar, Rieder F. Schelenz)

Chairman's remarks

Inorganic analysis of foods - Quality

considerations (W. Horwitz)

Dietary analytical reference materials - present and
future (W. Wolf)

The dietary matrix: Some analytical considerations

(G.V. lyengar)

Difficult trace elements in food: The role of

activation analysis (A. Byrne)

Toxic trace elements in food - a methodological

appraisal (R. Dabeka)

Large scale population survey studies (R. Briefel)

Discussion

Coffee break

SESSION II

11.00 - 11.05

11.05 - 11.15

11.15 - 11.25

11.25 - 11.35

11.35 - 11.45

11.45 - 11.55

11.55 - 12.05

12.05 - 12.35

12.35 - 14.00

in vegetables

food analysis

ORGANIC CONSTITUENTS IB FOODS
Chairman: W i l l i e Hay

Chairman's remarks

Analysis of organic micronutrients

(F.Khachik)

Quality assurance in the industrial

laboratory (H. Lento)

Proximate analyses in foods (J. Tanner)

Phytate measurements (E. Morris)

Fiber measurement: State of the Art (L. Prosky)

Determination of pesticides and polychlorinated

biphenyl congeners in mixed diet composites (M. Schantz)

Discussion

Lunch break



PROGRAMME c o n t ' d

SESSION I I I

14.00 - 14.10

14.10 - 14.35

14.35 - 15.00

15.00 - 15.25

15.25 - 15.40

15.40 - 16.00

RADIONUCLIDES IN FOODS
Chairman: Rieder F. Schelenz

Chairman's remarks

Radionuclides; The U.S. policy and findings after

Chernobyl (S. Gill)

Experience from the radioactive fallout in Sweden (B.

v. Hofsten)

Activities of the IAEA Programme: Fallout monitoring in

the environment and food - MEF (C. Klusek)

The measurement of radioactivity in food after the

Chernobyl reactor accident - Experience accumulated and

lessons learned (M. Winter)

Discussion

Coffee break

SESSION IV

16.00 - 18.00

PANEL DISCUSSION

Food Compositional Studies: Guidelines for future

investigations



S E S S I O N I

INORGANIC CONSTITUENTS IN FOODS

Chairman: James R. DeVoe

Inorganic analysis of foods - Quality assurance considerations

(W. Horwitz)

Dietary analytical reference materials - present and future

(W. Wolf)

Inorganic constituents in diets: Some analytical considerations

(G.V. lyengar)

Difficult trace elements in food: The role of activation analysis

(A. Byrne)

Toxic trace elements in food - a methodological appraisal

(R. Dabska)

Large scale population survey studies

(R. Briefel)



INORGANIC ANALYSIS OF FOODS
QUALITY ASSURANCE CONSIDERATIONS

William Horwitz

Food and Drug Administration
200 "C" St. SW, Washington D.C. 20204, USA

Some laboratories become complacent with their ability to analyze foods

routinely for various constituents; other laboratories may perform the

analyses only sporadically. In both cases, the work may be regarded as so

prosaic that the need for systematic quality assurance is ignored. The

frequent appearance of outliers in data from even the "best" laboratories in

interlaboratory programs to characterize methods, laboratories, or materials

attests to the necessity for the maintenance of a continuous and conscientious

program of quality assurance.



DIETARY ANALYTICAL REFERENCE MATERIALS - PAST AMD FUTURE

»ayne R. Wolf

Nutrient Composition Laboratory
United States Department of Agriculture

Beltsville, Maryland 20705, USA

Increased interest in monitoring of both beneficial and harmful dietary

constituents has led to demands and need for much more reliable and detailed

analytical data on these constituents in foods and diets. It is becoming

necessary to not only determine the average intake of population groups but

also the variability within these groups. Interpretation of the results of

these monitoring studies requires more accurate and precise identification and

measurement of the variations in analytical data due to real biological cause

and those due to the analytical methodology. Appropriate reference materials

for validation and quality control of analytical data on inorganic

constituents in dietary materials consist mainly of individual food related

materials. There are at present two sources of a mixed diet material which

have been characterized for inorganic constituents. These are the H-9 material

available from the International Atomic Energy Agency and the RM-8431 Mixed

Diet material available from the National Bureau of Standards. Each of these

is of limited supply and has potential to be exhausted shortly. A project is

underway to produce a Mixed Diet SRM at the NBS. This material will be

characterized for a number of components, including not only inorganic but

organic nutrients, and will be of sufficient supply to last for an extended

period of time. Additional individual food reference materials are under

development at other centers including the Community Bureau of Reference (BCR)

in Europe.



