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CODEX GENERAL STANDARD FOR CONTAMINANTS AND TOXINS IN FOODS
CODEX STAN 193-1995, Rev.3-2007

1. PREAMBLE

1.1 SCOPE

This Standard contains the main principles and procedures which are used and recommended by the Codex
Alimentarius in dealing with contaminants and toxins in foods and feeds, and lists the maximum levels of
contaminants and natural toxicants in foods and feeds which are recommended by the CAC to be applied to
commodities moving in international trade.

1.2 DEFINITION OF TERMS
1.2.1 Genera!l

The definitions for the purpose of the Codex Alimentarius, as mentioned in the Procedural Manual, are
applicable to the General Standard for Contaminants and Toxins in Foods (GSCTF) and only the most
important ones are repeated here. Some new definitions are introduced, where this seems warranted to
obtain optimal clarity. When reference is made to foods, this also applies to animal feed, in those cases
where this is appropriate.

1.2.2 Contaminant
Codex Alimentarius defines a contaminant as follows:

"Any substance not intentionally added to food, which is present in such food as a resulit of the production
(including operations carried out in crop husbandry, animal husbandry and veterinary medicine),
manufacture, processing, preparation, treatment, packing, packaging, transport or holding of such food or as
a result of environmental contamination. The term does not include insect fragments, rodent hairs and other
extraneous matter".

This standard applies to any substance that meets the terms of the Codex definition for a contaminant,
including contaminants in feed for food-producing animals, except:

1) Contaminants having only food quality significance, but no public health significance, in the
food(s).

2) Pesticide residues, as defined by the Codex definition that are within the terms of reference of
the Codex Committee on Pesticide Residues (CCPR). Pesticide residues arising from pesticide
uses not associated with food production may be considered for inclusion in the GSCTF if not
dealt with by the CCPR.

3) Residues of veterinary drugs, as defined by the Codex definition, that are within the terms of
reference of the Codex Committee on Residues of Veterinary Drugs in Foods (CCRVDF).

4)  Microbial toxins, such as botulinum toxin and staphylococcus enterotoxin, and microorganisms
that are within the terms of reference of the Codex Committee on Food Hygiene (CCFH).

5)  Processing aids (that by definition are intentionally added to foods).

1.2.3 Natural toxins included in this standard

The Codex definition of a contaminant implicitly includes naturally occurring toxicants such as are produced
as toxic metabolites of certain microfungi that are not intentionally added 1o food (mycotoxins).

Microbial toxins that are produced by algae and that may be accumulated in edible aquatic organisms such as
shellfish (phycotoxins) are also included in this standard. Mycotoxins and phycotoxins are both subclasses
of contaminants.
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Inherent natural toxicants that are implicit constituents of foods resulting from a genus, species or strain
ordinarily producing hazardous levels of a toxic metabolite(s), i.e. phytotoxins are not generally considered
within the scope of this standard. They are, however, within the terms of reference of the Codex Committee
on Contaminants in Foods (CCCF) and will be dealt with on a case by case basis.

1.2.4 Maximum level and related terms

The Codex maximum level (ML) for a contaminant in a food or feed commodity is the maximum
concentration of that substance recommended by the Codex Alimentarius Commission (CAC) to be legally
permitted in that commodity.

A Codex guideline level (GL) is the maximum level of a substance in a food or feed commodity which is
recommended by the CAC to be acceptable for commodities moving in international trade. When the GL is
exceeded, governments should decide whether and under what circumstances the food should be distributed

within their territory or jurisdiction.

1.3 GENERAL PRINCIPLES REGARDING CONTAMINANTS IN FOoODs

1.3.1 General

Foods and feeds can become contaminated by various causes and processes. Contamination generally has a
negative impact on the quality of the food or feed and may imply a risk to human or animal health.

Contaminant levels in foods shall be as low as reasonably achievable. The following actions may serve to
prevent or to reduce contamination of foods and feeds:

- preventing food contamination at the source, e.g. by reducing environmental pollution.

- applying appropriate technology in food production, handling, storage, processing and
packaging.

- applying measures aimed at decontamination of contaminated food or feed and measures to
prevent contaminated food or feed to be marketed for consumption.

To ensure that adequate action is taken to reduce contamination of food and feed a Code of Practice shall be
elaborated comprising source related measures and Good Manufacturing Practice as well as Good
Agricultural Practice in relation to the specific contamination problem.

The degree of contamination of foods and feeds and the effect of actions to reduce contamination shall be
assessed by monitoring, survey programs and more specialized research programs, where necessary.

When there are indications that health hazards may be involved with consumption of foods that are
contaminated, it is necessary that a risk assessment is made. When health concerns can be substantiated, a
risk management policy must be applied, based on a thorough evaluation of the situation. Depending on the
assessment of the problems and the possible solutions, it may be necessary to establish maximum levels or
other measures governing the contamination of foods. In special cases, it may also have to be considered to
give dietary recommendations, when other measures are not sufficiently adequate to exclude the possibility
of hazards to health.

National measures regarding food contamination should avoid the creation of unnecessary barriers to
international trade in food or feed commodities. The purpose of the GCCTF is to provide guidance about the
possible approach of the contamination problem and to promote international harmonization through
recommendations which may help to avoid the creation of trade barriers.

For all contaminants, which may be present in more than one food or feed item, a broad approach shall be
applied, taking into account all relevant information that is available, for the assessment of risks and for the
development of recommendations and measures, including the setting of maximum levels.

Because the CAC has decided that the preferred format of a Codex standard in food or feed is a maximum level, the
present existing or proposed guideline levels shall be reviewed for their possible conversion to a maximum level.
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1.3.2 Principles for establishing maximum levels in foods and feeds

Maximum levels shall only be set for those foods in which the contaminant may be found in amounts that are
significant for the total exposure of the consumer. They shalt be set in such a way that the consumer is
adequately protected. At the same time the technological possibilities to comply with maximum levels shall
be taken into account. The principles of Good Manufacturing Practice, Good Veterinary Practice and Good
Agricultural Practice shall be used. Maximum levels shall be based on sound scientific principles leading to
levels which are acceptable worldwide, so that international trade in these foods is facilitated. Maximum
levels shall be clearly defined with respect to status and intended use.

1.3.3 Specific criteria

The following criteria shall (not preventing the use of other relevant criteria) be considered when developing
recommendations and making decisions in connection with the GSCTF: (Further details about these criteria
are given in Annex I).

Toxicological information

- identification of the toxic substance(s);

- metabolism by humans and animals, as appropriate;

- toxicokinetics and toxicodynamics;

- information about acute and long term toxicity and other relevant toxicity;

- integrated toxicological expert advice regarding the acceptability and safety of intake levels of
contaminants, including information on any population groups which are specially vulnerable.

Analytical data

- validated qualitative and quantitative data on representative samples;
- appropriate sampling procedures.

Intake data

- presence in foods of dietary significance for the contaminant intake;
- presence in foods that are widely consumed;

- food intake data for average and most exposed consumer groups;

- results from total diet studies;

- calculated contaminant intake data from food consumption models;
- data on intake by susceptible groups.

Fair trade considerations

- existing or potential problems in international trade;

- commodities concerned moving in international trade;

- information about national regulations, in particular on the data and considerations on which
these regulations are based.

Technological considerations

- information about contamination processes, technological possibilities, production and
manufacturing practices and economic aspects related to contaminant level management and
control.

Risk assessment and risk management considerations
- risk assessment;
- risk management options and considerations;

- consideration of possible maximum levels in foods based on the criteria mentioned above;
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- consideration of alternative solutions.

1.4 CODEX PROCEDURE FOR ESTABLISHING STANDARDS FOR CONTAMINANTS AND TOXINS IN FOODS
1.4.1 General

The Procedure for the elaboration of Codex Standards, as contained in the Procedural Manual, is applicable.
Further details are mentioned here regarding the procedure to be followed and the criteria for decision
making, in order to clarify and to facilitate the process of the elaboration of Codex Standards for
Contaminants and Toxins in Foods.

1.4.2 Procedure for preliminary discussion about contaminants in the CCCF

Suggestions for new contaminants or new contaminant/commodity combinations to be discussed in CCCF
and to be included in the GSCTF may be raised by delegates or by the secretariat. An initial discussion may
be held based on oral contributions, but preferably on the basis of a note containing relevant and adequate
information. For a satisfactory preliminary review the following information is essential:

1) Identification of the contaminant and concise information about the background of the problem.

2)  Indications about the availability of toxicological information and analytical and intake data,
including references.

3)  Indications about (potential) health problems.
4)  Indications about existing and expected barriers to international trade.

5)  Information about technological possibilities and economic aspects related to the management
of the contaminant problem in food.

6)  Preferably a proposal for action by the CCCF.

When a delegation wishes that the CCCF shall consider a request for action concerning a specific
contaminant this delegation shall, as far as possible, supply information as stated above to serve as the basis
for a preliminary review and request the Secretariat to include the matter on the agenda of the next meeting
of the Committee,

1.4.3 Procedure for risk management decisions in the CCCF regarding contaminants

An evaluation by JECFA of the toxicological and of other aspects of a contaminant and subsequent
recommendations regarding the acceptable intake and regarding maximum levels in foods shall be the main
basis for decisions to be discussed by the CCCF. In the absence of recommendations by JECFA, decisions
may be taken by CCCF when sufficient information from other sources is available to the Committee and the
matter is considered urgent.

The CCCF procedure for risk management decisions is further described in Annex I1.

1.5 FORMAT OF THE GSCTF

The GSCTF contains two types of presentation for the Standards: Schedule I in which the standards are listed
per contaminant in the various food categories, and Schedule 11 (to be developed at a later stage) in which the
contaminant standards are presented per food (category).

The format of the presentation is according to the provisions described in the Procedural Manual, in so far
they are applicable. In order to obtain maximal clarity, explanatory notes shall be added where appropriate.
The format contains all elements necessary for full understanding of the meaning, background, application
and scope of the standards and contains references to the relevant documents and discussion reports on
which the standard is based.

A full description of the format is given in Annex I11.

For each session of the CCCF, a working document shall be prepared in which the complete list of Codex
Standards for contaminants in foods (both proposed and agreed) is presented in the form of Schedule .
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The list of Codex contaminant standards for individual foods or food categories shall be presented according
to an agreed food categorization system. See Annex IV.

1.6  REVIEW AND REVISION OF THE GSCTF

The contaminant provisions for this Standard shali be reviewed on a regular basis and revised as necessary in
the light of revisions of toxicological advice by JECFA or of changed risk management views, residue
management possibilities, scientific knowledge or other important relevant developments.

Specific attention shall be given to the review of existing Maximum Levels and Guideline Levels and to their
possible conversion to Maximum Levels.

CODEX STAN 193-1995 6
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ANNEX 1

CRITERIA FOR THE ESTABLISHMENT OF MAXIMUM LEVELS IN FOODS

Introduction

In this Annex criteria are mentioned regarding information which is considered necessary for evaluating
contaminant problems in foods and for the establishment of maximum levels. It is therefore important that
these criteria are taken into account when information is supplied to JECFA and/or to the CCCF.

The criteria mentioned here are elaborated in more detail than in section 1.3.3. of the Preamble. Only those
aspects are mentioned that need further clarification, so criteria or aspects that are not mentioned here should
not be ruled out in the evaluation process.

Toxicological information

Integrated toxicological expert advice regarding a safe/tolerable intake level of a contaminant is essential
when decisions about maximum levels in foods are considered. A recommendation from JECFA regarding
the maximum allowable or tolerable intake, based on a full evaluation of an adequate toxicological data base,
shall be the main basis for decisions by CCCF. In urgent cases, it may be possible to rely on less developed
evaluations from JECFA or on toxicological expert advice from other international or national bodies.

When toxicological information is presented in relation to proposals for maximum levels for contaminants in
foods, indications are desirable about the following aspects:

- identification of the toxic substance(s);
- metabolism in humans and animals, as appropriate;
- toxicokinetics and toxicodynamics;

- information about acute and long term toxicity in animals and humans, including
epidemiological data on humans and other relevant toxicity data;

- conclusions and advice of toxicological expert(s) (groups), with references, including
information on specially vulnerable population groups or animals.

Analytical data

Validated qualitative and quantitative analytical data on representative samples should be supplied.
[nformation on the analytical and sampling methods used and on the validation of the results is desirable. A
statement on the representativity of the samples for the contamination of the product in general (e.g. on a
national basis) should be added. The portion of the commodity that was analyzed and to which the
contaminant content is related should be clearly stated and preferably should be equivalent to the definition
of the commodity for this purpose or to existing related residue regulation.

Appropriate sampling procedures should be applied. Special attention to this aspect is necessary in the case
of contaminants that may be unequally distributed in the product (e.g. mycotoxins in some commodities).

Intake data

It is desirable to have information about the contaminant concentrations in those foods or food groups that
(together) are responsible for at least half and preferably 80% or more of the total dietary intake of the
contaminant, both for average consumers and for high consumers.

Information about the presence of the contaminant in foods that are widely consumed (staple foods) is
desirable in order to be able to make a satisfactory assessment of the contaminant intake and of risks
associated with food trade.
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MLs shall be set as low as reasonably achievable. Providing it is acceptable from the
toxicological point of view, MLs shall be set at a level which is (slightly) higher than the normal
range of variation in levels in foods that are produced with current adequate technological
methods, in order to avoid undue disruptions of food production and trade. Where possible,
MLs shall be based on GMP and/or GAP considerations in which the health concerns have been
incorporated as a guiding principle to achieve contaminant levels as low as reasonably
achievable. Foods that are evidently contaminated by local situations or processing conditions
that can be avoided by reasonably achievable means shall be excluded in this evaluation, unless
a higher ML can be shown to be acceptable from a public health point of view and appreciable
economic aspects are at stake.

Proposals for MLs in products shall be based on data from at least various countries and
sources, encompassing the main production areas/processes of those products, as far as they are
engaged in international trade. When there is evidence that contamination patterns are
sufficiently understood and will be comparable on a global scale, more limited data may be
enough.

MLs may be set for product groups when sufficient information is available about the
contamination pattern for the whole group, or when there are other arguments that extrapolation
is appropriate.

Numerical values for MLs shall preferably be reguiar figures in a geometric scale ( 0.01, 0.02,
0.05,0.1,0.2,0.5, 1, 2, 5 etc.), unless this may pose problems in the acceptability of the MLs.

MLs shall apply to representative samples per lot. If necessary, appropriate methods of
sampling shall be specified.

MLs should not be lower than a level which can be analyzed with methods of analysis that can
be readily applied in normal product control laboratories, unless public health considerations
necessitate a lower detection limit which can only be controlled by means of a more elaborate
method of analysis. In all cases, however, a validated method of analysis should be available
with which a ML can be controlled.

The contaminant as it should be analyzed and to which the ML applies should be clearly
defined. The definition may include important metabolites when this is appropriate from an
analytical or toxicological point of view. It may also be aimed at indicator substances which are
chosen from a group of related contaminants.

The product as it should be analyzed and to which the ML applies, should be clearly defined. In
general, MLs are set on primary products. MLs shall in general preferably be expressed as a
level of the contaminant related to the product as it is, on a fresh weight basis. In some cases,
however, there may be valid arguments to prefer expression on a dry weight basis. Preferably
the product shall be defined as it moves in trade, with provisions where necessary for the
removal of inedible parts that might disturb the preparation of the sample and the anatysis. The
product definitions used by the CCPR and contained in the Classification of foods and feeds
may serve as guidance on this subject; other product definitions should only be used for
specified reasons. For contaminant purposes, however, analysis and consequently MLs will
preferably be on the basis of the edible part of the product.

For fat soluble contaminants which may accumulate in animal products, provisions should be
applied regarding the application of the ML to products with various fat content (comparable to
the provisions for fat soluble pesticides).
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- Guidance is desirable regarding the possible application of MLs established for primary
products to processed products and multi-ingredient products. When products are concentrated,
dried or diluted, use of the concentration or dilution factor is generally appropriate in order to be
able to obtain a primary judgement of the contaminant levels in these processed products. The
maximum contaminant concentration in a multi-ingredient food can likewise be calculated from
the composition of the food. Information regarding the behaviour of the contaminant during
processing (e.g. washing, peeling, extraction, cooking, drying etc.) is however desirable to give
more adequate guidance here. When contaminant levels are consistently different in processed
products related to the primary products from which they are derived, and sufficient information
is available about the contamination pattern, it may be appropriate to establish separate
maximum levels for these processed products. This also applies when contamination may occur
during processing. In general however, maximum levels should preferably be set for primary
agricultural products and may be applied to processed, derived and multi-ingredient foods by
using appropriate factors. When these factors are sufficiently known, they should be added to
the data base about the contaminant and mentioned in connection to the maximum level in a
product,

- MLs shall preferably not be set higher than is acceptable in a primary (theoretical maximum
intake and risk estimation) approach of their acceptability from a public health point of view.
When this poses problems in relation to other criteria for establishing MLs, further evaluations
are necessary regarding the possibilities to reduce the contaminant levels, e.g. by improving
GAP and/or GMP conditions. When this does not bring a satisfactory solution, further refined
risk assessment and contaminant risk management evaluations will have to be made in order to
try to reach agreement about an acceptable ML.

Procedure for risk assessment in relation to (proposed) MLs for contaminants

It will be evident that in the case of contaminants, it is more difficult to control food contamination problems
than in the case of food additives and pesticide residues. Proposed MLs will inevitably be influenced by this
situation. In order to promote acceptance of Codex contaminant MLs, it is therefore important that
assessments of the acceptability of those MLs are done in a consistent and realistic way. The procedure
involves assessment of the dietary intake in relation to the proposed or existing MLs and the maximally
acceptable intake from the toxicological point of view.

For pesticide residues, Guidelines (WHO, 1989, revised 1995) have been prepared for predicting the dietary
intake, involving a two-tiered approach with increasingly realistic predictions of intake. In the crude
estimate phase, hypothetical global and cultural diets are used to calculate the theoretical maximum daily
intake (TMDI) (based on proposed or existing MRLs). The best estimate involves the national dietary
pattern and corrections for residue losses during transport, storage, food preparation, for known residue level
in foods as consumed, etc. It is recommended to be cautious in using other than average food consumption
values, although it is considered appropriate to use relevant average food consumption data for identifiable
subgroups of the population. The procedure is used to assess the acceptability of proposed MRLs and to
promote international acceptance of Codex MRLs.

For contaminants and natural toxins in food, essentially the same procedure is used. Food consumption
patterns with a higher intake of critical foods may be used in the intake calculations when this is part of an
accepted national or international health protection and risk management policy. A harmonized approach
using an appropriate intake estimation model that is as realistic as possible is recommended. Calculated data
should where possible always be compared with measured intake data. Proposals for Codex MLs should be
accompanied by intake calculations and risk assessment conclusions regarding their acceptability and use.
The intake calculations should follow the methodology described in the CCFAC Policy for Exposure
Assessment and, if appropriate, be accompanied by the generation of distribution curves for the
concentration in specific foods/food groups (see paras 5-8 and 12-14 of the CCFAC Policy for Exposure
Assessment of Contaminants and Toxins in Foods in the Codex Alimentarius Commission Procedural
Manual). Statements from Governments about the non-acceptance of (proposed) Codex MLs should refer to
specified intake calculations and risk management conclusions which support this position,
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ANNEX 11

PROCEDURE FOR RISK MANAGEMENT DECISIONS

Introduction

The recommended procedure for risk management decisions in the CCCF is presented here as a simple
decision scheme based on the main criteria, mentioned in the Preamble, 1.4.2. Criterion (1), basic
information about the contaminant (problem) is not further mentioned, because it is considered a
prerequisite, without which no sensible discussion can take place, hazard identification and characterization.
Criterion (5), technological and economic aspects, is an essential tool for making recommendations about the
risk management of the contaminant problem and for developing MLs, and when this information is not
adequate, further data shall be requested. Bearing this in mind, it need not be further mentioned in the
decision scheme, which is shown below. Decisions can be based on the availability of information (- or + or
?) on the following criteria:

(2a) Tox  toxicological information;
3) PHP  potential health problems;,
(2b) A/ln  analytical and intake data;,
“4) TP international trade problems.

The question mark ? is used in the column PHP, to indicate that only toxicological information is sufficiently
available, or only intake data, so that there is no sufficient basis to decide whether there are potential health
problems. Obviously, in practice there will be many situations which are not so clear cut as it is presented in
the scheme. Information may be considered sufficient by some, and inadequate by others. Decisions will
have to be taken on a case by case basis, considering the criteria mentioned in Annex I. Further
quantification of the criteria for the necessary data base for making decisions may become inevitable when
serious problems are encountered in practice regarding this aspect.

Risk management decision scheme for CCCF
Case Criterion CCCF Action

(2a) @b & @
Tox A/ln PHP TP

1. - + ? - Request Tox data/evaluation by JECFA

2. - + ? + Request Tox data/evaluation by JECFA, national risk assessment.
In urgent cases, CCCF statement

3. + - ? - Request analytical/intake data

4 + + - - No further action

5. + + - +  Request national risk assessment. After evaluation (in urgent
cases, after a preliminary assessment) a CCCF statement

6. + + + - Development of MLs by CCCF

7. + + + +  Development of MLs by CCCF, with priority (in urgent cases, if

necessary, temporary MLs)

(-) insufficient information

(+) sufficient information

(?) only toxicological information is sufficiently available, or only intake data, so that there is no sufficient basis to
decide whether there are potential health problems.
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ANNEX IIT

FORMAT OF THE GSCTF
Introduction
The format for Schedule I shall contain the following elements:

. Name of the contaminant: symbols, synonyms, abbreviations, scientific descriptions and
identification codes that are commonly used shall be mentioned, too.

. Codex number of the contaminant: number according to the list described in Schedute 1.
. Reference to JECFA meetings (in which the contaminant was discussed).

. ADI, TDI, PTWI or similar toxicological intake recommendation: when the situation is complex a
short statement and further references may be necessary here.

*  Residue definition: definition of the contaminant as it shall be analyzed and to which the maximum
level applies.

. List of Codex standards for contaminants in that food commodity/category: This list shall be
composed of the following elements, in columns:

- Name of the contaminant;
- Numerical value of maximum level;
- Step in Codex procedure (only in CCCF working documents);
- References, remarks and notes.
®  Reference to a Code of practice for the food, if appropriate.
. Name of food commodity/category;

. Classification ber of food c dity or food category;

The format of Schedule IT shall contain the following elements:

. Name of food commodity/category;
. Classification ber of food dity or food category;

. List of Codex standards for contaminants in that food commodity/category: This list shall be
composed of the following elements, in columns:

- Name of the contaminant;

- Numerical value of maximum level;

- Step in Codex procedure (only in CCCF working documents);
- References, remarks and notes (shorter than in Schedule I).

. Reference to a Code of practice for the food, if appropriate.
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ANNEX 1V

FOOD CATEGORIZATION SYSTEM (GSCTF)
Introduction
The food categorization system of the GSCTF is constructed to perform the following functions:

It has a logical structure which enables a clear and systematic presentation of the (proposed) MLs. It
contains (references to) product definitions and definitions of the part of the product which is analyzed and to
which the ML refers. It contains codes for the food categories and the individual foods, so that data can be
stored and retrieved in a convenient way.

To achieve as much harmonization as possible, an existing agreed categorization system is used.

The GSCTF uses the system which is developed in the framework of the CCPR as it is also suitable for
contaminants. It is adopted for characterizing the various food and feed groups and the individual
commadities. This system is especially elaborated regarding primary agricultural commodities, but needs
further extension regarding processed products. Where necessary, new (sub)group codes or commodity
codes are therefore introduced. These are described in Annex 1V-A. Annex IV-A will also contain product
descriptions as far as they are different from those contained in the existing system described by the CCPR.

Where appropriate and possible, the descriptive texts accompanying the food categories do or should also
contain indications about the concentration or dilution factor in the processed commodities mentioned, in
relation to the primary product(s) involved. In that way a first estimate can be made of the possible carry-
over of contaminants from primary products to the various processed products. It has to be borne in mind
however that the specific distribution of a contaminant in the primary product and the behaviour during
processing is a complicating factor here. Further advice may be necessary in those cases. See also the
general indications in Annex | and possible specific information mentioned in relation to the contaminant.

Description of the food categorization system of the GSCTF

The first part contains the categorization system as developed and maintained by the CCPR. It consists of
5 classes, covering primary food commodities of plant, resp. animal origin, primary feed commodities and
processed commodities of plant, resp. animal origin. The classes are subdivided in 19 types and 93 groups,
which are identified by code numbers and letters.

Annex IV-A is the other part of the food categorization system for the GSCTF. It is developed and
maintained by the CCCF, and is complementary to the system described in the first part. It is mainly
directed to processed, derived and multi-ingredient foods and encompasses all those types and groups and
commodity descriptions that are necessary to assign food categorization codes to existing or planned Codex
MLs for contaminants.
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ANNEX IV-A
COMPLEMENTARY FOOD CATEGORIZATION SYSTEM FOR THE GSCTF
Introduction

The additions to the food categorization system described in this Annex will serve the need of assigning a
food code number to commodities that are not covered by this Annex. The commodities involved are mainly
processed, derived and multi-ingredient foods.

The system has been designed as a comprehensive list (on a general level), in order to be able to
accommodate possible future needs.

In this phase no individual product definitions and codes are given. It seems sufficient to go no further than
a type or group level in judging the acceptability of the system. The classification can be developed in
further detail as the need arises.

The system used in the Codex General Standard for Food Additives (GSFA) for food classification has been
utilized as far as it is compatible with the existing Codex classification system described in this Annex.

See the following list of proposed new food categories. Some explanations (as shown in the list) and some
existing related food categories, for a better insight in the proposed system.

Commodity descriptions can often be derived from existing Codex Standards.

Information regarding concentration and dilution factors, in relation to contaminant carry-over from primary
products, will be added where appropriate and available.

Definitions for the part of the product that shall be analyzed and to which the ML of a contaminant will
apply, that are different from existing definitions in this Annex, will also be added.

Class Type Group Letter code  Product group description

D PROCESSED FOODS OF PLANT ORIGIN
(existing)
D 01 Secondary commodities of plant origin
(3 existing groups)
D 01 06 TF Treated fruit products (peeled, cut, frozen etc.)
(New proposed group, commodity codes can be derived from existing
Sfruit codes)
D 01 07 TV Treated vegetable products (cleaned, cut, frozen etc.)

(New proposed group, commodity codes can be derived from existing
vegetable codes)

D 02 Derived products of plant origin
(7 existing groups)
D 02 08 v Vegetable juices and purees

(New proposed group; commodity codes can be derived from the
existing vegetable codes)

D 02 09 SH Sugars, syrups and honey
(New proposed group; commodity codes (o be developed)

D 03 Manufactured foods of plant origin (multi-ingredient)
(1 existing group)

D 03 01 Cp Manufactured muiti-ingredient cereal products (e.g. bread and other
cooked cereal products)

(existing group)
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Class Type
D 03
D 03
D 03
D 03
D 03
D 03
D 03
D 03
D 03
E
E 01
E 01
E 01
E 01
E 02
E 02
E 02

Group
02

03

04

05

06

07

08

09

03

04

05

05

06

Letter code
CB

FF

DA

FJ

SF

SV

PS

PP

MS

ES

WS

MC

ED

15

Product group description

Beverages derived from cereals (e.g. beer)

(New proposed group;, commodity codes to be developed when the
necessity arises)

Fruit nectars

(New proposed group; commodity codes can be derived from the
existing fruit codes)

Fermented fruit beverages (wine, cider)

(New proposed group; c
existing fruit concerned)
Distilled alcoholic beverages

dity codes can be derived from the

(New proposed group;
need arises)
Fruit jams, jellies, marmalades etc.
(New proposed group; «
Jruit codes)

Fruit chutneys and comparable preparations

dity codes 10 be developed when the

dity codes to be derived from the existing

(New proposed group; commodity codes to be derived from the existing
Jruit codes)

Vegetable chutneys and comparable preparations

(New proposed group; commodity codes to be derived from the existing
vegetable codes)

Preparations from nuts, oil seeds and other seeds

{(New proposed group; commodity codes to be derived from the existing
product codes)

Other manufactured plant products

(New proposed group;
need arises)
PROCESSED FOODS OF ANIMAL ORIGIN

(existing class)

dity codes to be developed when the

Secondary commodities of animal origin
(2 existing groups)

Secondary meat products (e.g. cooked meat)
{New proposed group; c
meat codes)

Secondary egg products (e.g. egg powder)

dity codes to be derived from the existing

(New proposed group; commodity codes to be derived from the existing
egg codes)

Secondary fishery products (e.g., smoked fish)

(New proposed group;
fish codes)

Derived animal products of animal origin

dity codes to be derived from the existing

(4 existing groups)

Derived meat products (e.g. meat extract)

(New proposed group, commodity codes to be derived from existing
meat codes)

Derived egg products (e.g. egg white, yolk)

(New proposed group;
egg codes)

dity codes to be derived from existing
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Class Type Group

E

02

03

03

03

03

03

04

04

04

04

04

01

01

01

02

02

02

07

01

02

03

04

01

02

03

04

01

02

01

02

Letter code
WD

LI

MT

EM

WP

LM

EP

WI

BS

BA

SP

PV

Product group description
Derived fishery products

(New proposed group; commodity codes to be derived from the existing
fish codes)

Maanufactured food (single ingredient), animal origin

(1 existing group)

Manufactured milk products (single ingredient)

(existing group)

Manufactured meat products (e.g. cured meat)

(New proposed group; commodity codes to be derived from existing
meat codes)

Manufactured egg products (e.g. egg white powder)

(New proposed group;

egg codes)

Manufactured fishery products

dity codes (o be derived from existing

(New proposed group; c
Sfish codes

Manufactured food (multi-ingredient) of animal origin

dity codes to be derived from existing

(1 existing group)
Manufactured milk products (multi-ingredient)

(existing group)
Manufactured meat products (multi-ingredient) (e.g. sausage)

(New proposed group; commodity codes to be developed in relation to
commodity description)
Manufactured egg products (multi-ingredient)

(New proposed groups, commodity codes to be developed in relation to
commodity description)

Manufactured fishery products (multi-ingredient)

(New proposed group; commodity codes to be derived from existing
fish codes)

MULTI-INGREDIENT MANUFACTURED FOODS
(New proposed class)
Beverages (multi-ingredient)

(New proposed type)}
Beverages (soft drinks end comparable preparations)

(New proposed group;
necessity arises)
Alcoholic multi-ingredient beverages

dity codes to be developed when the

(New proposed group, c
necessity arises)

dity codes to be developed when the

Sauces, salad dressings, soups, bouillons etc.

