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Fore word

Scope
This doc u ment sets out Health Can ada’s guide lines for

the con trol of ra dio ac tively con tam i nated com mer cial foods
and pub lic drink ing wa ter fol low ing a nu clear emer gency in
Can ada or abroad. Its pur pose is to guide emer gency re sponse
organizations at the fed eral and pro vin cial lev els on de ci sions
con cern ing the with drawal and sub sti tu tion of con tam i nated
food and wa ter within Can ada. The im ple men ta tion of these
guide lines fol low ing an emer gency is in tended to minimize the
health risk as so ci ated with the con sump tion of con tam i nated
food stuffs and to pre serve pub lic con fi dence in the safety of the 
com mer cial food sup ply. 

Based on the con cept of risk lim i ta tion, ac tion lev els for
use in the screen ing of foods of fered for sale, and for pub lic
drink ing wa ter sup plies, have been cal cu lated for those
radionuclides ex pected to be of great est sig nif i cance to dose
due to the in ges tion of con tam i nated food fol low ing a nu clear
emer gency. These val ues, and guid ance on their im ple men ta -
tion, are con tained in Part 1 of this re port. Part 2 con tains the
sup port ing ra tio nale used in the de vel op ment of the guide lines,
in clud ing a re view of rec om men da tions is sued by var i ous in ter -
na tional or ga ni za tions. 

By is su ing these guide lines, it is the in tent of Health
 Canada to fa cil i tate the de vel op ment of con sis tent na tional cri -
te ria for the iden ti fi ca tion and con trol of all ra dio ac tively con -
tam i nated com mer cial food and pub lic drink ing wa ter within
Can ada fol low ing a nu clear emer gency. The guide lines are ap -
pli ca ble to the de vel op ment of emer gency re sponse plans by
fed eral and pro vin cial au thor i ties, and in the event of a nu clear
emer gency af fect ing the food sup ply, are in tended to be uni -
formly im ple mented across the coun try for the screen ing and
con trol of all lo cal and im ported foods.

Au thor ity
The Gov ern ment of Can ada, un der the Food and Drugs

Act, has pri mary re spon si bil ity for the safety of all do mes tic
and im ported food of fered for sale within Can ada. Leg is la tive
and reg u la tory re spon si bil ity for the Act re sides within Health
Can ada. In the event of con tam i na tion of the com mer cial food
sup ply, the parts of these guide lines re fer ring spe cif i cally to
foods (i.e., not drink ing wa ter) will be im ple mented un der the
au thor ity of Sec tion 4A of the Food and Drugs Act (Health
Can ada 1981/1998).

The qual ity of pub lic drink ing wa ter sources, ex cept within 
ar eas of fed eral ju ris dic tion, is the re spon si bil ity of the prov -
inces, ter ri to ries, and mu nic i pal i ties. The rec om men da tions
herein that re fer to drink ing wa ter may be used by these gov ern -
ments as a ba sis for set ting ac tion lev els for radionuclides

fol low ing an emer gency. Prov inces may choose to adopt the
guide lines in whole or in part, or to en act their own cri te ria.
How ever, sig nif i cant ben e fits re lat ing to pub lic con fi dence can
be achieved by the adop tion of con sis tent na tional cri te ria.

At the fed eral level, the Ca na dian Food In spec tion Agency
(CFIA) is re spon si ble for mon i tor ing and en forc ing the food
safety stan dards and guide lines es tab lished by Health Can ada,
in clud ing tak ing all nec es sary en force ment ac tions in
food-related emer gen cies. The roles, re spon si bil i ties and meth -
od ol o gies for im ple ment ing and en forc ing these guide lines are
sub ject to the ex ist ing ju ris dic tional con text and the re la tion -
ships es tab lished by the CFIA with pro vin cial min is tries and
of fi cials, the food in dus try, and other stake holders and part -
ners. As this doc u ment deals solely with the set ting of guide -
lines for ra dio ac tively con tam i nated food fol low ing a  nuclear
emer gency, im ple men ta tion is sues are not dis cussed. 

Lim i ta tions
The guide lines pre sented in this doc u ment deal solely with

the set ting of guide lines for the con trol of food of fered for sale
and to pub lic drink ing wa ter sup plies that have been con tam i -
nated as a re sult of an un con trolled re lease of ra dio ac tive ma te -
rial to the en vi ron ment dur ing a nu clear emer gency. They do
not ap ply to non-emergency sit u a tions, or to non- commercial
food sources and pri vate wa ter sup plies. In the event of con tam -
i na tion of foods that are not mar keted, these guide lines may be
used to pro vide ad vice ap pli ca ble to in di vid u als pro duc ing or
har vest ing their own food.

These guide lines do not limit the au thor ity of prov inces
and ter ri to ries to en act pub lic health leg is la tion re strict ing the
dis tri bu tion of con tam i nated food prod ucts be fore they reach
the mar ket place.

Re view and Con sul ta tion
Fol low ing a re view within Health Can ada, a draft of this

doc u ment was dis trib uted to the Ca na dian prov inces and ter ri -
to ries in Feb ru ary 1999 through the Fed eral-Provincial-
 Territorial Ra di a tion Pro tec tion Com mit tee, and the Fed eral-
Pro vin cial Nu clear Emer gency Pre pared ness Co or di nating
Com mit tee. Re vi sion of the draft in re sponse to com ments in -
volved only clar i fi ca tions and def i ni tions, rather than changes
in con cepts and ra tio nale.
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Ad min is tra tive Au thor ity
Fed eral guide lines for the re stric tion of ra dio ac tively con -

tam i nated food and wa ter fol low ing a nu clear emer gency have
been de vel oped, and are ad min is tered, by the En vi ron men tal
Ra di a tion Haz ards Di vi sion, Ra di a tion Pro tec tion  Bureau,
Healthy En vi ron ments and Con sumer Safety Branch of Health
Can ada. In quiries, sug gested changes or com ments con cern ing
this doc u ment should be ad dressed to:

Ra dio log i cal Im pact Sec tion
En vi ron men tal Ra di a tion Haz ards Di vi sion
Ra di a tion Pro tec tion Bu reau, Health Can ada
775 Brookfield Rd., Ad dress Lo ca tor 6302D1
Ot tawa, On tario  K1A 1C1
CANADA
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PART 1: GUIDELINES

In tro duc tion
This doc u ment sets out Health Can ada’s guide lines for the

con trol of ra dio ac tively con tam i nated com mer cial foods and
pub lic drink ing wa ter sup plies fol low ing a nu clear emer gency.
The prin ci pal health ef fect as so ci ated with low ra di a tion doses,
in clud ing those aris ing from the in ges tion of ra dio ac tively con -
tam i nated food and wa ter, is an in creased risk of  radiation-
 induced can cer in ex posed per sons and po ten tial ge netic dis or -
ders in their off spring. The guide lines de scribed herein are
based on the lim i ta tion of this risk, recognizing the need to
main tain the safety of, and pub lic con fi dence in, the com mer -
cial food sup ply, con sis tent with the ob jec tives of the Food and
Drugs Act (Health Can ada 1981/1998). They have been de vel -
oped fol low ing a re view of cur rent rec om men da tions on in ter -
ven tion pub lished by var i ous in ter na tional agen cies, and to the
ex tent that the health, safety and con fi dence of the Ca na dian
pub lic are pro tected, have taken into con sid er ation op por tu ni -
ties for harmonization with rec om men da tions of the
FAO/WHO Co dex Alimentarius Com mis sion (FAO/WHO
1995). Co dex guide lines ap ply to the in ter na tional trade of food 
that has been con tam i nated with radionuclides in the first year
fol low ing an emer gency.

In these guide lines, in ter ven tion to pro tect the pub lic from
the health risks due to ra di a tion ex po sure takes the form of lim -
its placed on the lev els of radionuclides al lowed in com mer cial
foods and pub lic wa ter sup plies. Food and wa ter con tain ing
radionuclides at con cen tra tions above these lev els, re ferred to
herein as Ac tion levels, would nor mally be with drawn from sale 
or dis tri bu tion and sub sti tuted with al ter nate sup plies.  Action
lev els for radionuclides not listed in these guide lines may be
de rived us ing the de tailed meth od ol ogy and pa ram e ters sup -
plied in Part 2 of these guide lines. Is sues con cern ing im ple -
men ta tion and ju ris dic tional re spon si bil ity are not dis cussed.

In ter ven tion Levels vs Ac tion Levels
The no men cla ture of the In ter na tional Atomic En ergy

Agency (IAEA) Ba sic Safety Se ries No. 115 (IAEA 1996) for
quan ti ties ap pli ca ble to in ter ven tion has been adopted in these
guide lines.1  In ter ven tion in emer gency ex po sure sit u a tions is
car ried out on the ba sis of in ter ven tion and  action lev els. In ter -
ven tion lev els (IL) are ex pressed in terms of the dose that

is expected to be avoided or averted over time by a spe cific pro -
tec tive ac tion as so ci ated with the in ter ven tion.  Ac tion lev els
(AL) are de fined in terms of the dose rate or ac tiv ity con cen tra -
tion above which pro tec tive or re me dial ac tions are gen er ally
rec om mended. Ac tion lev els for food and wa ter cor re spond to
the radionuclide con cen tra tions that could lead to an in di vid ual
re ceiv ing a dose equal to a spec i fied in ter ven tion level, as sum -
ing that the con tam i nated por tion of the diet re mains at the
 action level for the du ra tion of the as sess ment pe riod.

Ac tion Levels for 
Radionuclides in Food and Wa ter
Sum mary of Meth od ol ogy for 
Cal cu lating Ac tion Levels2

Ac tion lev els for food and wa ter are based on an in ter ven -
tion level of 1 millisievert (mSv) ap plied in de pend ently to each
of three food groups, as sum ing that the in ter ven tion is com -
pletely ef fec tive at avert ing dose. The in ter ven tion level is as -
sessed over a pe riod of one year for long-lived radionuclides
and 2 months for radionuclides with half-lives less than about
300 hours (12-13 days). The food groups con sid ered are:

n Fresh Liq uid Milk;

n Other Com mer cial Foods and Bev er ages; and 

n Pub lic Drinking Wa ter.

In the der i va tion of ac tion lev els, it is as sumed that con -
tam i nated foods com prise no more than 20% of an in di vid ual’s
an nual in take of Other Com mer cial Foods and Bev er ages. The
re main der con sists of food un af fected by the emer gency. For
con sump tion of Fresh Liq uid Milk and Pub lic Drinking Wa ter,
which are gen er ally drawn from lo cal sources, it is as sumed
that the in take con sists en tirely of con tam i nated sup plies. Dairy 
prod ucts other than fresh milk (e.g., but ter, cheese, pow dered
milk), as well as la belled baby-foods are grouped with Other
Com mer cial Foods and Bev er ages. An nual in takes for the var i -
ous food groups are based on Ca na dian con sump tion data. 

The radionuclides which are most likely to be pre dom i nant 
con tri bu tors to dose through in ges tion fol low ing a nu clear re ac -
tor ac ci dent are de pend ent on the type of fa cil ity and the
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se ver ity of the event. Typically, those hav ing the most sig nif i -
cance to dose from the in ges tion of con tam i nated food and
 water are 89/90Sr, 103/106Ru, 131I, 134/137Cs, 238/239Pu and 241Am
(IAEA 1989, 1994). For ac ci dents in volv ing Ca na dian
CANDU re ac tors, tri tium (3H) may also be pres ent, al though it
is not ex pected to be a ma jor con trib u tor to the in ges tion dose.

Ac tion lev els for these radionuclides were cal cu lated for
six age groups per food group, us ing age-specific con sump tion
rates and dose co ef fi cients for in ges tion. A sin gle ac tion level
was cho sen for each radionuclide per food group, based on the
most re stric tive among the six age groups. These were com -
pared with the rec om men da tions of the FAO/WHO Co dex
Alimentarius Com mis sion (1995) for ra dio ac tively con tam i -
nated foods mov ing in in ter na tional trade. Due to their sim i lar -
ity, ac tion lev els for Other Com mer cial Foods and Bev er ages
were harmonized with Co dex guide line lev els for the sim i larly
grouped Foods Des tined for Gen eral Con sump tion, with the
ex cep tion of 106Ru, for which a lower value is rec om mended.
Values for Fresh Liq uid Milk were, for sev eral radionuclides,
sig nif i cantly lower than the Co dex val ues for Milk and In fant
Foods and were thus not harmonized. Co dex guide lines do not
con tain spe cific rec om men da tions for drink ing wa ter.

Ac tion lev els rec om mended by Health Can ada for
radionuclides of po ten tial sig nif i cance are listed in Ta ble 1.1. If 
there is no short age of nu tri tion ally ad e quate al ter nate food or
other so cial/eco nomic con straints, ac tion lev els for the with -
drawal and sub sti tu tion of food and drink ing wa ter fol low ing a
nu clear emer gency should be based on this ta ble.

Table 1.1
Rec om mended ac tion lev els for radionuclides of po ten tial
sig nif i cance to dose from the in ges tion of con tam i nated food

Radionuclide

Ac tion Levels (Bq kg-1)(1)

Fresh
Liq uid

Milk

Other
Com mer cial

Foods and
Bev er ages

Pub lic
Drinking

Wa ter
89Sr 300 1 000 300
90Sr 30 100 30
103Ru 1 000 1 000 1 000
106Ru 100 300 100
131I 100 1 000 100
134Cs, 137Cs 300 1 000 100
238Pu, 239Pu, 240Pu,
242Pu, 241Am 1 10 1

Notes: 

(1) Bq L-1 for Drinking Wa ter.