INORGANIC CONSTITUENTS IN DIETS: SOME ANALYTICAL CONSIDERATIONS

Venkatesh lyengar

National Bureau of Standards
United States Department of Agriculture

Gaithersburg, Maryland 20899, USA

It is a common practice to use one of the following three procedures for

estimating the human daily intake of nutrients or contaminants: 1) total diet

collections of a market basket of food reflecting a defined total diet of a

consumer, 2) selective studies of individual foodstuffs, 3) duplicate portion

studies. From an analytical point of view, samples collected under these

procedures represent a wide variety of dietary matrices and the analyst is

frequently confronted with numerous analytical problems. For example,

composition of a simple component (e.g. water) varies from a complicated one

(e.g. cheese), requiring different strategies during sampling, processing and

signal measurement stages. Even among samples belonging to the same category,

due to differences in bulk composition of the specimens, significantly

different analytical approaches are needed. For example, analysis of cow milk

presents characteristic difficulties that are absent when dealing with human

milk, when neutron activation is chosen as the analytical technique (1).

Similarly, in dealing with mixed total diets, salt content (NaCl) may differ

by a factor of 3 between diets from different countries and present

difficulties in standardizing analytical techniques (2). It_ should also be

recognized that in nixed dry total diets, Cu, Hg and Se are present at about

the same concentration levels these trace elements are found in human senm

(2,3). Therefore, extreme care and a high degree of analytical expertise is

required to carryout the analysis. In addition to the painstaking laboratory

work involved in obtaining reliable results, efforts are also needed to

improve data handling and data interpretation.
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DIFFICULT TRACE ELEMENTS IH FOOD: THE ROLE OF ACTIVATION ANALYSIS

A. R. Byrne

"J. Stefan" Institute, "E. Kardelj" University
Jamova 39, 61H1 Ljubljana, Yugoslavia

The essence of the problem of the analysis of the so-called "difficult" trace

elements (e.g. As, Cd, Co, Cr, Hg, I, Mo, Hi, Sb, Sn and V) in diets and

foodstuffs is that cf quality control and the use (or unfortunately the

absence of) SRMs/ORMs. The actual analyses can usually be performed adequately

by neutron activation analysis (NAA), particularly in its radiochemical form

(RNAA).

Recently, the first specific dietary RMs have become available, namely NBS

RM-8431 (1) and IAEA H-9 (2). Mention should also be made (3) of the materials

U.S. Diet 1,2 etc. being produced at the NBS, which while not reference

materials, are intended to assist in the problems of preparation, storage and

analysis of these types of samples. As regards the certification of these two

first dietary reference materials (1,2), there is still some way to go before

satisfactory data are produced for the difficult trace elements; for the

sub-group As, I, Hi, Sb, Sn and V data are either of poor precision or

non-existent.

One favourable aspect of composite diets is the relatively high concentration

of several problem elements, e.g. As, Cr, Cd, Ni and V, as compared to several

important components of diet, such as milk, milk products or meat. This may be

illustrated by comparing H-9 and RM-8431 with IAEA Milk Powder A-ll, NBS Milk

Powder SRM 1549 and IAEA Animal Muscle H-4.

Thus the .'analytical problem for diets is less severe than for many other types

of sample. In fact, RNAA can cope satisfactorily with the levels of, e.g. As,

I, Mo, Sb, Sn and V. (For V the levels in diets are appr. 20 yg kg" , for

Sn 0.1 - 1 mg kg ). However, in order to asssure the quality of our data,

we need to analyse CRMs/SRMs. Here we come up against a major stumbling block;

for several of the difficult elements, there are no suitable RMs certified at

appropriately low levels, or with only poor confidence limits. This can be

demonstrated from the comprehensive compilation of elemental data for

SRMs/CRMs by Muramatsu and Parr (4).



In order to circumvent this problem, we can collect literature date and, with

analytical judgement, provide ourselves with "working" reference materials.

Here RNAA has played a leading role. Such "working" RMs can be constructed for

Sn (Orchard Leaves, Citrus Leaves), V (Bovine Liver, IAEA H-4) and Mo

(IAEA A-ll and IAEA H-5). In the Joint IAEA-NBS-FDA-USDA Collaborative

Research Programme (referred to in other papers in this Workshop), NAA is

heavily involved. This CRP has a measure of cross-checking in that more than

one laboratory is producing results for each trace element. Results so far

show a generally satisfactory degree of consistency. Different modes of NAA,

e.g. RNAA and INAA, allow independent approaches to the same analysis.