(New proposed type)

Seasonings and condiments

(New proposed group; commodity codes to be developed when the
necessity arises)

Vinegars (multi-ingredient)

(New proposed group, ¢
necessity arises)

dity codes to be developed when the
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Class  Type
F 02
F 02
F 02
F 02
F 03
F 03
F 03
F 03
F 04
F 04
F 04
F 04
F 05
F 05
F 05
F 05
F 06

Group
03

04

05

06

01

02

03

01

02

03

01

02

03

Letter code
PM

BS

ME

BC

cc

Cs

CG

HF

LF

OF

BF

BS

NS

Product group description
Mustards

(New proposed group, commodity codes to be developed when
necessity arises)

Soups and broths

(New proposed group;, commodity codes to be developed when
necessity arises)

Sauces and comparable products

(New proposed group; commodity codes to be developed when
necessity arises)

Salads and sandwich spreads

(New proposed group, commodity codes lo be developed when
necessity arises)

Chocolate & other confectionery

(New proposed type)

Chocolate products

(New proposed group; commodity codes to be developed when
necessity arises)

Sugar confectionery, including nut based and comparable
multi-ingredient confectionery

(New proposed group, commodity codes to be developed when
necessity arises)

Chewing gum

(New proposed group, commodity codes 1o be developed when
necessity arises)

Margarines & other multi-ingredient fatty foods

(New proposed type)

Margarines > 80 % fat

(New proposed group; commodity codes 10 be developed when
necessity arises)

Margarines < 80 % fat

(New proposed group, commodity codes to be developed when
necessity arises)

Other products based on fat emulsions

(New proposed group; commodity codes to be developed when
necessity arises)

Multi-ingredient bakery wares
(New proposed type)
Fine bakery wares

(New proposed group, commodity codes 1o be developed when
necessily arises)

Savoury snacks (potato, cereal or starch base)

(New proposed group; commodity codes to be developed when
necessity arises)

Savoury coated nuts, other nut snacks, nut mixtures

(New proposed group, commodity codes lo be developed when
necessity arises)

Multi-ingredient foods for special dietary uses

(New proposed type)

he

I

he

the

the

the

the

the
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Class  Type
F 06
F 06
F 06
F 06
F 06
F 06
G
G 01
G 01
G 01

Group
01

02

03

04

05

06

01

02

Letter code
ID

CD

TD

SD

AD

DWW

SW

Product group description

Infant and follow-on formulae

(New proposed group, commodity codes to be developed when the
necessity arises)

Weaning foods

(New proposed group; commodity codes to be developed when the
necessity arises)

Dietetic foods intended for special medical purposes

(New proposed group; commodity codes to be developed when the
necessity arises)

Dietetic formulae for slimming purposes and weight reduction

(New proposed group, commodity codes to be developed when the
necessity arises)

Supplementary foods for dietetic uses

(New proposed group; commodity codes to be developed when the
necessity arises)

Food supplements

(New proposed group; commodity codes (o be developed when the
necessity arises)

OTHER EDIBLE PRODUCTS

(New proposed class)

Water, minerals and organic compounds

(New proposed type)

Drinking water, mineral water, table waters

(New proposed group, commodity codes to be developed when the
necessity arises)

Salt, salt substitutes, mineral preparations

(New proposed group; commodity codes to be developed when the
necessity arises)
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Qualification of MLs

[C:

| In canned products only

Definitions of some toxicological terms

PMTDI:

(Provisional Maximum Tolerable Daily Intake)
The endpoint used for contaminants with no cumulative properties. Its value represents
permissible human exposure as a result of the natural occurrence of the substance in food and
in drinking-water. In the case of trace elements that are both essential nutrients and
unavoidable constituents of food, a range is expressed, the lower value representing the level
of essentiality and the upper value the PMTDIL.

PTWI:

(Provisional Tolerable Weekly Intake)

An endpoint used for food contaminants such as heavy metals with cumulative properties. Its
value represents permissible human weekly exposure to those contaminants unavoidably
associated with the consumption of otherwise wholesome and nutritious foods.

PTMI:

(Provisional Tolerable Monthly Intake)

An endpoint used for a food contaminant with cumulative properties that has a very long half-
life in the human body. Its value represents permissible human monthly exposure to a
contaminant unavoidably associated with otherwise wholesome and nutritious foods

Reference to
JECFA:

References to JECFA meeting in which the contaminant was evaluated and the year
of that meeting

Toxicological
guidance value:

Toxicological advice about the tolerable intake level of the contaminant for humans,
expressed in milligrammes (mg) per kg body weight (bw). The year of
recommendations and additional explanation are included.

Residue definition:

Definition of the contaminant in the form of which the ML applies or which may or
should be analyzed in commodities.

Synonyms:

Symbols, synonyms abbreviations, scientific descriptions and identification codes
used to define the contaminant.

Commodity code:

The code for food commodities is according to the food and feed categorization
system as contained in Annex IV-A of the GSCTF or the Codex Classification of
foods and feeds. The food/feed categorization system also specifies the part of
Commodity which should be analysed and to which the ML applies, unless a
specific commodity definition is provided as an annex to the ML. For those
maximum levels contained in Codex commodity standards, the relevant standard
numbers are referred, if the code numbers are not readily available for these
commodities.

Suffix: A note accompanying an ML or GL, used to specify the application or the future
revision of the ML, e.g., specific residue definitions can be mentioned by
abbreviations here. See also “Qualification of MLs” below.

Type: Indicates whether the value is Codex maximum level (ML) or Codex guideline level

(GL). See also the definitions of these terms in the preamble of the GSCTF.
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AFLATOXINS, TOTAL
Reference to JECFA:

Toxicological guidance:

31 (1987), 46 (1996), 49 (1997)

Carcinogenic potency estimates for aflatoxins B, G, M (1997, Intake should be reduced to levels as low as reasonably possible.)
Aflatoxins total (B1 +B2 + G1 + G2)

Abbreviations, AFB, AFG, with numbers, to designate specific compounds

Code of Practice for the Prevention and Reduction of Aflatoxin Contamination in Peanuts (CAC/RCP 55-2004)
Code of Practice for the Prevention and Reduction of Aflatoxin Contamination in Tree Nuts (CAC/RCP 59-2005)

Residue definition:
Synonyms:
Related Code of Practice:

Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name uglkg for Codex Alimentarius
SO 0697 Peanut 15 ML The ML applies to peanuts intended for further processing.

For sampling plan, see Annex below.

Aflatoxins are a group of highly toxic mycotoxins produced by fungi of the genus Aspergillus. The four main aflatoxins found in contaminated plant products are B1, B2, G1 and G2
and are a group of structurally related difuranocoumarin derivatives that usually occur together in varying ratios, AFB1 usually being the most important one. These compounds pose
a substantial hazard to human and animal health. IARC (1992) classified aflatoxin B1 in Group I (human carcinogen) and AFM in Group 2B (probable human carcinogen). The liver
is the primary target organ.

Apnex

SAMPLING PLAN FOR TOTAL AFLATOXINS IN PEANUTS INTENDED FOR FURTHER PROCESSING

INTRODUCTION

1. The sampling plan calls for a single 20 kg laboratory sample of shelled peanuts (27 kg of unshelled peanuts) to be taken from a peanut lot (sub-lot) and tested against a
maximum level of IS micrograms per kilogram (ng/kg) total aflatoxins.

2. This sampling plan has been designed for enforcement and controls concerning total aflatoxins in bulk consignments of peanuts traded in the export market. To assist member
countries in implementing the Codex sampling plan, sample selection methods, sample preparation methods and analytical methods required to quantify aflatoxin in bulk peanut lots
are described in this document.

A. Definitions

Lot: an identifiable quantity of a food commodity delivered at one time and determined by the official to have common characteristics, such as origin, variety, type of
packing, packer, consignor or markings.

Sublot: designated part of a large lot in order to apply the sampling method on that designated part. Each sublot must be physically separate and identifiable.

Sampling plan: is defined by an aflatoxin test procedure and an accept/reject limit. An aflatoxin test procedure consists of three steps: sample selection, sample preparation and
aflatoxin quantification. The accept/reject limit is a tolerance usually equal to the Codex maximum limit.
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Incremental sample:

a quantity of material taken from a single random place in the lot or sublot.

Aggregate sample: the combined total of all the incremental samples taken from the lot or sublot. The aggregate sample has to be at least as large as the 20 kg laboratory sample.

Laboratory sample: smallest quantity of peanuts comminuted in a mili. The laboratory sample may be a portion of or the entire aggregate sample. If the aggregate sample is larger
than 20 kg, a 20 kg laboratory sample should be removed in a random manner from the aggregate sample. The sample should be finely ground and mixed
thoroughly using a process that approaches as complete a homogenisation as possible.

Test portion: portion of the comminuted laboratory sample. The entire 20 kg laboratory sample should be comminuted in a mifl. A portion of the comminuted 20 kg sample is
randomly removed for the extraction of the aflatoxin for chemical analysis. Based upon grinder capacity, the 20 kg aggregate sample can be divided into several
equal sized samples, if all results are averaged.

B. Sampling

Material to be Sampled

3. Each lot which is to be examined must be sampled separately. Large lots should be subdivided into sublots to be sampied separately. The subdivision can be done following

provisions laid down in Table 1 below.

4.  Taking into account that the weight of the lot is not always an exact multiple of the weight of the sublots, the weight of the sublot may exceed the mentioned weight by a
maximum of 20 %.

Table 1: Subdivision of Large Lots into Sublots for Sampling

Commodity Lot weight — tonne (T) Weight or number of | Number of | Laboratory
sublots incremental Sample Weight
samples (kg)
Peaputs > 500 100 tonnes 100 20
>100 and <500 5 sublots 100 20
>25and < 100 25 tonnes 100 20
>15 and <= 25 --1 sublot 100 20

Number of Incremental Samples for Lots of Less than 15 Tonnes

5. The number of incremental samples to be taken depends on the weight of the lot, with a minimum of 10 and a maximum of 100. The figures in the following Table 2 may be used
to determine the number of incremental samples to be taken. It is necessary that the total sample weight of 20 kg is achieved.
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Table 2: Number of Incremental Samples to be Taken Depending on the Weight of the Lot

Lot weight tonnes - (T) N° of incr tal pl
T<1 10
1<T<5 40
5<T £10 60
10<T <15 80

Incremental Sample Selection

6.  Procedures used to take incremental samples from a peanut lot are extremely important. Every individual peanut in the lot shouid have an equal chance of being chosen.
Biases will be introduced by the sample selection methods if equipment and procedures used to select the incremental samples prohibit or reduce the chances of any item in the lot

from being chosen.

7. Since there is no way to know if the contaminated peanut kernels are uniformly dispersed through out the lot, it is essential that the aggregate sample be the accumulation of
many small portions or increments of the product selected from different locations throughout the lot. If the aggregate sample is larger than desired, it should be blended and
subdivided until the desired laboratory sample size is achieved.

Static Lots

8. A static lot can be defined as a large mass of peanuts contained either in a single large container such as a wagon, truck, or railcar or in many small containers such as sacks or
boxes and the peanuts are stationary at the time a sample is selected. Selecting a truly random sample from a static lot can be difficult because the container may not allow access to
all peanuts.

9.  Taking a aggregate sample from a static lot usually requires the use of probing devices to select product from the lot. The probing devices used should be specially designed
for the type of container. The probe should (1) be long enough to reach all product, (2) not restrict any item in the lot from being selected, and (3) not alter the items in the lot. As
mentioned above, the aggregate sample should be a composite from many small increments of product taken from many different locations throughout the lot.

10.  For lots traded in individual packages, the sampling frequency (SF), or number of packages that incremental samples are taken from, is a function of the lot weight (LT),
incremental sample weight (IS), aggregate sample weight (AS) and the individual packing weight (IP), as follows :

Equation 1 : SF = (LT x 1S)/(AS x IP). The sampling frequency (SF) is the number of packages sampled. All weights should be in the same mass units such as kg.

Dynamic Lots

11.  True random sampling can be more nearly achieved when selecting an aggregate sample from a moving stream of peanuts as the lot is transferred, for example, by a conveyor
belt from one location to another. When sampling from a moving stream, take small increments of product from the entire length of the moving stream; composite the peanuts to
obtain an aggregate sample; if the aggregate sample is Jarger than the required laboratory sample, then blend and subdivide the aggregate sample to obtain the desired size laboratory
sample.
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12.  Automatic sampling equipment such as cross-cut samplers are commercially available with timers that automatically pass a diverter cup through the moving stream at
predetermined and uniform intervals. When automatic equipment is not available, a person can be assigned to manually pass a cup though the stream at periodic intervals to collect
incremental samples. Whether using automatic or manual methods, small increments of peanuts should be collected and composited at frequent and uniform intervals throughout the
entire time peanuts flow past the sampling point.

13.  Cross-cut samplers should be installed in the following manner: (1) the plane of the opening of the diverter cup should be perpendicular to the direction of flow; (2) the
diverter cup should pass through the entire cross sectional area of the stream; and (3) the opening of the diverter cup should be wide enough to accept all items of interest in the lot.
As a general rule, the width of the diverter cup opening should be about three times the largest dimensions of the items in the lot.

14.  The size of the aggregate sample (S) in kg, taken from a lot by a cross cut sampler is :

Equation 2: S = (D x LT) /(T x V). D is the width of the diverter cup opening (in cm), LT is the lot size (in kg), T is interval or time between cup movement through the
stream (in seconds), and V is cup velocity (in cny/sec).

15.  If the mass flow rate of the moving stream, MR (kg/sec), is known, then the sampling frequency (SF), or number of cuts made by the automatic sampler cup is :
Equation 3 : SF = (S x V) / (D x MR).

16.  Equation 2 can also be used to compute other terms of interest such as the time between cuts (T). For example, the required time (T) between cuts of the diverter cup to obtain
a 20 kg aggregate sample from a 30,000 kg lot where the diverter cup width is 5.08 cm (2 inches), and the cup velocity through the stream 30 cm/sec. Solving for T in Equation 2,

T =(5.08 cm x 30,000 kg)/(20 kg x 30 cm/sec) = 254 sec
17.  If the lot is moving at 500 kg per minute, the entire lot will pass through the sampler in 60 minutes and only 14 cuts (14 incremental samples) will be made by the cup through
the lot. This may be considered too infrequent, in that too much product passes through the sampler between the time the cup cuts through the stream.

Weight of the Incremental Sample

18.  The weight of the incremental sample should be approximately 200 grams or greater, depending on the total number of increments, to obtain an aggregate sample of 20kg.

Packaging and transmission of samples

19.  Each laboratory sample shall be placed in a clean, inert container offering adequate protection from contamination and against damage in transit. All necessary precautions shall be
taken to avoid any change in composition of the laboratory sample which might arise during transportation or storage.

Sealing and labelling of samples

20.  Each laboratory sample taken for official use shall be sealed at the place of sampling and identified. A record must be kept of each sampling, permitting each lot to be identified
unambiguously and giving the date and place of sampling together with any additional information likely to be of assistance to the analyst.

C. Sample Preparation

Precautions

21.  Daylight should be excluded as much as possible during the procedure, since aflatoxin gradually breaks down under the influence of ultra-violet light.
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Tomogenisation -- Grinding

22, As the distribution of aflatoxin is extremely non-homogeneous, samples should be prepared - and especially homogenised - with extreme care. All laboratory sample obtained
from aggregate sample is to be used for the homogenisation/grinding of the sample.

23, The sample should be finely ground and mixed thoroughly using a process that approaches as complete a homogenisation as possible.

24.  The use of a hammer mill with a #14 screen (3.1 mm diameter hole in the screen) has been proven to represent a compromise in terms of cost and precision. A better
homogenisation (finer grind — slurry) can be obtained by more sophisticated equipment, resulting in a lower sample preparation variance.

Test portion
25. A minimum test portion size of 100 g taken from the laboratory sample.

D. Analytical Methods

Background

26. A criteria-based approach, whereby a set of performance criteria s established with which the analytical method used should comply, is appropriate. The criteria-based
approach has the advantage that, by avoiding setting down specific details of the method used, developments in methodology can be exploited without having to reconsider or
modify the specified method. The performance criteria established for methods should include all the parameters that need to be addressed by each laboratory such as the detection
limit, repeatability coefficient of variation, reproducibility coefficient of variation, and the percent recovery necessary for various statutory limits. Utilising this approach,
laboratories would be free to use the analytical method most appropriate for their facilities. Analytical methods that are accepted by chemists internationally (such as AOAC) may be
used. These methods are regularly monitored and improved depending upon technology.

Performance Criteria for Methods of Anpalysis

Table 3: Specific Requirements with which Methods of Analysis Should Comply

Criterion Concentration Range Recommended Value Maximum Permitted
Value
Blanks All Negligible -
Recovery-Aflatoxins Total 1-15pughkeg 70t0 110 %
> 15 uglkg 8010 110 %
Precision RSDR All As derived from Horwitz | 2 x value derived from
Equation Horwitz Equation
Precision RSD, may be calculated as 0.66 times Precision RSDR at the concentration of interest

. The detection limits of the methods used are not stated as the precision values are given at the concentrations of interest;
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. The precision values are calculated from the Horwitz equation, i.e.:
(1-0.5l0gC)
RSD =2
R
where:

*+  RSDg is the relative standard deviation calculated from results generated under reproducibility conditions {(sg / X ) x 100]

*  C is the concentration ratio (i.e. 1 = 100g/100g, 0.001 = 1,000 mg/kg)
27. This is a generalised precision equation which has been found to be independent of analyte and matrix but solely dependent on concentration for most routine methods of
analysis.



CODEX STAN 193-1995
Schedule I - Mycotoxin

27

AFLATOXIN M1

Reference to JECFA: 56 (2001)

Toxicological guidance:  Cancer potency estimates at specified residue levels (2001, Using worst-case assumptions, the additional risks for liver cancer
predicted with use of proposed maximum levels of aflatoxin M1 of 0.05 and 0.5 pg/kg are very small. The potency of aflatoxin M1
appears to be so low in HBsAg- individuals that a carcinogenic effect of M1 intake in those who consume large quantities of milk
and milk products in comparison with non-consumers of these products would be impossible to demonstrate. Hepatitis B virus
carriers might benefit from a reduction in the aflatoxin concentration in their diet, and the reduction might also offer some
protection in hepatitis C virus carriers.)

Residue definition: Aflatoxin M1

Synonyms: AFM1

Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name ug/kg for Codex Alimentarius
ML 0106 Milk 0.5 ML
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PATULIN
Reference to JECFA: 35 (1989), 44 (1995)
Toxicological guidance: ~ PMTDI 0.0004 mg/kg bw (1995)
Residue definition: patulin
Related Code of Practice:  Code of Practice for the Prevention and Reduction of Patulin Contamination in Apple Juice and Apple Juice Ingredients in Other
Beverages (CAC/RCP 50-2003)
Commadity/Product Level Suffix Type Reference Notes/Remarks
Code Name uglkg for Codex Alimentarius

JF 0226  Apple juice

80 ML The ML also covers apple juice as ingredient in other beverages.

Patulin is a low molecular weight hemiacetal lactone mycotoxin produced by species of the genera Aspergillus, Penicillium and Byssochlamys.
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ARSENIC
Reference to JECFA: 5(1960). 10 (1967), 27 (1983), 33 (1988)
Toxicological guidance: ~ PTWI1 0.015 mg/kg bw (1988, For inorganic arsenic)
Residue definition: Arsenic: total {As-tot) when not otherwise mentioned: inorganic arsenic (As-in); or other specification
Synonyms: As
Related Code of Practice:  Code of Practice for Source Directed Measures to Reduce Contamination of Foods with Chemicals (CAC/RCP 49-2001 )
Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name mglkg for Codex Alimentarius
Edible fats and oils 0.1 ML CS 19-1981 Edible fats and oils not covered by individual standards
Margarine 0.1 ML CS 32-1981
Minarine 0.1 ML CS 135-1981
Named animal fats 0.1 ML CS211-1999 Lard, rendered pork fat, premier jus and edible tallow.

OR 0305 Ofive oil, refined 0.1 ML CS 33-1981

OC 0305 Olive oil, virgin 0.1 ML CS 33-1981

OR 5330 Olive, residue oil Q.1 ML CS 33-1981 Olive pomace oil

0OC 0172 Vegetable oils, Crude 0.1 ML CS 210-1999 Narmed vegeable ails from arachis, babassu, coconut, cottonseed, grapeseed,
maize, mustardseed, palm kernel, palm, rapeseed, safflowerseed,
sesameseed, soya bean, and sunflowerseed, and palm olein, stearin and
superolein.

OR 0172 Vegetable oils, Edible 0.1 ML CS 210-1999 Named vegeable oils from arachis, babassu, coconut, cottonseed, grapeseed,
maize, mustardseed, palm kernel, palm, rapeseed, safflowerseed,
sesameseed, soya bean, and sunflowerseed, and paim olein, stearin and
superolein.

Natural mineral waters 0.01 ML CS 108-1981 Expressed in total As mg/l
Salt, food grade 0.5 ML CS 150-1985

Arsenic is a metalloid element which is normally occurring in mineral bound form in the earth’s crust and which can become more easily available by natural sources such as
volcanic activity and weathering of minerals, and by anthropogenic activity causing emissions in the environment, such as ore smelting, burning of coal and specific uses, such as
arsenic-based wood preservatives, pesticides or veterinary or human medicinal drugs. As a result of naturally occurring metabolic processes in the biosphere arsenic occurs as a
large number of organic or inorganic chemical forms in food (species). Especially in the marine environment arsenic is often found in high concentrations of organic forms, up to
50 mg/kg of arsenic on a wet weight basis in some seafood including seaweed, fish, shellfish and crustaceans. In fresh water and in the terrestrial environments arsenic is normally
found in much lower levels (typically 0-20 ug/kg) in crop plants and in livestock. Higher levels may be found in rice, mushrooms and sometimes in poultry which is fed fish meal
containing arsenic. The most toxic forms of arsenic are the inorganic arsenic (I11) and (V) compounds; the inorganic arsenic trioxide is well known as a rat poison, which was also
sometimes used for homicide. Methylated forms of arsenic have a low acute toxicity; arsenobetaine which is the principal arsenic form in fish and crustaceans is considered non-
toxic. In shellfish, molluscs and seaweed dimethylarsinylriboside derivatives occur ("arsenosugars"), the possible toxicity of which is not known in detail. Only a few percent of the
total arsenic in fish is present in inorganic form, which is the only form about which a PTWI has been developed by JECFA. The human epidemiological data used for this risk
assessment is based on exposure to inorganic arsenic in drinking water. IARC has classified inorganic arsenic as a human carcinogen, and the estimated lifetime risk for arsenic-
induced skin cancer which may be caused by drinking water at or in excess of the WHO guideline for arsenic in drinking water is estimated at 6x 10-4.
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CADMIUM

Reference to JECFA: 16 (1972), 33 (1988), 41 (1993), 55 (2000), 61 (2003), 64 (2005)

Toxicological guidance: PTWI10.007 mg/kg bw (1988 (maintained in 2000 & 2003), The 64th JECFA concluded that the effect of different MLs on overall
intake of cadmium would be very small. At the proposed Codex MLs, mean intake of cadmium would be reduced by
approximately 1% of the PTWI1. The imposition of MLs one level lower would result in potential reductions in intake of cadmium
of no more than 6% (wheat grain, potatoes) of the PTWI. At the proposed Codex MLs, no more than 9% of a commodity would be
violative (oysters). MLs one level below those proposed would result in approximately 25% of molluscs, potatoes, and other
vegetables being violative.)

Residue definition: Cadmium, total

Synonyms: Cd

Related Code of Practice:  Code of Practice for Source Directed Measures to Reduce Contamination of Foods with Chemicals (CAC/RCP 49-2001)

Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name mglkg for Codex Alimentarius
VB 0040 Brassica vegetables 0.05 ML
VA 0035 Bulb vegetables 0.05 ML
VC 0045 Fruiting vegetables, cucurbits 0.05 ML
VO 0050 Fruiting vegetables, other than cucurbits 0.05 ML Excluding tomatoes and edible fungi.
VL 0053 tLeafy vegetables 0.2 ML
VP 0060 Legume vegetables 0.1 ML
VR 0589 Potato 0.1 ML Peeled
VD 0070 Pulses 0.1 ML Excluding soya bean (dry)
VR 0075 Root and tuber vegetables 0.1 ML Excluding potata and celeriac
VS 0078 Stalk and stem vegetables Q.1 ML
GC 0081 Cereal grains, except buckwheat, cafiihua 0.1 ML Excluding wheat and rice; and bran and germ
and quinoa
CM 0649 Rice, polished 04 ML
GC 0654 Wheat 0.2 ML
IM 0151  Marine bivalve molluscs 2 ML Excluding oysters and scallops
IM 0152  Cephalopods 2 ML Without viscera
Natural mineral waters 0.003 ML CS 108-1981 Expressed in mg/l
Salt, food grade 0.5 ML CS 150-1985

Cadmium is a relatively rare element, released to the air, land, and water by human activities. In general, the two major sources of contamination are the production and utilization of
cadmium and the disposal of wastes containing cadmium. Increases in soil cadmium content will result in an increase in the uptake of cadmium by plants; the pathway of human
exposure from agricultural crops is thus susceptible to increases in soil cadmium. The cadmium uptake by plants from soil is greater at low soil pH. Edible free-living food organisms
such as shellfish, crustaceans, and fungi are natural accumulators of cadmium. Similar to humans, there are increased levels of cadmium in the liver and kidney of horses and some
feral tervestrial animals. Regular consumption of these items can result in increased exposure. Tabacco is an important source of cadmium uptake in smokers. (Environmental health
criteria for cadmium; International Programme on Chemical Safety (IPCS); 1992)
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LEAD
Reference to JECFA: 10 (1966), 16 (1972), 22 (1978), 30 (1986), 41 (1993), 53 (1999)
Toxicological guidance: ~ PTWI 0.025 mg/kg bw (1987 for infants and young children, extended to all age groups in 1993, maintained 1999)
Residue definition: Lead, total
Synonyms: Pb
Related Code of Practice: Code of Practice for the Prevention and Reduction of Lead Contamination in Foods (CAC/RCP 56-2004)
Code of Practice for Source Directed M es to Reduce C« ination of Foods with Chemicals (CAC/RCP 49-2001)
Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name mglkg for Codex Alimentarius
FT 0026 Assorted (subjtropical fruits, edible 0.1 ML
peel
F10030 Assorted (sub)tropical fruits, inedible 0.1 ML
peel
FB 0018 Berries and other small fruits 0.2 ML
FC 0001 Citrus fruits 0.1 ML
FP 0009 Pome fruits 0.1 ML
£S5 0012 Stone fruits 0.1 ML
VB 0040 Brassica vegetables 0.3 ML Excluding kale
VA 0035 Buib vegetables 0.1 ML
VC 0045 Fruiting vegetables, Cucurbits 0.1 ML
VO 0050 Fruiting vegetables, other than 0.1 ML Excluding mushrooms
Cucurbits
VL 0053 Leafy vegetables 0.3 ML Including Brassica leafy vegetables but excluding spinach.
VP 0060 Legume vegetables 0.2 ML
VD 0070 Pulses 02 ML
VR 0075 Root and tuber vegetables 0.1 ML Including peeled potatoes
Canned fruit cocktail 1 ML CS 78-1981
Canned grapefruit 1 ML CS 15-1981
Canned mandarin oranges 1 ML CS 68-1981
Canned mangoes 1 ML CS 159-1987
Canned pineapple 1 ML CS 42-1981
Canned raspberries 1 ML CS 60-1981
Canned strawberries 1 ML CS 62-1981
Canned tropical fruit salad 1 ML CS 99-1981
Jams (fruit preserves) and jellies 1 ML €S 79-1981
Mango chutney 1 ML CS 160-1987
Table olives 1 ML CS 66-1981
Canned asparagus 1 ML CS 56-1981
Canned carrots 1 ML CS 116-1981
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Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name mglkg for Codex Alimentarlus
Canned green beans and canned wax 1 ML CS 16-1981
beans
Canned green peas 1 ML CS 58-1981
Canned mature processed peas 1 ML CS 81-1981
Canned mushrooms 1 ML CS 55-1981
Canned palmito 1 ML CS 144-
1985
Canned sweet corn ML CS 18-1981
Canned tomatoes 1 ML CS 13-1981
Pickled cucumbers (cucumber pickles) 1 ML CS 115-
1981
Processed tomato concentrates 15 ML CS 57-1981
JF 0175  Fruit juices 0.05 ML . Including nectars; Ready to drink
GC 0081 Cereal grains, except buckwheat, 0.2 ML
cafiihua and quinoa
Canned chestnuts and canned 1 ML CS 145-
chestnuts puree 1985
MM 0097 Meat of cattle, pigs and sheep a1 ML Also applies to the fat from meat
PM 0110 Poultry meat a1 ML
MO 0812 Cattle, Edible offal of 0.5 ML
MO 0818 Pig, Edible offal of 0.5 ML
PO 0111 Poultry, Edible offal of 05 ML
Edible fats and oils 0.1 ML CS 19-1981 Edible fats and oils not covered by individual standards
Fish 03 ML
Margarine 0.1 ML CS 32-1981
Minarine 0.1 ML CS 135-
1981
Named animal fats 0.1 ML CS 211-  Lard, rendered pork fat, premier jus and edible taliow.
1999
OR 0305 Olive oil, refined 0.1 ML CS 33-1981
0OC 0305 Olive oil, virgin 0.1 ML CS 33-1981
OR 5330 Olive, residue oil 0.1 ML CS 33-1981 Olive pomace oil
PF 0111 Poultry fats 0.1 ML
OC 0172 Vegetable oils, Crude 0.1 ML CS 210- Qils of arachis, babasu, coconut, co , grap d, maize, m dseed, palm kernel,
1999 palm, rap d soya bean, and sunflowerseed, and palm olein,
stearin and superolein and other oils but excluding cocoa butter,
OR 0172 Vegetable oils, Edible 0.1 ML CS$210-  Oils of arachis, babasu, coconut, grap maize, , palm kemel,
1899 palm, rap A soya bean, and sunflowerseed, and paim olein,
stearin and superolein and other oils but exciuding cocoa butter.
ML 0106 Milks 0.02 ML A concentration factor applies to partially or wholly dehydrated milks.