Screening of Food Sam ples for 
Com pli ance with Ac tion Levels

The screen ing of food is based on the as sump tion that the
radionuclide con cen tra tion in a sam ple re mains at the ac tion
level for the du ra tion of the as sess ment pe riod, and that the con -
tam i nated frac tion of the rel e vant food group con sists en tirely

of the sam ple in ques tion. Food sam ples con tain ing a sin gle
radionuclide are screened for com pli ance by com par ing the
mea sured ac tiv ity in the sam ple with the ac tion level for the
 appropriate radionuclide and food group.

If sev eral radionuclides are pres ent in a sam ple, the fol low -
ing sum ma tion cri te rion must be sat is fied:

i

i

i

A

AL
∑ 







 ≤ 1 (1.1)

where Ai is the mea sured ac tiv ity of radionuclide i, and ALi is its 
cor re spond ing ac tion level. In this sum ma tion cri te rion, all
radionuclides are as sessed col lec tively. As a re sult, the meth od -
ol ogy dif fers from the Co dex guide lines (FAO/WHO 1995),
which al low the sum ma tion of ac tiv i ties within each of three
 independent radionuclide groups, but not be tween groups. As
with the Co dex guide lines, no pro vi sion is made for the sum -
ma tion of radionuclide ac tiv i ties in dif fer ent food sam ples or
food groups.

Com pli ance with the guide lines is based on a sim ple pass
or fail cri te rion. Foods con tain ing ac tiv ity con cen tra tions be -
low the ac tion lev els given in Ta ble 1.1 for sin gle
radionuclides, or sat is fy ing Equa tion 1.1 for mul ti ple
radionuclides, are deemed to be in com pli ance with the guide -
lines, and would be per mit ted un re stricted ac cess to the Ca na -
dian mar ket place. Foods fail ing these con di tions would
nor mally be with drawn from sale and re placed with al ter nate
sup plies. There is no ad di tional re quire ment for fur ther re duc -
tions in radionuclide con cen tra tions or re sult ing doses. Re stric -
tions on the mar ket ing of food ex ceed ing the ac tion lev els
would re main in force as long as the mea sured sam ples fail to
meet the in ter ven tion cri te ria. 

Ex am ple 1:
A sam ple of fresh milk mea sured a short time af ter an
emer gency con tains 150 Bq kg-1 of 137Cs and 40 Bq kg-1 of
131I. From Ta ble 1.1, the ac tion lev els for the two
radionuclides in the Fresh Liq uid Milk group are:

AL milk, Cs-137  =  300 Bq kg-1

AL milk, I-131    =  100 Bq kg-1

Ap plying the sum ma tion cri te rion:

∑ +





 = <

150

300

40

100
0 9 1.

The milk can there fore be per mit ted un re stricted dis tri bu -
tion in the com mer cial food sup ply.

Ex am ple 2:
Sam ples of two dif fer ent food types from Other Com mer -
cial Foods and Bev er ages are to be as sessed for com pli -
ance with the guide lines. The first is a sam ple of lo cally
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pro duced but ter with a 137Cs con cen tra tion of 200 Bq kg-1.
The sec ond is a sam ple of fresh beef con tain ing 500 Bq
kg-1 of 134Cs and 800 Bq kg-1 of 137Cs. From Ta ble 1.1, the
ac tion lev els for each of these radionuclides in the Other
Com mer cial Foods and Bev er ages group are:

AL food, Cs-134  =  1 000  kg-1

AL food, Cs-137  =  1 000  kg-1

Sam ple 1:  The con cen tra tion of 137Cs in the sam ple of but -
ter is com pared di rectly against the ap pro pri ate ac tion
level. Since it is less than AL food, Cs-137, the sup ply of but ter
from which this sam ple has been drawn can be per mit ted
un re stricted ac cess to the mar ket.

Sam ple 2:  For the sam ple of meat, the sum ma tion cri te rion 
must be ap plied:

∑ +





 = >

500

1000

800

1000
13 1.

The sum ma tion cri te rion is not met, there fore the sup ply
from which this sam ple has been drawn would not be per -
mit ted ac cess to the mar ket for pub lic con sump tion.

In this ex am ple, the two food types are treated in de pend -
ently, since the ac tion lev els for Other Com mer cial Foods
and Bev er ages are based on the to tal di etary con sump tion
rate of the group, and not on the rates for the in di vid ual
com po nents. In ap ply ing the guide lines, no dis tinc tion is
made be tween the var i ous food types com pris ing this
group.

Ac tion lev els are ap plied to food as pre pared for con sump -
tion. In gen eral, foods will be as sessed on the ba sis of their
fresh weight. Washing or peel ing fresh fruit and veg e ta bles
may be ef fec tive at re mov ing sur face con tam i na tion, but no
 allowance should be made for these ac tions by con sum ers. In
the case of dried or con cen trated foods and bev er ages, the
 measured con cen tra tion should be di vided by the fac tor nor -
mally used for di lu tion or re con sti tu tion. For classes of food
that are con sumed in small quan ti ties and rep re sent a very small 
frac tion of the to tal diet, such as spices, a di lu tion fac tor of 10 is
rec om mended (IAEA 1994, 1996). 

Al though the with drawal and sub sti tu tion of food does not
pre clude ac tions that may be taken to re duce radionuclide con -
cen tra tions be fore food reaches the mar ket place, the ac tion
 levels given in this doc u ment ap ply strictly to foods as of fered
for sale and to the dis tri bu tion of pub lic wa ter sup plies. Rec om -
men da tions on coun ter mea sures other than the with drawal and
sub sti tu tion of food and wa ter sup plies, in clud ing the ac cept -
abil ity of var i ous ag ri cul tural and in dus trial prac tices, are

be yond the scope and ju ris dic tion of these guide lines. In all
cases, the ac cept abil ity of the food sup ply is as sessed in terms
of the ac tion lev els for food as mar keted and as con sumed.

Sup ple men tary Ac tion Levels for 
Other Radionuclides

Fol low ing a nu clear emer gency, radionuclides other than
those listed in Ta ble 1.1 may also be pres ent in the food sup ply,
but usu ally at much lower con cen tra tions (USFDA 1998). As
an aid to the re spon si ble au thor i ties in the event that other
radionuclides are de tected in food sam ples, ac tion lev els for a
num ber of ad di tional radionuclides are given in Ta ble 1.2.
These are ex pected to be mi nor con tri bu tors to the dose from
in ges tion.

The radionuclides listed in Ta ble 1.2 are not spe cif i cally
men tioned in the rec om men da tions of the Co dex Alimentarius
Com mis sion, and have there fore not been harmonized with the
Co dex guide lines. The val ues in Ta ble 1.2 have been de rived in
a man ner con sis tent with the ac tion lev els of Ta ble 1.1. How -
ever, some of these val ues may not be ac cept able to the pub lic
given that back ground lev els are sig nif i cantly lower, other
 jurisdictions may have lower ac tion lev els for these classes of
radionuclides, or the radionuclide may be of par tic u lar pub lic
con cern, as is the case with 3H (tri tium) in drink ing wa ter
 resulting from rou tine re ac tor op er at ing emis sions.

In re gards to drink ing wa ter, emer gency ac tion lev els may
be sub stan tially higher than those used for non-emergency con -
di tions, since the lat ter are based on an in ter ven tion level of
0.1 mSv (Health Can ada 1996). In cases where pub lic con cern
may be of over rid ing im por tance, it is the re spon si bil ity of the
de ci sion maker to take ac count of the ap pro pri ate sociopolitical 
con sid er ations when set ting emer gency lev els based on the
 action lev els given in Ta ble 1.2.

Ad vice on the Al ter ation of Ac tion Levels
Con trols on food and wa ter may be in place for ex tended

pe ri ods of time, dur ing which pe ri odic re-assessments of the
ap pro pri ate ness of the ac tion lev els, in terms of pub lic con fi -
dence and avail abil ity of al ter nate sup plies, can be per formed.
In gen eral, the vari abil ity in the val ues of pa ram e ters used in the 
der i va tion of the ac tion lev els, and the rel a tive ease in ob tain ing 
nu tri tion ally ad e quate al ter nate food sup plies should pre clude
the need to al ter the ac tion lev els given in Ta ble 1.1, par tic u -
larly dur ing the course of an emer gency. Such al ter ations could
lead to a loss of pub lic con fi dence, or pos si bly to in ter na tional
trade dis putes. Spe cific ex cep tions in clude those sit u a tions in
which im ple men ta tion of this ad vice could re sult in se vere
short ages of es sen tial foods or nu tri tion ally ad e quate al ter na -
tives for ex tended pe ri ods of time. In these cases, the in ter ven -
tion cri te ria may need to be re laxed. It is un likely that val ues
lower than those given in Ta bles 1.1 and 1.2  would be re quired, 
ex cept in the cases, dis cussed above, where pub lic con cern is
the over rid ing fac tor. 
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Any mod i fi ca tion to the rec om mended ac tion lev els
should be taken with cau tion and suf fi cient jus ti fi ca tion, tak ing
into ac count spe cific so cial and eco nomic fac tors in de ter min -
ing suit able in ter ven tion cri te ria and risks. In all cases, the
 rationale for al ter ing the rec om mended val ues must be clear. In
the event that ac tion lev els are raised, the ex pected doses to the
tar get pop u la tion should be as sessed and mon i tored, and re as -
sur ances of the safety of the food sup ply should be pro vided by
pub lic health au thor i ties.

Table 1.2
Recommended action levels for radionuclides of lesser
significance to dose from the ingestion of contaminated food

Radionuclide

Ac tion Levels (Bq kg-1)(1)

Fresh
Liq uid

Milk

Other
Com mer cial

Foods and
Bev er ages

Pub lic
Drinking

Wa ter
3H(2) 30 000 100 000 100 000
14C 3 000 10 000 3 000
51Cr 30 000 100 000 10 000
55Fe 1 000 3 000 1 000
59Fe, 60Co 100 1 000 100
65Zn, 91Y 300 1 000 300
95Zr 1 000 3 000 1 000
95Nb 1 000 10 000 1 000
99Mo 10 000 30 000 10 000
110mAg 300 1 000 300
132Te 1 000 3 000 1 000
140Ba 1 000 10 000 1 000
140La 3 000 10 000 1 000
141Ce 1 000 3 000 1 000
144Ce 100 300 100
237Np 3 10 3
239Np 3 000 30 000 3 000
241Pu 100 1 000 100
244Pu 1 10 1

Notes:

(1) Bq L-1 for Drinking Wa ter.

(2) Ac tion levels for 3H  are based on or gan i cally-bound tri tium for 
Fresh Liq uid Milk and Other Com mer cial Foods and Bev er ages,
and on tritiated wa ter for Pub lic Drinking Wa ter.
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PART 2: RATIONALE USED IN THE
DEVELOPMENT OF 
GUIDELINES FOR 
RADIOACTIVELY CONTAMINATED
FOOD AND WATER

An Over view of 
Nu clear Emer gency Planning in Can ada

The goals of nu clear emer gency plan ning, pre pared ness,
and re sponse are the pro tec tion of the pub lic from the im me di -
ate and de layed health ef fects due to ex po sure to un con trolled
sources of ra di a tion, the mit i ga tion of the im pacts of a nu clear
emer gency on prop erty and the en vi ron ment, and the con tin u -
ance of pub lic con fi dence in the abil ity of re spon si ble au thor i -
ties to pro tect health. In the event of a nu clear emer gency
re sult ing in sig nif i cant re leases of ra dio ac tive ma te rial to the
en vi ron ment, emer gency re sponse or ga ni za tions will be called
upon to pro vide guid ance on the man age ment of ra dio log i cal
con tam i na tion, to as sess the ra di a tion doses that may be
 received by mem bers of the pub lic, and to in tro duce coun ter -
mea sures to re duce or avert these doses. Pro tec tive ac tions that
may be con sid ered in clude evac u a tion, shel ter ing, and ad min is -
tra tion of sta ble io dine, as well as lon ger term mea sures such as
re lo ca tion and the with drawal of con tam i nated foods. The
 effectiveness of such mea sures will be in flu enced to a large
 degree by the for mu la tion, prior to an emer gency, of
appropriate cri te ria and guid ance for use by de ci sion mak ers.

In Can ada, the op er a tors of nu clear fa cil i ties are re spon si -
ble for on-site emer gency plan ning, pre pared ness and re sponse. 
Off-site, pro vin cial gov ern ments have the pri mary re spon si bil -
ity for pro tect ing pub lic health and safety, prop erty and the
 environment within their bor ders. The fed eral gov ern ment,
 under the Fed eral Nu clear Emer gency Plan, co or di nates with,
and pro vides sup port to, prov inces in their re sponse to an emer -
gency. Health Can ada ad min is ters, and is the lead fed eral
 department for, the Fed eral Nu clear Emer gency Plan, which
de scribes the fed eral gov ern ment’s pre pared ness and co or di -
nated re sponse to a nu clear emer gency (Health Can ada 1997).
The fed eral gov ern ment also man ages nu clear li a bil ity and is
re spon si ble for co or di nat ing the na tional re sponse to a nu clear
emer gency in a for eign coun try af fect ing Ca na di ans. As a

re sult, off-site plan ning, pre pared ness and re sponse to nu clear
emer gen cies are multi-jurisdictional re spon si bil i ties shared by
all or ders of gov ern ment.