The best hope of improving the situation with regard to the certification of

SMs for difficult trace elements would seem to lie in co-operation between

small groups of experience laboratories, using several techniques. It seems

that the certifying agencies themselves are unable to certify difficult trace

elements at low concentrations in biological materials, judging from the lack

of progress in the last decade. Here a major problem is that for several

elements, e.g. I. Mo, Mn, Sn, V, virtually only NAA is producing data, whereas

certification criteria require at least two independent methods. It is

suggested that a good case can be made for considering INAA and RNAA as

essentially independent, and even some RNAA methods themselves, because such a

broad spectrum of strategies and parameters are available.

Two excellent recent examples of self-motivated efforts to improve the

situation with regard to the certification of difficult trace elements can be

cited. The first is the second generation human serum reference material

prepared by Dr. J. Versieck (6,7), now characterised and certified for 14

trace elements. The second is the follow-up study to improve the certification

of IAEA Milk Powder (A-ll) and Animal Muscle (H-4), in which remarkable

improvement in the status of these materials were achieved (8), largely by

RNAA.

In conclusion, NAA is an extremely valuable approach in this field.

Importantly, by choice of nuclide, reactor position, radiochemical separation,

etc., as well as its essentially "blank-free" advantages, it offers unrivalled

opportunities for self-consistency checking and the study of sources of error.



TOXIC TRACE ELEMENTS IN FOOD - A METHODOLOGICAL APPRAISAL

Robert W. Dabeka

Food Research Division
Bureau of Chemical Safety

Food Directorate, Health Protection Branch
Ottawa, Ontario K1A OL2, Canada

Check-sample programs conducted by the IAEA and NRCC reveal that there is a

paucity of good analytical data for toxic trace elements in food. Analysis of

such data indicates that the main reasons for poor analytical results are

failure of analysts to recognize the limitations of instrumentation and

methodology. In addition, some analysts simply appear to lack the training and

experience in chemistry and instrumentation to recognize that there are many

element-specific exceptions to standard analytical practices, and each step of

the analytical procedure must be critically examined as an individual problem.

Specifically, it will be emphasized that the method of standard additions and

recovery studies are not in any way related to the accuracy of an analytical

result. The only way that one can be more or less certain about an analytical

result is if that result is obtained using 2 or more completely independent

methods. One way that analysts can be more certain about the accuracy of their

methods is to analyze appropriate standard reference materials with certified

levels of the elements.

Among the common examples of errors in the analysis of trace elements which

will be cited are unsuitable digestion of ashing stepss and inadequate

correction of non-specific background in atomic absorption spectrometry.

Simple techniques to detect possible inaccuracies, such as routinely using

sample weights which differ by at least a factor of 3, will be presented.

"56
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LARGE SCALE POPULATION SURVEY STUDIES

R. Bfiefel

National Center for Health Statistics
3700 E-W Highway

Hyatts Ville, Maryland 20787, USA

The Third National Health and Nutrition Examination Survey (NHANES III), one

of a series of large, multi-faceted examination surveys conducted by the

National Center for Health Statistics (NCHC), will examine 45,000 persons in

the U.S. over a 6 year period beginning in 1988. The data will be used for

estimation of prevalence of disease in the nation and the association of

health conditions with nuliition and other health characteristics and, with

longitudinal followup, estimation of disease incidence and etiologic studies.

As with many NCHS surveys, NHANES III will involve a multi-stage, probability

cluster sampling of U.S. households; home interviews will be conducted with

persons selected from these households followed by extensive medical testing

in mobile examination centers. The nutrition and trace metal components of the

study are extensive. Each study participant will be administered a food

frequency questionnaire targeted to vitamins A and C and calcium and a dietary

questionnaire on meal and dietary practices patterns. The 24-hour recall will

obtain information on all foods and beverages consumed in a 24-hour period.

Also included are vitamin/mineral supplement utilization, alcohol, and tap

water intake. Related to these survey components are assays of. trace metals in

home tap and bottled water as well as assessments of trace metals in urine and

blood samples.



could not be handled in this one-day workshop as appropria e.
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S E S S I O N II

ORGANIC COHSTITUENTS IH FOODS

Chairman: Willie May

Analysis of organic micronutrients in vegetables

(F. Khachik, G.R. Beecher)

Quality assurance in the industrial food analysis laboratory

(H. Lento) - abstract not received -

Proximate analyses in foods

(J. Tanner)

Phytate measurements

(E. Morris)

Fiber measurement: State of the art

(L. Prosky)

Determination of pesticides and polychlorinated biphenyl congeners in

mixed diet composites

(M. Schantz. S.H. Chesler)