=
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Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name mg/kg for Codex Alimentarius
LS Secondary milk products 0.02 ML As consumed
Natural mineral waters 0.01 ML CS 108- Expressed in mg/l
1881
Infant formula 0.02 ML Ready to use
Satt, food grade 2 ML CS 150-
1985
Wine 0.2 ML
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MERCURY
Reference to JECFA: 10 (1966), 14 (1970), 16 (1972), 22 (1978)
Toxicological guidance: PTWI 0.005 mg/kg bw (1978)
Residue definition: Mercury, Total
Synonyms: Hg
Related Code of Practice:  Code of Practice for Source Directed Measures to Reduce Contamination of Foods with Chemicals (CAC/RCP 49-2001)
Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name mg/kg for Codex Alimentarius
Natural mineral waters 0.001 ML CS 108-1981 Expressed in mg/l
Salt, food grade 0.1 ML CS 150-1985

Mercury is a naturally occurring metallic element which can be present in foodstuffs by natural causes; elevated levels can also occur due to e.g. environmental contamination by
industrial or other uses of mercury. Methylmercury and also total mercury levels in terrestrial animals and plants are usually very low; the use of fish meal as animal feed can
however also lead to higher methyl mercury levels in other animal products.
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METHYLMERCURY
Reference to JECFA: 22 (1978), 33 (1988), 53 (1999), 61 (2003)
Toxicological guidance: ~ PTW10.0016 mg/kg bw (2003)
Residue definition: Methylmercury
Related Code of Practice:  Code of Practice for Source Directed Measures to Reduce Contamination of Foods with Chemicals (CAC/RCP 49-2001)
Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name mglkg for Codex Alimentarius
Fish 05 GL Except predatory fish
The Guideline levels are intended for methylmercury in fresh or processed fish
and fish products moving in intemational trade.
Predatory fish 1 GL Predatory fish such as shark (WS 0131), swordfish, tuna (WS 0132), pike (WF

0865) and others.

The Guideline tevel for methylmercury in fresh or processed fish and fish
products moving in intemational trade.

Lots should be considered as being in compliance with the guideline levels if the level of methylmercury in the analytical sample, derived from the composite bulk sample, does not
exceed the above levels. Where these Guideline levels are exceeded, governments should decide whether and under what circumstances, the food should be distributed within their

territory or jurisdiction and what recommendations, if any, should be given as regards restrictions on consumption, especially by vulnerable groups such as pregnant women.
Methylmercury is the most toxic form of mercury and is formed in aquatic environments. Methylmercury therefore is found mainly in aquatic org;
food chain; the levels in large predatory fish species are therefore higher than in other species and fish is the predominant source of human exposure to methylmercury.

Methylmercury and also total mercury levels in terrestrial animals and plants are usually very low; the use of fish meal as animal feed can however also lead to higher methyl

mercury levels in other animal products.
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TIN
Reference to JECFA: 10 (1966), 14 (1970), 15 (1971), 19 (1975), 22 (1978), 26(1982), 33(1988), 55 (2000), 64 (2005)
Toxicological guidance: ~ PTWI 14 mg/kg bw (1988, Expressed as Sn; includes tin from food additive uses; maintained in 2000.)
Residue definition: Tin, total (Sn-tot) when not otherwise mentioned; inorganic tin (Sn-in); or other specification
Synonyms: Sn
Related Code of Practice:  Code of Practice for the Prevention and Reduction of Inorganic Tin Contamination in Canned Foods (CAC/RCP 60-2005)
Cade of Practice for Source Directed Measures to Reduce Contamination of Foods with Chemicals (CAC/RCP 49-2001)
Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name mglkg for Codex Alimentarius
Canned foods (other than beverages) 250 C ML
Canned beverages 150 c ML
Canned fruit cocktail 250 C ML CS 78-1981
Canned grapefruit 250 C ML CS 15-1981
Canned mandarin oranges 250 C ML CS 68-1981
Canned mangoes 250 Cc ML CS 159-1987
Canned pineapple 250 C ML CS 42-1981
Canned raspberries 250 C ML CS 60-1981
Canned strawberries 250 Cc ML CS 62-1981
Canned tropical fruit salad 250 c ML CS 99-1981
Jams (fruit preserves) and jellies 250 c ML CS 79-1981
Mango chutney 250 C ML CS 160-1987
Table olives 250 C ML CS 66-1981
Canned asparagus 250 [ ML CS 56-1981
Canned carrots 250 C ML CS 116-1981
Canned green and wax beans 250 [ ML CS 16-1981
Canned green peas 250 Cc ML CS 58-1981
Canned mature processed peas 250 C ML CS 81-1981
Canned mushrooms 250 c ML CS 55-1981
Canned palmito 250 Cc ML CS 144-1985
Canned sweet com 250 Cc ML CS 18-1981
Canned tomatoes 250 Cc ML CS 13-1981
Pickled cucumber 250 C ML CS 115-1981
Processed tomato concentrates 250 C ML CS 57-1981
Canned chestnuts and chestnut purée 250 c ML CS 145-1985
Cooked cured chopped meat 250 C ML CS 98-1981 For products in tinplate containers
Cooked cured chopped meat 50 ML CS 98-1981 For products in other containers
Cooked cured ham 50 ML CS 96-1981 For products in other containers
Cooked cured ham 250 [} ML CS 96-1981 For products in tinplate containers
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Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name mg/kg for Codex Alimentarius
Cooked cured pork shoulder 50 ML CS 97-1981 For products in other containers
Cooked cured pork shoulder 250 C ML CS 97-1981 For products in tinplate containers
Corned beef 50 ML CS 88-1981 For products in other containers
Corned beef 250 C ML CS 88-1981 For products in tinplate containers
Luncheon meat 250 C ML CS §9-1981 For products in tinplate containers
Luncheon meat 50 ML CS 89-1981 For products in other containers

Tin is mainly used in tinplated containers, but it is also extensively used in solders, in alloys including dental amalgams. Inorganic tin compounds, in which the element may be
present in the oxidation states of +2 or +4, are used in a variety of industrial processes for the strengthening of glass. as a base for colours, as catalysts, as stabilizers in perfumes and
soaps, and as dental anticariogenic agents. On the whole, contamination of the environment by tin is only slight. Food is the main source of tin for man. Small amounts are found in
fresh meat, cereals, and vegetables. Larger amounts of tin may be found in foods stored in plain cans and, occasionally, in foods stored in lacquered cans. Some foods such as
asparagus, tomatoes, fruits, and their juices tend to contain high concentrations of tin if stored in unlaquered cans (Environmental health criteria for tin; International Programme on
Chemical Safety (IPCS); 1980). Inorganic tin is found in food in the +2 and +4 oxidation states; it may occur in a cationic form (stannous and stannic compounds) or as inorganic
anions (stannites or stannates).
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RADIONUCLIDES
) . Dose per unit .
Commodity Product Name Represen.tatlve intake factor in tevel in Type Reference Nt?tesIRer_narks for Codex
Code radionuclides SviBq Bqlkg Alimentarius
Infant foods* 8py, 2Py, #%py, 2'Am 1 GL
infant foods * 051, "Ry, 29, ), Py 100 GL
Infant foods * ¥5*,%°Co, *sr, "Ry, 'MCs, 1000 GL
13703, 14409, 192|r
Infant foods * R o 1000 GL
Foods other than infant foods | 2®Pu, 2°py, 2Py, *'Am 10 L
Foods other than infant foods | *Sr, "®Ru, %), 'Y, 2%y 100 GL
Foods other than infant foods | *S**,%°Co, *sr, "Ry, *Cs, 1000 GL
‘|37(:sI 144Ce, |92|r
Foods other than infant foods e 4C, T 10000 GL
* When intended for use as such.
** This represents the vatue for organically bound sulphur.
Rl This represents the value for organically bound tritium.

Scope: The Guideline Levels apply to radionuclides contained in foods destined for human consumption and traded intemationally, which have been contaminated following a
nuclear or radiological emergency'. These guideline levels apply to food after reconstitution or as prepared for consumption, i.e., not to dried or concentrated foods, and are based on
an intervention exemption level of 1 mSv in a year.

Application: As far as generic radiological protection of food consumers is concerned, when radionuclide levels in food do not exceed the corresponding Guideline Levels, the food
should be considered as safe for human consumption. When the Guideline Levels are exceeded, national governments shall decide whether and under what circumstances the food
should be distributed within their territory or jurisdiction. National governments may wish to adopt different values for internal use within their own territories where the assumptions
concerning food distribution that have been made to derive the Guideline Levels may not apply, e.g., in the case of wide-spread radioactive contamination. For foods that are
consumed in small quantities, such as spices, that represent a small percentage of total diet and hence a small addition to the total dose, the Guideline Levels may be increased by a
factor of 10. ~

Radionuclides: The Guideline Levels do not include all radionuclides. Radionuclides included are those important for uptake into the food chain; are usually contained in nuclear
installations or used as a radiation source in large enough guantities to be significant potential contributors to levels in foods, and; could be accidentally released into the environment
from typical installations or might be employed in malevolent actions. Radionuclides of natural origin are generally excluded from consideration in this document.

For the purposcs of this document, the term “emergency”™ includes both accidents and malevolent actions.
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In the Table, the radionuclides are grouped according to the guideline levels rounded logarithmically by ordets of magnitude. Guideline levels are defined for two separate categories
“infant foods™ and “other foods”. This is because, for a number of radionuclides, the sensitivity of infants could pose a problem. The guideline levels have been checked against age-
dependent mgestlon dose coefficients defined as committed effective doses per unit intake for each radionuclide, which are taken from the "International Basic Safety Standards"
(IAEA, 1996)°.

Multiple radionuclides in foods: The guideline levels have been developed with the understanding that there is no need to add contributions from radionuclides in different groups.
Each group should be treated independently. However, the activity concentrations of each radionuclide within the same group should be added together®.

Annex 1

SCIENTIFIC JUSTIFICATION FOR PROPOSED DRAFT REVISED GUIDELINE LEVELS FOR RADIONUCLIDES IN FOODS CONTAMINATED FOLLOWING
ANUCLEAR OR RADIOLOGICAL EMERGENCY

The proposed draft revised Guideline Levels for Radionuclides in Foods and specifically the values presented in Table 1 above are based on the following general radiclogical
considerations and experience of application of the existing international and national standards for control of radionuclides in food.

Significant improvements in the assessment of radiation doses resulting from the human intake of radioactive substances have become available since the Guideline Levels were
issued by the Codex Alimentarius Commission in 1989* (CAC/GL 5-1989).

Infants and adults: The levels of human exposure resulting from consumption of foods containing radionuclides listed in Table 1 at the suggested guideline levels have been
assessed both for infants and adults and checked for compliance with the appropriate dose criterion.

In order to assess public exposure and the associated health risks from intake of radionuclides in food, esti of food c« ption rates and ingestion dose coefficients are
needed. According to Ref. (WHO, 1988) it is assumed that 550 kg of food is consumed by an adult in a year. The value of infant food and milk consumpnon during first year of life
used for infant dose calculation equal to 200 kg is based on contemporary human habit assessments (F. Luykx, 1990°; US DoH, 1998°% NRPB, 2003 7). The most conservative values
of the radionuclide-specific and age-specific ingestion dose coefficients, i.e. relevant to the chemical forms of radronuclrdes which are most absorbed from the gastro-intestinal tract
and retained in body tissues, are taken from the (IAEA, 1996).

Radiological criterion: The appropriate radiological criterion, which has been used for comparison with the dose assessment data below, is a generic intervention exemption level of
around 1 mSv for individual annual dose from radionuclides in major commodities, .g. food, recommended by the International Commission on Radiological Protection as safe for
members of the public (ICRP, 1999)°.

2 Food and Agriculture Organization of the United Nations, International Atomic Energy Agency, International Labour Office, OECD Nuclear Energy Agency, Pan American Health Organization,
World Health O ization (1996) International Basic Safety Standards for Protection against lonizing Radiation and for the Safety of Radiation Sources, IAEA, Vicnna.

3 For example, if **Cs and "*'Cs are i in food, the guideline level of 1000 Bq/kg refers 1o the summed activity of both these radionuclides.

4 . The Codex Alimentarius Commission at its 18th Session {Geneva 1989) adolned Guideline Levels for Radionuclides in Foods Following Accidental Nuclear Contamination for Use in
International Trade (CAC/GL 5-1989) applicable for six radi lides (*°Sr, *'1, *7Cs, *Cs, #°Pu and "' Am) during one year after the nuclear accident.

s F. Luykx (1990) Response of the European Ci ities to envir I cc ination following the Chernobyl id In: Envi ] C ination Following a Major Nuclear
Accident, IAEA, Vienna, v.2, 269-287.

¢ US DoHHS (1998) Accidental Radi ive C ination of Human Food and Animal Feeds: Recommendations for State and Local Agencies. Food and Drug Administration, Rockville.

7 K. Smrth and A Jones (2003) Generalised Habit Data for Radwlcg]ca] Assessments. NRPB Report W41,

® Inter ission on Radiological ion (1999). Principles for the Protection of the Public in Situations of Prolonged Exposure. ICRP Publication 82, Annals of the ICRP.
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Naturally occurring radionuclides: Radionuclides of natural origin are ubiquitous and as a conseq ¢ are present in all foodstuffs to varying degrees. Radiation doses from the
consumption of foodstuffs typically range from a few tens to a few hundreds of microsieverts in a year. In essence, the doses from these radionuclides when naturally present in the
diet are unamenable to control; the resources that would be required to affect exposures would be out of proportion to the benefits achieved for health. These radionuclides are
excluded from consideration in this document as they are not associated with emergencies.

One-y exposure t: It is conservatively assumed that during the first year after major environmental radioactive contamination caused by a nuclear or radiological
emergency it might be difficult to readily replace foods imported from contaminated regions with foods imported from unaffected areas. According to FAO statistical data the mean
fraction of major foodstuff quantities imported by all the countries worldwide is 0.1. The values in Table 1 as regards foods consumed by infants and the general population have
been derived to ensure that if a country continues to import major foods from areas c« d with radic lides, the mean annual internal dose of its inhabitants will not exceed
around 1 mSv (see Annex 2). This conclusion might not apply for some radionuclides if the fraction of contaminated food is found to be higher than 0.1, as might be the case for
infants who have a diet essentially based on milk with little variety.

Long-term exposure assessment: Beyond one year after the emergency the fraction of contaminated food placed on the market will generally decrease as a result of national
restrictions (withdrawal from the market), changes to other produce, agricultural countermeasures and decay.

Experience has shown that in the long term the fraction of imported contaminated food will decrease by a factor of a hundred or more. Specific food categories, e.g. wild forest
products, may show persistent or even increasing levels of contamination. Other categories of food may gradually be exempted from controls. Nevertheless, it must be anticipated
that it may take many years before levels of individual exposure as a result of contaminated food could be qualified as negligible.

Annex 2
ASSESSMENT OF HUMAN INTERNAL EXPOSURE WHEN THE GUIDELINE LEVELS ARE APPLIED

For the purpose of assessment of the mean public exposure level in a country caused by the import of food products from foreign areas with residual radioactivity, in implementing
the present guideline levels the following data should be used: annual food consumption rates for infants and adults, radionuclide- and age-dependent ingestion dose coefficients and
the import/production factors. When assessing the mean internal dose in infants and adults it is suggested that due to monitoring and inspection the radionuclide concentration in
imported foods does not exceed the present guideline levels. Using cautious assessment approach it is considered that all the foodstuffs imported from foreign areas with residual
radioactivity are contaminated with radionuclides at the present guideline levels.

Then, the mean internal dose of the public, E (mSv), due to annual consumption of imported foods containing radionuclides can be estimated using the following formula:
E=GL(A) - M(A): e;,(4) - IPF
where:
GL(A) is the Guideline Level (Bq/kg)
M(A) is the age-dependent mass of food consumed per year (kg)

eing(A) is the age-dependent ingestion dose coefficient (mSv/Bq)
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IPF is the import/production factor” (dimensionless).

Assessment results presented in Table 2 both for infants and adults demonstrate that for all the twenty radionuclides doses from consumption of imported foods during the 1¥ year
after major radioactive contamination do not exceed 1 mSv. It should be noted that the doses were calculated on the basis of a value for the IPF equal to 0.1 and that this assumption
may not always apply, in particular to infants who have a diet essentially based on milk with little variety.

It should be noted that for “°Pu as well as for a number of other radionuclides the dose estimate is conservative. This is because elevated gastro-intestinal tract absorption factors and
associated ingestion dose coefficients are applied for the whole first year of life whereas this is valid mainly during suckling period recently estimated by ICRP to be as average first
six months of life (ICRP. 2005'). For the subsequent six months of the first year of life the gut absorption factors are much lower. This is not the case for °H, '*C, S, iodine and
caesium isotopes.

As an example. dose assessment for '*'Cs in foods is presented below for the first year after the area contamination with this nuclide.
For adults: E = 1000 Bq/kg -550 kg -1.3-10° mSv/Bq -0.1 = 0.7 mSv;
For infants: E = 1000 Bg/kg -200 kg -2.1-10° mSv/Bq 0.1 = 0.4 mSv

The import/production factor (/PF) is defined as the ratio of the amount of foodstuffs imported per year from areas contaminated with radionuclides to the total amount
produced and imported annually in the region or country under consideration.
International Commission on Radiological Protection (2005) Doses to Infants from Radionuclides Ingested in Mothers Milk. To be published.
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TABLE 2

ASSESSMENT OF EFFECTIVE DOSE FOR INFANTS AND ADULTS FROM
INGESTION OF IMPORTED FOODS IN A YEAR

*

Guideline Level (Bg/kg) Effective dose (mSv)

Radionuclide T¥yoar after major
infant foods Other foods o ination
Infants Adults

Fpy 0.08 0.1
Ppy 1 10 0.08 0.1
py 0.08 0.1
ATAm 0.07 0.1
"Sr 0.5 0.2
"Ry 0.2 0.04
29y 100 100 0.4 0.6
iy 0.4 0.1
5y 0.7 0.3
g 0.2 0.04
“Co 1 0.2
Sy 0.7 0.1
PRy 1000 1000 6.1 0.04
PCs 0.5 1
s 0.4 0.7
"HCe 1 0.3
2y 0.3 0.08
SH** 0.002 0.02
e 1000 16000 0.03 0.3
PTe 0.2 0.4

This represents the value for organically bound sulphur.

** This represents the value for organically bound tritium.

See for “Scientific justification for the Guideline Levels” (Annex 1) and the “Assessment of human internal exposure when the Guideline Levels are applied” (Annex 2).
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VINYL CHLORIDE MONOMER
Reference to JECFA: 28 (1984)
Toxicological guidance:  Provisional Acceptance (1984, the use of food-contact materials from which vinyl chloride may migrate is provisionally accepted,
on condition that the amount of the substance migrating into food is reduced to the lowest level technologically

Residue definition: Vinylchloride monomer
Synonyms: Monochloroethene, chloroethylene; abbreviation VC or VCM
Related Code of Practice:  Code of Practice for Source Directed Measures to Reduce Contamination of Foods with Chemicals (CAC/RCP 49-2001)
Commodity/Product Level Suffix Type Reference Notes/Remarks
Code Name mg/kg for Codex Alimentarius
Food 0.01 GL The GL in food packaging materiat is 1.0 mg/kg.

Vinylchloride monomer is the main starting substance for the manufacture of polymers which are used as resins, as packaging material for foods. Vinyl chloride is not known to
occur as a natural product. Residues of VCM may be still present in the polymer. Viny! chloride is considered by IARC to be a human carcinogen (as has been shown in occupational
exposure situations).
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(2) B H:v—Fvv, Faal—h, EREFF. [FEE. FIIH.
EER, a7, E—F oY RE— T—FL K a—r7Y
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- SEMTHIE LT-REEOEEERBEIL. WITNOBERELNL S
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China (Large China
Year S.Africa U.S.A
type) (Small)

1972-1989 none 112 159 450
2002 1,328 386 378 298
2003 1,814 550 449 262
2004 1.683 621 207 170
2005 1.428 590 298 137
2006 1,645 576 252 138

—O— China
(Large)
sl China (S)

Occurrence (%)

A S.Africa

e J US.A

year

41 HERECE—FTvVIETEFTISEFIUBGT IL—T
HRAAE

year

year

year

%£4-3 HHBREIZEVTFISEXLUNBE ST China (Large type) D
BEBTIFHFLLDOLE

percentage of each aflatoxin (%)

Year AFB1 AFB2 AFGH AFG?

2002 15.70 0 69.1 153

2003 14.10 31 66.8 16

2004 18.50 25 63.9 15.1

2005 39.30 6.2 416 13

2006 16.40 28 65.7 151
China(S)
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A—TYIRAEEARKRUEEDT7 75 X2 UBRHKR

O B (BH46E3A816AKEBRE1288)
ETOES R (B1)

O aA—TvyH 2 XEH= (CODEX STAN 193-1995, REV. 3-2007)

HEIEA OINTIEEA) 15ppb (total)
L 0.5 ppb (M1)
BEHEERAKOE (7-t/F, ~~t VoY, ' 2474)  10ppb (total) *
MTAARDE (T-t/b, At vy, E 24F1) 15ppb (total) *

* 2008 £ 7 ARSI TERZER

O 7AYAh (Compliance Policy Guides)

B ppb
2 TORM 20 (total)
T INF 20 (total)
TEAEAE R O To4h 20 (total)
YRS T 20 (total)
S 0.5 (M1)

O #—AX 517 (Food Standards Code 1.4.1)

B dh ppb
e 15(total)
V—F 15(total)




O EU (COMMISSION REGULATION (EC) No 1881/2006)

(ppb)

B1

Total
(B1+B2+
G1+G2)

M1

2.1.1 BHETH-> T, ADEEED, £HITEMLDE
MEEE LTHOWLNARNC, BHIRZ OO MBI L
NThbh b H 0

8.0

15.0

212 FyVETHH- T, ADEEES, FLEFEHD
BEAELE L THOWOILAETC., 1BRRF Of o ERRI 4L
B {ToNnsH0

5.0

10.0

2.1.3 %A, Ty VEEUENLOM LA TANEHESR
_RAELO, EREFELOEMELE LTHWLND D

2.0

4.0
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BEEABLE L TRV O ILARTNIT., 1BRISoF Ofth o B R iL
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5.0

10.0

215 HBBEERIENSDMLATANEERESHO,
FIIRBROEMEE LTHWSENRS HD

2.0

4.0

2.1.6 HEEVEFALDOMIAE (FREONMLA L2 &5/
&1 (2.1.7. 2.1.10. 2.1.12 DBEEZEEL)

2.0

4.0

217 FUETaATTH-T, ABNEERED, TEE
SOBEMEIE LTHWON RN, BHF Do
BN IThNLSH D

5.0

10.0

2.1.8 A%, MBUEI R OHLEZFEMEE T 5 REMOEE
7L

0.050

219 LT OREED A A 2|
BErE ERLELOThHL,T, FY, FUNDH
— BEET. HA v, XTI EED)
ayvavE (ARVCEaTavisaEte)
AT
avgl
T—=AY w7

5.0

10.0

2.1L1I0EAEMEL L T2 BRERUCHASERANEY—T7— R

0.10

2.1.11 FEHAR N7+ —7 v THREMA (ASEHA
EO7o—7 v 7H 58T

0.025

2.1.12 LRI B EER B O RER M

0.10

0.025
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Ep2046H22H
B H i n
INF—EDLZH, B4 T 75 hF 2 (Aflatoxin)
¥IE & (UPAC) N/A

CAS & /CAS &S

AFB;: Cyclopenta(c)furo(3',2":4,5)furo(2,3-h)(1)
benzopyran-1,11-dione,2,3,6a,9a-tetrahydro-4-
methoxy-, (6aR-cis)- / 1162-65-8

AFB,: 7220-81-7

AFG;: 1165-39-5

AFG,: 7241-98-7

ﬁ]\'?it/*ﬁiﬁ_l‘t AFB1: C17H1206
AFBzi C17H1405
AFG1: C17H1207
AFGZ: C17H1407
EXEE Aspergillus flavus (AFB,, AFB,),

A. parasiticus (AFB,, AFB;, AFG;, AFG,)
B. A.nomius (AFB;, AFB,, AFG,, AFG,)
A.nomius

BEE. TOMOYRVEREE

(DEN

RAWEEE 6 F F2SICLYRHM.
BRPICBRHINTIIELE

(2745t

Codex : MMITAZEIEAE 151 g/KQ(AFB+ Bo+ Gi+ Gy)
#l 0.5 1t g/kg(AFM,)

XE 2B&H 20 1 g/kg (AFB 1+ B+ G+ Gy)

EU (NI AZETEE 15.0 L g/kg(AFB+ B+ Gi+ Gy)
8.0 L g/kg(AFBy)

T-AM7: 2B 5ng/g (AFB,+ B+ G+ Gy)

F—ANFYT : ETEAE 15 1L g/KG(AF B+ By+ Gi+ Gy)

9Y=F99 15 11 glkg(AFB,+ By+ Gi+ Gy)
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8 | EREREDHRSE

(MEA mRORAESE—F vy, E—Fvy. $BE—FvY, a—
oYy iRyFa—-> R4—ba—>, a—2I—9,
ELS58AIL.TH. K. YOS IIRBRHEEShIE AT
M E—FuunRa—n—ikY 3ug/kg REDBEHISR
Hant-, (h)

(2)@5n AV -RET7CT - 7IUHTrIEQAVAESREICE
RENZBLSMESNTEY. hEEH(AHSHE -5«
EMREE - RRMERA L) NERELTND,

9 | A BRUHLTIL Tk

Mok 2801V L AR/ LEETEMZMINIZDED K
EMABETHEL, BRESBRERIXUATILVET
F8&h3, HPLC, LC/MS
RUEBIOTN 57— TR,

@Y%k BOZESHELECLEY T T EEER,

10 | FtETh

(DIRAR. 5377 . HEtE RO

@ #NER

@ W|AEE

® A

@ He BOEIRED 0.9%HMFHIZ 20%H R HEif,

® Kt (1) AFB, AT #ISh AFM,. AFP,, AFQ,. AFL [
EHBREIhd, 2 HWEBTFLIOL P450 (2&Y
AFB,-8,9-epoxide #4 k.

® #®17 AFB; D{LHY AFM, ASELIZEETT

@ BHPLEELLEY

AFM; (AFB; DR M THEINBHELHY . FOFIZHE
MENnHH. 2001 FO—TYIRERRITREMBARER
Shi=(0.5ug/kg) .