The Gov ern ment of Can ada, un der the Food and Drugs
Act and Reg u la tions (Health Can ada 1981/1998), has pri mary
re spon si bil ity for the safety of all do mes tic and im ported food
of fered for sale within Can ada, and has the au thor ity to pro hibit
the sale of foods con tain ing any “poi son ous or harm ful sub -
stance” as spec i fied in Sec tion 4A of the Act. Leg is la tive and
reg u la tory re spon si bil ity for the Food and Drugs Act re sides
within Health Can ada.

The qual ity of pub lic drink ing wa ter sources, ex cept within 
ar eas of fed eral ju ris dic tion, is pri mar ily the re spon si bil ity of
the prov inces, ter ri to ries, and mu nic i pal i ties. Health Can ada
works in col lab o ra tion with pro vin cial health and en vi ron ment
min is tries to es tab lish na tional guide lines for drink ing wa ter
qual ity un der non-emergency sit u a tions (Health Can ada 1996). 
The rec om men da tions herein that re fer to drink ing wa ter may
be used by these gov ern ments as a ba sis for set ting ac tion lev els 
for wa ter fol low ing a nu clear emer gency. Prov inces may adopt
these in whole or in part, or may es tab lish their own cri te ria.

At the fed eral level, the CFIA is re spon si ble for mon i tor -
ing and en forc ing the food safety stan dards es tab lished by
Health Can ada, in clud ing tak ing all nec es sary en force ment
 actions in food-related emer gen cies. The roles, re spon si bil i ties
and meth od ol o gies for im ple ment ing and en forc ing these
guide lines are sub ject to the ex ist ing  jurisdictional con text and 
the re la tion ships es tab lished by the CFIA with pro vin cial min -
is tries and of fi cials, the food in dus try, and other stake holders
and part ners. As this doc u ment deals solely with the set ting of
guide lines for ra dio ac tively con tam i nated food fol low ing a
 nuclear emer gency, im ple men ta tion is sues are not dis cussed.
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In so far as the Ca na dian Nu clear Safety Com mis sion3

con strains pub lic doses aris ing from li censed nu clear prac tices
un der nor mal con di tions by a dose limit of 1 mSv y-1, there are
no ad di tional fed eral guide lines re strict ing ra dio ac tiv ity lev els
in food un der non-emergency sit u a tions.

Ra tio nale for the Re stric tion of 
Ra dio ac tively Con tam i nated 
Food and Wa ter
Health Ef fects of Ion izing Ra di a tion

Fol low ing a re lease of ra dio ac tive ma te rial to the en vi ron -
ment un der emer gency con di tions, mem bers of the pub lic may
be ex posed to ionizing ra di a tion through a num ber of ex po sure
path ways. These in clude im mer sion in ra dio ac tive air borne
plumes or con tam i nated wa ter, in ha la tion of air borne ra dio ac -
tiv ity, ir ra di a tion from de pos ited radionuclides and in ha la tion
fol low ing their resuspension into the air, and in ges tion of con -
tam i nated food and wa ter. The re sult ing doses may be re ceived
ei ther through di rect ex ter nal ir ra di a tion, or in ter nally from
radionuclides taken into the body through in ha la tion, in ges tion
or ab sorp tion through the skin.

The health ef fects as so ci ated with ionizing ra di a tion ex po -
sure can be di vided into those mainly linked to cell kill ing,
called de ter min is tic (or thresh old) ef fects, and those linked to
cell mod i fi ca tion, called sto chas tic (or non-threshold) ef fects.
De ter min is tic ef fects are characterized by a gen er ally ac cepted
min i mum level of dose, or thresh old, be low which they are not
ex pected to oc cur, and re sult from the body’s in abil ity to cope
with the death of a sig nif i cant num ber of cells in cer tain tis sues
or or gans. The se ver ity of these ef fects, such as nau sea, skin
burns or acute ra di a tion syn drome, in creases with dose above a
clin i cal thresh old, and with few ex cep tions ap pear within days
to weeks af ter ex po sure. The thresh old for early ob serv able ef -
fects such as nau sea or tem po rary blood cell changes is about
250-500 mSv re ceived in a short pe riod of time (ICRP 1991).

Sto chas tic ef fects re sult from dam age to cel lu lar DNA,
and may not show up un til years af ter the ex po sure has oc -
curred. The ef fects of pri mary con cern are an in creased risk of
ra dio log i cally-attributable can cer in ex posed per sons and po -
ten tial ge netic dis or ders in their off spring. The like li hood of ex -
pe ri enc ing these ef fects, rather than their se ver ity, is as sumed
to be pro por tional to dose, and it is gen er ally as sumed that there 
is no level of ra di a tion, how ever small, that is com pletely free
of the risk of sto chas tic ef fects. These two as sump tions are re -
ferred to as the lin ear no-threshold hy poth e sis. Sto chas tic

ef fects are the pri mary health risk as so ci ated with ex po sure to
low doses of ra di a tion, in clud ing those due to the con sump tion
of con tam i nated food and wa ter.

Ra dio log i cal risk fac tors for sto chas tic ef fects fol low ing
low dose ir ra di a tion have been de rived from ep i de mi o log i cal
stud ies of hu mans ex posed to much higher doses. Based on
 extrapolations from these stud ies, the In ter na tional Com mis -
sion on Ra dio log i cal Pro tec tion (ICRP 1991) rec om mends a
pop u la tion-averaged life time risk es ti mate of 5.0 × 10-5 per mSv 
(5 in 100 000 per mSv) of ef fec tive dose for ra dio log i cally-
 attributable fa tal can cers fol low ing ex po sure to ion iz ing ra di a -
tion at low doses and dose rates. In ad di tion to  fatal can cer, risk
co ef fi cients have been es ti mated for the to tal harm pro duced by 
all non-threshold health ef fects, in clud ing fa tal can cers, non-
fa tal can cers weighted for se ver ity and ease of cur ing, the years
of life lost or se ri ously im paired, and the risk of se ri ous ge netic
dis or ders de vel op ing in sub se quent gen er a tions. The ICRP risk
es ti mate for to tal harm is 5.6 × 10-5 per mSv of  effective dose
for an adult pop u la tion and 7.3 × 10-5 per mSv of ef fec tive dose
for the gen eral pop u la tion (ICRP 1991). The life time risk of de -
vel op ing a fa tal can cer may be about a fac tor of three greater for 
those ex posed as chil dren than as adults, with the ma jor ity of
this risk ex pressed af ter age 65 years (IAEA 1994).

One con se quence of the as sump tion of a lin ear
no-threshold re la tion ship be tween dose and health risk is that
for a large pop u la tion, all re ceiv ing small ra di a tion doses, it is
pos si ble to es ti mate sta tis ti cally the ex pected num ber of
non-threshold ef fects that could be at trib ut able to the ex po sure,
even though at very low doses, these ef fects would not be dis -
cern ible against the nat u ral can cer in ci dence. There is cur rently 
some ques tion as to whether the lin ear no-threshold as sump tion 
ac cu rately pre dicts health risk at low doses, or whether in fact
there might be a ben e fi cial adap tive re sponse to small doses, or
a thresh old dose be low which no bi o log i cal ef fects are pro -
duced. At pres ent, the lin ear no-threshold hy poth e sis rep re sents 
a con ver gence of in ter na tional sci en tific and reg u la tory opin -
ion, al though it has been sug gested that ef fects from doses be -
low 10-20 mSv per year for a few years be re ferred to as
hy po thet i cal due to a lack of di rect ob serv able proof (ACRP
1996).

Gen eral Con cepts of the 
ICRP and IAEA on In ter ven tion

In the event of a nu clear emer gency, the source of ra di a tion 
ex po sure is un con trolled, and doses to in di vid u als and pop u la -
tions can only be re duced through in ter ven tion in the en vi ron -
ment and re stric tion of hu man ac tions. Since any form of
in ter ven tion is as so ci ated with its own de gree of harm, in terms
of health risk, cost, and in con ve nience, the ICRP (1993) and
IAEA (1994, 1996) have rec om mended that ac tions to re duce
ra dio log i cal risk be jus ti fied in the sense that the ben e fits out -
weigh the to tal risk, and that the lev els of dose at which the in -
ter ven tion is in tro duced, and later with drawn, be optimized to
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pro duce the max i mum net ben e fit. As a re sult, the ra dio log i cal
risks as so ci ated with emer gency in ter ven tion lev els will likely
be higher than risk lev els as so ci ated with nor mal con di tions,
where the com pet ing phys i cal risk of the in ter ven tion is not
rel e vant.

Un der the ICRP and IAEA ap proach, in ter ven tion lev els at 
which coun ter mea sures are in tro duced are ex pressed in terms
of the dose that is ex pected to be avoided by the spe cific coun -
ter mea sure (averted dose), rather than the dose that would be
re ceived in the ab sence of the coun ter mea sure (pro jected dose). 
The con cept of averted dose is im por tant since the coun ter mea -
sure may not be fully ef fec tive in re duc ing the to tal pro jected
dose, and doses re ceived be fore im ple men ta tion en tail a health
risk that will oc cur whether or not the coun ter mea sure is
in tro duced.

The ICRP states that while the in put to jus ti fi ca tion and
 optimization stud ies in cludes fac tors re lated to ra dio log i cal
pro tec tion, the fi nal de ci sion on in ter ven tion may also de pend
on po lit i cal and so cial fac tors. Ra dio log i cal fac tors in clude
those de scrib ing the averted dose, and those de scrib ing the
costs and other dis ad van tages in avert ing dose. Less quan ti fi -
able fac tors in clude re as sur ance to the pub lic and work ers pro -
vided by the pro tec tive ac tion, anx i ety caused by its
im ple men ta tion or lack of im ple men ta tion, and in di vid ual and
so ci etal dis rup tion (ICRP 1993).

In or der to sim plify de ci sions con cern ing the in tro duc tion
of coun ter mea sures, ac tion lev els are based on mea sur able
quan ti ties, such as ac tiv ity con cen tra tions of radionuclides in
food, above which a pro tec tive ac tion would be im ple mented.
In ter ven tion and ac tion lev els es tab lished through a cost-
 benefit optimization de pend on the spe cific emer gency con di -
tions. The ICRP (1993) and IAEA (1994) have pro vided ex am -
ples of ge neric optimizations for var i ous pro tec tive mea sures
based on a strict cost-benefit ap proach, with sociopolitical
 factors in ten tion ally ex cluded, in or der to form a com mon
 baseline for de ci sions. Al though these fac tors have been
 excluded from the ge neric optimizations, sociopolitical and
psy cho log i cal fac tors may con trib ute to, or even dom i nate,
some de ci sions, in which case de vi a tion from the ge neric lev els 
be comes a mat ter of na tional pol icy, cir cum stances or
site-specific fac tors (IAEA 1994).

Intervention with Regards to 
Contaminated Food and Water

The prin ci pal health risks as so ci ated with the in ges tion of
con tam i nated food and wa ter are an in creased prob a bil ity of
 radiation-induced can cer in ex posed per sons and po ten tial ge -
netic dis or ders in their off spring. The non-radiological im pacts
of in ter ven tion to avoid these risks in clude the ne ces sity and
costs of sup ply ing nu tri tion ally ad e quate al ter na tive sup plies,
the dis posal or di ver sion of con tam i nated foods, and the eco -
nomic li a bil ity as so ci ated with lost pro duc tion and sales.

Ad di tional so ci etal risks in clude the po ten tial loss of pub lic
con fi dence in both the safety of the food sup ply and in the abil -
ity of re spon si ble au thor i ties to pro tect health.

In ter ven tion with re gards to con tam i nated food stuffs typ i -
cally takes the form of lim its placed on the lev els of
radionuclides al lowed in the com mer cial food and pub lic wa ter
sup plies. Food and wa ter con tain ing radionuclides at con cen -
tra tions above the ac tion lev els would nor mally be with drawn
from sale or dis tri bu tion and sub sti tuted with al ter nate sup plies. 
The ICRP and IAEA pro vide gen eral ad vice on in ter ven tion in
re la tion to food, and pro pose ge neric op ti mized ac tion lev els
for the with drawal and sub sti tu tion of food stuffs, tak ing into
con sid er ation the ra dio log i cal risk and the es ti mated costs of
in ter ven tion. The IAEA stresses that ac tion lev els for food
should take due ac count of the need for con sis tency with
 national food and pub lic health laws, and the need to build and
main tain pub lic con fi dence (IAEA 1994).

Health Can ada’s Guid ance for 
In ter ven tion in Re la tion to Food

Health Can ada has de vel oped its ad vice for in ter ven tion in
re la tion to con tam i nated food and wa ter on the prin ci ple of
dose and health risk lim i ta tion, recognizing the need to main -
tain the safety of, and pub lic con fi dence in, the com mer cial
food sup ply, con sis tent with the ob jec tives of the Food and
Drugs Act. This ap proach es tab lishes up per lim its on ra dio log i -
cal risks, and re sults in un am big u ous op er a tional lim its against
which foods can be mea sured, re gard less of as sump tions about
the type of ac ci dent and con tam i na tion, the com po si tion of diet, 
or the costs of food sub sti tu tion. 