ANALYSIS OF ORGANIC MICRONUTRIENTS IN VEGETABLES

Frederich Khachik and Gary R. Beecher

United States Department of Agriculture
Nutrient Composition Laboratory

Building 161 BARC-East
Beltsville, Maryland 20705, USA

The consuption of several vegetables has been associated with a reduction in

the incidence of several types of human cancers. These vegetables contain

several micronutrients. The distribution of carotenoids in these vegetables

has been investigated in detail. The vegetables have been divided into two

groups, green leafy (broccoli, brussels sprouts, cabbage, kale, spinach, green

beans, lima beans, green peas) and yellow/orange (carrots, sweet potato,

pumpkin, acorn squash, baby food squash) vegetables. Major carotenoid

constituents in the extracts of these foods have been separated and quantified

by high performance liquid chromatography (HPLC) on a C-18 reversed-phase

column. The general chromatographic pattern of the green vegetables were

similar and consisted of three classes of compounds. These in the order of

chromatographic elution were, oxygenated carotenoids or xanthophylls (i.e.

carotenoid epoxides and lutein), chlorophylls (b and a), and hydrocarbon

carotenoids (mainly a- and (3-carotene). The yellow/orange vegetables each

had a distinctive chromatographic pattern and they mainly consisted of

hydrocarbon carotenoids (i.e. a- and B-carotene). With the exception of

acorn and baby food squash that in addition to hydrocarbon carotenoids

contained a number of straight chain mono- and di-fatty acid esters (C-12,

C-14, C-16, C-18) of lutein and violaxanthin, no significant amount of

oxygenated carotenoids was detected in the extracts of other yellow/orange

vegetables. Varietal differences that exists among some of the vegetables as

well as the effect of cooking and processing on stability and chemical

transformation of carotenoids have been thoroughly investigated.

B-Apo-8'-carotenal, C-50-B-carotene, C-45-fJ-carotene, and isozeaxanthin

dipelargonate have been employed as internal standards for the quantification

of carotenoids. Preliminary evaluation of an extract from raw broccoli free

from carotenoids and chlorophylls showed the presence of as many as 16

uv-absorbing compounds, several of which were identified as hydroxycinnatnic

acid derivatives and (+)-rutin. Supported in part through Interagency

Agreement Ho. Y01-CN-40620.



PROXIMATE ANALYSES IM FOODS

James T. Tanner

Food and Drug Administration
200 "C" St. SW, Washington, D.C. 20204, USA

The most fundamental analyses which can be done on foods are the proximate

analyses. These values are used in most calculations and are given in all

handbooks containing food composition information. They are calculated in the

United States by the following procedures.

Protein. - The AOAC Kjeldahl method, 2.05', is used to determine protein

content. Basically, protein is converted to ammonium sulfate by digestion with

sulfuric acid and catalysts. The ammonjs is freed upon addition of base and

distilled into 0.1N sulfuric acid, and the excess acid is titrated with 0.1H

sodium hydroxide. The sodium hydroxide is standardized by titration with the

primary standard potassium hydrogen phthalate and the acid is titrated against

the sodium hydroxide. Nitrogen is converted to protein by using the factor

6.25.

Density. - A known volume (10 mL) is weighed for the density determination.

The density is reported as the average of 2 determinations. This number is

used in the calculations of the other proximate analysis.

Moisture (Total Solids). - Moisture is determined by AOAC method 16.032.

Results are converted from percent by weight (w/w) to percent by volume Cw/v)

by multiplying by the density calculated above.

Ash (Minerals). - Ash is determined using AOAC method 16.035. Results are

converted from percent by weight (w/w) to percent by volume (w/v) by

multiplying by the calculated density.



31-

PHYTATE MEASUREMENTS

Eugene R. Morris

U. S. Department of Agriculture,
Agricultural Research Service,

Beltsville Human Nutrition Research Center,
Beltsville, Maryland 20705, USA

Phytic acid, myo-inositol hexakisphosphate, possesses a large complexing

potential for nutritionally important cationic inorganic nutri-.nts in the

diet. Its presence in seeds of legumes and cereal makes imperative the

determination of the amount of phytic acid in the diet if its impact on

mineral nutrition is to be adequately assessed. The analysis procedure used in

our laboratory is as follows: An aliquot of homogenized diet is extracted by

0.66M HC1. An aliquot of the extract is diluted and a buffer and EDTA is added

before being placed on a anion-exchange column (Bio-Rad AGl-Xb, 100-200 mesh).