OIFRid-1
@ LDy, 0.3 mg/ kg(AFB;: 01, 4 ¥)(a)
@ EBHRE ¥8 B i
(REHS MR
O [YSHEICEATIRLENVERE | NA
Q@ BHMBE 8 N/A
HRBSHHR
@ Ei=EH
) RESHICETIRLENERE | 25-200 ng(AFB;: Ames B, Y ILEDRS)(b)
i) RMBE£8 N/A
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D BEMEICETOIRLENVEE

1 ng/kg bw/day (BC ZIRF K DAL REELE 1 F/IZ 10
BFAIZ03 A

“) #TBJJ‘%%E/"/ =

23] /%EE

i) IARC & JL—7F

EEBREY:

Sufficient evidence (+ 573 ) : 77 F DR
&4, AFB;, AFG,

Limited evidence (FRZERIZZEERL) : AFB,
Inadequate evidence (F-+57EEHL)
B

group HAIZHLTEAALERT) . 7I5LF200
BEY(C)

AFG,

@ £HEH
) EEHEEICETIRVENEE N/A
i) EMESEE £ N/A

@ gt

D EFHEICETORLENEE

0.8 ng/kg bw/day (JFiRS. <9 X) (d)(e)

i) ENBE S EE P BERA D%

® Fothosk

DEDIOENIZET A RLELEE | 300 ugkg bw (4588, vk (d)(f)

i EORE BE Wk aEOET ]
1| MEE <_l

(OMEERE

Q) PTDI/PTWI/PTMI RIREIN TV,

RFI—9E—X (BMDL)

Swhk BMDL 10 -170 ng/{A & kg/ H
E+ BMDL 10-870 ng/{A & kg/H.
BMDL1-78 ng/{A% kg/A (i)

@ PTDI/PTWI/PTMI DR HL N/A
@ BLEFHEY NA ]
QaHnsRIE
@D AR N/A
@ ARfD MR N/A
@ REHH N/A
12 | #FBEME
(WiEE—HIERE 99.9 I\~ 2 JL{EM 2.06ng/kg/day (j)
(DHEERE EUTHLOE
13| E*E
(1)H B - Z BRSO (@) Pier AC: Major biological consequences of

aflatoxicosis in animal production. J Anim Sci 70:




3964-3967 (1992)
(b) Wong JJ, et al: Proc Natl Acad Sci USA 73:
2241-2244 (1976)
{c) IARC, 56 (1993)
(d) WHO Food Additives series, 40 (1998)
(e) Ankrah NA, et al: Comparative effects of aflatoxins
G1 and B1 at levels within human exposure limits on
mouse liver and kidney. West Afr J Med 12:105-109
(1993)
(f) Raisuddin S, et al: Immunosuppressive effects of
aflatoxin in growing rats. Mycopathologia 124:189-194
(1993)
(g) FAO Food and Nutrition Paper (2003)
(h) BEE5EF 2. 200401122A (2004)
(HYEFSA report (2007)
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AEIV L, FTES 48, TREH Cd FFE 112411, HE 8.65gcm’® (25C) DR
HEOESETHY, WP, kP, KEPOBHRRIZIESHMLTWS, Z0kH, 1T
LAEDREPIREBREON FI T LBELRY EHEENS, BE, BREBVTIE,
S EFRIRL TD50 FI 7 AERMEBSREFEL, 1 Z A4 ZAROREL BB,
—MBRETON FITLARBCETIEFRENKES EREINS, THETOHRNMD,
BRIV LADRHEREREICRTH2RALMEREETIMO-DI2iL. REBENEHEN
TV BB TORMREEREMELBEL T8 L L LEYTHD,

LicioT, SEOY X7 F Mz AMAERNBERRIL, BERMCBITEEL 0BY
HAERLEHERICLIIHRO Y b, B —BBREICST2EHERERELERL, AKX
ENICRIT 24 F I 0 ABRENEAIRAEREICRETRELTRE 2 SOREHAERS
REEDRBL LTRESINL, ThRbE, & NI LAGRIERGR L FSELEER
ERRELAFEEFRERENLD, L FORBICEFELRITERLVAIFIVABREL L
THHBEINZET 144pgkg KESRUT CThot, £, BOBEERELENS ., JEFLM
BOXRHBEE L LB LT Tg/kg REAARTEOD F I 0 MR &S - ERICBRIZERLR M
BREBENRZO OhZ ST, ThbOI MG, # FIYAOWMARBEREN, &
EHNCHIMTL T Tupkeg REMAIKRE L,

HRIE. BRAOBENOON FI U ABREDOERIZ OV THE, 1970 F%ELE, X
BB L TETRY, BEHSNAMERRERED Tugkg KE/E X 9 bIEV L~
HB, iz, HE, BREFOFLICE ST 1IAYE D OREBEN 1962 E0O ¥ — 7 Bk
NTEBLIRER, BEAADOT RFIVABBRBELHLY L TEX TS, LitoT, —HEH
RERACBTA2RENLON K IV ABRARECERS S RITTAREIEN L&
Hha,

F¥&S 48, LS Cd. BFE 112411, 12 (2B) &, BAr#L (106 (1.25%) .
108 (0.89%) . 110 (12.49%) . 111 (12.80%) . 112 (24.13%) , 113 (12.22%) ., 114
(28.73 %) . 116 (7.49%) ) . TE 8.65g/cm’ (25C) . WA THRAR, HEDORXK
133208C, #HRILT5CTHY, WIFNLEBAFOFTIHE CTR1-1) .
SALL A I U A, KEPTHERMICBESN, 72a—L'241L 5,

B

HRIVLAE, BRATHEOER VIR L L TRRYZ O, HEHNELEFICERD
1200 BEOBRETEEN TS, B, ENAEOREDE LTEEINTET,
1817 EIZII U TRBEN D BN ITh, 1920 FRLUE, » VIV LBERES
DFEBIZEGRSTHELEEOHEHEMENE T Y, [HITAEREMA L (0K 2 -
D,

BRIV LOEREARIL, BUBELE =1 (PVC) OEEMN. TS5 RXF 47 W
FARBOFGE, =y i b FIy LEBMOBEME, e RG@&ORS E
2 T3,

A RI LR, HEROMBICIES 0T 508, TOEHBENK 0.1mg/kg TH Y |
77— BRSNS NERETHD, HEETIC LT LERRECER SN, BE
DY P 1Smgkg BEESENTWD (IR 3-1) , BALERICEYER 1 5 5
T hoOH FI T LABRWECHATS LHRENTHD (X3 -2) . KE~DH F
I LK, EICKINEBTHY , HERBECOREBOWHIIRETSH 513,
FH 500 FOBRELRELLONTWS (I3 -3) .

WEOH RITLABREOERESMIT, KRB TEL, BB S50 TELL D, T
N, REBEROBESH Y — VIR LTINS (X3 -4) . HFIULE, %
BEBLARCRBOWMY 757 AR SR, £BOFBREDEEHLE LT
FER~HXIND, ZhEFBHICBAKARAET TR, BB LE@EEND
KRB PRI RBON FIvLABEREMTS IR 3-4,3-5, 3-6) . =
DEIICHBECBT 2 FIVAREOHREN L. AEVOULBRCEAMORE Y
ZTTEETAEZEZLNATWE,

RETY oo

ARITLER, KBSA LR TEICARICREIN, ~HAKICERT S, 21
FEMAREPORNA~F Lzl NI w Ak, FIFHSICE R - T HEE ik 2 fh ok
T2, ARIVACIDEEEYT, #ok, EEAK, BEIR-HEDOLNSE
WL TEICHERT S (L#R3 -7, 3-8, 3-9) .

EMEOH I oA, MCRRSNG, (TR - 10, 3-11) . HBOL K3

VU Zam b HARE R HRBBAT CHMEF L 2o b0, HRBOBE L. FESMRIc Lo RETINT
EHADBREGEIZEE IR, ZORTFHRT 2— ACHYT 5,
t 270 MROBBPCHFET OIARROTHER —F b,



ULERCE R RIETEELERE LTE, DROS NI U LBRE L pH THD (X
BR3-12) . EEOPHALER T AL, HRRIFOH FI D LRFEMENANELRY, £
BRFTOARIOLABREEZMANSE, B ERAERTOI NIV LBEEZRY S
BrENG, HWBHOH FIY ARMTETT 5,

T L ERERRON FI Y ADBICEEY METHMOERNE LT, B4R
BERS, < R0HOKBEEY, A8, REILCDLOEHRERENELDL
NTEY, KBEBWTH, THEOBEEREMNAEELRIETIELRE I T
3,

KEAEERIZBWT, BERARETIIBRICK T 2EM T I 7 hoddh R 2
TABREIIE (X3 -5) | M R I LABRBLVLRVRERICBIT A TS b
REOKEHYILEEEON FI T AR ERLTWBLOBHD (T3 - 13) ,
FlZE, =a—V—F U FOAFITEBVT, Smgkg BEBON FI 7 LADEHEIE
BINTWD (XE3-14) , T2, h=Ru 7RI -0 L ) LERAOHBE O
B2 EIIRNTYL, BREOD FIVARERIN TS L0LHS U3 - 15) .

HREOHBIILEDERB TR 20 FI U ABEE, HEL & (OCHks -
16, 3-17, 3-18) . N bOKEEYIT, BEEMEEMIEVILIZEYD N
IVLAEREPIIEHTOEEBA LR TV,

b ad ik, REPOSBERBETHENBE N E0b, Th b0
BMROH FIDLAREFRBEL, 7 FI0 LIRS KREBUEOST & RT HE % ERK
T AHEHICHELNE (SRR - 19) .

T

DREERMO LEPLYESRBIE I E 230mekg, H K I YA 25mgkg THY |
BRI & KR & 2K OBE L, v F 246ug/l. H F IV L 16lpg/l
ThY, HONEELBIHLBTEEL TS (C#Ra-2)

KIR L2 DT, BRRITAK, BRADH K I 7 LEREL~XAOBVIC LV REE
BRLRDA, - -BWICHEIKROH K Lo A@EHED, ZBEO L JIERICE -
TKEEEARESN, KERELZ EOERANDBE ST 6N T 5 E R Tl
ACXDH F I LRESEBEICRD Z Eiddan,

N

AARBITSRMMIEEND D FI D AIIDNWT, BHRKES BT =LEHED
R (LERA-3, 4-4) K& DE, BICHE WAREREONBICIIN FI Y ARS
KEEND (RD . BANIKROEBRENB VD, KEBRIZE DS KU LR
BROFALAE, KUIEEIZBOTSOUEDIADA NI T LS LR Y
F LT, HAEDXRIkgPIEEEND D K10 LRI, T L T0.06mg (ppm)TH Y,
AEEDOKIkgFIZEENDH F I 7L, TEIGEIC I, ¥H L T0.01~02
mgTHDH (X -5) .

BEPOH FIY LABEREFATHSNLN TV (K2 , XMz DHEHRH
PEDOARMTIRIEMO N K7 LLEREOKET (W4 -6, 4-7) . BFIT LT
LAEDBMICETFN DI EBALMI R~ (KI) ,

ARIVLTERENTEHHTEZBEDITIREOLOLERL (HVEED
ARIDLEEATND, RED IHRMETE > HREOH FI v nBEL L
bl A LHEON FIvLBENRE L &V Shipham TEHWEIEZ R L T05 (£
4) . EREBD U v N A EiL 3F LM CRIHEORKME AR L, ZhbiX, RINUVE
SORMBERERI VNS EEN T,

K1l AXRKZBTA2RHIEEIND I FI U AOEERE
WARE T, & K AR EART a—h s LTHEREHCEEA » TRIX S -
N, LEPICEE L THRERRT 5, BAREIC I, WRE LT L 3REN b fp - ;IéﬁAggggwgﬁi%
2. BIREOBE, SLORBLIR ¥ OH BT T UART 2 — L FBAT S T T TR
LB, MOELBICLAAMCRBESA TV EEZLRTVS, e 381 <001 (1) 57 0 meon
B L DBEORE, REIOEORICHI FITLARELGEEATVWE T & xg 462 <Ob] d% -
B BUET DA LAVALY b KLY ARERAS< 05 EBRHITD - M Cool 003 ]
@31 WRERLORERESH) . A 329 < 0.01 0.49 -
F oy 101 <0.01 0.01 -
EEd 106 < 0.01 0.06 -
S e e L g R 88 < 0.01 0.08 -
BB LD K3y MRERIT, FBAE T FASRELTH B0, ik L& 103 < 0.0l 0.07 -
RUEROHN FI O A~ UckE S EASND, B0, SO, SEirES AT 23 < 0.01 0. 06 -
R EMEOHTARERIAL LT LA LTS 2REARREKE T8, T0 SEELA 3 € 0.01 0.01 -
K W RRARERT (WHO) OEIKEAE 2882 28A Lo 5, FEnd 217 €0.01 0.33 -
KED S bANAD ) A ESOBERN S DAL, H F I 7 AR 0~Sugll, b % i 123 ¢ 0.0l 0.23 -
A 1~298ug/l FENTHY ., ZOAREFHTEADRESAY 22 ROEAUAD =y 31 ¢ 0.01 0.04 -
REEEED ) 22 58 EOBENRHD Ok 4 - 1) . BEO LR L OB O T KA 101 ¢o.01 0.05 -
[/ 290 < 0.01 0.17 -
S RN : R BN B OIS O PRSI O T 5 S RROBED T LT, PR L LIEERD, B 0w ;jliy i% 2381 382 .
WA REMCA B OEFICACL T FRERIIIEYNT 5,
U BB B0 173 WIHO SEUKKEHA K51 A8 (B2 R UH IKE) | B8, Favl 81 <0.01 0.02 -
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TRIKES (2002) RIEMZSICEENDD FI O LADEBRRAEICHVT] R
[KEEFF (2003) KEBMICEENE N FI Y LAOEBBEITSWT) H681E

(T 4-3, 4-4)

B 1

HAELAEEOKTL FITLAGHE (RIHE)

[E2E)

24

=t
PE
PE
B

ZHIN
TAYD
NREALS
oQrFF
AN 2T
AT
v -7

TISBE

1165,
615
665

21085
515

11655
975,
675

1045,

2185

1005,

372505,

o]

005

1

015

02

028

T kGBI IR LD Lh 5B B (mg ooy

X AHPOSFIVLCHETAER (KER4-5) LV3IAE

#2 EHIRDTH NI U LME

(HfL - pg/kg BER)

& & HE? 74050 K RYyx—F o Frw—s F78¢
Ny YT 20-30 20-40 31-32 30 25-35
Sk <] < 20-30 < 5-5 2-3 6-30 10-40
NBE

PR D8, 450 180 190 1000

RO 130 70 50 100
b=l | < 15 < 5-20 1-20 14 15
58 < 30 < 4 L <10 2
LS < 20-30 < 3-20 1-23 < 30 10-30
WEE -V eh <10 < 10 3 30 5
g3 <10 < 2 1-2 11 5
B3

Fpn'y < 10 5 4 10

2759~ < 20 10 10

HovE 120 150 43

7 wyal- 10 10

5k < 10-30 < 2-30 1-4 15

LR < 60 50 29 43
DAY ML < 30 30 16 30 30
=y < 50 30 41

o

Buckeetal. (1983) XY 3IH (kR4 -8)
Koivistoinen (1980) L9 3|8 (CCk4-9)
Jorhemetal, (1984) LV 3IH (THk4 - 10)

Andersen (1979) X 03[ (TR 4 - 11)
RIVM (1988) LV 5{M (Cr#k4-12)



£33 KEOREDTA K I v LEE U AOERBE, 1970FERELIT6ug AR TH o105, FRUKE, MOV LT
ETEY . 2005%i2223pg/ AR (KES3 3k T29pg/kg REA) L7 - T3, %

HEIYLMBE (myke BEE) 7o 19964F 5 520054F £ T O 10FE M O FHWMREIL, 263ug/ A/ (HKES3 3kg T
Y87 Bk o B/IME SN 36pg/kg (KEAE) THY . FAO/WHOARRRLAEMMEME L3 (JECFA) "“"'L»I
* 166 0. 0045 < 0. 001 0.23 Lo BT A HMERE (PTWD) OK50%THD (K2) ., 2005F 12517 51484,
E—F v 320 0. 060 0. 010 0.59 MHEOH NI U LABREOESE, KRDEOBHA6.5%, ANEI12.8%, ﬁﬁtrﬁ
NG 322 0. 041 0. 002 1.1l EAH12.4%, HEE - FHI24%, RUFEHFRFS2%THS (L4 - 20, 4-21) ,
I 288 0. 030 < 0.0017 0. 207 ZOft, MI{TEUE AEIREFETISERTED S ERI2FEE COMERORR
Py HAE 297 0.028 0. 002 0.18 BREOT — & LRBHI R IO LBEL SRERBVREITIMEE (EvForo -
N 207 0.017 0. 002 0.13 Yialb—var) FEALT, BAAOS FI Y LABERESHE OHHET-oT0 5
E# 230 0. 009 0. 001 0. 054 (K3) , ZORKR, BROBKEVON FI T ABELEOTYH, BEAADOH K I
LR 150 0.017 0. 001 0. 160 ngExi YL M3 4Tug/kg R/ IR, RAE2.93ugke K BB, #H0.67~
Ay 104 0. 061 0.012 0.20 9. 14pg/kgR BB, 95/8— & A AT 33ugkgh /A TH D LBE SN TWA (3K
b= b 231 0.014 0. 002 0.048 -22)

% Wolnik etal (1983, 1985) LY 31H (X#k4-6, 4-7)

M2 BRMLOH R LBREOHS
K4 EEOERRETEE L-BETOFEEH K I o LB

(ug/kg BER) (ng/ A8
5O BRI LR Xy LEMEF CyHAE 50
Shipham GikAe NIV 250 * 680 130
Walsall SRR 22 b D HER 7 190 103 l.-\
Heathrow FokiGETR 24 180 150 : "
T 40 !

|
¥ WHO (1992) Cadmium, Environmental Health Criteria 134. X ¥ 8| (3C@#k 4 - 13) ‘ 1

JPM_ 1~2pg(7)7]f‘ DLABREENTEY, TOMI0%LREIICERA SRS }

(xm41® BAEIC L 5> TRAS DA B 2 2 AORISO%IEMICRIN S L5 (X 20
W4 -15) SIET D& 1HIC20RBYEY 5 A3, $1~2ugDh NI o A%RINT S

YRR B,

BEREL Jo CHEETR A KL 0 ABERUED KX 0 ABEARINT B, 2D x—F 0

YT, BEEOMB RS K LABRERE D NI AREE, EREE O4~5(F
BUO~3METHD EW|MEEINTVD (STHR4 - 16, 4-17, 4-18. 4-19) ,

0 |
1 1990 1995 0 0

1980 985 2000 2005 45)

¥ ORAARIZBITD b—ZA A=y MHE G 1-20) RURBHOEENES

"}F“‘(:*v‘i{éﬂbﬂiﬁc“.'@09&“&5&0‘5&%&&!:}0ﬂ\TGi‘ 19774F X © WHOIZ X % Global DR EOBER VIS HHF% (LR 4-21) L0 A1

Environmental Monitoring System (GEMS) ®—B& LT, BEIEESAHEETFRHT
DT REAERTRBT~ 2B L B L CRRPHBRMED b—FAF A=y b« X4
T4 (TDSIE) LA BBRBEWELEHLTVE, TORERLICLLE, H NI

5 AL 10 #0612 FROEERERNEIZE S OAAO TR (2RI 53 3kg, NI 15 Tk, EMEE 55 6kg) ,

§ o h=SAFLxy b ST (TS B FHEEORMHLNFEES THA L, LEIOEU TR 2REEMT - IORBBSMHIL. HRLOLOTH Y, HHEOHRESIL, HIFFAOCHERFCBEN KRS, FR Ml%‘—fﬁ(f{:t‘
WL, TL. RN LEEHROFHEAREL BT 5, JRCHTORMICR T 5RO LN BELEESNTVIRETH D, Lsio T, BRI PTWIHBRAAR, BEAE VARG EZEZLOREY
IRHREERLD ZLICLD, (CERAORHNLBRBEERT TS, v— v hSxbry b FREGFRIND, 55,

12 13



X3 BAADS FI v LBEBREOHT #£5 FRCBIZREFO—ASHEYDOFHH FI U LHEDRE

E4 700 B EERY AR R (g H) BEH
EMSH — IR IS
0.028 + T _N¥— D 15 Buchet et al. (1983)
’ J4VTUR M 13 Koivistoinen (1980)
=P N D 31 Yamagata & Iwashima (1975)
0.027 g ax D 48 Suzuki & Lu (1976)
l ' l l ‘ I I ‘ ' SF N D 49 Ushio & Doguchi (1977)
B 014 dm Bk D 35 twao (1977)
b: -4 =P N M 49 Ohmomo & Sumiya (1981)
BF (3HgENFEY) D 59 Iwao et al. (1981a)
(1 Y00y 20— aF D 43.9 (BtE) Watanabe et al. (1985)
L
Za—Y—-35UF D 21 Guthrie & Robinson (1977)
0.000-—, : : r AYI—Fu D 10 Wester (1974)
0.67 278 4.90 702 914 AYI—Fy M 17 Kijellstrém (1977)
EE M,D 10-20 Walters & Sherlock (1981)
SR (pg/kg E/R) *E M 41 Mahaffey et al. (1975)
P DOHKFITA stz -
% BAARAON NI AMRRBUEHCETAMEL VIR (R4 - 22) B RS L RE R
Bx M 211-245 Japan Public Health Association (1970)
e BB A L T X D 180-391 "

B MR T b o & DIREAR & B2 bI A MIRTRSY L 7L S0 TDS BrREREOTES © e e 1983
ECRBEENBEE SN, ARCBREE X 3REN T, TDSETRD LN #E D 29 Sherlock et al. (1983)
FRERL, EHMELLS ppkeg BRE/A. T2bL 7 BEICHE L T8 ugkg RE/B LR XH D 33 Spencer et al. (1979)

9, JECFAOEEHABMBSE PTW) "TH27 gk AEBEYBRHFR L2 * M - REYUTLEBRAH (TDSK)
ot, BREEIC & 25— RBREIL. 0.4dugke (KE /B LR 0. BRESTDSEOK D — BaMx
SOERFF LTV, BEETH, BAOERZBEREEZBD - LREEXIN, % ¥ WHO (1992) Cadmium, Environmental Health Criteria 134. & ¥ 318 (k4 -13)
AMECREEAERLEBACRWVELZFT R EBAND BMERSRIICX
STRELARBZEBRONTVS (XHk4-23) .
(O IO 1141

FEAETRTOEDO—FOLMBICE T 2FHL FI v ABIMEIL, JECFAD A R

PIWILLFTHD (R5) . F6IZE FERT DY FITAOBFRICETART 7 4 TR E LI@A

FEO—Kx7T. L7 4 TREFROKREL, O F IV AOBMERTR
PROB5SOENBERAIENE (R6DF A4 7RCR L#7) | OFNE & P
BOWE (NS R) CETAHE (R0 7HICB L&) . QBERNTOR
DALROHEFIZETIHE(R6DF A THIC U LRF) D3 FA TILHERTED,
RRBERRMERRICBIT A0 NI 0 LOBRERIY, 2~3%EEELTFL TV,
WD R Y AOBRTHRRBRESEORE, SHEMU EERTERSINT
B, FOBEMPON FI T LADBE~OEH-PRPHRZ R L THRVWOT,

o :;fgi;omﬁ;;g;g:ﬁzggwmm BHICBEET SR TR IBBEN L 530 $ o FARRRL, H K BORINEY BN L TWAAEENRVEDRE bH D,
: » DOREEITS TS, BEE (CdD &HFROELBRE TR LENXFRICL D AT 2% WUT

o R MENRENE~FANLACALLOO L BANEAFREL L, | AORFPLE NS LEHROBE o s o & il  raio s '
EHE D Lty MERREN KT AR AT D LR AR ERET B, - - T, bk b7 K NT AR 3, RER L FRICRCRBEN TS, B 41 Horiguehi o (2004)
ié;&lﬁgg;{ﬂm?kiﬁﬁ 174 BB, TR 154 12 A PRI BOMBTEDA, 8. B, YRRUMA (STl s - 1) DREFRL, B5IE 6 (R LI SREOERBE L FHONARME A
DM o R2E, HREFTEECRENEICSMLAENBTA TS, FBADAT U ABRER LS, AT AR, ERICETELTETL, EREICEE

0 ERARREHE (Provisional Tolerable Weekly Intake) & it. BB ADRFOREMNMAI RS LT, AK— L SR B s o ok o2 B R
EFICbR ) ER LT LRI T 3 S RESARAR VLS BRE, KE kg 5700, 2o LAMSE LTHML TS Z e AL THS, ZO2EKERARKLE L, <7 2RER

SORBE: LTRRLEKESZ ETHS.



MERE LEBAOERBAVBREZR S IR LTV AN, BREOFSRIIEL,
REVFHRE LA E TH o7,

IBE TORY IAHEMENRIL, BNERD FI 7 L0BENIEEOREL B/NR
W L7EBETH 0, RNBREERITHY, BRE L JHEROWNFHAEL Y L EORIX
B EEZONS, LnL, SHOBFRROZEL MHL GHET S22 L3 T
EFRVRILBWTEDOERIRER L OEMNLSH B,

B b, BKRZTH R I ARINAEM L, @RS Y KI5 AR E HIH 4
DEVHIRE RS- 1) MbD, BMERTIE, BALro v s, Kl BEOE
R ORBRGTR, 72 BOBRTH FI U ARRAKMTS L)% (R
5-2) BdHb, WHE, 2MEBA A 8EA 1 (divalent metal transporter 1, DMT1) 28
1B FRHRIIC 31T 5 2 RS B ORI K& BB 2 B L TWB I EBBAL IR
D, AFIVALLDMTI A TEREBHD EHEINTND, ZOZEND, B
Hifn. WU LARZEEOH NI U LARIEANE 2 BEBA & OBREITL 0 HA
AIHEA S L2y, B LEHRE D HEEI (W) i, # FI D AR FaFtpdg
v (CA-MT) & RE@EHEEHE 1 (metal transport protein 1, MTP1) (2L W Bk EN3
T EBHERENATVWS,

FEXEFRBCERTAEBIIBV T, RRIZEFTA 2 FIvLAMhGFRIENS
EEMBRA KV LBE (Cd-B) RRPA FIvLPHER (Cd-U) ABEMLAEWVWE
WOBERHD CTR4 - 13) IR TR I NIV LE2E5He<T U 0= (kemel) .
E<wD U DELE (seed) RUMEILD FI A (CACL) DB &MNLDOH K7 LBER
BAFRRE LD IH5ZEARE LGS, Chood FI U ARINEE, Hikh K3
VAPLDH NI U LARIEITE A 30% DRV, Ee D Y OBLEN O NI
LRI 2B D e VWIS SRS -3) 255, Zhbit, H FI YLD
ERE (BOHEAAEOERMER &) e Gaky. Gk, mBsER L) ok
DRUCENEL DT E#FRL TV B,

HMERIZBWT, AFaFtxar MT) B8 K10 LAOBRERILCES T 5
LR CAMTRARETH FI U LARBFICEEETIEVIBERH D, —F,
BYHOHS FI 0 LBEE 0.02~40 mgkg TEB S -8MERTIE. BELEFOMT
BIIARETH- T,

BRI TR L BE LEEMER T, B~V AR 3 EHESREROK
10%THY, BT T A 1%E ELETEW,

UEDX MR e, KUY R ZFFMICEOTIE, RAOBERIELE bRT
T AT ERIBT OIHAMRNTEORTRLFAL 2~8% ETHZ L NRYHLEL
bhd, 2L, DROFEBIZONWTRAFZTHY . 4% IFHINEDOS /1 idiks:
ENHRETH D,

£6 HELENLON FI T LRUIBET LB

HBRSLTAT |HEIOLEREE BRI
w [~ x| vEsax ";B' w217 il
Suzuki and Lu(1976) 25 44, N N -
Xiks4) M2} 3337 |AMRBIOAM) 4818, 4092 nas | B BEE CREPCINE, BRARUERADT -5,
Flanaganetal (1978) | M| 10| 24zl 1 26£0.6
(HRS-5) Fli2] 29432 | RI"™ CdCl, 25 15418} o PO AN RNSAMTLSRADRMCHA, TR A
Mclellan et al (1978) ME ol e L 31o] (22-29) 46240 AR P CCINERNRETREAF YL,
(X Hks-6) F
Newtan ot al (1984) Rl P Pen O R IO, R TE RIS R T RL R ERL.
ST M| 7 MIZEBUSC|  24-166 2709 | R |TREHIZCARSE, HILTAFHLITRRUSIALE
@60 | sz, 2000 B 26D CCIDRARARER v,
Bunker et f (1984) M BT N
kS £ 2] 70 BRERKSEM 86 a832) 8 |MBETRRKPCIME,
Berglund et ai (1994) & 34| 374 111242 2
Vahter el al (1996} Fla3] 36184 | BMERIBM [ 160.71 [ B |REETRSRCIME,
(ZHKS-8. 5-9) 171 37479 2782176 -l
Crew et al (2000) F1 s | s2des |SPcop g 1880780} | I RBRG K CEMUL T REABRIEL KU
(SCRKS-10} v . meE 16 87 T AR ELTRE. SERMREER.
Vanderpool & Reeves(2001) | 4| 1 S |GrUCarqtus] | 40 |10 | [RRPEARUCICLEUTOYDEDHITRESITEA
(Js-1) (30-70) | 8—. WE1E (16-18.3)] L - TOELY -2 YRR, 2 BMRERTY,
Fi2s ECax, 78M 44 243 | B |SBE~HABOERXREMEblILYH N,
12 Weak. 18M | 465372 (431977 128 BITRCOKRN, 12~20B0/ S5 AHN,
. B
Kikuchi et 4] (2003} 6| 208 Cd¥, 3 494n3al~) D7 12~ 148 BizKCd: 12~20B 0830 AHR,
(xR L1 8] oy |EO*38% ) 23000 cansos) BiERCakAR Aiadodie
12 BCa%k, 1BM | 46532724 (9?:}) 128 BIZRCIRRE. AMCIHDAIN.
F S U
- @ arE3al~| 366 ~ I .
6 Weak, 3AM "0 68 o2 s 12~ 4B ALMCOR AR, BHCIHOHHI.
& | 2039 a4
Honge e | D6 aoso | mmaa7am| esisis [ 1| B [REETREPCIME.
14| 6079 59
547 B:RAREHRROASVABRE. RENRRUAROERBRTRAR. U HAERCIOHLEBBERABLILEZORRER,