The de ci sion to base ac tion lev els on health risk lim i ta tion
fol lows from a re view of in ter na tional rec om men da tions for
food in ter ven tion (Ap pen dix B), in clud ing the ge ner i cally-
 optimized ac tion lev els rec om mended by the ICRP (1993) and
IAEA (1994). Con sid er ation has also been given to op por tu ni -
ties for har mo ni za tion with rec om men da tions of the FAO/
WHO Co dex Alimentarius Com mis sion (1995) for the in ter na -
tional trade of food that has been con tam i nated with
radionuclides in the first year fol low ing a nu clear emer gency,
to the ex tent that the health, safety, and con fi dence of the
 Canadian pub lic are pro tected.

Calculation of Action Levels for 
Radionuclides in Food

Ac tion lev els for radionuclides cor re spond to the ac tiv ity
con cen tra tions in con sumed food stuffs that could lead to an in -
di vid ual re ceiv ing a dose equal to a spec i fied in ter ven tion level, 
as sum ing that a por tion of the diet re mains at the ac tion level
for the du ra tion of the as sess ment pe riod. In or der to pro vide an
ad e quate level of pro tec tion to all seg ments of the pop u la tion,
ac tion lev els have been de rived us ing con ser va tive
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as sump tions. There fore, ra di a tion doses to mem bers of the
 public will likely not ex ceed the in ter ven tion level if the ac tion
lev els are not ex ceeded.

The ac tion level for a given radionuclide within a par tic u -
lar food and age group is cal cu lated as:

AL
IL

M DC f
i j k

j k i k j
, ,

, ,

=
× ×

(2.1)

where ALi,j,k = ac tion level for radionuclide i in food
group j and age group k (Bq kg-1)

IL = in ter ven tion level (Sv)
Mj,k = mass of food group j con sumed by age

group k over the as sess ment pe riod
(kg)

DCi,,k = in ges tion dose co ef fi cient for ra dio-
nu clide i and age group k (Sv Bq-1)

fi = con tam i na tion fac tor, equiv a lent to
the frac tion of an in di vid ual’s di etary
in take of food group j as sumed to be
uni formly con tam i nated to the full
value of ALi,j,k

Both the mass of food con sumed and the radionuclide
 ingestion dose co ef fi cients are age-specific, and their val ues
 reflect the clas si fi ca tion of the pop u la tion into a lim ited set of
rep re sen ta tive age groups. The above def i ni tion of the ac tion
level re sults in a dis tinct value for each radionuclide, age and 
food group com bi na tion. The data used in the der i va tion of the
ac tion lev els are dis cussed in the fol low ing sec tions.

Radionuclides of Interest
The ra dio log i cal im pact of a par tic u lar radionuclide re -

leased into the en vi ron ment dur ing a nu clear emer gency is a
func tion of its abun dance and its en vi ron men tal, bi o log i cal and
ra dio log i cal prop er ties. The radionuclides which are most
likely to be pre dom i nant con tri bu tors to dose through in ges tion
fol low ing a nu clear re ac tor ac ci dent are de pend ent on the type
of fa cil ity and the se ver ity of the event. Typically, those hav ing
the most sig nif i cance to dose from the in ges tion of con tam i -
nated food and wa ter are 89/90Sr, 103/106Ru, 131I, 134/137Cs,
238/239Pu and 241Am (IAEA 1989, 1994). For ac ci dents in volv -
ing Ca na dian CANDU re ac tors, tri tium (3H) may also be pres -
ent, al though it is not ex pected to be a ma jor con trib u tor to the
in ges tion dose. Other radionuclides may also be de tected, but
they are gen er ally of lesser im por tance.

Intervention Level
The in ter ven tion level, IL, de fines the com mit ted ef fec tive

dose re ceived by an in di vid ual con sum ing con tam i nated foods
over a spec i fied time pe riod, above which the ne ces sity of with -
hold ing food from the mar ket place should be as sessed in terms
of the avail abil ity of nu tri tion ally ad e quate al ter nate sup plies.

The pri mary con sid er ation in the choice of the in ter ven tion 
level is the need to main tain the safety of, and pub lic con fi -
dence in, the com mer cial food sup ply, par tic u larly with re gards 
to in fants and chil dren, recognizing that food is only one of
 several po ten tial ex po sure path ways. Based on the prin ci ple of
dose and risk lim i ta tion, Health Can ada re gards the dose from
food and wa ter above which in ter ven tion would be war ranted
to be on the or der of 3 mSv ap por tioned equally among three
food groups, or 1 mSv per food group. The ra tio nale for this
 decision is dis cussed be low.

The in ter ven tion level of 1 mSv per food group fol lows
from the judge ment that the max i mum pro jected dose from the
to tal di etary con sump tion above which in ter ven tion would be
war ranted is in the range of about 1-10 mSv in one year, as sum -
ing that the with drawal and sub sti tu tion of food is com pletely
ef fec tive at avert ing dose. This range is con sis tent with in ter -
ven tion lev els rec om mended by in ter na tional agen cies, and
cor re sponds to a life time risk of hy po thet i cally-attributable fa -
tal can cers of about 5-50 in 100 000 from the in ges tion of con -
tam i nated food for one year, based on the ICRP (1991)
 population-averaged risk co ef fi cient. Higher lev els are con sid -
ered un jus ti fied given the pri mary goal of pro tect ing pub lic
health and pre serv ing con fi dence in the safety of the food
 supply by minimizing ra dio log i cal risk. Not with stand ing the
po ten tial dis rup tion to farm ers and pro duc ers, it is ex pected that 
food coun ter mea sures can be in tro duced with rel a tive ease
com pared to other more dis rup tive coun ter mea sures hav ing
higher in ter ven tion lev els (e.g., evac u a tion or re lo ca tion).

The ra dio log i cal risk from con tam i nated foods is re lated to 
the dose re ceived from the to tal diet. How ever, to avoid con fu -
sion in im ple ment ing re stric tions, the de ci sion to ban a spe cific
sup ply of food must be in de pend ent of the con tam i na tion of
other foods and other ex po sure path ways. Food sam ples should 
be di rectly mea sured against the ap pli ca ble ac tion level, us ing
stand ard ized as sump tions about diet and con tam i na tion lev els.
Con se quently, the diet has been di vided into three dis tinct
groups, dis cussed later, to which the in ter ven tion cri te rion is
 independently ap plied. To en sure that the dose re ceived from
all food will not ex ceed a few millisievert, the range of max i -
mum pro jected dose for the to tal diet is ap por tioned equally
among the three diet groups on the ba sis that re stric tions placed
on a sin gle food group are in de pend ent of the con tam i na tion in
other groups. 
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The ap por tion ing of to tal dose re sults in a range of in ter -
ven tion lev els for each food group of about 1 to 3 mSv to the
most radiosensitive age group. In gen eral, ra dio log i cal risk fac -
tors are higher in in fants and chil dren than in adults (ICRP
1991a), and there fore ad di tional pro tec tion should be pro vided
to in fants, who of ten eat the same food as adults. Con se quently, 
the in ter ven tion level has been set at the lower end of this range, 
i.e., 1 mSv per food group,4 from which ac tion lev els for in di -
vid ual radionuclides are cal cu lated. Higher lev els would gen er -
ally only be war ranted if nu tri tion ally ad e quate al ter nate
sup plies of es sen tial foods are un avail able, or if the in ter ven -
tion could re sult in food short ages, as the health risk from an in -
ad e quate diet should not be greater than the ra dio log i cal risk in
the ab sence of in ter ven tion. The pe riod over which the dose is
as sessed is one year for long-lived radionuclides and 2 months
for radionuclides with half-lives less than about 300 hours
(12-13 days), af ter which time they will be es sen tially ab sent
from the food sup ply.

It is emphasized that the in ter ven tion level of 1 mSv per
food group is con cep tu ally dif fer ent from the pub lic dose limit
of 1 mSv per year rec om mended by the ICRP (1991) for
 licensed fa cil i ties. The in ter ven tion level for emer gen cies
 refers only to doses aris ing from the con sump tion of con tam i -
nated food, and it is ap plied in de pend ently to each of the three
food groups. Ad di tionally, the in ter ven tion level, and by in fer -
ence the ac tion lev els, do not rep re sent max i mum val ues which
must not be ex ceeded, as is the case with the pub lic dose limit
for li censed prac tices. Rather they rep re sent lev els above which 
ac tion would gen er ally be war ranted in or der to minimize
 potential health ef fects, and sus tain pub lic con fi dence.

Population Age Groups
Age-specific pa ram e ters used in the cal cu la tion of ac tion

lev els in clude the in ges tion rates for the var i ous foods con -
sumed by Ca na di ans, and the radionuclide dose co ef fi cients.
Six age groups, shown in Ta ble 2.1, are used in the cal cu la tion
of ac tion lev els, us ing the categorization em ployed by the ICRP 
(1996) for spec i fy ing age-dependent dose co ef fi cients.

Table 2.1
ICRP age groups

ICRP Age Group Range

3 months from 0 to 1 year of age

1 year from 1 year to 2 years

5 year more than 2 years to 7 years

10 year more than 7 years to 12 years

15 year more than 12 years to 17 years

Adult more than 17 years

Food Groups and Consumption Rates
The iden ti fi ca tion and con trol of con tam i nated food is

 facilitated by spec i fy ing a min i mum num ber of dis tinct food
groups to which the in ter ven tion cri te rion is in de pend ently
 applied. The fol low ing groups are used in the spec i fi ca tion of
ac tion lev els:

n Fresh Liq uid Milk;

n Other Com mer cial Foods and Bev er ages; and 

n Pub lic Drinking Wa ter.

Fresh Liq uid Milk ap pears as a sep a rate food group due to
the im por tance of this food in in fant di ets and the fact that mar -
keted sup plies of fresh milk are typ i cally drawn from lo cal
sources. Pub lic Drinking Wa ter also gen er ally co mes from a
sin gle, lo cal source and is typ i cally con tam i nated by en vi ron -
men tal path ways that are dif fer ent than for the other groups.
Other Com mer cial Foods and Bev er ages in clude all other fresh 
or pro cessed food stuffs that are of fered for sale, in clud ing all
other dairy prod ucts (e.g., but ter, cheese, pow dered milk), and
la belled baby-foods. Un like the other two groups, this group
will typ i cally be com posed of a much lower per cent age of con -
tam i nated lo cal prod ucts due to the larger pro duc tion and dis tri -
bu tion net work from which sup plies are drawn. This is
dis cussed later in re la tion to con tam i na tion fac tors.

Av er age an nual age-specific con sump tion rates are based
on rec om mended Ca na dian ref er ence val ues de rived from a
1970-1972 Can ada-wide sur vey for food con sump tion and a
1977-1978 sur vey for wa ter con sump tion (Health Can ada
1993; HWC 1976, 1981). An nual con sump tion rates for the
var i ous food types and for tap wa ter are given in Ap pen dix A:
Ta bles A.1 and A.2, re spec tively, for age groups de fined by
Health Can ada. Con sump tion rates for wa ter in clude all bev er -
age forms.

The an nual di etary in takes for the age groups of Ta ble 2.1
were de rived from the Health Can ada age-specific con sump -
tion rates us ing the meth od ol ogy shown in Ap pen dix A:
 Table A.3. The re sult ing age-specific ref er ence con sump tion
rates used in the cal cu la tion of ac tion lev els are given in
 Table 2.2. In cal cu lat ing ac tion lev els for short-lived
radionuclides, these val ues are scaled to a two-month time
 period. Con sump tion rates for 3-month-old in fants have been
based on in di vid u als that con sume for mula milk pre pared with
tap wa ter at a rate of 400 mL day-1 (Health Can ada 1993).
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4. For wa ter, an in ter ven tion level of 1 mSv per year rep re sents a 
ten-fold in crease over the ref er ence dose level used to de rive 
drink ing wa ter guide lines for use in nor mal sit u a tions (Health 
Can ada 1996).



Table 2.2
Food groups and average consumption rates 
for Canadian populations

Food Group
Con sump tion Rate (kg y-1) by Age Group(1)

3 month 1 year 5 year 10 year 15 year Adult

Fresh Milk 145 185 215 205 190 85

Other 
Com mer cial
Foods and
Beverages 155 215 380 450 520 500

Drinking Wa ter (2) 150 275 275 425 425 730

Notes:
(1) In cal cu lat ing ac tion lev els for short-lived radionuclides, an nual 

con sump tion rates are to be di vided by 6 for use in equa tion 2.1.

(2) Units of L y-1. Ref er ence Values for Ca na dian Pop u la tions 
(Health Can ada 1993) rec om mends an adult rate of 1.5 L d-1 
(550 L y-1) for drink ing wa ter con sump tion. A value of 2 L d-1 
(730 L y-1) is used here for con sis tency with the Ca na dian 
Drinking Wa ter Guide lines, 6th edi tion – Ra dio log i cal 
Char ac ter is tics (Health Can ada 1996).

Contamination Factor
The con tam i na tion fac tor de scribes the av er age frac tion of

an in di vid ual’s in take of a food group that is as sumed to be uni -
formly con tam i nated to the full value of the ac tion level for the
du ra tion of the as sess ment pe riod. In gen eral, the dis tri bu tion
of food is wide spread, and in di vid u als are likely to ob tain most
of their food from a wide va ri ety of sources. Con se quently,
only a por tion of the to tal diet is likely to be di rectly con tam i -
nated as a re sult of an ac ci dent. This amount is de pend ent on
sev eral fac tors, in clud ing the types of food con sumed, the prox -
im ity to the source of con tam i na tion, the time and se ver ity of
the ac ci dent, and the grow ing sea son. Most peo ple eat a var ied
diet, and are un likely to rely upon a few highly con tam i nated
foods. The di etary con tri bu tors that are most likely to be lo cally 
pro duced are fresh milk, sea sonal veg e ta bles, and wa ter and
 locally bot tled bev er ages.