The column is then washed with deionized H O and 0.1M Mad. The phytate is

eluted by 0.7M NaCl and an aliquot of the 0.7M WaCl eluate is acid digested

and phosphorus in the digestate determined by a colorimetri'; procedure. Phytic

acid content is calculated from the phosphorus assuming that all of the P is

derived from phytic acid (inositol hexaphosphate or IP ). The addition of
6

buffer and EDTA to the acid extract removes interference from apparent
j |_

binding of phytate to protein and complexing with cations, such as Ca ,

which can cause a negative error in the amount of phytate determined. It has

not been determined if nucleotide P or other non-phytate P compounds are also

eluted in the 0.7M HaCl fraction. These would contribute a positive error to

the phytic acid value. In some instances the phytic acid in a raw food is

partially hydrolyzed by phytase (endogenous to the food, wheat bran for

example) during food preparation and some lower inositol phosphates are then

present in the food when consumed. These compounds, IP - !?_• are present

in the 0.7M NaCl fraction and calculated as IP in the procedure as
o

outlined. The impact on mineral nutrition of IP and IP in the diet is
4 5

uncertain at the present time. Data obtained on diet samples to date will be

evaluated in terms of available information on the effect of phytate on

mineral nutriture of humans and a brief review will be given of methodology

for separation of the inositol phosphates.



Carbohydrate. - Carbohydrates are calculated by difference. The sum of the

determined values for protein, fat, moisture, and ash expressed as percent

(w/w) are subtracted from 100 to give carbohydrate in analogous terms. Grams

of carbohydrates per serving are calculated by subtracting the value of the

protein, fat, moisture, and ash from the declared serving size.

Calories. - Calories are also calculated on the basis of the other proximate

results. The same values were used as in the carbohydrate calculation,

including the calculated carbohydrate value. When available, specific Atwater

factors for protein, carbohydrate, and fat should be used, as given in U.S.

Department of Agriculture Handbook Ho. 74. When no specific factors are

available the general values of 4 for protein, 4 for carbohydrate, and 9 for

fat should be used. Calories are then calculated by the following equation

when the proximate components are expressed as percent (w/w) or percent (w/v):

(4 x protein) + (4 x carbohydrate) +• (9 x fat) = caloric cor.tent

per 100 g or mL.

Fat. - The fat content is determined as in AOAC method 16.172.



FIBER MEASUREMENT: STATE OF THE ART

Leon Prosky

Food and Drug Administration,
200 "C" St. SW, Washington D.C. 20204, USA

The development of methodology for the detemination of total dietary fiber

(TDF) has evolved over a long time and has been hampered by lack of a

definition. Part of the complication has arisen because fiber is not a single

entity but is a complex mixture of many substances.

Dietary fiber was first defined by Hipsley to include iignin, cellulose, and

hemicellulose, and has been broadened by some to include soluble substances

such as pectins, gums, and mucilages. This current broad definition

acknowledges the significance of fiber as a chemical and physiological

component of the diet.

At the 1981 AOAC Spring Workshop, Asp, Baker, Heckman, Southgate, and Van

Soest reported on their fiber methodology research. The scientists present

concluded that 2 methods for the determination of TDF should be developed: (1)

a rapid enzymatic gravimetric method based on procedures developed by Asp,

Firda and Schweizer and Wursch and (2) a more comprehensive method, such as a

modification of the methods of Southgate or Theander and Aman to determine the

individual dietary fiber components. In the rapid gravimetric method, the sum

of the soluble and insoluble polysaccharides and lignin would be defined and

measured as a unit; in the second method, each of the specific components of

TDF would be identified and measured separately. There was recognition that

the needs of cereal chemists, who are mainly interested in the fiber content,

are different from those of physiologists, who are primarily interested in

identifying the fiber fractions that most consistently elicit physiologic

response.

Following a collaborative study, the AOAC has accepted the TDF method Official

Final Action in 1986 and is at the present hlme considering a method for

soluble and insoluble dietary fiber. The next step will be a study of the

comprehensive method.



DETERMINATION OF PESTICIDES AND POLYCHLORINATED BIPHENYL CONGENERS
IN MIXED DIET COMPOSITES

M. H. Schantz and S. N. Chesler

National Bureau of Standards,
Organic Analytical Research Division,

Center for Analytical Chemistry,
Gaithersburg, Maryland 20899, USA

Three mixed diet composites, US DIET I, US DIET II and US DIET III are stored

in the Environmental Specimen Bank Facility operated by the National Bureau of

Standards. Aiiquots of these composites have been analyzed for selected

pesticides and polychlorinated biphenyl (PCS) congeners. These analyses will

provide baseline values for these samples.