SORITKikuchi etal (2003) EHHIZHRE,

K4 LT AR

80
50[-
40 |
20 |}
o |

-20 |
y| = -1.4008x + 80.125 ®
R? = 0.4471

-40 F [ ]

Rate of Cd absorption (%)

-60 . A

1] 20 40
Age

60 80

NG URARLE, BRELROZELERETHRLZLO,

% Horiguchietal. (2004) X 93| Uk s5—1)

17




k.l

Balance

B5 MR- EPYEE ST R (%) & 4EED, BRE(Cd-1) & ORI

50

— 50

Balance
S
'

®»
3

Cd-i Age
Balance(%) = 0.51Cd-I — 0.49Age+6.76 (R*=0.597)

Zalups H DR (AR S - 12) IKLD L, BETRINSAAY FI v AR, BAK
KRB LTHRIC &> THFCBE SN S, FCRHBO MT AHESRSh, b K
IVLEMT BEHEELTCA-MT L 2> TERKL, MEHICBEIT S, £, S ¥
FACBER LV BE I S h, BRIIZC AT A URAICENRT S, P T,
ARIVLRELTATILRMT EEQ LARIETBET 5, ABRETHESh:
c¢MTuﬁﬁRﬂ§rﬁwWén BHETD, IFIOLE, RBERIZLALSEE
LT, BESCHEROERD FI Y AARBIERTIAL_ALTHS,

thIBITON FIVAORMEBRERE T, SANBONIANBEHEICEREL.
FRHEA T, TNENLARNBEONIMRERIND, . EIHEG. B~0ERE
. EBILRY, BRECBERG L, FOBREDI0~20ETHD, BIEEOBK
R~OERBET, FREHITH~10 mykgBES, RICTEWETION FI YA
ARSI @A —HICH L, DR (1975 LB E. b FOFRUORICHIT
SHRIVLAREARELLLZ A 208BULOBLTLHEIIBIT BN NI o LAlE
BBUOIBL ZUEEVMERT Lic GTRS - 13) ., K6ITIT. 19744E0 5 19834E (3
BRS - 14) | 19924F 02519944 (STARS - 15) 1AM CITb BB K-S« BRER
BEOFBRAFME R LIz, BAANOEREY K3 v AAKRIZE <. SO~60ETE—2
L2 b, LBEAOT 5, FiC o0 T, EREFEDICENL, BREOL S kEihT
BT A EREE R,

Fref e M RO T, I OL F I U ABESINT S (T4 -13) .,
EhTR, A FITACREETD L EX bR AFBEDRAIIBE STV,

KT BBPH FIv Ll

F—abzy7 | 9| ¥ITO[ M Ko

Xk it ® L] L1 RE (/AR ENEONE "
Orlowski, s | =TI 0282018
& Piotrowak2003) Pt 2| e2xn |7 (28:026£015 RZENT, 0-C0MTREN. Lisas td]
(XiRS-16) 61 :0.13:£0.07
REN: 1545
o | #1935 ) - [Fass Ll S
il 05 Si~60M 091
— SRR 145 SIlE 148
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100 a) # K I L0 (5 HETS)
o " et e . RORE m® AESY LRE o
s 04 . T . d GERG RERQE DIW' (%) ¥ (ppm) 8 (ppm) (ug/8)
, - (0
2 01 FH# 1% 15234625 65.65£25.63 24324467 1262067 0332018  194£15.7
r=0.740 (it EHIz0~5i&)
e 0.0 Renal cortex p<0.001
7 Bt 198 27.11£11.84 1170126051 25.01+55S 1.36x0.45 0.36£0.18 36.0+17.7
: L e I —
. 0 16 20 30 40 S0 60 70 &0 S0 100 (22~24&)
H ot YoshidaMetal (1998) S0 5If (XS -15) T 174 1988:600 84.88:3039  25.10£537 121029  032:012 250108
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P 0 (A~tf ) o°
s BB UL 3335 134,53 25.03 k19 0.34 432
H 25 o [ (Rt EHIZ548%) 26.63 112,70 24.30 1.33 0.33 345
3 oo 8 8 E WARANFN - AR E
- i, 35 8 HREERR 5 TouchiyaK. (1978) £ 03I CLARS - 24)
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) 340 o 88 8o b) 5 ARSI DB - ey 13 ABRILEO TR O MR 2
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.- ¢ Finland %-——9 Japan{Ahita} v ~~-= USA(Dallas) > v - ol
Tl TTmiem—uame 0 0 % % 6 % w6 ® % wh W e LR
% Elinder C.G. (1985) £ V31 (MR 5 - 14) % TorraMetal. (1995) X 95 (XHKS - 19)
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2 1932034 1432022 1342022 S9.6£17.5
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0.01%RENRPIZYE & D5,  (CC#k4 - 13) ,
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BBOH KT ARERBRLTD, 0 EMOEERD L, HREDH - ERILT
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Tsuchiya HiZ, VavRN—hA L FEFATHITE, FTELHELE GRS
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WEMIOF) LHE LA (X4 -15) . Kjellstrom & Nordberg 13, 8 = /8— b X
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EMFREBE 121~02TFELHE L (XHKS5-27. 5-28) , ZOEIRHFI
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FUERETDHI LIIHENS S,

ENUER A  ARIIC 5\ TH, R F S AR R AT B & W5
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% Nomiyamaetal. (2002) X W58 (Gr#ks - 29)

AT T LT

MT VAT A UEBEPEEREY FERAEC, ML LTI, 0, I, Vo4
BEARNEENTWE, MT-1, TIEPICIESFEIEL, 7 NI o u, Hey, @7
EO2MESBA A THHEREINDEE I FI YV LOBEEERENL - & LEW,
2T, B - BB THEEAR SN, BELE <25, MT-II: MT-IV i3, h
THHEN & HEE O LEMMICHEEST S8, b FIvAlCL v HBESR SR
v,

22

MT-I BRI &, A FIoLA #H, @A AT HEEET S, Z0Z &
LT, O - BHIRANTY NI UL ERA L THEED NI v AL 55205,
@OmBERTIECIMT L LTH FITLEBE, OBTLEMT IS FI v ARIIC
BEOLSBL, @RBHIPICIFEL, P FIULAOKREBITEZHETIENHY
EVDITONEETHD, MT D FI VAL RIEMIREESELTEY., MT o
ZTBE, BEEELEIRI VAL T /L > TBEENRRETILEZ LN TS,

B, MTEARBLIBEFEEBERIN TV S, BEATIEN FIvaD
EHRER L EET L ERIIRD,

BMUEARIVLARETHE, I RIVAZBRN FIvLEEMRERIIMBRI L
RRCRBAET R 72— LIlBESh-%, G THRERET LAFIn®E ST,
B, BMEEF T, MRCHABIZL > THIEREL 20, BRI 2155,

BHMEPELLELIBTIARGHEERE T, — BN H FI v ABERERICE
W, HAEHEFITIE, MBESLHHENEBEY FI T AT 2 — ADETPREIL.
50mg/m® TH O, MOFITIL, 5EMERE L, KERIL 86mgm’ Thot, Smgm’
EBIBARNIVACSHEBESNI I LIV RIIEDEEX LN T3,

2B, BRRCORRIIB I 2BMEOHEREDNEE. Thbb, RELEFHE
F211 B 8 B, @ 40 BB BRECRBVWTHELRREENSE LRV EENE Y
FIoLA@ER. 005mym’ LRESN TS (k611 1),

2R R Gy

1940~50 FERIZRHPOKBOBRFIZO LV S L CELE PR E & b2 At
BPENEAE L, ZhiE, YR, J0LDRBICID A vFICh FIvaz v,
BERSCHRENE L-ABAARAROREN LY RI Y ANBHLAEZ LICK
STERAELEZLDTH S,

T, A FIVLBENK 16 mg/L OKERALEICSEPRLZREL, LR
BCEE LBERH D, ZORBABRORREE, & F3I DA ETREM THA
YTONEEBRABORKY VI Iiho, ZOAMTEOEH T, B3| X
BIL, HBERNIH FI v LARERB LOFELR o imwic, RS B
IVALEIX, ELOTRLORTWEEEZLNS,

BB, BN FIVLAPELRR U A« OBEBHAEHRIZR,

BB SRR L BRSO EABE SN BANH D, HECH. &

RO LA SUMMELT2RAL, PHELEEZN L TERNICRY AENS, BEIL.
HEIVLEERTI2RGREEROMEBIRTE LIk, BE»LBINEANT
KRIZIRVAEND, BERBOBES (L 6.1) 101, RERRIZEMA LR
MONLDA, RYREI L 2@EFEOBAICT, BESTELRENBBTHIZ &
BDIESBHENTV D, 72, TROL I CBENS VI FBREZMLT, H F
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LY LARELZT TERAICERYRAENT A FI O AL HBHESE LT, AR
FEELTERE TOBMERESE LD Z L BMLNATVWE,

BESRHIZIE Friberg (2L A0 NI U AEEF BT IMELRZRMNOBRETHY . &
FRULMEEBBEIN I BHENEL, ESFREAEOR~OYMBSHMT
DILENFETHIEBE SN (MK 62.1-1) , D%, I NI AMEEEICE
T BERENFHICRM AL, ARGBCROTEBEN T OESTFRER
H.7I/8 Iha—R AN h Uy REREOSFE 40,000 LFOME
DIFEAETATHI, EEARBEBVTRME CHARRENTREPEERT S
B A RITMMIE VI RMEORBRIESESME T T2, ZhooBmEDRP ~
DY EAGINT B Z EAHBE L (TR 62.1-2, 62.1-3) ,

fihds, (FEBETIIR —BBREICBY 50 NI U ALSBERIEOERIZISWT
U RMESERTAEC D Z 8%, BIK - BRI L > THLnIcank, T2
Db, BURWSE)IRRIZZR LA F 4 1 7 A FREOBREEEIT, BWAKED
RECLDb0THERL, TMNREFT BT IERREEN IS THLZ L (UM
6.2.1-4) | BHMER, 7 I MR, RME Y HURIGE (%TRP) OETRL LA,
AFAA G AHOBBERERIFBEBENCR T 7 a=—EER"'Tho L2
EranTuwnad (Xmk62.1-5. 62.1-6) ,

Jirup 53 4 KU LEIEA 30pg/ H & T0ug/ 8 (BRE 70kg & T 5 L BlITD PTWI
M T 2)DBE, —RERTREINFN, 1%L TR BRERERBEIhS -
Lo El RZOHDZEATIE, FREFN, 5% E 1THICBEERENBREINAD -
LERHEELTVD (AR 6.2.1-7) . £7-. Flanagan Hi%, fiiE 7 = ¥ F 2 2% 20ng/mL
BT THIBRZOBALRMETI, EERBEARELY b FI U400 MAE<
ARIVLMIEDBE) R7AENEREL TS (SR 5-5) , 5. Tsukahara
b, EM 6 IFRIEEDRA LM 1,482 ARMIM & —BRZ S L T2 2o
T %, HREIT, FEIEE 1,190 AZEME (~E 22 <10g/100mL, 7= Y F
v <20ng/ml) 37 A, SKRZH (~ES 02 10g/100mL, 7 =Y F L <20ngmL)
388 AR HRRE (~E7 1 b2 210g/100mL, 7 = U F> >20ng/mL) 765 AIZ43T,
BWBERUSBRZFHISOVTEREAVERRE —BHES 40BN LRE L. &
MR L OXEBRED 36 xp, SRZHEL F ORI 280 HOHBKAIT-72, TORK
F, AL, BRZHOCTHOBETLRFOS N3 v A, al-microglobulin (al-MG) .
PB2- microglobulin (B2-MG) IIH B2 LAAT &Mool Eht, —fEOARARA
THIESBHOLND, IBROMBRITIIR SR OBENZENR USRS Tk, & K
IV ALAOBRETEE SR LAICEEL RV ERFERL TS (k621 -8) .

Biff, SO THBOESER (W FI U A, 4, K, %) WRE L~ FiC
BT, BREUHESR (K33 AEBRR) ISR S5 33w Retl 2 s
TORFRESLB|ESINL (LB 6.2.1-9), ZOWETIE, 75V R, FraRUul
=7V FOZAEOEBEBESRTTEDICBET 5 F6t (55 804 A, FHFRIE 8.5
~1238) EARIIMEFELTV., MEPERTOELBEAET N EB~—2b
— OB EIT o, TORE, MEPRCRY Y FI v L)L, RAGHEEDfEE -
SRPLVF /) -LVEEEAHE (RBP) | 275 S MMEHE (CCI6S) B
N-acetyl-B-d-glucosaminidase (NAG) & OMIZ, RBEKENCEERAENBRE AN
oo R~ RBP, CC16S RUNAG OHBOFE 2 LA NBRERI N - HOMikD
RURPH FI U LRI EFDO TR, EHELORBIZLhiIT, BARHEOS
EICHREN BRI BT 2EAERORED 5 50 1 16 10 50 | OEICFHEYS4
HIE, Ta b N FEO BB IR E < R AL TRV ATREE S MR LT

Wh, 70, REMTE, MBFORBEO LI L b, REREBEERT O
ELTHOWONRDIMERZ VT F=, BRENIMRAEREDREETHD B2-MG
REDLANBBIN, SO, EROMBEITIRAY, BFIC LT F—83
RE~ORBIBE SN, . MR NI U AMERR A
HELOMICADHBBBREINT, hbDEENL, EE LT, THMAHIFIY
LARKPIBERIND I LT XY, BWHEE L M3 UEBHR RIS L TR AR
BPRECDEERLTVB,

MOEROILIFORB A HFEHZANTERII LTI L, 0o, RPH FI A (1pgg
Crofil) LMiRPh B3I 0 LM (0.5 ug/l Kl L aAn—BBELIZLA Y ED
SRVIZLPNRDLT, BETIROIPEERA &V I HRT, TOROREAL ST
FLLEMBLERRELSEL-TWD, LinL, 2OBBEIZENL TR, 2. il
BOZAEOKE D & OXIBHEE U TRE SN BRI B 2 T4 i)
LR RTOEMEIZ L2 OBHRH D, “hET, ZOBEFCHEBINLZLI R
—RBETOECBERES T OBBECMBIEICRIET RS T 2R RS 1T
e, HBRRFHIFSETH L, 5%, FHR~OPBIIEE LERENLETHD,
Linl, R TIORFRECHN L, MO TIERBEOS Ko LRENFHROY
TEARRE LRI EBIC 5 2 D ERIC OV TRR A & BT 2 LIS TRV L E X
bnd,

BRIV LFHOMBWEFNL, A AL ZABTHY, I NI TLOREBIZME
T« 0 ER (R, B, Eh, XBARE) BFRLA-TELELOTH D,
AEAAGARRECHLIRZOD, BREFIL, 1976 Fi2h K 3w At+gEsn
HERIC T A REAT XA HE L, M, ZoFXE, ([SARRUHERO
HEBEZ 2RI ) —= T LT, TR LTF=o 207502, B TRER
R, %TRP, K7 I /857, MEH AT OBERELTT D LOT, BILOBEEY
OREZRDL LTHHFBCEELNEEZAEL TS LEMENE CC@k622-1) .
1976~84 I TIBBEFH HFRIITI Y H B3 A 5 Yk B ORBE A5 43
NADOERERS FI U LAHBBERE 2 IJITRERT A1 5T, KH, B8, IR,
il A K, BB, KOOSRIZEBWTERIAL (F10) (Lfk622-2) .
FIERRZ ABADBHEEZR LAEZEIZOVWT. B 1 REBR2B AR UREL2HOTITbN
7o B2EBZE, BIRRZBHBOWTN, 1 DL LTS T 28458 E LT
I, BE2RBZBOBE, %TRPA B0%LU T2 RLI-E4E I RRZONS &
LT, ABRE Q13 H) THMRZRATREREY B X BRAES £ X n.
BIRPOEIRETORKEEREL T, B TREAR. R, 2847 I/ BR
DIFBD I H2HALU EICHY T HBE% NIRAEHERN OB L, &
DIZ%TRP 2% 80%LL FD Y o B AUBEREDIN T | e P RARES A 4> A 23mEq/L
RIMDT ¥ K= AEBD HBEITIT DAMRMEBEREOEE ¢ 2hLr, -
DOREBR»G, H F IV LARBEFRMIEOER T, EMRMETHRERECT D5
WHRHDEPEERMBIC LR TE L, BRBE & OMICHEERBENR AR L,

W Ty oo SRR G RME OREBESROBRIESIZ L0 e RBEIBREEIND, KR (LAF
E. VAN URRE) SRR (BB, SRETHELY) Bns, 12 %TRP | R Y - BRITE,
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BB NIRRT, 1979~1984 2 RE S v BBEFH AR 1L 5
SERRTREIC B X Hi X, 1985 FE0 L IRBR CTFHBAENER S, £ OH% 1985~1996
EFCTOREKESRE SN IRk 6.22-3, 6.2.2-4) . 1985~1996 FDIERME
RRE T, 1979~ 1984 EOREICHIT S | KIRZ ABHEE, 3 kRZ2SIBE LR LD
AHRELENBICREOPRR I N, TOKR, RP p2-MG HHt&omm, 7L 7
F=r 2 YT 7o RADETHREAESh, EREEFREEROELSBER I T
5, ZOREFRIBNTIZ, RP 2-MG O ERIZITINEIC L 3B RB AR5 -
EEILY, EMNREREOCRRNELIZOVWTIL, SEOTF—FhbHET 5
ik, BETHLERBINRTWS, i, ZHIX LT, £ EEbE 7 LEmRa
Ph, BIZMEBICE bR ) EBRAKTRALL I FI v LAREREOBMIC L > TRT
B2-MG HEME BN T2 Z L BB/ IN TV 5, TORBE LT, # FITLAREIC
FOAEEATERSNABESFREAE MT ORDYEMBARD p2-MG SRt & & &
BROZEGETTI L, TOHMEBIIA S A S A RBERER L FOBBEHERENY
2 EBEL, RIZA F IV ALRGRBERBMETH Y . FHRELHRERIET D
S EHEVWIENRBEINTNS (TR 6.22 - 5),

HRAHTRONBEERHNS 1 EREER SN BHRE T, FEOKT
LIcHIROBEERICEWNT, KPP A FITVARE, YNk GEDOH FI 7 AIRE
BOETHERINZ, TOBELELTRPI FI VAU MBOEERETARALN
o8, R B2-MG HEBBR RS /o — PR &R, SECHEML TV Gl
622-6, 622-7) .

FINRBENFIROBEFRMEERICONT, BRKR TR B%IC S EHMEEL
el A, BEREIFIZERD p2-MG BEt& 1,000 pg/g Cr R Tdh - - FRE O K
L, SEHITENTS 1,000 pg/g Cr R TH D, WMTHBoRieho7z, LL,
BREAEFIZ 1,000 ug/g Cr A EDEIETH - - HHRE T, SERITIIAL» R EAMBR
Hohf (XAak6.22-8) .

REREFAT (R BT EFMRERO 10 EMICh 388 ik, YIERE
REIZ R H B2-MG HEME B 1,000 pg/g Cr LA E%5R L7z 16 ADRF B2-MG BR8]
EHEZ. 10 FHRIZ2EE< ERB Lzoizst LT, #IEIRHZ 1,000 pg/g Cr KD 30
AT, BEREEALR T (CR622-9) .

B BABGILEYHE T, 30 BULDER | FAULELGEREITV, # FI

DADEBILARMEBEREOTESRLSH DL EXLNAE BANRI I,
IO BADRDH NI LY BEOFEHEIT 13.1ug/L, REBMHE 7T A TH 72 (X
BR622-10) , Ef, IBRHNO SOEULOERORHFRE DN LI-BETIZ, &
B, ¥ &IOS ROK 2 FOBEERL T L. B2 -MG BE2S 10,000pg/L LA L
DEBETHDEL, ISRHIBT 7.1%, FEHFRHRT 0.65%ThHh-o7 (XK 6.2.2 -
m .
WL RAVE RS L, B2 RFERICIVELD, P RIVANRENE > %2R
REEHITE, AFIVLRBOEBES L TRYAFIvLARHOLNS, A FIY
LHEERMIT - ERBULEREL, FOLHOKER L TWBERIE, REH R
IV AR EARVEMICH D, T2, invivo PEFHREEOFTERCTHI FI DA
BHETBEREOTBR BT ON M I 0L BEESHT LR, EALRMEBEERE
FEALROHBRETIE. REA FIVLHMELBRIOY FI v AR&EOMICE
THEERMEM (r =061, n=33) NPHEIh T3 CCHK622-10) , L~L.,
RPH IV APRERZBRE S F I 0 AREORE (surrogate) FRIE L THBAI
. UTFORICEE L TRIFT 3 LENR 5,
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* BEEL FIULREDT, S BBECEELRENERT, Thbb, M
e EBERBFIGENDD FIULRRNMBRTAZ LI E D, B
WD FIvLBEREML, SORR2ZE—27 &L, TO%, MEED B
DERC LY 60 BRLUBIEETS (X#h622-11), LT, BHHF
I U LAHREIR L IEIC L AR EEY R B,

* Reph b9 sdhtt BT, EAURAEEERES2VBEE, BiEFH P2
U ABEER R AN, EIRAESERESEULBEAE. RV FI oL
PRt B2 (tik6.2.2-12) .

* R FIoLPRtRAZRTT 28, MBSROBEE, ROBE  #ROY
BEBRAT IO HMAREORFILEY CIIR. MLROZVFF= B
EEAREL, I L7 F o BELY Y ICBRE L TRTRTA4ERL S, L
ML, RP7 L7 F= ik, AREMEEL TWA7HIl, BTkl
V&<, ERARETIHERS kMR BB, LMo T, BPHRITLD
JVTF=MEEELERTAHAIL. % EHEEE T2 LALETHS,

BHEREOAR, RPCEAESBRICHMEINS, Wb 2EARIL, ARG
HEARERMEEEARICABIEN S, RREEEERIZ. RO~DOBAEOHE
BRIy LU EDOBERIZLEAE T, TAT I U RESTFREEAE DU SR
THho, L7, REEEEARE, EXTREEAHOHMAERTHY, —HIZ1~2
gXBAOZLIIMTHSD (XM622-13) , AIEDPE, AV V=T L LTR
HEARHICHRBEIESAVWONLIN, RBEON FI DML ARMEHEREICL
ZOBEOHEARDH AT, RHTEZ LEITRAETH D,

ARIY AL DI RBESEREORIE L LT, MIfPICAELRKATE
WD, IIREE CEERIN SN KD FRE AR REE 5 R RE
LTWHEBENS D, iEDOESFREAEICIIRBP, )/ F— 4 B2-MG,al-MG,
MT 728865, BEDCEAHL LTI, NAGAH 5, FIZEDESFREAER. +
NTMBEBPICHFEL TN DT &b, IEARMEBERE L 0 BRESET T2
L. EOBRES U TRP~OFHILBEARMT 2, P2-MG i34 F 3w AREIC LT
B OBIRFERNISUST A2 Lm0, BOFEEAEOP T » & LIBL S S L
L TRV S, NAG I, B OMALRAE LMD U Y — MM FET DK
METHD, RPICHREN A NAG 13, IEAIRME ERBEAS B LS 0T,
RARE - MEOKBTE O MNT 5,

WD DOBRE DEFRET —F 2 BT D L TEHRZ LD, B2-MG (3HE
THECHEL LTAVWLR TV A, ENRMARBEEEE 048 ROIEE T2,
B2-MG i, BOREER, VAL ARPE, W B2-MG DEAEI N 5 EHEfE
WD LD ZRIREBIZ RO TR p2-MG BIENS F8 L ABRIKEEMR 2 R8T 5 p2-MG
DHEINT D, TORKR, EARMEBEREN 2 THRY B2-MG HHlt Birisind
Bo IRPHEI B OBEMASEALRMEBEREIC L2800, £ &b ERERE YD
R L 52280 T 256103, RPEOBEPD P2-MG DELXHET 5, MR
P2-MG #REEDSIEH TR B2-MG HEME BARIIN L TV 2B A I LA R MBS
NEELNDN, BRAILARS TRZRLRVESRL LT, BI¥K, 7I/7Va K%
BRI L 2BEEEELZEDH 5, R NAG Heit & & R 2 AL, RATOHH
FLSHED LBHRIEEEICRWTHL, MEOREICIS U TR B2-MG St &i18
My ETH5,

BRIV AL DN RABEREREOTELUN TS DDORSD p2-MG HEit &

28

DAy AT E LT, ATz —F R AR — I B DEFEMAICE VTR, &
MU O EEHE & 3% (EHE -+ 2 X EBHERE) % b 112 300~400ug /g Cr DIE
PULELIERWLRTE L, LALBRYRSL, ZoOfEik, EXLTRELATIE NS
B EICHY T 2HBERH L, Thbh, PO B-MC BENB L% 05~
20mg/L BT, SRERETHIB S A FRICHHE S5 p2-MG &3, 1 BiZ 80~
360mg & REL D ENTEZ, B TREAEDES. EE2REBICBVGIMR
MR D ERINEIL 99.9%UETHD Z L2h, —HICRICHRIEE 115 B2-MG #
HERCHM INDBEO 01%UT THY, 80~360ug AT L7425 (X@K6.2.1-7) ,

CBICHREE NS 7 LT F o U BICIEFHARAR SIS HABEAZERH D5, RIZ 1.0g &
Huva b, 360pg/gCr L9/ hEVEBEEIELNS,

HEIV AL HMEREL, 77 a=—EERARELCEREESTTA 444
ARG, RS FREOOLE L5 E ST ABREOLOE TKGERICHhZL T
Ldh (R 6.22 - 14) | SR P2-MG HEERIZDWTHE, 7 F I 0 LRSIIMZ
L DERRERE O ZWHRE L OB GEEREMIHIN T oL ER D2, A F1 444
IRDEWELEL L TROWL R TE T RH p2-MG HEilE B 10,000ug/L (7 LT F =2 D8k
&I &L B2%, 42 5,000~20,000pg/g CrFEEEDEN S HHMHE) X, XbDTHRED
I RAEREREORHIIH LN TE R, ), FiROFFHRMA (6.2.2.2 AT
RMEHRERT ORI LT O PHR) 00 F 30 A HRERE THh - 12 /MRMTIZ 51
DEETE (UK 6.2.2-15) 20, RY B2-MG HHBEE 1,000ug/e Cr &7 v b AT
ELTHAWVDSZENRRYEEZLN, ZOMEBATBEIEA NIV A~ORER
&R P2-MG Hrlt B R EEORA R & OWIT M HB-SOSUIEA R T $ 25 2 &8
BWEIh TV,

AR ATEHERERICS UL, K TREEREORTHEEOMME L
B ) RS FRINEERER LTS, CORMEMERENETSE. &
N h s Y RBBEL &L, SO ORBRENE LOERE Mo T
A A4 FAROWRBAERTH D BBIERF ET D,

INETOREFREICL-TE - IV T LARBOBRIFBTONEEAS FI YL
S ERER T, B RARE B, ARSI . RETRBRET (R tEH)
DENFITHD, TITH, TRNOOHBICETLZA FIULARELEE - v
RE~OEFCET @R 2P LICERT D,

ERHOEN TR O A N0 A ERERAICE T, R B2-MG BEE & A 1,000
ng/g Cr ik ED&ME 85 ATHE, RP DAL T LHEEORN, RMEIZHITSY 0
TRIBRAE DAR ., MIFE Y RO, META D VKRR T 7 4 —EEEOE{H,
MOBBROBOPERINT, S5, IRNGF - AV DL ) URBREORE
R P p2-MG Rt B E A ESMRENA LN, REEBEREOEEL S EEL T
Vo (C#K6.2.3 - 1) o BRIMAD B2-MG BEMESR 10%EL % 7R U o o B DR B R Bl 5
DBE (B 21 AL ZMH 13 A) T, ©F 32 DARBICIIT AR 25- KLY
I DMEIIERGEEANICH 57, —F, kP 1,25- KB 4 3 D B RE
ErbEELRL, BEOLOIFA G TS, KT 1,25- KBk EZ2 I D
BEIRIRAIRE B - ORICHBLHBNRO N, BEET SR T n L ENEYT D
EYMRPREET Uiz, 72, SBERLT, fiiF) o BEDEE, M7
HIERT7 7 4 —PEBURPARAT ALY BEOBEIZRIRZGREEBED

B Ay MATHE: BEORERADIERGHE - REGHEY XY 5 M@,
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TERBLELRBD O, 2B, MEPBEIRRRFRL T BE TS ERES
REALOEMBEERLEDS, WIS b= BEREERBENICH - IR 623

-2) . TRODFBREY, HFIVAORMEBEREC LA BRREEDORAL,
ELRMEBIRICKIT S 1,25-KBb e # 30 D BEABEEICLABF L L RMT Y
VERWRETICL DB VB ENEELEREEL L TWEEEX LR,

R, RBTRBRETICH Y 5B E O RETHREREL T3 RENREOELE
BROBERDD. 11T A (BHE3 A, kM8 N) LBERILECREOEXBFR THLE
BUEBERTIEFABRVE SN, 2011 AORCERORERGREHOFTEND, 9
AN (BT A &8 A) CEBILEABELTVWA I ERBESRT (TR 6.2.3
-3) . EEFREHSEO ) LRMEBRERE L POCREREBLEL SNEE (L
T EEBERE] ) 25 A (BHESA, K20 N) O 15EHOZABR L5, &
FRRMBEI VT F=0O8M, JvTF=07 YT T ADKT. %IRP DIET,
RF B2-MG HHtBORMA ¥ EMRBTHERTOBELARD b TWS (TR
623-4) , BEICEOCEER, EMFEMETHRERS B2-MG, U/ F—A, NAG.
RBP DR PYHE) RUMBEI LT L Yo HEEBL, BERSNORR. mWiE
AN Th VR Lo L bREREBYE X TV,

VAIRFUY A M —EHBEBERRE AV EEREORIIC LB &,
RMERERELET28)1FEOY F I oA SERIEOKMERIL, JE5R
WEREHBLUTEERESE O EBRBDLN TS (T 623-5) . B4R
BREETTOEARTAHL S BB, BFLROERASREREDOSRE I
. HERMRER LB LTBR L bCABIELS . BRBEEOTEN TS I h
o (X#R6.2.3 -6) o BBRA9~S0EDH F I v A HEBERIBERO —FRB 2B
TR AEHEAEREE & 20 S, SR RREEALE L HESh- 86 AP, 2
AZOWTBREMEBRB S ERE Sh, BE» L PEEOERILENED Sh i, (X
k6.23-7, 623-8) ,

—7 . SRERABFIERESEORE T, 30 RUEOER 1 FAULEERIC
AR IY LERCRI2BEEEREBITOIES, BZRBRBARED 13 ACHL
THELY M URESHTOh, FORE, BFLUr W UBTERIBEFZE2 005
FHEFELRD o (TR 62.2-10) .