For Other Com mer cial Foods and Bev er ages, a con tam i -
na tion fac tor of 20% is as sumed, based on the ex pec ta tion that
nor mally less than 10% of the an nual di etary in take of most
mem bers of the pub lic could con sist of food di rectly af fected
by the emer gency ( 1987, OECD 1989). This as sump tion has
been sup ported by mea sure ments of dif fer ent lev els of en vi ron -
men tal con tam i na tion fol low ing the Chernobyl ac ci dent
(OECD 1989), and recognizes the im por tance and ready avail -
abil ity of un con tam i nated food from un af fected ar eas, as well
as the many fac tors that could re duce or elim i nate con tam i na -
tion of lo cal food by the time it reaches the mar ket (USFDA
1998). A fac tor of two has been ap plied to the ex pected value of 
10% to ac count for sub-groups that might be more de pend ent
on  local foods and may there fore be con sum ing a larger frac -
tion of foods di rectly im pacted by the emer gency.

In sit u a tions where a sig nif i cant por tion of the diet may be
com posed of food that is pro duced and con sumed lo cally, a
higher con tam i na tion fac tor may be ap pro pri ate. For the con -
sump tion of Fresh Liq uid Milk, it is as sumed that the en tire in -
take by all age groups is con tam i nated over the du ra tion of the
as sess ment pe riod (i.e., f =1). Mar keted fresh milk sup plies
(rather than pro cessed dairy prod ucts) gen er ally come from
 local and re gional sources, and there fore an in di vid ual’s in take
may be com posed en tirely of sup plies that have been di rectly
af fected by the emer gency. A con tam i na tion fac tor of 1 is also
as sumed for drink ing wa ter drawn from pub lic sup plies, since it 
is usual for most in di vid u als to ob tain their wa ter from a sin gle
source.

Ingestion Dose Coefficients
In gested radionuclides may re main in cer tain tis sues and

or gans for ex tended pe ri ods of time, re sult ing in an ex po sure
that is re ceived over the life time of the radionuclide in the body. 
This is de pend ent on the ra dio log i cal and bi o log i cal half-lives
of the radionuclide, and the age of the in di vid ual at in take.
Com mitted ef fec tive dose co ef fi cients are es ti mates of the in te -
grated dose ex pected to be im parted to the whole body of a ref -
er ence in di vid ual over a de fined time pe riod fol low ing a sin gle
in take by in ges tion of 1 becquerel of ac tiv ity of a spe cific
radionuclide. Ef fec tive dose co ef fi cients take into con sid er -
ation all af fected or gans and tis sues, ac count ing for their in di -
vid ual sus cep ti bil i ties to ra di a tion-induced harm.

Com mitted ef fec tive dose co ef fi cients to age 70 years for
the six age groups given in Ta ble 2.1 have been taken from
ICRP Pub li ca tion 72 (1996) for in ges tion by mem bers of the
pub lic. These val ues rep re sent the lat est in ter na tional rec om -
men da tions at the time of pub li ca tion of these guide lines.
Values used in the cal cu la tion of ac tion lev els are pro vided in
Ap pen dix A: Ta ble A.4.

Calculated Action Levels
The pa ram e ters used to cal cu late ac tion lev els for the

 various radionuclide, food, and age groups are summarized in
Ta ble 2.3.

Guide lines im ple mented to pro tect the gen eral pop u la tion
must pro tect the most sus cep ti ble age-group, since in fants and
young chil dren of ten con sume the same food as adults. Ac cord -
ingly, age-specific ac tion lev els have been cal cu lated for
radionuclides of po ten tial im por tance in each food group us ing
the pa ram e ters listed in Ta ble 2.3. This re sults in six val ues per
radionuclide and food group. The re quire ment for straight-
 forward, prac ti cal guide lines leads to a sin gle ac tion level for
each radionuclide per food group, se lected as the most re stric -
tive among the six age groups (Ap pen dix A: Ta ble A.5).
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In or der to re flect their un cer tainty and sim plify im ple -
men ta tion by min i miz ing the num ber of unique val ues, the cal -
cu lated ac tion lev els were grouped into sim i lar cat e go ries
based on two nu mer i cal val ues per or der of mag ni tude.5

Rounding to within a fac tor of three, the cal cu lated ac tion
 levels were as signed to rep re sen ta tive sin gle val ues of 1, 3, 10,
30, 100, 300 or 1 000 Bq kg-1, shown in Ap pen dix A: Ta ble A.6.

The screen ing of food us ing the val ues in Ta ble A.6 will
en sure that, in terms of ra dio log i cal risk, the food sup ply is safe
for con sump tion by Ca na di ans in the event of a nu clear emer -
gency. How ever, as un nec es sary dif fer ences in guide lines be -
tween ju ris dic tions may jeopardize pub lic con fi dence and
in ter fere with in ter na tional trade, op por tu ni ties for
harmonization with the FAO/WHO Co dex Alimentarius Com -
mis sion (1995) rec om men da tions were in ves ti gated. Dif fer -
ences in  values will ex ist due to the choice of age groups, di ets
and dose co ef fi cients used in the der i va tion. Al though not bind -
ing on a coun try, the Co dex rec om men da tions may be re ferred
to in the event of dis putes re gard ing dif fer ences in na tional
guide lines. The ge ner i cally optimized lev els rec om mended by
the IAEA for food are based on, and con sis tent with the Co dex
guide line val ues, but are lim ited to the radionuclides usu ally
con sid ered rel e vant to emer gency ex po sure sit u a tions (IAEA
1994, 1996). The ad van tages of harmonization there fore in -
clude con sis tency with in ter na tional trade guide lines, and rea -
son able as sur ance that rec om mended ac tion lev els rep re sent a
bal ance of risk and ben e fit, based on the IAEA (1994) ge neric
optimization.

Co dex guide lines, which ap ply in the first year fol low ing a
nu clear emer gency, are spec i fied for three groups of
radionuclides, clas si fied by their dose co ef fi cient val ues
(10-5/10-6, 10-7, and 10-8 Sv Bq-1), and for two food groups:
i) Foods Des tined for Gen eral Con sump tion, and ii) Milk and
In fant Foods (Ap pen dix B: Ta ble B.5). Rep re sen ta tive

radionuclides are given for each dose co ef fi cient class. With
few ex cep tions, the ac tion lev els cal cu lated for Other Com mer -
cial Foods and Bev er ages for the most sig nif i cant
radionuclides are sim i lar to the Co dex rec om men da tions for
Foods Des tined for Gen eral Con sump tion (Ap pen dix A:
 Table A.6). Con se quently, these val ues have been harmonized
with val ues in the Co dex and IAEA guide lines, with the ex cep -
tion of 106Ru, for which a lower limit is rec om mended in these
guide lines.

With the ex cep tion of 103Ru, 131I and the actinides, lev els
for Fresh Liq uid Milk are gen er ally less than those rec om -
mended by Co dex for Milk and In fant Foods. Ac tion lev els for
Fresh Liq uid Milk have there fore not been harmonized with
Co dex val ues. As fresh milk is gen er ally not an in ter na tion ally
traded com mod ity, dif fer ences in na tional guide lines should
not give rise to trade dis putes. Co dex guide lines do not con tain
spe cific rec om men da tions for pub lic drink ing wa ter, al though
the IAEA (1996) has rec om mended group ing Drinking Wa ter
with Milk and In fant Foods.

In de ter min ing com pli ance with these guide lines, the con -
tri bu tion from all radionuclides in the food sam ple is as sessed
us ing Equa tion 1.1 (Part 1). This ap proach, while en sur ing that
the to tal dose from the in ges tion of con tam i nated food re mains
be low the in ter ven tion level, dif fers from the Co dex guide lines
(FAO/WHO 1995), which al low the sum ma tion of ac tiv i ties
within each of three in de pend ent radionuclide groups, but not
be tween groups. This dif fer ence could re sult in sit u a tions
where food ac cept able un der the Co dex guide lines is un ac cept -
able un der these guide lines6; how ever, the same cri te ria would
ap ply to all do mes tic and im ported food. With re gards to food
ex ports, prod ucts meet ing these cri te ria would also meet Co dex 
guide lines. As with Co dex guide lines, no pro vi sion is made for
the sum ma tion of radionuclide ac tiv i ties in dif fer ent food
 samples or groups.
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Table 2.3
Parameter values used to calculate action levels

Food 
Group

In ter ven tion Level
(mSv)(1)

Con tam i na tion
Fac tor,  f

Age
Groups

Radionuclides
of In ter est

Dose 
Co ef fi cients

Fresh Liq uid 
Milk 1 1

3 months 89/90Sr

De fault
age-dependent

val ues from
ICRP 72

(1996)

1 year 103/106Ru

Other Com mer cial Foods 
and Bev er ages 1 0.2

5 years 134/137Cs

10 years 238/239/240/242Pu

Drinking 
Wa ter 1 1

15 years 241Am

Adult 131I

Notes:
(1) As sess ment pe riod for in ter ven tion level is 12 months for long-lived radionuclides and 2 months for radionuclides with  radioactive half-lives 

less than about 300 hours.

5. Some in ter na tional or ga ni za tions, such as the IAEA and Co dex 
Alimentarius Com mis sion have grouped ac tion lev els based on 
dose co ef fi cient ranges. This method is not used here since the 
lim it ing age groups upon which Health Can ada’s ac tion lev els 
are based are not the same for all radionuclides.

6. For ex am ple, a sam ple con tain ing two radionuclides in 
dif fer ent radionuclide groups as spec i fied in the Co dex 
guide lines, each at an ac tiv ity greater than 50% of its ac tion 
level, would meet the Co dex guide lines (since the groups are 
in de pend ent), but would fail these guide lines.



Rec om mended Ac tion Levels 
for Radionuclides of In ter est

Rec om mended ac tion lev els for the most sig nif i cant
radionuclides (Part 1: Ta ble 1.1), and the cor re spond ing doses
to the lim it ing age groups, are given in Ta ble 2.4 for the three
food groups, based on the as sump tion that the con sumed food is 
con tam i nated at the ac tion level for the du ra tion of the as sess -
ment pe riod. This as sump tion is very con ser va tive and will
likely over es ti mate po ten tial doses by a sig nif i cant amount.
These ac tion lev els for the with drawal and sub sti tu tion of food
and drink ing wa ter fol low ing a nu clear emer gency are ap pro -
pri ate if there is no short age of food or other so cial or eco nomic
con straints. 

While radionuclides other than those given in Ta ble 1.1
may be de tected in food fol low ing a ra dio log i cal emer gency,
these are gen er ally of less sig nif i cance to the to tal in ges tion
dose. In the event that some of these are pres ent in food sam -
ples, cor re spond ing ac tion lev els have been pre sented in Part 1:
Ta ble 1.2. These radionuclides are not spe cif i cally listed in the
rec om men da tions of the Co dex Alimentarius Com mis sion, and 
have there fore not been harmonized. A more de tailed dis cus -
sion on im ple men ta tion is given in Part 1 of these guide lines.

Im pli ca tions of Guide lines on Dose, 
Risk, and Pub lic Con fi dence 
Implications on Dose and Risk

In the screen ing of food for com pli ance with the guide -
lines, it is as sumed that an in di vid ual’s to tal con sump tion of the 
rel e vant food group will be con tam i nated to the level mea sured
in the sam ple for the en tire as sess ment pe riod. By way of il lus -
tra tion, if a sam ple of fresh milk con tains a given con cen tra tion
of 90Sr, the screen ing cri te ria as sumes that an in di vid ual con -
sumes this milk at the mea sured 90Sr con cen tra tion for the
 entire year, re gard less of the time of sam pling, or of the
radionuclide lev els mea sured in other sam ples. No al low ance is 
made for milk al ready con sumed, since only those sup plies
which meet the screen ing cri te ria will be al lowed into the mar -
ket place. Ap pli ca tion of the sum ma tion cri te rion given in Part 1 
en sures that, if mul ti ple radionuclides are pres ent, the in ter ven -
tion level will not be ex ceeded.