Methods have been developed in this laboratory utilizing liquid

chromatographic fractionation to isolate two fractions, one containing PCB

congeners and lower polarity pesticides and the other containing the more

polar pesticides. A gel permeation column is first used to remove lipid and

biogenic material followed by an aminosilane liquid chromatographic column for

isolation of the analyte compounds. The final analyses are performed by gas

chromatography using electron capture detection. An internal standard method

is used for quantification, and concentrations are reported on a dry weight

basis.

Results of determinations of selected pesticides and PCB congeners will be

presented. Only a limited number of these compounds were above the present

limits of detection for our method.
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CHAIRMAN'S REMARKS ON THE RADIONUCLIDE SESSION

R.F. Schelenz

International Atomic Energy Agency
Department of Research and Isotopes

Agency's Laboratories
Wagramer Str. 5, P.O.Box 100, A-1400 Vienna

Some of you may wonder why radionuclides are included in this workshop and are

considered as food constituents. However, ever since mankind has existed

foodstuffs have contained naturally occuring radionuclides originating from

the uranium and thorium decay chain. Man-made activities such as nuclear

explosions as well as the peaceful use of nuclear energy have also contributed

to the existing radioactivity levels in foodstuffs.

Nevertheless, care has to be taken to reduce the risk to the public from using

nuclear energy. Within these premises many countries involved in the use of

nuclear energy have established surveillance and monitoring systems. The

usefulness of such networks has been proven recently in the wake of the

Chernobyl nuclear power plant accident. It might be useful to give a short

outline of the background situation concerning this event in order to avoid

misunderstanding and misinterpretation of the real roie of the Agency in this

respect.

Initial inquiries directed to the IAEA shortly after the Chernobyl nuclear

power plant accident asked whether a reactor accident had been reported and

where. After the accident had been announced by the USSR, the questions

related to the technical details of the accident. Member States in Europe

were concerned about the magnitude of the release, its distribution and the

extent of contamination measured. Informal contacts with radiation protection

authorities in most of the European countries were established during the last

few days of April in order to obtain a more complete picture of the extent of

the affected areas. This also facilitated establishing contacts between the

organizations in Member States performing the measurements. No official

request was made by the Agency for Member States to report their measurements.

as the IAEA had no mandate for requesting such information, nor is it in a

position to advise Member States on decisions regarding public health matters.



Nevertheless, countries started voluntarily sending to the Agency information

on their radiological measurements in air, water, soil, grass and foodstuffs.

The Agency has received information on such measurements and protective

measures of national authorities from 23 Member States. Information received

indicates that weather conditions during and after the accident have resulted

in a wide distribution of the contamination in Europe and that the ground

contamination was extremely uneven. Moreover, the initial height of the

released plume contributed to the transport of small amounts of radioactive

substances to countries outside of Europe including China, Japan, and the

USA. As an example, the reported maximum values for iodine-131 and

eaesium-137 in farm milk are shown in the figures (1). On Tuesday, 29 April

1986, the Chemistry Unit of the Agency's Laboratories at Seibersdorf also

began monitoring the local radioactivity. The results of the more than ICjO

measurements during the period 29 April - 30 May 1986 have been published in

the IAEA Bulletin (2).

Examples of post-Chernobyl "action levels" applied by different countries as

of December 1986 for radionuclides in imported foods are given in the

table 1. These examples clearly indicate a wide range in the action levels

applied in different countries. From an analytical point of view, a different

approach is required to determine 10 Bq of iodine-131 in one liter of milk

(Canada) compared to 2000 Bq per liter (Sweden). Nearly the same picture can

be seen for radiocaesium. These levels have been applied by different

countries for radionuclides in imported food but they do not necessarily apply

to national action levels.

The radionuclide session is expected to receive more information about

practical analytical approaches to the measurement of radionuclides in food-

stuffs, including the recent experiences gained from the nuclear power plant

accident at Chernobyl. We will learn something about the situation and

experiences gained in Sweden and the Federal Republic of Germany (two of the

countries in Europe which have been affected by the transboundary migration of

the radioactive fallout debris) as well as obtaining information about the

measures taken in the United States, especially with respect to imported



Table 1: Examples of post-Chernobyl "action levels" applied by different
countries as of December 1986 for radionuclides in imported foods

Country Radionuclide

Poland "Total bet;
activity"

Food Action level
(Bq/kg or Bq/L)

Brazil i3?Cs *
Cs

Canada I

137Cs

134
European Community Cs -
Countries^

Cs

131
t

People's Republic I
of China

!37Cs

Milk powder
Other foods

Milk
Dairy products
Other foods

Milk
Dairy products
Other foods
Spices

Milk and infant
foods
Other foods

Milk
Vegetables

Milk
Fruits and
Vegetables
Cereals
Beverages

Milk
Fruits and
Vegetables
Cereals
Beverages

3700
600

10
40
70

50
100
300

3000

370
600

5003

350

1300

270
340
130

4600

1000
1200
460

Milk powder for 1320
infants and children
up to 6 years

Sweden

USA
.-

I
1 3 ?Cs

1 3 1I

1 3 4Cs 1-
Cs

All foods
All foods

Infant foods
Other foods
All foods

2000
300

56
300
370

Different terms used in different countries e.g. "Levels of concern" (USA),
"Screening limits" (Canada), "Maximum permitted levels of import from
third countries" (EC countries).