BRZY FIY ABREBERRVEHROLEEREHRIZEEELRDIHI FID AL
YRR & ORERARB ENTVE (X#R623-9) , “OBEIC LB L, 40~88 D
R 908 A\OBEEOBEEFERE L LITETF LT\, fh, RS F I o A8kl
B (HREREOLMATH - SRR, 2.871.72 ng/g Cr) 1L, 55~60 % TR
MmEs e & HIZHL 22 EEEMETR LS 60 LB TIIRRET Lis, FBE
i PARE - BT 4~ RAA U F v X (Body Mass Index : BMI) (T L 5885212
b, ThEDBERBRICRS Y K2 U LHR R A X - BEMR SN R 1T - 72,
TORRE, Tt - BRREZHHNICHBELTH, ROV F I Y AME L BEEL
ORICADHERZMABELBED LN I MG, —~BRENSOD FI T ARRIZLD
%ﬁﬁ&ﬁ%t%énékﬁ%dﬁTwéoﬁ#\#ﬁuﬁﬁbﬁﬁﬁn%@?bﬁ
R, ARROLERLVEL ORI NRRLRE L, Z0ME LTHEE. EROLRE
BEBERERTH D, RHIL, 40~88 5 & IV VERAT R 2 FFHCAT LT 558,
FIEEIC L2 E1T> TORE, & FI Y AERNAREAKROBTEEIC RIS
RBOFEISVT, LVHERRARABOALLEDNS, 4%, BEAECER
ENDHRNITAY, LOREBEECRHEYEL DM 20T, X542 5HZEN
RHBERD LV B,

A EAA B ATROEBERE, R SENE R GBI L & b7 5 B
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ETHD, BERILEL, BIRIEEFICL 0 FHRE L TORVWEBHEZRAORM LRk
LHBFHICERSINS, EEVRHEMLTLEBERILETRANE WV I FE
(Hyperosteoidosis) b b dicd, BHGEDBEIZIL, |EOBR, WICEHY
OERPARKCERCLDLDOTHD L 2MHTILENH D (THK62.3 - 10) .
BERAIZ, BIRALHIR L FRTh 28R & RIKEBDERBICBWTIThNS, T hF
FA 2 ) CRPEDED ZORIKICATRIICIEF L CENEERT I 00, Tt
BHEARALTARMREEDZHT5Z LN TE S, EEE CIIUR/AES L L CE
ENHDICH L, BRIGETHEERIN2V ), EBRINLELTLE LSRR
THEE LIEY,

ELRMEBEREICI LAY VRSV TEELREOVESTH L, Vi, sy
DALEEBICERBMOEERBRES TH D, £HD ) > D8 85%IZHHY 154 600g
DY BRICFETIZEDNG, B, U OITREORE R LTHWALE LS,
—H. U GEMREERREOTERR SN, ZOGRBERRAH AL TS, L
FeBio T, ENRBEFRIVSEEREEIZL > TRP~D Y L BERORESBENIC
DL, VUBENLIEEMCHRE SRR, BRROEM, BEROREL . AKX
DEER EOBABRBRENS EBZ&hD (X#623-11) ,

BRIV LADENBHFIIBRE CTH Y | AR ERMIRICER L THRIDUSELRIC
BELRET, BLRSENFROT RO ARER ST, RYMESFEES
HHFRERMOBHNS ) CERINEER KRBT & F— X2 2T 3 EEORM
ERERENE T4 DBERORMEREEENERL TV D, LER-T, 144
AEARIEHONEBEHMAER., P FITATIARMEREBEICLA LD
(cadmium-induced renal tubular osteomalacia ; 7 K I & AlZ X 2 RS HEERE S Gk
LfE) EEZ2 A TWS (X623 -12) .

7, MRS EER, BHER U623 - 13, 623 - 14, 623 -15) RUBS2H
£ (XM 6.23 - 16, 6.23-17) DFREICESE, BREEEL I PICHIFIVLD
BDEENREEICL2BFEBO PO BRBRAENECCEHRENELD D L
BRBREN TS, BK - BEHR L, TENLABERELBEIh WS (X
#R623-18) ,

B ORE. BEOBHAEARE SN TS, WEEEL, ESEEOD Iy
LERIE STV EEBME RO 2ERTH D, “hit, BAOHTEEICL
STHBE SN TVANR, ENTHEEE SR TR,

B RIVLARYBVMEER TV UL, e REEEOBMERES IR R NRE X
NTET, RY=—FT Tk, 43 AOD F IO LR HEREIC, HEEHCES
BOHEME & b O ESEEERSESNATVD, A FY AT, I FITLACED
FRBE SN HMECTFRBERERL LA LAREINTVD, “h 6 DEH
2, BRIEERPHRFT R MK L B SN2, HEEORAII R SATHOAR,
EAFRETH, 7o—RY v Az AV PREBERE T, 7 FI 7 AR EVVE
REDI L, BRBEH CRIBNIMERTIMIER (FVC) ®#—#%E (%FEV,) . FVC ®
5%, 50%, 25%DEF O FRYEIIA OB L, (KR TH FVC %FEV, O
BTEREENTVD (CHK624-1) . I FIVABBEL SR E LB X S0
EY. 72 A 17 ACUVE AMERVEMERMEE & AN DT RAED b,

T AU A ERETIL 1988~1994 FICER S NF/HEICR T, 16,024 AD—RZE
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ReMRICEEHEELRBE L L TRE D KNI v AYEEE & PRI & O B#E A
WAoo, S, th. A, HE. ME, BMI, BREEONE EEE0L) | B
FRRE (FRS Y D8R0y 7 EXBEES) | RPaF= dhitE, TEA
SORAEERBLRBE UL 5, BRI LSBTV T, Ry R I O A
BEHE (FEV)) . FVC. %FEV, ORNCH B RADBEMNRD bz, IERE
BIZBWTIE, Zho0BREALNR AT, FATISENRDB AN FITLREN
TZBE U PR SRR DB L TV A ATREME SRR & e (SR 6.2.4 - 2)
Elo, ARIVLABRVBVEER TRERXR LB AN EROBRFECET, H b
I LORBERE LRBEEFAICELEL TV A EOBRERENREINTNE,

INGOI LN, FFERBR~OREIT, KEEN LAY FITLRECLO LD
THY, BOMALD FI T ABRICLIFRER~OEEIRL BETEX2 LD L
E2bhD,

BMERE~DH FI v ABEOBREICHL T, BEORRKOMES v P2 FVWAE
BBTabiled, AMEESSIER &N LOBELSEXBI ARz
EXRHD, El, BHEOD FI v LARHSE BUEbK 0.1~5pg/mL) i3, B
FEBERIETIERNLLE ERE3 52425, SRBEOH FIYARET
H, BREEESFELEMEEIAE LTV RV EOBERDLD, 2F0, HRI Y
LT X DFMEDOFREIEITIL, WRHEHERE O BAE L TV D AT g &
NTHWD (XM 625-1) o P FITAZEAMELADA D =X LFRNS, L=
AT URFT UL RENT HAESER O E &N, MEERBIIHTE AT R
VY BRI L A IUE LR, HB VIS F I AREIC L G R
TTHLHMEREMIRPOT S P R, —BLERSHRER L OBEARF AN
TV DD FEMIIFATH S,

bt FOBEIIT BRECELTERE £ R L LR H 5, SLEEERE,
Tk, BNRE{ e CICE D T L EE R GE O ¢ MIREERRE (FhPhn., 187
AE N9 AN) FOH FI v ARER CdZn BELFE W & (k625 -2) . W
CHEREZT TV RVWEAMERERIEFOEMRL Y bMEE T NI o LBENE
BIZEWEMEZIN TS (X#R62.5-3) , —F., Beevers i, MEEL FI v A
BEDOREZITV, MEFH RO ABEAG TR L MBRECHITREIZRV D
L, BEECHMEPA FIVLARESEETHIZLERELTEY, #RITA
BELAEHDVROKBEOMEREETLHRE bHD (LRK6.25-4) ,

BATIE, & N30 A5 RHIC BT 3R EMRFIMITOA TV D, BB
WS BT 2 B RAMERAERE 2475 40 U LK 471 AREHRE Lz
A TR, HIFRHIR O 2,308 & Dbk & B L T RESMEVMER AT SR (50
W 6.25-5) ., FHRIC, REFICL o TITONWEHADD Ko SRS T 7 »
BT & FEIG ettt R oo i JE B MR SR % Lh e U7 2 i, )RR 08 & 8 1L 0
BIRERAERORE QRERSBEE OB OUTRERT, SHRHUEIC S VBT
Hote Uk 622-2) , T, 1844 A RORBEBELRBELELET L858
SBHELLTHESN A FOLIEEE RER O & BRI L@BE E LTk, B
5 (1977) ® Kagamimori b D8 (X#k 6.2.5- 6, 6.2.5-7) 2355, WFhbH
REEL BT 2 &, WU PERIIE S IRV E BE LTV 3, LLb, REEH
BEREEASHETT L /- BEROB AL, » FI 0 2RENNE R IHT 5 ENE
HRTVD, Zhik, 7 hY VLR EET L= TUXF T UL URORE
(R 62.5-6) . HHVTIMAIRMEFRIAEICL2EBET T+ U v AdeL &
W (8K 6.2.5-8) REBFRAEEZEZ LN TVAS,

INOCOHELZREGHNTHBIT D &, BRI 0 L8ETE L MELSH & OBIIZ—EHH
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~OFEEFED b L B b A,

A kb’i%’éﬂ)%ﬁihf’fﬂﬂﬂ:&% LT, BEFEEERDH DD E D DT EE 0 itk

Eied, BMIBTHEELOHUWOLOIZ, ERFEMCREKRE . & 51212 DNA 1
BEROEE PRI EN TV S, IARC OEMERSALICINE, H FI Y LDE
REEIT, MAEYTHBEIRT, FEMRCBOTRELDTHO LU EN T
Wh, Elz, ARFIVLANE M USRI O TSR BB EE LI HR D &
R, MEEREZMAIELZVEBEOHS FI U AL D DNA SIYIRBEI ATV 5,

EREMCETDIN FIVAZLDIRPALLDNT, BEL OFEBRZ I T
Do Ty MIARIULEWA, 4, BUTERET DL, BE, M. aiR, &0
. W TRFAOER LI BB OREABOLNDS, thh, <7 AL/ AR
F—TEA NIV LOBRBAIZET BRI BND 2 RBAILSDOTHEEN
RBENL, BPEELLOBBAORBZIRTEORANCVE L LT, Y
RZBITEMTHFEEOEVAEBIN TV A,

EMIBITAN RS UAERDBALOBRICHETIBEIL, AV =2—Fn= b
N ARITLEEMTHOBHEBEE R L LR T, S FHREREHD
RR, BEA FI VLB CAKRIRE LHBFCBV T, BTIR A DELE(L BB
DHEBICED 2. TOHLBIFFENTHI, 3,025 ADOEBRL aF—hELT
BRAT 372 STV T3, BINIHRASA & DREM, R OME TIIHEEL TWa, *
To. BidiAid, SHEEKE TR L Hir SN, Linl, REFEOF — 21
FIRESh T, TREAFEUTKBIL= v YA EBET 2— LORBRH DD, -0
FRPOENDNIZA KI T AL AM OB A OV TORERITMETIISR VY, 20
i, BFOME (OCHR6.2.6 - 1) TIHL. 1947~1975 0D CTEE L. £IE 1 /%
e L7-95@F 926 A% 2000 =% T8 L 7#E R, WHEEAS A DRHE(LFET L (SMR)
75559 (BIERH 4, WITHIL 0.7) L HFEIZE» 0, MiAAD SMR 1 111 (g
45, WA 40.7) | BINZRASAOO SMR i3 116 (BIEE¥ 9, MHE 75) LNy #
BTN, UEDRRLY, #FITLMEAEHE MIBAARD &R+ &
DIRFII XS N2 LRI -,

[H National Institute for Occupational Safety and Health 1~ & 2 4 N 3 o AKS8E - s34
LHOFEEZEORET — 2 ICE BT T, BAAORIEIZY F I oanBs LT
L OREREPBESNRT U626 -2), LAL, ZHUIK LT, RI—O T4
X&EE LR OWRETEIEENRRMBIRENT (08K 626 -3) , MBAREEHFIC
BT, GBEOL EGBOFEMLRSH D Z EBEH STV B,

AADH NI LHHEERRICETAMETL, BRI VL LRERAICHOVTH
2B E AN TRV, Arsawa 5 (2001) SRIFRABON K I o L5
HIIC 51T 2 2R ADOIEEBRE (SIR) ICOWTHEZITo7 LT A, MELSK
ZHUEL LIBEOHIR M, R B2-MG et & 1,000 pg/g Cr A _EFE K T 1,000 pg/g Cr
KBTI, FhEH 71 (95% Cl: 44~107) , 103 (95%CI : 41~212) K TX58 (95%
Cl:32~97) THY, ERADWMIHR LN -1 (kR 62.6-4) .

1993 TR E 72 IARC X/ TIE. [& MR TRBAMLNH S L {57
DIZ O REBH DL EVIHEE] (FA—F 1) LEBERTVWS, LaL, k&
DESITRLT EMEDEHKSH Y, [ARC OFFMOMIL L 72 - = BRI I A8
BLVOHEREICHERHA Z B, Tk MIBWOTRBAMELH B L Wit
DITITARMAR N TERY, ERBDIZB D TEBAMNSH D & HET 2103+ 4574
MRS D) (FN—T2A) LTEZERZHLEORMEHD (L#R62.6-5) .

PEDZ EMnDL, AV R IFHMORBLE LTWVE—REEICBITAD FID LD
FEWHEBERE T, AOIBBAMSSH D L ORFBGREES T I L@,
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A RIVLLEMTEREOBRICETIREIC LT, BEIFREOD FIvat
WIELHURERO SMR 13, FEBRMIKICETENE OBE (Ut 627 1, 627
-2) ol EO%, TORMBIIN FIVLALEERMSERP RS LicE
BORBEFR Lo TEESN TS, Thbb, WPhogicisun T, e
BMEDCRERE L AR TROER L OB EFRLRBEIED SN TN D (B 6.2.7-3 ~
62.7-18) ,

LA FARRVEBRREIL, REASCRESBEOD F I o s HRERERIC
E_TAEFRMMES (XM 62.7-6) \ £FHEIZA S A FABBETI4E, B
BRETI6HF IR 627-7) EHLTWEZLBBEIh TS, 72, #@)l
FIROH B 75 LHERRERICEV T, BERE 10 mg/dL S EOBMERELE, 10
~30 mg/dL. 30 mg/dL LA LD 2 BEIZoriT, BHEREORE LEC L OB LR L
A BAROBELRELY A7 L OMICAR-RIGEFESBE STV 5 (IR
627-9) ,

FIMBE)IFHO L ¥ I 0L LHERMIRICIS T 5 38— FREMN TN, 1981
~1982 FITT LN EREBREOZRE 3,178 £ 540 9 EMEB L, RE p2-MG
PRtk BE DNy b AT EE 1,000pg/e CricBREL T, TN LEDOBEORSBIER, =
OEERBEOMBEOBELIEER L L THBBRH L, ZOKE, BEO SMR i3,
$129.5 (95%C1 : 104.0~155.0) , % 146.0 (95%CI: 121.5~170.6) &, £EICH~
THEEICA,» o1, R, BERO SMR 1T, B T80 (95%Cl: 67.1~88.9) .
THET 772 (95%Cl: 64.5~89.9) L HFEITEVVETH o, Cox EPINY— FEF
WERGICEITT L, BHEROBMBICHTAEEDOY X7 kit, B 14, K18 LFH
BicEA o7 (XM 6.2.7 - 11) . o, FRF B2-MG HEllt &4 300 pg/g Cr ki, 300
~1,000 pg/g Cr, 1,000~10,000 pg/g Cr, 10,000 pg/g Cr LA £ 4 BEIZ 43 T &E{iT
RAEHEREOAR-FUSBRERF LI L 25, B0 Y X7 thid 300 pg/g Cr &
W1 &Lk, BOSRTI27, 147, 169, X TiT 1.58, 2.04, 243 & ¥ B2-MG
PR BOBME b o TREDY A7 LEZRICER LT (k627 - 11)
o, EIRMEMERECKEIE: LTREA, B RE7I/BEAVT, &
BIRIZOWTH Yy PATICESEERBLERBIC S LEBE L, SEOBIE
HOBRMBIINTARCEZERE LY AJEBRERIC LR LTV COR 627 -
19) o 723, R p2-MG SRt BIIMEED SMR ® ERIZFETHERE LT, OF
2. BEELTRANHESNTVD (K627 - 13)

SO, ZORKHEFABOZLEL 15 FM (UM 6.2.7 - 14) BT 20 4/ (Tl
6.2.7-15) IBBFL - RER Cix, RO 9 ERMBEHRER LTI 2MESR I TS,
B, IRPA R U LEREEY BHETIXS nyg CrkiE. 5~10, 10 pg/g Cr Sl LD 3
BEIC, BT S pg/g Cr ki, 5~10, 10~30, 30 pg/g Cr LA LD 4 BHIAT, 5 pg/g Cr
RWICH TS 5 pg/g Cr ULOBBEE DY A7 LERHFLIZEZ A, BHT 114
(95%CI : 0.94~1.39) | 1.45 (95%Cl: 1.12~1.87) , T 1.26 (95%CI : 0.98~1.39) .
1.55 (95%CI : 1.12~1.87) . 1.89 (95%CI : 1.20~2.96) & BEEMNHIMT B L b7
STREDY ATENR ERTHIENBESA TS,

BB OMEET (B 3B O NIy ALEEnnsERRERET2E
WDV, SMR OEBEF L L CUBMIBZSLREOSER (40 Bl L, 22,429
A) EROTERAENITON, 40~ BOB K275 e 5tERE L 7T EMOENAE
THE, IR B2-MG PHIEED® 1,000 pg/g Cr LA EHED SMR 1, BT 147 (95%CI : 76
~256) . ZCMET 135 (95% CI: 94~188) TH Y. #1F. 1,000 pg/e Cr RGO TII,
BHEA 67 (95% CI: 46~94) | MEDS 65 (95% CI : 39~103) Th 7=, FHEDMERE
. IS EMORENS LB/ O TWS (ST 62.7 - 18) .
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LROEFHEL R, DEERMBRERICBI 5D FIVLBRIC LT, 2%
HIRAEMTHELELRBILEARBRLTWS, ¥, BEEMAOFEICHEL TR, +
BWIERMIRNOER T CORB TR, REL 2 IEROET L L 72 i
FRTHHZEZTFRLTWS, £/, SMRE LA E¥E Dy M7 E LT, L&
OERFRE,BIX, RFIFIO LT MBI S uggCr &723,

.

R RIY AR, BEENICEEE A YR AR D, BIEEEREROS L 1

RizadnhTxod, FREXOLOTRLNA TV B, TEIHWME 42 Ardss LB
ERFREICISNT, 4 F 17 LRE - HETEZNRE L OBESHELATVS

(XA 62.8-1) o BRHA F IV LHEME & RIHREMEE, VRESESETHORRE
RELORICHERLMEEBELRH - I ERBMESNATNS, ~REBELHI FI YA
BRI T 2AEREZXR E LE-RABEREICIE, HICRY LiF 3 & pEREE
BT 2MRITHE SN TVRY, FHOMERICRITTRBIZBEL TR, 1970 £/
O 80 FRICHENRZIN, Bif, TbHTHMEBELESBEICRE L /- FHizk\\ T,
BREVC = I e RENME 2R E 2T TV B AERELTIRT B 2H
BELREINTHD (620 BREBLZSR) B, (T TH0&BTRORELE
HTERWIENDL, BAMRERTEEHTI LB L,

BABRDARIVALR, Ty b v RREERPHICE VT, WRENELRET
HIENRMONTWE, B, Tv b2AWEEMERICEWT, HBNIERED Y
FIDvART U FafrRBERVPTR b f oSERER LRV ER Y
FET22e8, R—0ORIN—TIZL > TRESNE (IR 62.8-2, 628-3) ,
BHMRD Wistar REET » FE2EBLTTF R MNAT oo 28515, E8ICLVEHE
LTWEAIIBRCHEBEROHMBEDOND, ZOEB Ty MZHIRITALAE 10
pngkg REOHET 1 @i L 2 B, MIENGEREZT o205, MITBRUVHER
BREMBRD NN, FOPRIMRT v Fa ¥ AEf2ET 5K FYura L fE
B 5 THER L. LT, #RIVLE, 7o Fndr25Ern+ 558
ERETDEMMENT (XMK628-2) , 5, A% 28 B EDOT v FOSIEAR L.
A baF AERERRLERRSFETHLTFERRRREY T2 2 A, 5 nghkeg hE
OCREDOH FIY Lz 1RAEERRE T LICL»T, FEERSBEEN:, &
IHEB, A a YU AR ERICHIZ 2 EAITH D ICI-182,780 #FBFIZRET S
L. B FIVAREBERERD LR o, B, LBHIROBED LG8,
ZAIBFUHBNIARIVARBICLVROON, ZOH NIV LARBICL DR
BT 1CI-182,780 IZ K v Ml S, ThOLDOBENBRESNT v MoBW T, (KE
BORHBOERIC BT AHEMHIIBESh TR, FHIES Y M RID A% 05
Froidspghg REOMHR T, R 12HB & 17 BEICEENRS L-ERICBWT,
EFENTEMT v b, &% 35 A B THREORMDMEEM OB IARH DORE N
Wohiz, TO—EOERIZL > T, BELEMHSBREBEINRVAEROD FI U AR
TRV EAEREET A ENFHRENT (X#KR6.28-3) ,

Flo, A FIVAPKRREOBREMAZS & B TEUCHEBOKBILAT o4 FEA
FEER (HSDIIP2) #METDHZ &4, b MEBROXEHRE AV -EREREN LT
BENTVEDH (OTHR 6.2.8 - 4) . AEM L OBRITHRE TR,

Mason (1990) X, # FI U LERIC 1 FLUERFELHEEZHRIC, BEHOD F
IVLBRESMTEEA-BRRICEADHEELNEFT A ATy, HiEsLE
v, ISR AN T EBE L LTRELTHE, ERBOERPH NI v LA8mE,
LHWELRED MV ARRRICKTE L T, BARREBER ORGSR
Hoeh, MTEE-—BERFAT VI THHBIIL N>z (TR 6.2.8
-5 .
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BRI T ADBMICRIT B ARBAEIC RITTREICOVT, Gennart & (1992) 13,
1988~1989 f£IZ 83 A4 DA F I 0 LEEEXRS (EHRZEHM : 2404 | 714 408k
IREMAEE (FHREHM 1076 | 0480~ H U RRIEEE (FHREHM
62 ) RN 138 £ OREBRHAMNBIZEMEN OB T/, TO/KE, 7 K3
D LBBEEXEORT S FI U AR 6.94ug/g Cr THY . FI v LBREEEE
UANDYERE (lug/g CrElT) (AR THRBILEE Th o720, BRIBEOHAEEL,
FRBEHOEMBHE IS THEERENRRD LR o, 2O ENG, A FITA
REVNEMENCRIT TSmO M S Uik 628 -6) .

PEDX I, A RI Y LOBERBESLHEORLNSOBROREIC L H4EMEN
WDOWTH, B 2R E LIEERET -0 oiRBEOL ZATENTH D,

PN

IARC &, A FITAED FIULMESHOREBAMIIONT, B MIEBOTEMRN
AERB D EEBRTHSRERBHEECHHEICLY, D RITLESFITL
{b&EWEIAL—TT (b ML TRBPASERD D) aMLe U7-1) ., -F
T, REE LR EEICRIT 2BB LV OBEICHBARH D LEHESRLTY
% (WK 6.26-5) .

@ #1618 JECFA (1972) TOFEM (XK 7-2)

ZFEDON FI D LOBREKRELD, BIKEOH F 10 L5 200mgkg 825 &
BEEREN B I AR H Y, BOHFITLALULERR (RYz—F
30mg/kg BER. KE25~50 mgkg MEE, BAS0~100mgkg BEE) L9 b
HEMsED_RETIRVEOHMAEIZ, [ HEVDH FIU AOWKESY %
EL. 1 BN OERAATRTRD 0.005% 3 BREHENRD ERELEZES. 1 B
L0 Dh FI v LAOKBEREN lugkg FE/B 2RI 2TNIE, BREOH F
IV LT SOmgkg EBADZ LIEHD T IRV ENS, PTWI & LT 400~
SO0ug/ NABMRE Sz,

@ %3315 JECFA (1989) \ZH:¢F 230 (LR 7 - 3)
PTWI & U T Tug/kg HE/BICKREMNKITENTE,

@ 41 EIJECFA (1993) 1281 B3¢ (SCHR7 - 4)
% 33 [0 JECFA (28517 B ERF S vz,

@ %55 [| JECFA (2000) (284 BaFM (SC#k 7 - 5)

KD PTWIL TiE, ~NA YR Z T —FOBBEBEORERN 1T%E /257
B, PTWI A T2 <& & D Jarup H O FRIZOWVTRE &N, BERBTOD
FIOLZX 2EBEEENEE LRVREN BT AR 2 5pg/g Cr (IR
ARIVLBOY LT F o HIEM) &35 Jarup ORI Lk 6.2.1 - 7) (25
SNWTHEINRTA—ENGTrar = h AV FEFAEHMNTH FI Y
LADHAERBERRO LI CRA SN, REFIZEENDID NI LD4EYSE
HFREL 10%E L AAPIZRIRE NS K307 A0 100%SRP IS5 &
REY D&, REPH NI LBEED 2.5ug/g Cr DA (KE 60kg & RE) (2817
SEFEMRON FI U ABIEIT, 0.5ughkg (RE/R LB ME N, LLAN
B, Jirup HORIE, VAT ORBEHRERTH S & LTREED PTWI (Tugkg

36

EEMR) MBHEE SN, 228, Jarup HIC X 2BHBEREIC SV TOFFMIZ >N T
i3, BTEORKIZIRT 5.