The avoid ance of doses aris ing from the in ges tion of Fresh 
Liq uid Milk or Pub lic Drinking Wa ter is straight for ward since
each group con sists of only one food type. With re gards to
Other Com mer cial Foods and Bev er ages, which is com posed
of many dif fer ent food types (Ap pen dix A: Ta ble A.1), ac tion
lev els have been de rived us ing the to tal di etary in take of all the
food types comprising the group. How ever, when a food
 sample is eval u ated against the ap pli ca ble ac tion lev els, it is
 assumed that the to tal di etary in take is com posed ex clu sively of 
the spe cific food type in ques tion. There fore, if an in di vid ual
con sumes only food that meets the screen ing cri te ria for sin gle
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Table 2.4
Recommended action levels for radionuclides of greatest significance to dose from ingestion, 
and dose to most limiting age-group

Radionuclide and Half-life

Ac tion Levels (Bq kg-1)(1) and Dose to Lim it ing Age Group (mSv)(2)

Fresh Liq uid Milk
Other Com mer cial Foods

 and Bev er ages Pub lic Drinking Wa ter
89Sr 50.5 d 300   (1.6) 1 000   (1.1) 300   (1.6)
90Sr 29.1 y 30   (1.0) 100   (0.8) 30   (1.0)
103Ru 39.3 d 1 000   (1.0) 1 000   (0.2) 1 000   (1.3)
106Ru 1.01 y 100   (1.2) 300   (0.8) 100   (1.3)
131I 8.04 d 100   (0.6) 1 000   (1.3) 100   (0.8)
134Cs 2.06 y 300   (1.1) 1 000   (2.0) 100   (1.4)
137Cs 30 y 300   (0.9) 1 000   (1.4) 100   (0.9)
238Pu 87.7 y 1   (0.6) 10   (1.2) 1   (0.6)
239Pu 24 100 y 1   (0.6) 10   (1.3) 1   (0.6)
240Pu 6540 y 1   (0.6) 10   (1.3) 1   (0.6)
242Pu 376 000 y 1   (0.6) 10   (1.2) 1   (0.6)
241Am 432 y 1   (0.5) 10   (1.1) 1   (0.6)

Notes:
(1) Bq L-1 for Drinking Wa ter
(2) Doses (in pa ren the ses) in the above ta ble do not cor re spond ex actly with the in ter ven tion level of 1 mSv due to round ing of the cal cu lated 

ac tion lev els and har mo ni za tion with Co dex guide lines. Ac tual doses will likely be lower since not all food will be con tam i nated to the ac tion 
level.



or mul ti ple radionuclides, the in ter ven tion level will not be ex -
ceeded. This con ser va tive as sump tion al lows each food type to
be as sessed in de pend ently, with out hav ing to ac count for ac tual 
di etary pat terns or con tam i na tion lev els in other foods.

In prac tice, not all food will be con tam i nated to the same
level fol low ing a re lease of ra dio ac tive ma te rial to the en vi ron -
ment, or with the same radionuclides. The dose an in di vid ual
re ceives from in ges tion re flects the lev els of radionuclide
 concentrations in the food con sumed, and will there fore vary
be tween in di vid u als. The ef fect of in ter ven tion is to limit the
max i mum dose that could be re ceived from con tam i na tion in
the food and wa ter sup ply, and thereby to limit the ex pected
num ber of ra dio log i cally-attributable health ef fects in the
 entire pop u la tion.

The hy po thet i cal pop u la tion-averaged risk of fa tal can cer
as so ci ated with the in ter ven tion level of 1 mSv is about 5 in
100 000. If the three food groups were each con tin u ously con -
tam i nated at the ac tion lev els and con sumed at the es ti mated
frac tion of the to tal diet, the ef fec tive dose re ceived from the
com mer cial food and pub lic wa ter sup ply would be on the
 order of 3 mSv in the first year fol low ing the emer gency.7 At
this dose, the hy po thet i cal ex cess life time risk of ra dio log i cally-
at trib ut able fa tal can cers in the gen eral pop u la tion would be on
the or der of 15 in 100 000 from one year of ex po sure, based on
the ICRP (1991) pop u la tion-averaged risk co ef fi cient. The an -
nual ef fec tive dose from in ges tion due to con tam i na tion in the
years fol low ing an emer gency is likely to be con sid er ably less
than that re ceived in the first year, and would ap proach back -
ground lev els within a few years.

In gen eral, the av er age level of radionuclide con tam i na tion 
of the diet will be much lower than the ac tion lev els. There fore,
the ac tual dose re ceived by in di vid u als, and the cor re spond ing
ra dio log i cal risk, will be sub stan tially less than would be es ti -
mated on the as sump tion that all food is con tam i nated at the
 action level for the du ra tion of the as sess ment pe riod (IAEA
1994). Fur ther, the as sump tions on which the ac tion lev els are
de rived would most likely over-estimate the ex pected dose to
most mem bers of the pop u la tion by a sub stan tial amount, since
the lim it ing age groups are not the same for all food groups and
radionuclides. There fore, it is very un likely that doses would be 
higher than the in ter ven tion level, even if an in di vid ual’s diet is
sig nif i cantly dif fer ent from the as sump tions used in the der i va -
tions of the ac tion lev els.

The doses re ceived by in di vid u als of the pop u la tion will
vary de pend ing on the spe cific emer gency con di tions, and the
type and quan ti ties of food con sumed. How ever, the ac tion
 levels rec om mended in this doc u ment should not need ad just -
ment un less it is shown that they are ex ces sively in ap pro pri ate
for the sit u a tion (see Part 1).

Perspective on the Dose and 
Risk from Contaminated Food

The health risks as so ci ated with the emer gency in ter ven -
tion level of 1 mSv per food group are higher than what would
be ex pected from back ground lev els of radionuclides in food
un der nor mal con di tions, as they must be bal anced against the
phys i cal risks as so ci ated with in ter ven tion. The fol low ing
 section com pares these risks with other nat u ral and man-made
ra dio log i cal risks.

In Can ada, the av er age dose due to nat u rally oc cur ring
back ground ra di a tion is about 2 mSv per year (AECB 1995), of
which about one-half co mes from the in ha la tion of nat u rally-
oc cur ring ra don and its short-lived de cay prod ucts. About
0.7 mSv per year, na tion ally-averaged, arises from cos mic and
ter res trial gamma ra di a tion (Tracy, et al., 1996). The por tion of
the back ground dose re sult ing from in ges tion of nat u ral
radionuclides in food is about 0.25-0.4 mSv (Jacobi 1988;
Harley 1988). 

In ad di tion to the back ground ra di a tion, doses aris ing from 
the rou tine op er a tion of  nu clear power sta tions are typ i cally in
the range of 0.002-0.02 mSv per year to the most ex posed
groups (Health Can ada 1998), of which only a por tion is due to
the con sump tion of food. Guide line lev els for nat u ral and
man-made radionuclides in drink ing wa ter un der non-
 emergency con di tions are based on a dose level of 0.1 mSv y-1

(Health Can ada 1996), al though ac tual doses re ceived from the
con sump tion of wa ter are typ i cally much less. For ex am ple, the 
av er age an nual dose from tri tium in wa ter sup plies near all
 Ontario nu clear re ac tors is on the or der of 0.0001-0.0005 mSv.
The hy po thet i cal health risks as so ci ated with these ex po sures
are shown in Ta ble 2.5.

The hy po thet i cal ex cess life time risk as so ci ated with one
year of ex po sure to the to tal back ground ra di a tion dose is about
1 in 10 000 for at trib ut able fa tal can cers. The risk as so ci ated
with a life time ex po sure (70 years) is about 7 in 1 000. This is
2.5% of the to tal can cer mor tal ity of 280 per 1 000 ob served in
the Ca na dian pop u la tion in 1991 and 1992 (Health Can ada
1998; Sta tis tics Can ada 1993, 1995). The im pacts from the in -
ges tion of con tam i nated food, al though not neg li gi ble, would
be dif fi cult to de tect against the to tal can cer in ci dence.
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7. This is an ap prox i mate value since the harmonized ac tion 
lev els do not cor re spond ex actly with the in ter ven tion level, 
and the sum ma tion cri te rion for mul ti ple radionuclides 
com bines  different as sess ment pe ri ods for long- and 
short-lived radionuclides.



Implications for Public Confidence 
As the in ter ven tion level de creases, the quan tity of food

fail ing the cri te ria is likely to in crease. The ICRP (1994) and
IAEA (1996) ad dress the gen eral cost-benefit im pli ca tions of
this re la tion ship in their ge neric optimizations by set ting ac tion
lev els for emer gency con di tions that are not site- or coun try-
spe cific, based on es ti mates of the typ i cal costs and ben e fits of
in ter ven tion. How ever, when ap plied within a par tic u lar
 national con text, in ter ven tion and ac tion lev els based solely on
cost-benefit anal y sis may not nec es sar ily take ac count of so ci -
etal tol er ance for an ad di tional health risk due to un fore seen or
un con trolled events at a nu clear fa cil ity. Al though ex clud ing
sociopolitical fac tors from its ge neric anal y sis, the IAEA
(1996) has stated that ac tion lev els for food should take due
 account of the need for con sis tency with na tional food and pub -
lic health laws, and the need to build and main tain pub lic
con fi dence.

It is Health Can ada’s judge ment that food in ter ven tion
 levels based on strict ra di a tion pro tec tion cri te ria and
cost-benefit anal y sis, with out con sid er ation to so cial fac tors
rel e vant to a post-emergency sit u a tion, may re sult in lev els that
could be re garded by con sum ers, dis trib u tors, and the food
 industry as un ac cept able. This will in crease the risk of a loss of
con fi dence in the safety of the food sup ply, and the po ten tial re -
jec tion of all foods from an af fected re gion or prov ince, re gard -
less of ac tual con tam i nant lev els, if al ter nate sup plies are
avail able. A com pa ra ble re ac tion was ob served in the gen eral
pub lic out side of the for mer So viet Un ion fol low ing the 1986
Chernobyl ac ci dent, due to a lack of con fi dence in the ad vice
re ceived from pub lic of fi cials (OECD 1996).

In the event of a nu clear emer gency in Can ada or abroad,
un af fected prov inces and coun tries will likely im pose im me di -
ate, tem po rary em bar goes on all foods im ported from the
 affected re gion, pend ing con fir ma tion of any con tam i na tion.
This un der scores the need to main tain pub lic con fi dence in
food safety, and the low tol er ance of the pub lic for ra di a tion
risk, par tic u larly from food, which may have a ra dio log i cal
health im pact far be yond the af fected re gion. Other ex pe ri ences 
con cern ing risk ac cept abil ity, in clud ing pub lic con sul ta tions
on pro posed cri te ria for tri tium in On tario drink ing wa ter
(ACES 1994), have shown the pub lic’s aver sion to any ad di -
tional ra dio log i cal risk. In de vel op ing a sin gle guide line for
con tam i nated food, Health Can ada has taken into con sid er ation 
a lower ac cept abil ity of risk in un af fected re gions to which
food may be ex ported.

It is pos si ble to fac tor the eco nomic im pact of re ject ing a
food sup ply into a cost-benefit anal y sis; how ever, this would be 
very com plex and has only been con sid ered qual i ta tively in the
fol low ing dis cus sion. Re ferring to Fig ure 2.1, an in ter ven tion
level set at a higher value, ILA, would lead to the ban ning of
food from a rel a tively small area A. Lowering the in ter ven tion
level to ILB ex tends the area of in ter dic tion to a some what larger 
area B. How ever, an in ter ven tion level set at a value that, while
the o ret i cally re sult ing in a smaller area of in ter dic tion (e.g.,
ILA), could re sult in a loss of pub lic con fi dence, may lead to a
boy cott of all foods from area C, rep re sent ing the en tire re gion
or prov ince. A boy cott of food that is per ceived to be un safe
will re sult in a much larger quan tity of un mar ket able foods, and 
hence a more se vere eco nomic im pact. Even with a larger area
of in ter dic tion, fresh foods that are with held from mar ket may
nev er the less be suit able for al ter nate uses, or pro cesses that can
re duce the lev els of con tam i na tion (IAEA 1992).
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Table 2.5
Comparison of dose and health risk associated with the intervention level and other radiation sources

Source Ef fec tive Dose Risk of Fa tal Can cer

Emer gency In ter ven tion Level for 
Con tam i nated Food and Wa ter

1 mSv y-1 for each of 3 food groups 1 mSv:  1 in 20 000 y-1 per group

3 mSv:  1 in   6 500 y-1 max i mum
(for du ra tion of con tam i na tion)

Dose Level for Drinking Wa ter Guide lines
(non-emergency)

0.1 mSv y-1 from wa ter 1 in 200 000 y-1

Nat u ral Back ground Ra di a tion, 
in clud ing:

n ra don and de cay prod ucts

n ex ter nal gamma dose

n in ter nal radionuclides from food and wa ter

2 mSv y-1

n 1 mSv y-1

n 0.7 mSv y-1

n 0.25 – 0.4 mSv y-1

1 in 10 000 y-1

7 in  1 000 life time (70 years)

n 1 in 20 000 y-1

n 1 in 30 000 y-1

n 1 in 50 000 – 80 000 y-1

Nu clear Power Plants(1), 
in clud ing:

n tri tium in drink ing wa ter

0.002 – 0.02 mSv y-1

n 0.1-0.5 µSv y-1

1 in 1 × 106 – 1 × 107 y-1

n 1 in 4 × 107 – 2 × 108 y-1

Note:
(1) For the most ex posed groups.



Figure 2.1
Comparison of areas from which 
locally produced foods would be unmarketable (hypothetical)

A: Area af fected by in ter ven tion level, ILA

B: Area af fected by in ter ven tion level, ILB < ILA

C: Area af fected by a boy cott of all food orig i nat ing in 
re gion or prov ince

This risk is sig nif i cant for re stric tions placed on foods
orig i nat ing in the af fected zone, and which may be dis trib uted
and mar keted in re gions not di rectly im pacted by the emer -
gency. In the con text of the Ca na dian mar ket place, foods pro -
duced in a va ri ety of ar eas within and out side the coun try are
readily avail able to con sum ers, who will have the op tion of pur -
chas ing or re ject ing prod ucts orig i nat ing from re gions af fected
by the emer gency. 