Belgium, Denmark, France, Federal Republic of Germany, Greece, Ireland,
Italy, Luxembourg, Netherlands, Portugal, Spain, United Kingdom.

3 Recommended values by EC in May 1986

From: Recommended Limits for Radionuclide Contamination of Foods,

Report of an Expert Consultation, FAO, Rome, 1-5 December 1986;

Report EXS/MISC/87/1



food. In the last part of the session, information will be reported on one

segment of the IAEA Supplementary Nuclear Safety Programme (SNSP), namely, the

programme "Fallout Radioactivity Monitoring in Environment and Food" (MEF),

which was initiated shortly after the Chernohyl nuclear power plant accident.

This programme aims at providing a guidebook on methodologies for the

measurement of relevant radionuclides such as Cs-134, Cs-137, Sr-90, etc. in

the human food chain.

References:

(1) A. Salo, IAEA Bulletin, autumn 1986

(2) R. Schelenz, A.A. Abdel-Rassoul, ibid.
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RADIONUCLIDES, U. S. POLICY AND FINDINGS
AFTER CHERNOBYL

R. Gill

Food and Drug Administration,
200 "C" St. SW, Washington D.C. 20204, USA

Prior to the accident at the Chernobyl nuclear power plant in April of 1986

the United States conducted a modest surveillance program for radionuclide

contamination in food. The Food and Drug Administration (FDA) in cooperation

with the Environmental Protection Agency (EPA) have for many years operated

what is known as the Pasteurized Milk Network. Milk from each of 65 sampling

sites throughout the United States are collected each month and analyzed for

the presence of radionuclide contamination. EPA publishes the results of these

surveys in their Environmental Radiation Data Reports.

The Food and Drug Administration has also routinely conducted radionuclide

analyses of foods through the Total Diet Market Basket Surveys. Foods

representative of the "total diet" of eight subpopulations grouped by age and

sex are collected from each of four geographic areas in the U.S. and analyzed

for the presence of radionuclides.

Immediately after the news about Chernobyl these domestic surveillance

programs were increased in frequency. In addition FDA issued a very targeted

assignment to its field offices to begin collecting specified imported foods

from specific geographic regions for gamma spectroscopy analysis. By targeted

I mean focusing on those food commodities most likely to be contaminated using

the most current data such as broad leafy vegetables, milk and milk products

and other fresh fruits and vegetables from areas known to have significant

levels of fallout.



EXPERIENCE FROM THE RADIOACTIVE FALLOUT IN SWEDEN

Benet v. Hofsten

Swedish National Food Administration,
Food Laboratory

Box 622, S-75126 Uppsala, Sweden

The radionuclide deposition in Scandinavia after the Chernobyl accident was

dominated by Cs-137 and Cs-134, but 1-131 initially caused problems in the

milk of grazing cows. Some areas in northern Sweden received more than 200 kBq
2

of Cs-137 per m , whereas southern Sweden was very slightly contaminated.

Aerial scanning was initially used to map contaminated areas. Very extensive

sample collection programs were then initiated through collaboration between

local and national authorities. The National Food Administration and other

official and nonofficial organizations organized the analysis of tens of

thousands of samples of foodstuffs.

It was soon found that cultivated plants rarely had taken up Cs-137 through

the roots. Very low cesium levels were therefore observed in cereals, oil

crops and vegetables. In contrast, some wild plants, including many edible

mushrooms growing in more acid and organic soils often contained much Cs-137.

Reindeer, game animals and sheep which were grazing on such plants were also

so contaminated that they had be analysed before they could be sold on the

market. Fish in oligotrophic lakes have also taken up much cesium. Some trout,

perch and pike still contain more than 50 kBq per kg freshweight. A more

restricted monitoring program for contaminated foodstuffs has been organized

for 1987 and will be continued for several years.