DyavmR—hAL NETL

RFHFI o0 (ug/gCn) x12 (gCrA)
HFEOXOBHEEM = - BE (k)
EWFRIRIRE < RS F I LR

25 (ug/gCr) x1.2 (gC/B)

i

= 60 (kg)
10 (%) x 100 (%)

= 0.5pg/kg (FH/A
/

® 61 [ JECFA (2003) {Z351F HaFM (SCMR7 - 6)

BRWEOBEEEL. I FIvIOHEMCLIEELRMENETHS Z LM
R ENT, o, [REREDFORELAVEFR TR, RV F I A
HEfE B 2.5ug/g Cr LL F CRBREROF - v 0 AREBOB{ARER TW S
B, IO OELORENERESHHIN T, EbiZ, REA I T LH
B EBHEICBEE L A ENBRICE L TELOFEMMTbR TV 508, %
B Lo THERB—HLRY, | ZENRENTE,

FOLET, BOEOEEHERRLED THML-FER. PTWI 2EETAET
DB 220 & LT, 45D PTWI D3ERF S,

WHCQ(*%k?K'Eﬁ/( R Z A Afi%, JECFA @ PTWI O 10%238kkiKk & LTEID 4
Thi, {K#H 60kg DA | 0%/ Y 2L OfRKIAKE I L IRE L T, 0.003mg/L & 7%
EE&hi- (XET-16, 7-17) ,

N A TR

US EPA {3, ELVWEARESEEZ IRV, bo b bBH L FOBEREF L F I
UARE % 200pg /g & LTV A, ZOREX, H KD AOKNARED 0.01%253if
BHE SN EREL, £ FOBEARBRUBRBERFROD-ODICHEDREVBIET
FMCEVEEHENT VD, BRENLDH K7 MRILERA 25%, BEKA S A
SHTHIEET DL, LLOBHEMNRROBHRCBTAI FIVLOBESENLE

(NOAEL) &, 8% T 0.0Img/ke 5E/H ., BREIK T 0.005mg/keg hB/H & FRITE 3,
o, FREEREY 01275, RO RD T 0001 mykg K&E/A. 8KAD RD
T 0.0005 mg/kg AH/ENFILENTE LTWD (XHKT7-18)

US EPA “iZ, Bl (t FOREBAMEDHRERELNH D) IZHRLTWD, Ty bewr
ADEA, B B TFEFRICEDRBAMC DV TIE, FORIERSH D, T R~
T AERNT 7T ODIFR T, A NI v Ak (REME, FEE, Hw) ooy
THEBAME RE 2o Tz,
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KUl IFIVvLIOBRNBEMAE

-7 bk FReEAYE EBERK BRAR
(Critical Effect) (UF) (MF) (RfD)
NOAEL(water):
ELVEAR 0.005 mg/kg PRHE/R 10 1 0.000Smg/kg FH/H
[ BERBYS J NOAEL(food):
DI EERE 0.01 mg/kg KHE/H 10 1 0.001mg/kg #hE/H

3 US EPA, Drinking Water Criteria Document on Cadmium. (1985) X ¥ 51/ (3t 7 - 18)

Be  Jrup S DU HEREEL SIo w

TORIOBEETH NIV LBENGERT VI v A= AU PEFAER
WCRDH FIvLABELHATRZE, 10 15BOEMS 2 FIHOESK
whhd, —F, Aty hOEMABSRFEILRIMEVIFET®IE, K10
By bATEORRD 9 SDBRIOREH VI v AgRE L BEERERE L
%2/ LT, 2-MG (¥ 1 : Scand J Work Environ Health, 1998, vol 24, suppl 1 p27
Ik RUNG OB EER L, bo& bl HEE (best guess) &L
THLFERLTNWD, 22T, RPU NI ULPMEEN 2.5ug/g CrEATTSH
NITEBIT % THD L LTWADH, 5D OSCAR R TH K U LDRE
BEOHRVERORKELZOEE LTEALTWENLTH D, £72,.0SCAR
MR T, Rh FI oAt B) lpgg Cr ERAT2 &, BHRAERET 1064
M2 EBALTVAN, &1 THEHRSD FI v LHRHE Ipg/g Cr O ERITH
LT, BHEMERIRBLE 2~T%OEML 2oTWN 5,

B 1, W08k 5RE S NI U AR & RSP P2-MG PR
OER (P2-MG RIE) (CHTAAE-REF—# & R/L T3, LiL, BVR
oy R ARERTTEMT. BERELZT 0L 2Enb, BAREY
TR RABRBNRES TR TV, Friberg 511, BOBRBE 180mgkg (R
i K3 LPER 9.0ug/g CriciBYN T 5) 2425 L. HHO 10%IZREMSH
BT B EHEELTWS, & FIYvAORSICHE 5 0BIE 70ug/ H T, £H
DTRICRENHET 2L, TOROEHTRLTWD, BREPI FIv LM
B 50ug/g 12, BEEH FITLBRERT Sopg/BIBET 2L LTWAHR, £
DORBUITREN TR,

2 (Scand J Work Environ Health, 1998 24 : suppl 1 p42 & Y k¥ ik, H5%
MBI 2BREPOERH FIVLABELBHREDO N FI U LABREMR
50mghkg ¥ B2 5 RMEMBARDAORELOBFRERLTNZ . R 2 0ORE
2 OISNUATEEAL, BRETPESY FIVLABREERGENOOTEHI FIY
LAERBICBEHRAI LM, B3 (Scand J Work Environ health, 1998 24 : suppl
1pa2 LVIRE) THAH, L, TORMITTFEh TR,

3. HAEMCRIT ARSI LOTHS FIVLABIBL I FIVAICK
PRMETEEYAETIAOREROBEFELZTL TS, & FI U LABREN
30pg/B DFE, 1%D—REBICBREREORES A LI, HRZOEFTIX
SR BEMEREORAENRL OGNS, B FI U LEREN 70pg/B (FE 70kg &
RET5 & JECFA @ PTWI IZHY) DS, 1%0—REFICTHRERE R4 L
., SRS LOHHEHAER TR 17%0EMICEBEEESHERT S, &
NLDIEMs, Jaup Hit, BEEEELFHTERLD, 7 FI T LAOMEE

#1 BREPHFIVLABBEERCREL FI '7AEE?&&(U-Cd)@%&EﬁEL:&&iT%@W

TR EDCARE(mg/ke)| U-Cd(ng/e) ggg;&g)—ggqg
<50 <2.5 0
51 -60 2.75
61-70 3.25 2
71 - 80 3.75 3
81-90 425 4
91 - 100 475 5
101-110 5.25 6
111-120 5.75 8
121-130 6.25 10
131 - 140 6.75 12
141 - 150 7.25 14
151 - 160 7.75 17
161 - 170 8.25 20
171 - 180 8.75 23
181 -190 9.25 26
191 - 200 9.75 30
>200 >10.25 > 35

%  Scand J Work Environ Health (1998) vol24, suppl 1p28 £ ¥ 31/ (XK 62.1-7)

1 Rt B3 Adeil & R 32-M6 BEt RO ERICBT R AFT T Y VA
Meta-analysis of elevated U-B-2 in relation to U-Cd

100 ] Tgenerai pop, 35-, Nordberg et al (1997} :
|
90 T . ganeral pop, 20-80, Buchet et al (1990)
8 0 : Ogenaral pop, 20-80, females, Nogawa et af
o~ g (1979)
a5 70 a - ageneral pop, 20-80, males, Nogawa et al (1979)
‘s _E.- 60 o @ workers, young, Chia et al (1992)
3
) -g 50 B | xworkers, Buchet et al (1980)
e = a i
~ o i x workers, Bernard et al (1980}
> 2 40 T *
® o 30 o o +workers, Roels et al (1993)
i
o g ° :F o workers, prev exp, Efinder et al (1885) !
20 8,1 x o workers, age <60, Jirup et al {1995}
10 "] R ax | |aworkers, age 260, Jirup st al (1995)
ol —a ot Sagl® —
prev. . $ME pop. - KM
0.1 1 10 100 B2-microglobulinuria : B2-MG REE

Urine cadmium (ug Cd/g creatinine}

\ BE% 30ug/Bh, HAVRENUTIERET DL ICERLTN D,

38

L 3 Scand ] Work Environ Health (1998) vol 24, suppl 1 p27 £ ¥ 314 (C#k6.2.1 - 7)
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% Scand J] Work Environ Health (1998) vol 24, suppl 1 p42 L 0 51 (X#k 6.2.1 - 7)

B3 HNIUABRELBIIXTORBORES

-g 18% ] }

§16% Oy

5 4

514% 7 = = = women with empty iron
[ rd L stora.

812% 4 et
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° . smokers

° 8% A ,
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qé 49 1 /Z
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Average intake of cadmium in food (pg/day)

$¢  Scand ] Work Environ Health (1998) vol 24, suppt 1 p42 L0318 (X#h62.1-7)

\. J
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#2 WU RILF—EE (R P2-MG)

H A HEAK RPHFEY L BIMGO R M (%) huvbdod nn
0-2ppA. 49
— R (3SMELE) . Nordberg eral (1997) 3 W53 2-Sug/l 90
[Biologcal monitorung of cadmuum exposure and
e e s sopsmse e cnimg | SB[ g otmuis
polluted asca in China { X #7-7) 10-20up/1 237
>20pp. 50.8
402 0-0 51 ug/24h 30
~— X (20-808) . Buches ctal (1990) 07 0,520 895/724h 50 BIMGORMIE (44) 12 R
Renal offects of cadmium body burden of the general Wy | FURA Dot
population. (ST 7-8) 401 0901 40ug/24h L) -
404 1.41-8.00ug/24n 70
26 0-4 9ug/g cr 19
36 50-9.9u/g o1 I8
— M 1% (20-508) . Nogawa etal (1979) 36 10.0-14 Sup/g o 222
A Study of the Relationship betweea Cadmium 37 15-19.9ug/p ot 210 smgt
Concentrations i Urine and Renal Effects of a5 20.0-24 9pg/g ot s -
Cadmium { XKT-9) P 25,029 Snts o 700
39 30.0-39 9pg/g cr 795
a7 240 Opg/g er 85.1
29 04 Sug/g cr [}
a8 5.0-9 g/ cr 167
—X B (20-80M) . Nogawa eta) (1979) a5 10 0-14 9pg/g or 267
A Study of the Relationship between Cadmium
Concentiations in Urine and Renal Effects of z 1519 9gle ot 760 smL
Cadmum (XRR7-9) 49 20 0-24.9pg/g or 694
21 25 0-29 Ypg/g cr 952
29 230 0ug/g o 931
X K122 1.1 Spp/p or (F8y) 46
A (KE), Chua eval (1992) <2l et Ll FH
Renal Tubular Function of Cadmium Exposed 2-Sug/g et 0 (phadezym bein-2-
Workers (X RK7-10) o S lopglaer o micro tes & FAR)
2 10pg/g er 4.2
%M. Bucher et al. (1980) 3 Fss “2pgg et 5
Assessment of Renal Function of Workers Exposed 84 2-5 g/ or s omgger  [PRMCOREE L) XK
1o Inorgamic Lead, Cadmium or Mercury Vapor 34 1019 uga or s & BRI IIE AR,
(Xm0 30 2 10ug/g o P
61 <2uglg et 0
2 2Sug/g s 9 MG R (%) 12 TR
HWE. Benard etal (1990) (XRAT-12) 0324myy 1 [PEMGS ‘.
ernard et 15 S-10pg/g cr 0 LR e PESITR Sy
15 >10pg/g or 27
FWA . Rocls etal (1993) 5 a3 <2ugly cr s
Markers of early renal changes induced by wdustrial DIMGOREE (%) XXR
N 7 =
pollutants. T Application to workers exposed to kil Liouggcr 10 TIMC gy ST AR,
cadmium (X#7-13) 7 2 10uy/g or 28
S2pug/g or 7
2-SSuglg or 25
FWE . Elwder etal (1985) 3-8 10ug/p cr 33
Assessment of renal function in workers peeviously 60 03mg/g Cr
exposured tocadmium (SCRL7-14) 10-5 ) Sug/g er 80
>iSpg/g or 9l
All 40
124 <l le/i 4 048
SR (0RKR) . Jarup orsl (1994) nenotiinmoleg of
Dose-Respanse Relalions Between Uninary 10t i-<3nmole/mmoleg cr [} I5ygimmole Cr
Cadmium and Tubular Protesnuna in Cadmium- 37 3-<Snmole/mmoleg cr 108 oM y
Exposcd Workers (=223ug/g )
<101 /1 C
RRr15) 38 5.<10nmote/mmoley cr 112
) 10+nmole/mmolog cr 333
9 tnmole/mmoley o ]
S GOBELE)  Jarup eral {1994) S
Dase-Respanse Relations Between Uninary 20 1 -<3nmolefmmeoleg ct 100 2Sg/mmoe ¢
Cadmuum snd Tubular Proteinuna i Cadmium- 21 3-<5nmole/mmoleg cr 381 (J‘muw ﬁ;
Exposed Workers '8 5.<10nmole/mmol. 667 -
(XRETAS) o omolegor
17 10+amole/mmoleg cr 588

S MEOXRPOREIZRTIC

E2: Inmole/mmoleg o 2= ipg/g cro

\m
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TIZBRWT, RFHROD F IV LABERBEHET SV a0/~ AV FEF A%
BE LIz, T72bb, R L > TERENAZEICELLAZVEEETZ L, AF
HXDON FIULEBREBIE, 50U a L A— AV PEFMC L > TFRTE S
LLTWA,

Lol BRI ULILDEMRMBEBEENE LD L, 7 F I Y MLERAE T
MR ENT, RP~OYPERIHEM L, CIMT 22 & LTHREEh A, 7RI oL
X DIARBEEENET TS5 L, RP~OBM2EEEEOMMARE SN, g
NARITAREDEOT D Z EBEMERICIVABINTNS, b MIBNT
Ho W RIUATRERHETY NI U ACREC D o TREINE-EROERD
FIB CHRERT S B ARESMRERASH D EOBERD S, Tk ICEHER
BRESHEELTOIBEE, RIPD FIondtt&izn FI o MREREORE L+
LD TIERNVE R INTVD, £, H IV LABRELRBD R oAl
Mk & OBIRIT, HEICHMTHY, BREEORE., £, #7, MAZSIL-T
EMFERRIRE (BIE) CRPIERIRARZ 2 600, JHup SARBE LAY
A= P A DEFASEHULBREFARECTRP Y B3y AHE B S
SN2 FIoLBREXBPTS Z L 3RETH D,

EF F I LARER, —RICENEERL D DEEOBRELE®RL, AFICL
5% FIULEREOELICEARBNTHBMT 2, BEICL3 2 FI v ABREDE
HADENDEMFOIEE LT, MEEHHD R A@E, Rbb R AR
INFELETHDIN, A FIYLABEREBLIMETH FI Y LARENSHET L DO
HRRERT T AT SN TV,

TR PICAEETAOAAD D FI U LREIZ, BEAYBETICLZLOTH

O REDOH NI 0 LAMIRE L BRE~ORE L OBERMASINE, 7 RIYAD
AR BORECHFTICED THS, BXLEPETIE, BIERTHIKOH FI
VORENOH I LMERBEESHEEL TV IBMEN Db BN, XoH K1y
LREER UHF ThH - THAEEEICL v EST 3, ~oMic TDS RREEIZL 2
AREIULABREOHTEN 2SN THA,

BAEICI T, BRI, RRBEAD A ) BB, B IR
RSRXBZE, GLUUBIZL VI P30 AOEREZ -, ARV TY, ~
AX— AT z—F o KE BYE, PE, KEICRT IEERTORENSH L,
INOEFREDOHN FI VLB L ARERIEL LT3, BAE. B, 73 /8.
AI/8 (Tn Y RUNSL FrF7aly) | RBP, B2-MG. ol-MG, NAG DR
DR B CAMER STV A,

B2-MG 17 NI U 2EEICx L CHEBDO S BIKFENICRIST A 2 6 06 RS T-B
BEHHOPTHL- L LBESHV G TVS, NAG 1. BOEMIRE LMD
V7Y — NIIHETAMASRBERTH D, RTICHE AN S NAG 13, ERCRME
DOBBL L bOT, RBE - MEOKERTEOHMEAMYT 5,

IO DN REEREREORBIEEL, WPh by KI Y A0 FRICB R
BRTIRRVED, EEOLTNREMENEAERY FI v A0S K~OFERE,
ARLUTWDERTIZARVA, 0 R Iy AREAHE L TV 281, A RN SR
EAEIT LI TIREMEDIRIE L 2 D, RO DB OB EWET — ¥ 2 &5
THB2Z EDE, P2MG RBETHES HO LR TN,

A )RR 5 1 B USRIBT IR RURENT 00 10 4E R OB i, b B2-MG HEillE & 43
PIEHRELHF 1,000pg/g Cr UL ThH - HRE T5EHH DV 10 FHOME TRS
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P2-MG HEtE B O LHRRH LN TV S (THk 6.22-8, 622-9) , UL FHIRE
IR ORI Y S OBBFFAEIZ 380 T, R B2-MG HEillk & 23 #15] R ESF 1,000ug/g Cr
THOEREDSMR NEBILERLTWALOBELH S (@627 11, 62.7

- 14, 6.27-15, 626-5, 62.7-18) ., ¥k, by bA TR 1,000ugg Cr iR E
LTV oHXLEEN,

IDZEhh, BEERL LTOLBFRLERSMA I TOAVA, R B2-MG
BEIERAS 1,000pg/g Cr 2l B3, & K30 AREORE £ SIS LTy 5 A EEM 723
HHT EDB, RN R I MM RS COMOBELEE 2, RAMICHE L E
T1L000ug/g Cr & H v hA T (E73 0 FI v ARBORBLSBIZKBRL TV
) &L, EIRMERERE L BREOREL R THE- KISTEMoOEEL+5 2
LREYITHDEEZ NG,

B EI0 LT, REEBEREIC L0 S REREEEL S I T2 AR6AT
BY ., RD B-MG 1, GEMRMEREREETORESZRTANREED—oTHS,
Ikeda & (2003) i3, BAEANDOD KU AGEYRMKE CHHRHBOER 2 5510
i, HERORB S FI U LPERE &R B2-MG HEith & o0 €57 T4l A3 5t
ENTVD RAXERK LK, £LT, RE P2-MG HEMEB O T > & AL R HEE
REREICRIRDY FI v LM BORBART L 25, BhnPhick Ty
RPN U AP 10~ 12ug/g Cr 2B 2 1A TR p2-MG PEfE B E L<
ATHZLEARRL NS (TMRS-1) (RB8) ., X6, Tkeda & (2005) %, %
FICBRBELIR AL T2 Mi, RYP P2-MG HEEBOIK L~z 20T H iR
BT L\ 1,000pg/g Cr DR P2-MG HEMEBIZHR Y 3B R H N T o Ak RS 8~ug/g
Cr, JRY¥ B2-MG et B4 LR SW 2R D NI v L4k BOMIAL <% dpgig Cr
ULEFERIT TS (Xiks-2) (X9,

%7, Gamo 5 (2006) I, —AXBIBITH FI U LICBE AN ERICET S U
MODT—FOHEFER L, FEHRUIIC LIRS LAY TEMOLOR M K3y
LHE R & B2-MG FRIE (BR¥ P2-MG gttt &2 B IC LR 2548 0 &-RUSHE
KDV, PI-MG IRIED A v b A 7 % R B2-MG Bl & 1,000ug/g Cr & LT A ¥
THYVRETO RTA N0 APHEB OB RIFE L~ (B2-MG IRIEN 72 5814
DFFRINCE L < LA LRVEBREBMES L LTER) 12 2~3ugg Cr CHH LR
BboTna (Tks-3) .
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Nogawabit, A/NREBIIFKROL B I v AFRHRERLSSOARUSTREEE LT
ARIVLREEZT TORWER2MAZRRIC, RPEp-MGHRELZ I FI UL
OREBRIEL LT, B TEESNAXPOEH FI U LABESBREREEL LTE
AL TSI FIULABRELFLBROBEPREZBEL T R NIV LABRE (—
ARCBRLEY FIVLE) 2EBH (51,480~6,625mg, &1,483~6,620mg) L.
ARIVLARBPARKENCREEEZ A LERABL TS, £z, RHEP-MG
PN B 1,000pg/g CrE p2-MGREDH v A 7IHICERET 5 L. MBHLAEED
B2-MGIRIEDHERBICZZR A FI v LBRB B L bICKH2.0gLBEE L, B2-MG
RIEDHEMEMZ B7-DI1E, A FITLORBEREN - OEEXB2 VL)1
REZENGHEHAHTHLELTHD, IHIZ, 5 FI T LAEIE20g) LRGN
ESOFELLT—BHD 110pgkEHL, ZOEIUOFED (HE) 720 L3R
PRABIZENZ L A RARTND (CHRE - 4) . HARAII, ZD110pghk b LITREY
O OBRMERRLHET D &, 144pgkg EEMA (110pg-53.3kg"x70) L4225,

Horiguchi Hi3, BABEAROEENGHBREDS FI v LRELZ T 5158 4
HFD, AR L LTI 1| AFTIZE VT, JECFA BED S PTWI (Tugke
FEMBNGIVBEEZZT TV 2EREL ST 30 U EOBREICHTT 5 &M 1,381
ACEHRIIH FI U ABRUC L 2 BHEICS X 2R BERRTV3, X1 00RE
Bil, BREEAOBFEHBREXRTON FI v ARE L XBEOBREBL: 2R UTHE
HLTWS, 2, BREOBSEENLOH FI T ABREBIIRD 2 >OHEFE
WXOEHLTWA, —Fid, BREENLOH F I 7 ABIRED 50%% KH 5HER
LTWBERELTHY HEA) L. bO—FHit, kLA OREDZOTFLRRES
LEEHTHHLEEL, KUADRENHLOH B I U HELHBHE (Spg/B (@ES
#HO TDS) ¥ FNFNOHBKIZME TEHL TS (EEB) ", ZORKRE., &4
BOBRGKEERNLDOA FI U LEHBREITL 3.5 pgkeg RE/E (HEA) ~4.23ugke
REME (HEDB) | JEFRMIE T 086nugyke REMA HEA) ~2.43ug/keg KE/E (3
EB) | {GHHK 4 W AT T 2.27ug/kg RER (HEEA) ~6.2pghkeg hEAR (HEFEA) |
BEREDOH 179% (HEB) ~29.8% (HEEA) 5 JECFA ® PTWI (Tugke & HE/R)
EBITOWEIEPERINTVS (®10) , Lh L, HFFREE2 S22 TOH
BETNE L EBIZRPH FI 0 LPRER, p2-MG BERT al-MG BEOD LR A
DIV, SRR DOHERRE & i U CI5 U O 4R BRI AL R AR e
BEXALNRD o (X#R8-5) .

B2 EPOLON NI ABREOHE K
WEA = A»LD1HEOA FI Y LABRE-KAGD 1 AX FIUvLAEREOFS (0.5
HEB = k050188 FI O LEREHRUARLGO L ADOH NIy ABRE (15/8)

FRIEPOFR R EEORRFKEFE I E S BRAOTIEE (LRTH 53 3kg. /M RT 15 kg R T 55 6kg)
I RIKIT, 1980 £ 5 1999 FOMICBHAELICL > TRREINEKPH FI U LERERED T —F ~—
RIEESE KPHFI T LAREN 0.4pg/g LD BBV D FI T LABEOR M2 30N HKEFRE L,
WERE L. BEGFES O LKL ECTREBEELE o, PROPAERVTLERFOLNT
H5, EWEOKHDIL, TOMREIIBET HSHBORTERE THY . AT LENDLTOMBEORE R~
TEH, XTI TROELPL2C L LRRBEROEAILE CTHFREXKERBRIT TVBHERELTEY,
BERESEANOCRERATRESTOLHETON NI v AREELMELN, KERMUEMTY NI AREMN |-
AL, E<OWRIL, TOMEOKL KETHELNTEY . KLKTLRIEBROPTH FI 7 ARRIRLRPTL,
A EIVABRENEVRHTEHS, LOLAKDL, FOMOREYOS NI LREIT, KOKTLEBRLTHL
BOThHY | BESHLEOMUBENHCOWMASKERLEL BADIRROAFMNL E L NL, REORKMT
WEALHEBPLBONTEOMICIFET S EEL LD,
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% 5%, KNARR® 0005% M EAHE S WD LT LABE, | BY0oH F3
T ADKRBIEN lpgkg RE/AEZBA 2T, BREOH FI 0L EHET
Somg/kg R DT L IIHIBEI LRI LG PTWI & LT Tugkg KE/MR R
BLTWD,

EhOA NI LARMEBRERECS T, SARNOK 13 NBEREICERTS
ZEBRMONTWS, A NI Y LAOFEREBM % 80 4, BARAB L O FEHEEE 53.3ke,
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BRI LRNES 5%, ERATRO 0%AERYM END . SF D KRNICEIN &4
A RI LR SNTIC—HRICEREND LRELAES. BREON N
I U LEFHEN SOmgkg #BXRVEEY 0 ORMBEREL, LUTF® JECFA O
PTWIBHHLERRE B A5 BEA0S Bopgke RE/BEBH END, £, B
REOH Py LKA 200mgkg #HX 5 & BHERENS I 2AEMESHD &
EbhTHBZ Ehb N FI U LAERNMA 80 F, BAABLOFHETES 53.3kg.
AR LARINESE 5%, KRIZRIREINZ A FI v A s ic— i
EREINDERELBEE. BREREL/SZI2TEEOH SRR Y- ) OB MR
Bk, LUFORERNS seougkg RE/BUFERHBEENS,

4T

JECFA O PTWIH T E R & E 2 b AFERK

B REEOEHE B(mg/keg)*7 B
BN E = + Hikg)
HEEOERHE 13 RIR< TR (#)x365 B

IRETHERTELLIIC, BPH FIVLYRERE LD F IV LEREE OBFKIET
HECHEMETHY | BREFEORE, F#h, 3, ARSI L - TEDFNFIAE (K
WE) CREYERRIIRRDZZEMND, Trarni— Ay NEF LS BGT
FNEHOTHEIBENA D F Iy ABREIMEREEICZ L, £/, US EPA R
JECFA Tl SN TV 2BEEOD FI v AERE (BE) »oBHans I FI Y
LHERBCOWTS, FHREEREZDOIBNESHERAL VD,

L7edS=T, ZOY 278 THE, BAENICET D FI o LEBRE LS
FTIRARE BERERE TS & O BHE % 17 L 7~ Nogawa 5 & Horiguchi 5 D3k 5 b b D~
DB OVTRD L HICBEE LT, Nogawa BV LRl Mo A EIRE 2.0g

(JR™ B2-MG HEM & 1,000ug/g Cr % B2-MG [RIEDH » b A 7{ifl, *IME & RBED
B2-MG FRIEDTTIFR) MOHREHEN D 1ddugkg KR/AMLL P OB K30 LBEERIT,
b NORBICER S RIS ERETHD EEZ LND, — K, Horiguchi & 7318
& LR FRE T, JECFA B3TE® 5 PTWI (Tughkg REHAE) 10V BRE A% 24
Bz, FEE R oA R (BB & &L GRRFIRITMIRATHEREN A LR
Mofeb LTS, ZhbnZ &2b, MARBEBIREL LT, 144ugkg KEMAE
Tnghkg REMBORBIE SO TRETHZLENFEUTHHLEEZILND,

FEBRHE TO—RIERON F I 0 LBEBIC OV T, 197088 ¥ d6pg/ A/
BThoh, ThUE, BRENLZEERZLNZLOONR VB LTETED,
200SFET22.3ug/ A/B (KES3.3kg T2.9ug/kg AEE) | 19964 A & 20054 00 104E [
DV T263pg/ N H (KRESI3kg T3 4pghkg WEME) THD, 128, HED LAY
O OXKHEREIL, BAANOREFTOEIZE > TI962F 0 & — 7 BRI~ T ¥R L
Tnd (K1) (k8 - 6) .

ERKBERAEDOT —F (1995~20000) L /AT F I 0 LARAED O #ERIORE
FEFL (FErFAra - vialb—vay) ZEMALTHHLEZABEAADS RI Y
LERESMIZ DN T, YEE3.4Tpg/ketE B, P RAE2.93pg/kptk E/E ., #H0.67
~9.14pg/kg KB/, 95/5—F L F A NI Bugkgh BB TH B, ZHhbDI Enk,
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MPRHBZ L (XWB-7. 8-8) BEbh, ZHEEEBEOMFT = Y 7L MEME R
BRZIEAEMONLCEBEDER TR Z 5 FHLIERR Y OKE IS KT & L%
WA ERATDLTDRENRHD (XM S5-5. 8-9) , ZD7-%H. Tsukahara b it —4%
BAZMOBRME OERZRBE D NI LA E OBREIC OV TE~ & - 5B
MAEVERZ ZARITTHRSH B2 bbb oF, RPH F I sdbitg. Bh
al-MG BE, R¥ B2-MG BECHERLASRD OhR N2 Einh, BIED—
BAARLMICBIT BHRZIRIEORE CIZFERENR Y FI VA ARBIC LAY K3 v
ABEROEHETNIZE bR ) BHEEEL SR TRRERE DD T/ SN
LTS (MR 621-8) . O Eht, BREAICBOTAL Y RZ I —T 5l
ETHLERROBDLEEX BB,
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R HL
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U A7 FE BT AMAEMEBRER., BRI 24 ORYRECEHHE
RIZEIDHMROI S, BE—BBRECBTIRIMEBRERELER L, AAEN
KHEITLHN Ry LAERESEMRAERECRITTREEZRH 2 >OFFH
ER-RTELDRIE LTRESNT, Thbb, B FI9ASRRTR L
HRHIRA R MR LIBEFHERE RS, 14.400kg KEMUTOH KI W A
FRET, £ M ORBICERSIRIFSLVERRTHY ., BIOKZRHELEY,
5, Tugkg AEABBEDH F I v ARB % T R ERICHEFLRMEOER & gk
L CBRIZE R EERENSED N o, LENRST, HRITLD
A BRERENL, RAMNCHITL T Tugke REMBICRET I ENEYUTH
5.