In these guide lines, the food sup ply is con sid ered ‘safe’ in
the sense that ra di a tion dose and health risk are lim ited, if the
ex pected in ges tion dose is be low the in ter ven tion level of
1 mSv per food group. It is Health Can ada’s judge ment that this 
in ter ven tion level pro vides an ad e quate de gree of safety, and
rep re sents a rea son able ex pec ta tion of what the pub lic will
 accept in the event of an emer gency, in that the level pro vides
as sur ance that doses for a sin gle food group will not be above
the limit for nor mal prac tices. This is im por tant for food, as it
may be ex ported to re gions that are not di rectly af fected by the
ac ci dent, and will po ten tially af fect a larger pop u la tion. Ac tion
lev els based on 1 mSv per food group will be greater than the
nor mal lev els de tected in food, but as shown in the pre ced ing
ra tio nale, are sim i lar to the guide lines of the Co dex
Alimentarius Com mis sion. (FAO/WHO 1995). In ter ven tion
lev els ex ceed ing 1 mSv per food group could sig nif i cantly in -
crease the risk of a loss of pub lic con fi dence in the safety of the
food sup ply, and the abil ity of reg u la tors and of fi cials to pro tect 
pub lic health.

Com par i son with In ter na tional 
Rec om men da tions – Sum mary

Ap pen dix B pres ents an over view of the ap proaches taken
by var i ous in ter na tional or ga ni za tions and for eign gov ern -
ments in the de vel op ment of in ter ven tion cri te ria for foods
 following an emer gency. The two main ap proaches used in the
de vel op ment of ac tion lev els for con tam i nated food and wa ter
are dose lim i ta tion and optimization of in ter ven tion. The man -
ner in which these are ap plied by the var i ous or ga ni za tions is
shown in Ta ble B.1. A com par i son of the re sult ing rec om -
mended ac tion lev els is given be low in Ta ble 2.6, which shows
that al though the ap proaches taken by dif fer ent or ga ni za tions
may vary, there is a gen eral con sis tency in the
rec om men da tions. 

As stated pre vi ously, Health Can ada’s guide lines for con -
tam i nated food and wa ter have been de vel oped on the ba sis of
dose lim i ta tion as this ap proach does not re quire in for ma tion
that may not be readily avail able dur ing the early phases of an
emer gency. In de vel op ing these rec om men da tions, Health
Can ada has taken into con sid er ation the need to main tain the
safety of, and pub lic con fi dence in, the com mer cial food sup -
ply, con sis tent with the ob jec tives of the Food and Drugs Act. 

The ac tion lev els given here for con tam i nated food and
wa ter are gen er ally con sis tent with the guide lines of other or ga -
ni za tions, in spite of the dif fer ences in the choice of in ter ven -
tion level, the num ber of food groups, and na tional ver sus
glob ally-averaged food con sump tion rates. The fact that these
lev els are in rea son able agree ment with those of the IAEA for
de vel oped coun tries pro vides as sur ance that they are not in con -
sis tent with ac tion lev els de rived from cost-benefit anal y sis.

As with all ap proaches to con trol ling doses re sult ing from
ac ci den tal con tam i na tion of food and wa ter, these rec om men -
da tions rep re sent a bal ance be tween the ben e fits and risks of
 intervention; they do not rep re sent bound aries be tween safe
and un safe lev els of ra di a tion ex po sure. The ap proach rec om -
mended in these guide lines at tempts to limit health risk and en -
sure pub lic con fi dence, while pro vid ing an eas ily im ple mented
meth od ol ogy of con trol. In all cases, the spe cific con di tions
fol low ing a ra dio log i cal emer gency should be con sid ered to
 ensure that these guide lines are im ple mented in an ap pro pri ate
man ner. 
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Table 2.6
Comparison of action levels recommended by different organizations

In ter na tional Rec om men da tions for Equiv a lent Food Groups (Bq kg-1)

Radionuclide Health
Can ada

CODEX
and IAEA CEC(1) WHO(2) USFDA(3) ICRP(4)

Fresh Liq uid Milk
Milk and

In fant Foods Dairy
In fant

Foods Milk
In fant

Milk
To tal
Diet

Sin gle
Foodstuff

134Cs
137Cs
103Ru
106Ru
89Sr
90Sr
131I
241Am
238/239Pu

300

300

1 000

100

300

30

100

1

1

1 000 1 000 400 4 500 – 1 200 103-104

10-100

1 800

– 6 800

– 450

125 75 – –

100 160 160

500 150 1 600 170

1 20 1 45 –

7

2

Other Commercial Foods and Beverages

3 500 -

35 000  

(n/a)134Cs 1 000 1 000 1 250 (n/a)
137Cs 1 000
103Ru 1 000
106Ru 300
89Sr 1 000 750
90Sr 100  100 
131I 1 000 2 000
241Am 10 10 80 35 - 350
238/239Pu 10

Pub lic Drinking Water

700 700

160

134Cs 100 1 000 1 000
137Cs 100
103Ru 1 000
106Ru 100
89Sr 300 125
90Sr 30 100
131I 100 500
241Am 1 1 20 7 7
238/239Pu 1

Notes:

Num bers within solid out lined box in di cates that con tri bu tions from radionuclides are summed. Dotted lines in di cate summed 
val ues with dif fer ent ac tion lev els.

(1) Coun cil of Eu ro pean Com mu nities (CEC).

(2) World Health Or ga ni za tion (WHO). Con tri bu tion from all de tected radionuclides is summed over all food and radionuclide groups.

(3) United States Food and Drug Administraiton (USFDA).

(4) ICRP: Ap plies to a sin gle food stuff, with range of optimized val ues given as: 
1 000-10 000 Bq kg-1 (beta/gamma emit ters); 10-100 Bq kg-1 (al pha emit ters).

   AL



APPENDIX A: PARAMETERS USED IN THE 
CALCULATION OF 
ACTION LEVELS FOR 
FOOD AND WATER 

The fol low ing ta bles con tain in for ma tion on the pa ra m e -
ters used to de rive the ac tion lev els given in these guide lines.
They may also be used to as sist in de riv ing ac tion lev els for
 different radionuclides or sit u a tions.
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Table A.1
Mean annual consumption of various food types by Canadians (Health Canada 1993, HWC 1976)

Food Group
Con sump tion (kg y-1)(1)

0- 6 mo 7 mo - 4 y 5-11 y 12-19 y 20+ y
Fresh Liq uid Milk 145   230 205 190 85

Other Com mer cial
Foods and Beverages

156   309 450 519 499

Other Com mer cial
Foods in clude:

n In fant For mula(2)

n Di ary Prod ucts
(non-fresh milk)

n Meat, Poul try,
Fish, Eggs

n Ce real Prod ucts

n Fruit and Fruit
Prod ucts

n Veg e ta bles

n Fats

n Nuts and
Dried Le gumes

n Foods Pri marily
Sugar

n Mixed Dishes
and Soups

n Soft Drinks, Al co hol

33   

22   

14   

19   

41   

15   

0.3

0.1

9   

2   

0.7

–

14

33

61

69

46

4

2

17

26

37

–

16

44

109

74

72

8

5

21

30

71

–

18

62

119

58

91

11

7

24

33

96

–

19

67

90

68

91

9

4

21

37

93

Notes:
(1) Cal cu lated from daily in take val ues in g day-1 pro vided by Health Can ada (1993).

(2) Tap wa ter con sump tion of 400 mL day-1 is as sumed for the prep a ra tion of con cen trated for mula.



Table A.2
Average annual tap water consumption and ranges 
for Canadians (Health Canada 1993, HWC 1981)

Age Group

Tap Wa ter Con sump tion (L y-1)(1)

Mean
10th

Per cen tile
90th

Per cen tile

5 y and un der 277 84 548

6-17 y 416 135 807

18 and over 544 234 946

Notes:
(1) Cal cu lated from daily in take val ues in L day-1 pro vided by 

Health Can ada (1993).

Table A.3
Relationship between Health Canada (1993) 
consumption rates by age group and ICRP age groups

ICRP 
Age Group

Health Can ada (1993) 
Food and Wa ter Con sump tion Rates

Fresh Liq uid Milk /
Other Com mer cial Foods

(from Ta ble A.1)

Pub lic
Drinking Wa ter

(from Ta ble A.2)

3 months 0-6 mo value 400 mL day-1

for bot tle-fed in fants

1 year Av er age of 0-6 mo and
7 mo-4 y val ues

(ex clud ing rate for
in fant for mula)

Mean value for 5 y
and un der

5 year Av er age of  7 mo-4 y
and 5-11 y val ues

Mean value for 5 y
and un der

10 year 5-11 y value Mean value for 6-17 y

15 year 12-19 y value Mean value for 6-17 y

Adult 20+ y value Adult value from
Guide lines for Ca na dian

Drinking Wa ter, 6th Edition
(Health Can ada 1996)
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Table A.4
Age-specific committed effective dose coefficients for ingestion (ICRP 1996)

Radionuclide Half-life
In ges tion Dose Co ef fi cient, e(t), to Age 70 y (Sv Bq-1)

3 month 1 year 5 year 10 year 15 year Adult

Radionuclides of Po ten tial Sig nif i cance to In ges tion Dose

    89Sr 50.5 d 3.6e-08 1.8e-08 8.9e-09 5.8e-09 4.0e-09 2.6e-09

    90Sr 29.1 y 2.3e-07 7.3e-08 4.7e-08 6.0e-08 8.0e-08 2.8e-08

    103Ru 39.3 d 7.1e-09 4.6e-09 2.4e-09 1.5e-09 9.2e-10 7.3e-10

    106Ru 1.01 y 8.4e-08 4.9e-08 2.5e-08 1.5e-08 8.6e-09 7.0e-09

    131I 8.04 d 1.8e-07 1.8e-07 1.0e-07 5.2e-08 3.4e-08 2.2e-08

    134Cs 2.06 y 2.6e-08 1.6e-08 1.3e-08 1.4e-08 1.9e-08 1.9e-08

    137Cs 30 y 2.1e-08 1.2e-08 9.6e-09 1.0e-08 1.3e-08 1.3e-08

    238Pu 87.7 y 4.0e-06 4.0e-07 3.1e-07 2.4e-07 2.2e-07 2.3e-07

    239Pu 24 100 y 4.2e-06 4.2e-07 3.3e-07 2.7e-07 2.4e-07 2.5e-07

    240Pu 6 540 y 4.2e-06 4.2e-07 3.3e-07 2.7e-07 2.4e-07 2.5e-07

    242Pu 376 000 y 4.0e-06 4.0e-07 3.2e-07 2.6e-07 2.3e-07 2.4e-07

    241Am 432 y 3.7e-06 3.7e-07 2.7e-07 2.2e-07 2.0e-07 2.0e-07

Radionuclides of Lesser Sig nif i cance to In ges tion Dose

    3H tritiated wa ter 12.35 y 6.4e-11 4.8e-11 3.1e-11 2.3e-11 1.8e-11 1.8e-11

         Or ganically-bound tri tium 1.2e-10 1.2e-10 7.3e-11 5.7e-11 4.2e-11 4.2e-11

    14C 5 730 y 1.4e-09 1.6e-09 9.9e-10 8.0e-10 5.7e-10 5.8e-10

    51Cr 27.7 d 3.5e-10 2.3e-10 1.2e-10 7.8e-11 4.8e-11 3.8e-11

    55Fe 2.7 y 7.6e-09 2.4e-09 1.7e-09 1.1e-09 7.7e-10 3.3e-10

    59Fe 44.5 d 3.9e-08 1.3e-08 7.5e-09 4.7e-09 3.1e-09 1.8e-09

    60Co 5.27 y 5.4e-08 2.7e-08 1.7e-08 1.1e-08 7.9e-09 3.4e-09

    65Zn 244 d 8.5e-09 5.6e-09 3.0e-09 1.9e-09 1.2e-09 9.5e-10

    91Y 58.5 d 2.8e-08 1.8e-08 8.8e-09 5.2e-09 2.9e-09 2.4e-09

    95Zr 64 d 8.5e-09 5.6e-09 3.0e-09 1.9e-09 1.2e-09 9.5e-10

    95Nb 35.1 d 4.6e-09 3.2e-09 1.8e-09 1.1e-09 7.4e-10 5.8e-10

    99Mo 2.75 d 5.5e-09 3.5e-09 1.8e-09 1.1e-09 7.6e-10 6.0e-10

    110mAg 250 d 2.4e-08 1.4e-08 7.8e-09 5.2e-09 3.4e-09 2.8e-09

    132Te 3.26 d 4.8e-08 3.0e-08 1.6e-08 8.3e-09 5.3e-09 3.8e-09

    140Ba 12.7 d 3.2e-08 1.8e-08 9.2e-09 5.8e-09 3.7e-09 2.6e-09

    140La 1.68 d 2.0e-08 1.3e-08 6.8e-09 4.2e-09 2.5e-09 2.0e-09

    141Ce 32.5 d 8.1e-09 5.1e-09 2.6e-09 1.5e-09 8.8e-10 7.1e-10

    144Ce 284 d 6.6e-08 3.9e-08 1.9e-08 1.1e-08 6.5e-09 5.2e-09

    237Np 2.14e+06 y 2.0e-06 2.1e-07 1.4e-07 1.1e-07 1.1e-07 1.1e-07

    239Np 2.36 d 8.9e-09 5.7e-09 2.9e-09 1.7e-09 1.0e-09 8.0e-10

    241Pu 14.4 y 5.6e-08 5.7e-09 5.5e-09 5.1e-09 4.8e-09 4.8e-09

    244Pu 8.26e+07 y 4.0e-06 4.1e-07 3.2e-07 2.6e-07 2.3e-07 2.4e-07
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Table A.5
Calculated action levels for radionuclides of greatest significance to 
dose from ingestion, based on limiting age-group