Different types of instruments were used for the radioactivity measurements,

and it was therefore necessary to organize ar efficient training program in

quality assurance and interpretation of results. A good central data handling

system was essential for rapid communication of results to politicians, local

authorities, mass media and consumers. In spite of close collaboration between

authorities and radiology experts at universities and hospitals, it was very

difficult to present the analytical data and risk assesments in a way that

could be understood by the public.



ACTIVITIES OF THE IAEA PROGRAMME:
FALLOUT RADIOACTIVITY MONITORING IN ENVIRONMENT AND FOOD

C. K lusek

U. S. Department of Energy,
Environmental Measurements Laboratory

376 Hudson St.,
New York, N.Y. 10014, USA

Following the nuclear plant accident at Chernobyl many requests were received
$

by the International Atomic Energy Agency (IAEA) from its Member States

requesting information and assistance in the measurement of radioactivity in

foods and other environmental samples. To answer the needs of its Member

States the Agency created a new programme called "Fallout Monitoring in

Environment and Food (MEF)". The aim of this program is to provide the

national authorities of the Member States, as well as other international

organizations (FAO, WHO, WHO), with methods which will produce reliable and

comparable data in cases of accidental releases of radioactive fallout.

Presently the MEF programme is preparing a guidebook which will contain a

comprehensive list of reference methods for the determination of key

radionuclides of interest in basic foods and environmental samples. This book

will serve as an update to publications by the international organizations in

the early 1960's, during the peak years of global fallout, which are now out

of print. Technical advances have simplified some analytical procedures and

new or improved instrumentation, especially in the field of gamma

spectroscopy, have been developed which improve the reliability of

radioactivity measurements. The document is designed to assist those

establishing a laboratory or planning training programmes for radionuclide

measurements of foods and environmental samples. The document will also

contain general information on the types of samples likely to be relevant in

cases of-radioactive fallout, the radionuclides of interest as well as methods

of collection and preparation of samples. The document will also give

practical advice on the instrumentation and space requirement.; of a

radioactivity measurements laboratory.



THE MEASUREMENT OF RADIOACTIVITY IN FOOD AFTER THE CHERNOBYL REACTOR ACCIDENT
EXPERIENCE ACCUMULATED AND LESSONS LEARNED

Manfred Winter

Karlsruhe Nuclear Research Center,
D-7500 Karlsruhe, Federal Republic of Germany

The enviroimental radioactivity has been monitored in the Federal Republic of

Germany for several decades. This includes specific monitoring of typical

agricultural products grown in the vicinity of nuclear facilities as well as

the collection of samples of all kinds of food by public institutions. After

the Chernobyl reactor accident, examination of samples was geared mainly to

monitoring the activity in samples taken from the food chain. In the initial

phase, in May 1986, milk and green vegetables were measured in the first

instance and then the measurements, to a growing extent, were made on all

other foodstuffs such as meat, fish, fruit, berries, root vegetable, corn,

honey and herbs, including imported tea. As the composition of nuclides was

largely constant and the relevance of the I-I31 and Cs-137 nuclides dominated

in terms of internal dose resulting from incorporation, most of the

measurements could be limited to monitoring these two radionuclides. The

essential results of the measurements are presented in a summary.

The paper deals in particular with problems and weak points which have

appeared in practice. Much of the data generated proved to be untrustworthy or

were not intercomparable. Deficiencies in organization (lacking or inadequate

information about the origin and type of the samples, kind of sampling, date

of sampling and measurement) as well as the inconsistency of the techniques

used for sampling, sample conditioning and measurement were the main causes.

Standardization is necessary, as a matter of fact more in the field or

representative sampling and sample conditioning than in measurement of samples

collected in the food chain. Moreover, it has become evident that rapid

methods for determination of the alpha activity and the activity of pure beta

emitters (e.g. Sr-90) are either lacking or insufficiently established. The

main reason for the partial failure of established sampling and measuring

methods is the fact that after the Chernobyl accident the decisive conditions



were completely different from those prevailing in routine monitoring of

foodstuffs. That is: the kind of samples and the sampling locations could not

be defined in advance, the numher of samples to be measured was higher by at

least a factor of ten than in routine work because the need for information

for the population dictated the measurement of a much greater number of

samples than would have been required for assessment of the risk, the

measurements were made under pressure of time, some of the samplings and

measurements were performed by unskilled staff who were not trained in such

matterd, some of the measurements provided the direct basis for decisions

taken by authorities, with far reaching economic consequences (change in the

consumption habits of the population, restrictions on import and export on

foodstuffs).

A strategy of measurement has to be elaborated for monitoring the

radioactivity content of foodstuffs in situations similar to that after the

Chernobyl event. On the basis of experience accumulated in the Federal

Republic of Germany proposals are formulated and justified.
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