I
Vi iy R

A RIYLOREBHRBRES TugkehBAE L BE L1z, Zhid, BAERNICRT
LBABEORGERB LA FI T AR LBORELZTI TV AERE IR L
L2 DOBFFRABEFBRICESE, 0 FI 0 ABERANERAEHREIC RIT TSN,
LREIHEINTVA, #FIYLDY AZFHEIL, JECFAILBWTHLITHATEY,
EEMAEMBRENSEO ) 2 7 FHEE R L F CTpgke b EMBICRE I TS,
JECFADEEMEAMBEREIT, FREOCH FI U LABEREL ST 25HERLEE
DAL A A FBEEHRE LEFEFERABCESE, BREDOH FIVLABHE .
BERERTLOBENLY I aL—2a v FoTEEHMEINTEY, ARIOY 2
HERER LR T o —FhoBoh TS,

ARFITARE, BRP, AR, KRFOBRRTEL DAL, FLALDESPIC
REREOI FI U LRELR2Y ELEENS, B2, BATHLERHIZSRBE
FUREFEL, KPD FI U LABENMEBEICESTEVERICHY . kDD
FITLBRERRGEEOKEDE LD TS, LMLENE., . BAADOR
EFEOEHIZE > TI ASZ ) OKMBENIOED L — 7 BHI L TER L&
R, BARAOH FI v LBREIHED LTE TS, 2005FEDBAADRENLDD
FIULABBREOERBICOWTIL, 223pg/A/B ((KES3.3kg T29ng/kg KE/H) T
HolZlhn, MEAMBREDgkehEME 0 LBV L~ H B,

LiziioT, —ROLARACBIZRENLOD FI o ABERNAREICERSS
BT EREE RV E 2 bR D,

Sk, BEEIIREEROS FI Y MBHRICL L2 D BELHFHMRNT I
ERSNEBECE, MERREORE LIZoWTREHT S,
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B, MOADEREARE LIZRA AT 0 F A MD) it B2 R8s Lo
IRV H, FRRICHE-RISKEESEI L, FCSRYE D R 3o ot &id, B,
THEENEN42, 4.8ug/e Cr EHEFESNAE CURL 3 -35),

o, BN O S B0 LR 1, 850 AL IEGRR 294 AERERIZ, B R
LY AORE-SUSEFRICET 2EFWESNITOA, R B 2-MC PRl BN BRI &
LC, P H R IO LBESBRBIBEL L TEASIE, BiRs 22 IEi0E
BLE LD, TRENOEFEOEEOKED XKDV TN 22 RIEEFERL, »
RIDABERXRELL, XTH NI vARELREAHEB I LOE N FIoL
BERL LT RU LOREMBEIISETD L. 0 FIv AREBEIF > TR B
2-MG PR BN L T3 EOBENEN-T-, TORENS, 8H FI 7 ABRE
F2g FTRBLE DICEBE~ORET R & CT#k1.3-6)

50 BELA BT 30 FLL BREE L T B BIBRIER 1,703 A&t e L. Kk Iy
LBEERFROBELZ R LR T KA I 0 LR & RHED 32-MGMT,
K¥E, 7/ ERFOHME L OMIZAELBENED N, T, XPH FITVL
BEL L B2-MG IRIEDHTRHF, MT RIEOFRE, RECHRR, R¥EXH> BELURO
FIRE, 7TI/BEROARELOMILFELRHBLRD L, ZOHK TR
KA R IO LABEORKITEFRES 034ppm LHBE ThHom e HMEIN TV D (X
wWi13-7) .

ARIVAZLDRERBORMMEB L ATHEERAT L0, BNITEOFER
74 N(BHE32 A, fE 42 MR E LIZRENTON, TRUEBERCIDINN
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IV LREEHEBE D 1981 205 1986 £ TOBBR T, BEMKATRT
p2-MG et B4 1,000pg/g Cr KO TIE, £ OHORD p2-MG SEt R OHEBIZI—F
AR 2R S Tado o, MBMEERE AT ST B 1,000pug/g Cr B EDBETIL, 5 &%IC
REBIERLTWAZ EMFEN, £RBL KU AHEERICIIE(LIZED &
NRMoTed, BRI, 73/ BERISFEH. FECLEREL TV Coik13-8) .

BRH R/ MRETREEM KT, PVATELURRE C T /MREIL (Rfnghd MR
B) hOOBCLVREN FI U LABRYZIFHTHE, BEL CIW 14- 1.
14-2) X, ZOBRDISEUEDERI13TA (B8 A, ZH79A) 2BICK
BEOMBRELZT 2L 25, RED - RERBBEZEOZSN 13-22%TH 0. HB
HED2%LVHFBICHB N L 2R LA, 3610, BELBHBEREICLY. RE
B - REFSEEE 33 At 10 ACEMER, 73/ BR. %TRP DEFZ GEMR
MEHIEREE) 2380k, T, MBMREKERORD p2-MG SElt & ERH (=0.62) .
BEERK (=0.57) . RUAKEXTY FI U LARE L BEERKEOK (=050) 254
BIBELTVAZL28ELE (IR 14-3) , 28, MIBHRKOXDYy FIva
BREDTHEIL 0.64+0.72ppm (N=85) LBESNTWD Tk 14-4) . Kojima &

(1977) i3, /MRETOAH K I O L%ER 7 MIKER (50-69 . 156 A) RO BHMEE
B (50-69 . 93 A) &RBRICHEREL T, BRHEOKELH I Ak
BORMELHET 150pg/day, FHRHK Tt Opg/day THH, RPH FI v nlE
OBMEHEEETNEN 7.5ug/L R 2.0ug/l Th o, B B2-MG HEEBESEE (>
T00ug/L) DEIGE, IGRHIK 14%. HBHIE 2% THEENED LN Gk 14 -
5) .

AEFD (1985) i, /MRETICEIT 5 1932-1979 £ REICHT 2/ EL T,
NRETCH, KERSEIZIEB L O/, MRSER, ER0RCEARKEL, —
. BEHAEY, ML EEBOBEN NS hots, £, BREAECIIMMNL TV A
Mofz (XM 1.4-6) . Iwata & (1992) 13, BHESH 1975-1977 €EICRB p2-MG HE
M2 B0E U7 40 LA LR 230 ADATE - BRIRA 1990 £ % CiBBF L7, &t
Tid, Cox EURETVERNTEREFE LBRITBVTH, RYP B2-MG et &%
URT I/ BERBEOEESECRO LR L ARICHEL TV =, Rl B2-MG it
BX 10 ISR EICELR I Y — FHiT 1.44 (95%(S#RIXRICI} : 1.02-1.44) &
HEShE (XK14-7) ,

5 i \ e

RBRABRIFRTHEA (R, THRL AVEH, #IRO 4 BK) 12, sHNEL» 0
BERIZEDREED FI U ABRESIT S TH Y, 1979, 1982 FEIBRESIC L > T
ERD 80%L L& R & L THERESTOIA TS, 1979 EOFE TR 1S5 - 1)
T, BRI O 50-80 BRAD 99 ARUTRE, /NEE, HMRHEED 50-80 &0 196
ABHRTH o T, REA F I 7 A ROSMENIEIL, BRBK O 60 LD S
RS0 U Lok, TR, A%E, HIRBED 60 B F ORI 10pg/g Cr 18
ATV, R B2-MG PHEERIIER L L bIcARIC LR L, BIBIED 70 ZL Fo
BRGS0 mU Lok, TR, MNEE, HERHBKO 70 8008 CliTESE
23 1,000pg/g Cr 2B TV Ve, R B2-MG SRR OERIC L 472 5 FRMEBIL. JE5
RAIBUT AN THEE Th o, 1982 FORAE (TR 15-2) CIZBIE, TR, /S,
HEARMIX 0D SO BRLA LD 285 AMZB L1, RP P2-MG Hhitt &t 1,000pg/g Cr LA LD
THETI, ERBECET, MEPRMG VTS5 2, MEREI VTS 20 k-
ANBOONL, £k, P2-MG, al-MG, I LT F=VRUTADY 74 AT 7§ —
YOMFEPRED ERASL LN, RREBEDET L BRBOTERTRE N,
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RESEHEORDPD F I 0 Lk BOBTEMEIZEM 6.6, KM 11.2ug/gCr ThoTe,
Fio, RP al-MG St &K R MT St BEOBEMATED bh, ZhbDENERT
DIEONTRPAOPRELAE MU (TR 1.5-3, 1.5-4) ,

Iwata & (1993) 1Z, L&D 1979 EOFECSM L IBRIBEERE ST 102 AD
RF p2-MG HEfE B R RSP K I 0 LAPEB OIS % 1989 £ T 10 E/MICH - 948
BRL7c, 7238, ZoMKX T 198] FICERIROKBIERETL, EROD FI Y
LREEUEIT 1969 D 213pg/day BB 1983 41213 106pg/day (2R L1, 10 FERIDE
B RIEETdh o7z 48 AIZEW T, RV N I 7 2P B0 867 T4 8.5ug/g Cr H>
B 6.0g/g CriTiEF L, —05, R B2-MG PR B 0> 4T M8 1 ARBR SARR I 40 58
P ETH > BE 7R T B2-MG HEHER S 1,000pg/g Cr L ETh -7 T 1.8 {212 F
FL A FIVLZLAESTFEEARDRLEENSEITETH D - LR AN
Fo (AR 1.5 - 35) . RIBROMERIZ, BIHD 1996 FE TOMBERETLED LN (X
W 15-6) . JREES (1988) i, W NI 7 2ERHICE T, BREOH FI YA
EREETEOLHEERESLHUESNS 4 AORFEZ/ VT F= U BE L7 LT
F=r 7 YT I A, EF HCO3, %TRP 1220V T 9 ERORIBEE 2T\, B
BRI b DLT, TRTOEANRAICENT AEAZED TR 15-7) .

Iwata & (1991a, 1991b) K& F Arisawa & (2001) (X L300 1979, 1982 EDFHEN L
BOERF - RURROPE LT oo, 1982 EZBED 1989 F TOBEMTIE. HE
SErEBEER L LHORST B2-MG HEEE 1,000ug/g Cr S LB OBEELE T

(SMR) 3BT 223 (95%Cl-: 125-368) . &YET 131 (95% CI : 84-193) TH -7,
Fhe, Cox FIREFNERVTEREHELLHRCBVTL, Bk & bR 2-MG
PR R, RPEEE, @M% p2-MGHHEBRR MG Y L 7 F =V BEOBENFETED
LREFBEELRREFRCHEEL T (XM 1.5-8) . —F. RY p2-MG Hit &
1,000pg/g Cr REHED SMR X, BHET 76 (95% C1:41-131) . LHET 35 (95% CI: 7-103)
LEVERIZH Y, BEEROR T RO LRIED LA (BHT SMR 101,
95% Cl : 63-155, & T SMR 126,95% C1 : 81-186) (R 1.5-9) . [ CEM® 1997
FE TOBYFTIT, BRP P2-MG Pt & 1,000pg/g Cr S LHE, 1,000ug/g Cr KIGHER OF
2D SMR X Z L EH 138 (95%C : 1101-183) | 66 (95% CI : 49-87) . 90 (95%
Cl:73-109) T o7z, 7=, ##h, BMI, M/EHE. ME2 L AT o— N EORELE
ELEHECINTY, BHETHMLE p2-MG BERURS B2-MGC St ROFEE, &
HTRIMEZ VT F = @E, L p2-MG 7 Y75 ARVIRY p2-MG HElt B DO
EPFECRO LA LAESINTEFRCHEELTEY, ~"F—FRE 2 282 TH
7zo Arisawa & (2001) HFES K3 U ABRMBOBABREIZOWTHLRES T o1,
HESELTEEL LIROMIRSE, R p2-MG P& 1,000 pg/g Cr L EBER O
1,000 pg/g Cr Rilid¥ D22 A DRELBRL (SIR) 1L, THEH 71 (95% CI: 44-107) |
103 (95% CI : 41-212) RTR58 (95% CI:32:97) Th Y. 1,000 pg/g Cr RGRETiEH
ADBBENFEEIEN-7, MBAARVESBRADY 270 ERIIARLRAN-
7= (TER1.5-10) ,

PlE A RIv AL ARMEHEMEIIRCRD LH C FREICBEEL TWB I L,
BUOH R0 ABERMIBRER CRAARCEDO LREIROONAR VD &R ER
7

R A L RS B AL KE D BE ST B, ARTIE, 1< oo

FREOEHOCKEMAZREMMTOA WD, BEORERRLBNT S L. Suwazono
B (2000) i3, EPR2ROA K I U LB RO BHLISA, KiE],648 A0 b ik
EREZML, 7RIV LABRE L BEEORIICIIT 2HEBEIZ VW TRA LT,

ARIVLRBEOEEL LTREPRECRT I NI O LAHHTE, BREEEOKEE L
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L TRPB2-MGHEME B R VR FNAGHE B A AV V-, TORKRE, METH FIoog
B RPA R I T LHRIR L RFR2-MGHRIE, RPNAGHEEB OB CHE MM
BHONT (LRKL6 - 1) .

TAUCKRE UEzaki® (2003) RUMME & (2004) X, EPNIOFRON K I AdkiEy
I {E2910,753 A (1,000 A/82) DERA LM (FEIT3SEE-605%1%) DA HRAERL,
REA R0 LYMER & RY o I-MGHERER, R PB,-MGHEM B & D 4aBAMEIZ DV T
Frldo, BHUSORP AT NI T AdkitEE, 8TEHME T0.76-3. 16pg/g CrOfEERIZ &
2T, BERSHIZE Y. RHP o I-MGHE B, FRYB,-MGHE £ 13 45 E O FEEH & K
AR B oo, FRORELRA L TRIT LI L 2 A, RPH FI UL
W L RPal-MGHEM B, RPP2-MGHEH & & ORI H B /AN T E) - 7= & /5
T2 (SUEk16 -2, 1.6 -3) , EFR, Suwazono (2000) OFERICK T 5748, &
OEBEEE LA, REITALUL LV KBEHEARAT S Lz AR 0,
Ezakis (2003) ORERLRIEEMEIENLEZ LN,

o, WTHOBETHRTS FI U ASHERIIZ V7 F o U BIEELZEH LT
LB R L7 F o Bt BRE RS FERE LIBT3 LV I RENHY . ZD&
2oL EREOFEMEEE LIS EE L BN 5, Horiguchin (2004) R UM
BEZED (2004) 13, ERNSROAII8IA (YU « 4% 1,179 0, FEIHYMa ;1
Mg 202 A) ORHRERER (SHIK202-569ADTE LT308ELLE) HEREER
L. R4 NI L8 L RPol-MGHEE B, FRHp2-MGHEHE B & MBIz oW
TR L7z, ZOR, #ES FIY ABREBNEMEOHRE NG, BITOHRI Y
LEROEBREETH HPTWIZ B IBREL ST TV IHBRET T, ey P
TV LBBREMHOBRELED, SOLTHBREDEROKBLRA L TRILE, *
DR, HEED F 1Y MERE (S HIC T 5 8T EEHIE1L0.86-6.72pg/ke A /i)
EERFH R I LPRMR (KMo ST FIHII32.63-4.08ug/g Cr) & ORI A RAS
BE SNd, Ezaki® (2003) &Rk, RPN NI O LHRNME X RP o I-MGHEH &,
RPp2-MGHER B & ORI IIE B EENRBE SN o7 CUlkl6 -4, 16-3)
IOMRRIT. —RORRBY R ENSERT LN FIYARNBPTWIEZRZ T et h
W, A FIUACLIEHEREIIR I GV L, EVRIAEBRITOPTWIL, #
FIVAZLDBBEOBEREPCLVIBANLRYE THAL W HIEE RELTH
b, EHIT, PIWIRBADRBELAENTEY, INLOEENL, BITOs R
U ALATHAERBERELS Y R E LT A EE L SN,

AARENO S K0 LAERRE CHEBRROERE MR IZTbA IR T, »
OHSFERDRPA K I LPRERRE DRD B2- MG St BROSAMEHE L TRk LT
WO RRXEAFL, FRHIRER (IF 298, BF 16 ) RUIEGLME (k¥
308 BFTE) ORTHF I 0 APEBRORS B2- MG HElER (PR LZ LT
FoURE, BTEHE) KOWTHITLEE 25, BEVWFRICBOTLEDS F
T LHRER AL 10-12ug/g Cr AT OME TR B2- MG BRI E L B {bd R X
T 10-12pg/g Cr & MR BEITE L LAT D2 R EN (XHK16-5. 16
-3)

1976 —1978 FEIZT TLRE 7 ROV NI 0 LB RHUE CiTbh - (ERERE T
i, 77 a3 = EEREOFRECITA)NR 44%, BIFR 42%, SER 29%. K
BR02%, BHER02%, BEE 0.1%, XHR 0% TH -1, ~F., HIELRHKOHRHE
BILTREDL 0% Thots (744 ZABBBMES K2 7 APEHICHET 2558
1979) ,

Kw@aé(wﬁ)m\ﬁﬁﬁﬁ¢m®wﬁutﬁE«mAtowr‘W¢ﬁks

72

T LU B R U NAG IR BE L7z, £EORTD B IO LYk B o S g8
51,59, &M 1.48ug/g Cr Th o7, WPH F I U APHEBITBEKIZ L b A EER
HH, BROMERCHENHEHA,OOEMTHH SN, R I oLk &L R
H NAG HEit & & ORIZ BBV EOMBEMARS Sz (=0.20, p<0.01) , R¥ p2-MG
BEE R R Shen-7 CTik17- 1)

Nakadaira & (2003) i, FBROEBMEL N I 7 LJERMIMER 08 A (24—86 5%)
RUHBHUEER 50 A 20—-83 ) 2XRICMAAEZITo7, RPH FIoal
B ORTE T, IR (B 269, &t 4.68ug/g Cr) DI A HIETHIE (B
1,08, & 1.69pg/gCr) KO HFEICEM o, LaL, RP P2-MG Jrit 8 o> 47 ¢
PHER T 1,000ug/g Cr LA EOEIGIAEERRD beh o= GOk 1.7-2) .

AN F-TIBSENSIBIEILEBE N D NI v AR BOMENSEERE
(CadmiBel#f 7). #B 1T 58 @ Liege & Charleroi D it & . H B # 8F 0D Hechtel-Eksel &
Noorderkempen7» b R IZ M L7tk - S THRBIL L BRE2IIATER SN
Too RO NI 7 LR 200/ HEL BT B & | RIPRI-MGHENE R, R RBPHEI &
B ORHNAGHE 872 BRI OBE THE, 10%DRELTEMNL LR, 0
FERDNG. RPD FI U LB 2ug/ B UL LIS 72 5 L BEN L RS RARERENE
INWHEOHDEERLTOS (T8 - 1, THR1.8 - 2, THKI8 -3) .

CadmibeWFFEDHBRE2,327T A0 F 56 L0RIBITETe 1,107 N & EEB I LT, &
S ASRBUZ 2D X D TR L, 8FELL L OHUBIZ B LTV 2R E 7 5 2485 R
R U (19850 519894 10 EM) , B, HEETIOE BB OB Hitk o
ERIBIAL, RS RBEOEOCHIOERINAZ KR L, BREOE HK)
B EVHURIC AT TOEBR B H F 7 LRI, 7.9nmol/2485R8 (0.89ug/24B5R)
£10.5 nmol/24#5 ] (1.18pg/240%R) L ABICEH L Ty, BEERO L@ H R 3
DABBEEERED FI U ABER. RP R0 AHE L ORI IEOABEBIE S
Hofln, Flo, RPB2-MGHEEE. RTRBPHEN &K R PNAGHE B iR & 01k
WHEE O BV HIRIC A Th T ER L THY . MEFRICEBOER R LT
oo MaDTERFELHAELRE, BEHMELO Lo L b FVEEFRNOHEDE
BEDPRABEIES.IkmTH O, T OMEBENR kmIMNT D T LR PH F Iy st gs
27%ERTD LR IR (SCHR18 - 4)

1985-19894F > Cadmibel BF 92 THIRE & 72 o 1= BAE208 AR VK PEIBS ADSER D8
B4 98 % PheeCadiif 52 (Public health and environmental exposure to cadmium study) & L
T ANIVLARER EBEE~ORBRIECO VT, EERBU AT v 7RO
BRUOBIZEIR S AT ofc, BYHETIXRTT N30 ABMER UMK B K I v AR
EiX, £FRENTST1.9nmol/ 245K (0.84 £0.21ug/240R5R) | 6.122.2 nmol/L (0.69
£025ug/l) TH Y, PIEMES L DL HFILI%NE35% ThHom, KT, Rby
FIULBHEBR OGRS K I 0 LB, ZNFH76+ 1.9nmol/24B5E1H (085
£0.21ug/24RFR]R) . 7.8+2.1nmol/L (0.884+024pg/l) Th Y . MEFEN O OM L
1214% £ 28% TH 7o, KIBEOD NI ) LBE T3, ETEOBBREMED R /L 1E
Zbh?, B~OEEHEL, FOEMRZI L, W#HOT L THHEE2 LN
% (3CHkLT - S)

CadmibelfF 5 THE Shie 7 K I 0 LAEKRART RSN L TODHRE OREFL L
HBA~ORBT, EITHORBEREICIIERE T, < MBR~OERBIZ I, 5
R EFHBES N,
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< OSOAR 5 ,

AP xz—F U TCEBENTRERVOBESEO D F I v 0@B0RREERER.
WKEPODAN LM BEMEEEECETI2RAEITIHMND»S, the
osteoporosis, cadmium as a risk factor (OSCAR) study. & £ {1+ H 47, OSCAR study T,
REZv TNV IFIVLBEMTIERBREL TWEBFRY 2 —F  OFliseryd &
Oskarshamn® 2 DO MBI SELL EBE L2160 L0 DERM SRR TH 5, BHEY
REFTHBEZLRZIATHY . ZOPICHBEORELEH TERTHEEBI2A
NEENTHWE, FRERABLEBAICEVTL, RTIFIVAHBEL R P o
1-MG SRR & ORICHBBERA A O, £, BRE o I-MGHEH & 250.8mg/mmol Cr

(=7,080pg/g Cr. BHE) 0.6mg/mmol Cr (+5310ug/g Cr, &th) ULEH v A7
ELTERLEEZ20PLCRHRERE L, SRR UVRDY FI oot &ic L o b
BELTHMIERL LT, VAT 4 v Z7ERDMEITo72L 25, FRYFABLE
BEEBONTH, RPI FIVLHMBEOMMICL Y R o IMGHHHERREIZA2S
OddstE S FEH FHIC A FICE L 2o, ZOMEMIZ. REREOLIZBITAEMATHL
RLCThHoTc, 2ORVRT 4y 7ERBSITRNG, FEHHFE (EHEROSIRE) %,
RefH I v Pkl EA 1. 0nmol/mmol Cr* (=1.0pg/g Cr) HMN$ 3 L REARHEMN
10%LA LA D EHE L (XMR1.9-1) , ZORENJarup S DRI OREH LRI
IRV B,

CORBOBBEAL, T, BENS FI Y LARROKBRN D DHERENHSHDL
2EHTEY, ZOEAOKHIIE, RPH FI U LAKERE, BEARKER %
RO, REOLSLLRELERTIE, RFEA F I U LS BIZ RS O%BRE )
nmol/mmol Cr (=1ug/g Cr) THY, boL bEVAT2S5ug/g Cre FEFICE, T4
bH, 2RO TEIEFEE, LR CORBMENSETN TS, EBEBRE
ZEICEY, BRL L BIETT 22 L7 F = EARRIESEEOLESREICE T
FT45. 2ORFPI VT F Ut REROFREOREDCLDICAO—BOZ LT
FoUEERTI-ETHILTHREDTCEHVEEZ LTS, RED FI v Akt
BELRT o IMGHHEE D7 L7 F2 U BELTHADT, BRCHEISh TS L E
ZAbh3,

Jarup & DHEFHT L 5 BHERE OLEBMIL, B> - AR RISEERRINL R
R AR5 nmol/mmol Cr (52.5ug/g Cr) LA EOREEIRE ORI H 520
ADERELXEATEY, REBRBICLIDD FIvAOBR~ORBLBHTH 0
RKERBEEEATWDEEZLRD,

FRE I S BN Sinphar

H[H Shipham HUE TiX, 17 26 19 #ALOMIR, EORET NI o Lnb,
ZOHBDOESRICL ZBESRE. AHEZA L TORBEORRREROEELEIC
DVTHERLNTWS,

1982 1243, 1,092 ADERS 547 ANREEZE #3217, 65 ABBEORELT-
7o REOMHIROTRF DS ¥ U4, 83, FEY, KRMECHET 2 & Shipham
HWBUIFERICEV, L L, HEpHRTAD YT, LELLA~DH FI D AD
BATIHEY, LBPH F I LBENEbOHTEZ & M8 52 & 2257 Shipham £
BORPH P I 7 AU R L RP B2-MG HEMt BT R ICH B o7, L L.
BRELRYOZHKRFERETS L BESMM LRSS P30 AR & i BEGET
HHNTH, R P2-MG PRt E L OHBIRIA LW o, T, EROKEND

* R K2 AMED 1.0omolmmol Cr: # K3 va (112) RUZ VT F= (118) OFFESMUERLTHS
ZEMG, 10pglg Cr EIMFERULERAR LTIV,
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BRBRESNIZAORLAMRY NI L@ELRP, MDD B0 4L 3AMENALL
namote (XHK1.10- 1, 1.10-2)

FEOIRY EHBICE T 20 I U LA0OREIREIC L 2BIEICHE U TOR RN
RiTEL 2V, L L, Y TRBT A FITLAXRME L LTHWA THEIC
BT 3FBERCEALER. FETHOBEEBRESER I TRY., RRUVEEY
AFEEE LERERTDATVWS (XK 111-1, 111-2) , £O5 L, BIAAH
REBELLTE, 2o TIKBIT2TEME 3 HEOFBELHRE LIERPROER
hh RO ABMEZRFERS 5, ZOWEICBV T, Rt THHBE 0=27)
DRPH R IO LPEMBIXTE T S38ug/l THO, BETHL FI T LRER 99.3ugg
THol, FRICA FI U LABEIEFBHE@=16)DRP Y ¥ I 7 LYEMEIT 40.9ug/L
Thy, EEPH FIVLARER 920ug/e L BEEZRLTWE, LML, A RI UL
PEATAHARBIHREBHE TR, Tho LV bEVWEZRL, TAETNH 9.04ugl &
25.1pg/g Th -7, £72, 31 R ELOBEICR P B2-MG HEt BEORMA RO Lz, F
fo. BOOERZMBRE LT, RFH FI VA ERT p2-MG HEHBORE AR L1
FR, BOBEE@E0960) B L1, THEBHERCEHLEROL NI v AREOHFLE
BMESN TS (CER1-1) .,

FTOMOBEL LT, A FIVLBHETIRMHACBT2BATOERSBIZLSH
EROBSBBREONELELERSN TS XXM 1L11-3) , 2, /A Tz2—ED
HFFRTITEON BB OEFO BT L FI v LBE L HEREEOMEIZ T
HMERDH D, ZTOWRTRHOLT, /AVz—DEFRETHR 3 ERBBMLTRY,
FRTH 148 KU 114 MOEm EFAERBIHRTH D, MEFPH FI 7 L2REIZTH
22, 1.8nmolL TH Y, HAERKE L OBEIIRD LA TE LT TR 1.11-4) |
ARIYLAEETHERMEUATON FIT AL IBREFROBEIIRY -2,

FOM, Frab v MERRZREDOH FI U ARLZOMESRIZ L ZREFRIEHR
SNTNDA (CHR 111 -5) | FHRAATHY ., SHORELBE2/-TRS
720,

PEROFERMEDRETHIMEOV L 2L LT, LEERKBRDZ 2 725 4
FRERER DO OPEKIC L > TEBAABBR SN -EFICBT 2R/ H 5, Bl
AKHRIZ 005 mg/l DA B 0 L5, RO GIE lmghkg DB N7 25H S 28,
GRS OBREZEON IO LABREIECREDOBRIZE S LOTHY, EHOH
FIUAERE 367-382pg/ H ThH D, TOIHLREHEKON FI U LABRETAN
T313pug/B . ®HET 299ug/H & HBOFFRHERD 63.9pg/H . 61.5ug/H L L~ TH
WIZERBEIN TV, ZOMEOERIE 25 LU EBRMEKICBELTWS L #EE
S, £D 433 AOERD 1T%CBNT, REA K I T LPMERIT 1Sug/g Cr &, RF
B2-MG BRIt BT 500pg/g Cr XX T, | MEBPH FI T LARELBRELRLTE
D, RPANLVCT LR NAG BRELERL TR, ERATBERELRL TV

(rmk 112 -1, xX@k1.12-2) .

RItRIC, WHLE OFERMITEH - BEARSBRABERREEX LA TEY, ZOHK
EXRETIHRTIE, BEERHIORBEFRAX, FREFLBX, MOk
BRBEICE S L TREEMA TS, TAFTROEIZRBIT KT NI T LBE
133.70, 0.51, 0.072mg/kg TH Y, ERORI Y F I v LAY EIXFNFI 107, 1.62,
0.40pg/L & KFH KI oL EHMBEER LT, 7RP B2-MG HHitE, RA7 /17
SUPRBEE L bz, FEERMK, FEEFLMK, BRESEHXOEIC LR LT
XY, RPEHFI0LHEERERP B2-MG R BEOMICH AB-RIGEEAED N
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TVD (XA 1.12-3) , £, RPD P o adHE, 7 FI 7 AERE L RS NAG
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