Radionuclide Half-life

Cal cu lated Ac tion Levels (Bq kg-1)

Fresh
Liq uid Milk

Other Com mer cial Foods
and Bev er ages

Pub lic
Drinking Wa ter

89Sr 50.5 d 190 895 185
90Sr 29.1 y 30 120 30
103Ru 39.3 d 970 4 540 790
106Ru 1.01 y 80 385 75
131I 8.04 d 180 775 120
134Cs 2.06 y 265 505 70
137Cs 30 y 330 740 105
238Pu 87.7 y 2 8 2
239Pu 24 100 y 2 8 2
240Pu 6 540 y 2 8 2
242Pu 376 000 y 2 8 2
241Am 432 y 2 8 2

Table A.6
Comparison of preliminary action levels with recommendations of the 
FAO/WHO Codex Alimentarius Commission (1995) and IAEA (1996)(1)

Radionuclide

Pre lim i nary Ac tion Levels (Bq kg-1), and Co dex/IAEA Rec om men da tions

Fresh
Liq uid Milk

Other Com mer cial Foods
and Bev er ages

Pub lic
Drinking Wa ter(2)

89Sr 300    (1 000) 1 000    (1 000) 300    (1 000)
90Sr 30       (100) 100       (100) 30       (100)
103Ru 1 000    (1 000) 3 000    (1 000) 1 000    (1 000)
106Ru 100    (1 000) 300    (1 000) 100    (1 000)
131I 100       (100) 1 000    (1 000) 100       (100)
134Cs 300    (1 000) 300    (1 000) 100    (1 000)
137Cs 300    (1 000) 1 000    (1 000) 100    (1 000)
238/239/240/242Pu, 241Am 1           (1) 10         (10) 1           (1)

Notes:
(1) Pre lim i nary val ues in the above ta ble are only for com par i son with Co dex/IAEA val ues be fore har mo ni za tion.
(2) Only IAEA has given ac tion lev els for drink ing wa ter.



APPENDIX B: INTERNATIONAL GUIDANCE ON
FOOD INTERVENTION

Prior to the 1986 Chernobyl ac ci dent, gen eral prin ci ples on 
the plan ning of in ter ven tion in the event of a nu clear emer -
gency had been given by sev eral na tional and in ter na tional
 radiation pro tec tion agen cies, in clud ing the ICRP (1984),
WHO (1984) and IAEA (1985). Rec om mended in ter ven tion
lev els for var i ous coun ter mea sures were based on two lev els
of ef fec tive dose, the lower be low which in ter ven tion would
un likely be war ranted, and the higher above which it would
 almost cer tainly be nec es sary.

Since that time, the ICRP has pub lished new rec om men da -
tions for pro tec tion against ionizing ra di a tion un der both nor -
mal and emer gency sit u a tions (ICRP 1991, 1993). Fol low ing
an un con trolled re lease to the en vi ron ment, the ICRP rec om -
mends that the lev els at which coun ter mea sures are in tro duced
and later with drawn should be ex pressed in terms of the dose
ex pected to be avoided by the ac tion, and should be optimized
to pro duce the max i mum net ben e fit. This ap proach has also
been rec om mended by the IAEA in its Ba sic Safety Se ries
(IAEA 1996). How ever, these rec om men da tions are not bind -
ing on in di vid ual coun tries.

The fol low ing sec tion dis cusses the cur rent ap proaches to
in ter ven tion in the dis tri bu tion of food by var i ous na tional and
in ter na tional or ga ni za tions. A com par i son of meth od ol o gies
(Ta ble B.1) is pro vided first. This ta ble, to gether with the com -
par i son of ac tion lev els rec om mended by dif fer ent or ga ni za -
tions (Part 2: Ta ble 2.6) dem on strates that al though the
meth od ol o gies may vary, there is a gen eral con sis tency in the
rec om mended ac tion lev els for food and wa ter.
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In ter na tional Com mis sion on 
Ra dio log i cal Pro tec tion

In 1993, the ICRP in tro duced re vised guid ance on in ter -
ven tion fol low ing a ra dio log i cal emer gency, superceding its
pre vi ous rec om men da tions (ICRP 1984). The ICRP rec om -
mends that in ter ven tion be jus ti fied and optimized in or der to
pro duce the max i mum net ben e fit, re cog nis ing that any ac tion
that minimizes ra di a tion risk may it self be as so ci ated with its
own de gree of cost and det ri ment. The ICRP ad vo cates the use
of these two prin ci ples to de ter mine the ap pro pri ate level at
which in ter ven tion should be con sid ered, rather than the use of
pre-determined lim its as the ba sis for pro vid ing in ter ven tion.
Jus ti fi ca tion and optimization stud ies should be based on the
dose averted by a spe cific pro tec tive ac tion. The sum of the
 remaining doses from all path ways af ter im ple men ta tion of
pro tec tive ac tions should be kept un der re view. 

To aid in the im ple men ta tion of its rec om men da tions,
 generic in ter ven tion lev els for which ac tion is al most al ways
jus ti fied have been es tab lished for var i ous pro tec tive mea sures. 
For the con trol of ra dio log i cally-contaminated food and wa ter,
the ICRP rec om mends that for any sin gle food stuff, an in ter -
ven tion level that is al most al ways jus ti fied is an averted ef fec -
tive dose of 10 mSv in a year, pro vid ing that there are
nu tri tion ally ad e quate al ter na tive sup plies. 

Using the cost of the food per unit mass, the con sump tion
rate of the food per per son, and the ap pro pri ate dose co ef fi -
cients, a sim pli fied ge neric optimization has been car ried out,
re sult ing in the optimized in ter ven tion lev els shown in the
 following ta ble. Higher  val ues would be ex pected in the case of 
se vere food short ages. It is as sumed that, in gen eral, con tam i -
nated food con trib utes only a frac tion of the to tal diet of a
con sumer.
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Table B.1
Comparison of methodologies adopted by various international organizations

Or ga ni za tion
In ter ven tion

Level
Food

Groups
Con tam i na tion

Fac tor
Ac tion Level

Groups Im ple men ta tion

Health Can ada 1 mSv per food
group

3  food groups f = 1 for fresh liq uid
milk and tap wa ter; 
f = 0.2 for all other
foods.

For in di vid ual
radionuclides.

Ap plied in de pend -
ently be tween food
groups; all
radionuclides ad di -
tive within sin gle
food group.

ICRP 10 mSv averted dose for a sin gle food – optimized val ues for spe cific
foods based on cost-benefit anal y sis.

For 2 dose co ef fi -
cient cat e go ries.

Ap plied in de pend -
ently to sin gle food -
stuffs – ac tual
in ter ven tion cri te ria
based on real ac ci -
dent con di tions.

IAEA Optimized ac tion
lev els de rived from
cost-benefit
anal y sis.

2 groups clas si fied
by cost per kg

Not ap pli ca ble. For 3 dose co ef fi -
cient cat e go ries.

Ap plied in de pend -
ently be tween food
and radionuclide
groups; ad di tive
within sin gle group.

Co dex 5 mSv whole body 2 groups f = 1.0 As above. As above.

CEC 5 groups For 4 radionuclide
groups.

As above.

WHO 5 mSv whole body,
50 mSv thy roid

Adult – 8 groups
In fants – 1 group

f = 1.0 For 2 dose co ef fi -
cient cat e go ries.

Ad di tive be tween all
food and
radionuclide groups.

USFDA 5 mSv whole body,
50 mSv thy roid

Ap plied to to tal diet. f = 0.3, ex cept 
f = 1.0 for I & Te in
in fant milk diet

For 5 groups of 9
radionuclides.

Ap plied in de pend -
ently be tween
radionuclide groups; 
ad di tive within sin gle 
group.



Table B.2
ICRP recommendations

Radionuclide Cat e gory
Ac tion Levels

(Bq kg-1)

Radionuclides with low dose co ef fi cients
(e.g., most beta and gamma emit ters,
such as 137Cs, 131I)

1 000 – 10 000

Radionuclides with high dose co ef fi cients
(e.g., al pha emit ters, such as 239Pu)

10 –      100

In ter na tional Atomic En ergy Agency
The lat est IAEA rec om men da tions pro vide a set of ge neric 

in ter ven tion lev els for the ma jor pro tec tive mea sures to be
taken in the event of a nu clear emer gency, based on jus ti fi ca -
tion and optimization (IAEA 1994, 1996). Ge neric lev els have
been based on ra dio log i cal pro tec tion prin ci ples, and on the
prem ise that the level of ef fort al lo cated to such pro tec tion
should be at least as great as the level of ef fort and re sources
 allocated to the pro tec tion of pub lic health from other risks of a
sim i lar mag ni tude and na ture. Psy cho log i cal and po lit i cal fac -
tors have been ex cluded in the de vel op ment of ge neric lev els,
in or der to form a com mon base line for de ci sions on pro tec tive
mea sures. Al though ex cluded from the ge neric optimizations,
these fac tors may con trib ute to, or even dom i nate, some de ci -
sions, in which case de vi a tion from the ge neric lev els be comes
a mat ter of na tional pol icy, cir cum stances or site-specific
 factors (IAEA 1994).

Ge neric ac tion lev els for the with drawal of food have been
cal cu lated by ap ply ing a sim ple cost-benefit anal y sis. The food
sup ply has been clas si fied into two broad groups de fined by
their value per ki lo gram, with as so ci ated an nual con sump tion
rates. Ac tion lev els are spec i fied for three groups of
radionuclides with sim i lar dose co ef fi cients, lead ing to a set of
six ge ner i cally optimized ranges of val ues for which with -
drawal and sub sti tu tion of foods should be con sid ered. On the
ba sis of these ranges, but with ac count taken of ex ist ing
 national and in ter na tional leg is la tion and of the is sue of prac ti -
cal ity, a sin gle set of ac tion lev els has been se lected that en com -
pass the Co dex Alimentarius Com mis sion’s guide line val ues
for foods mov ing in in ter na tional trade (FAO/WHO 1991).

These lev els ap ply to food as con sumed. Levels are ap plied 
in de pend ently of one an other; how ever, within a sin gle group,
the radionuclide con cen tra tions are ad di tive. Classes of food
con sumed in small quan ti ties (less than 10 kg y-1) may have
 action lev els ten-fold higher.

Table B.3
IAEA recommendations

Radionuclide

Ac tion Levels (Bq kg-1)

Foods for
Gen eral

Con sump tion

Milk,
In fant Foods,

Drinking Wa ter

134Cs, 137Cs, 103Ru, 106Ru, 89Sr 1 000 1 000

131I 100

90Sr 100

241Am, 238Pu, 239Pu, 240Pu, 242Pu 10 1

World Health Or ga ni za tion
WHO is sued guide lines in 1988 (WHO 1988), in tended to

as sist na tional au thor i ties in coun tries at some dis tance from
the ac ci dent site in de vel op ing in ter ven tion lev els for food.8

WHO rec om mends a sim ple and con ser va tive meth od ol ogy
based on a lim it ing an nual in di vid ual dose, and the as sump tion
that all food is con tam i nated at the in ter ven tion level. WHO has 
cho sen an in ter ven tion level of 5 mSv in a year, based on a
com par i son with global vari a tions in the ef fec tive dose due to
nat u ral ra di a tion, and be cause no  remedial mea sures have been
rec om mended for avoid ing ex po sure from other nat u ral
sources at doses of 5 mSv or less. WHO has pointed out that
cost-benefit anal y sis based on a pop u la tion dose cri te rion
 results in an in ter ven tion level of  several mSv per year. How -
ever, when the cost of in ter ven tion is low, it may well be
 justified to re duce the det ri ment to a lower level of dose. An
 intervention level of dose for the  thyroid of 50 mSv has been set 
as a sec ond ary limit.

8. WHO has not is sued new guid ance fol low ing the lat est 
 recommendations of the ICRP (1991), which in clude re vi sions 
in its meth od ol ogy and ter mi nol ogy for ex press ing ra di a tion 
doses. WHO uses ter mi nol ogy pre vi ously de fined in the 
for mer ICRP rec om men da tions (ICRP 1977).
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WHO has di vided the food sup ply into eight cat e go ries,
 including drink ing wa ter. The an nual con sump tion rate of a
par tic u lar food cat e gory is de rived from a hy po thet i cal diet
based on above-average con sump tion rates of dif fer ent food
com po nents in dif fer ent parts of the world, normalized to a to tal 
con sump tion of 550 kg y-1. The radionuclides most likely to be
of sig nif i cance in food path ways af ter a nu clear emer gency
have been grouped into 2 broad cat e go ries of high and low dose 
co ef fi cients. Sep a rate guide lines were de vel oped for in fants
on a milk and wa ter diet, as it was felt that the rounded dose
 coefficients and normalized hy po thet i cal diet did not pro vide
ad e quate pro tec tion.

If sev eral food cat e go ries are con tam i nated by one or more
radionuclides, a sum ma tion over all radionuclides and food
groups is re quired to en sure that the 5 mSv level is not
 exceeded. Guide line val ues ap ply to food as it is con sumed.

FAO/WHO Co dex 
Alimentarius Com mis sion

The FAO/WHO Co dex Alimentarius Com mis sion, a body
set up jointly by the Food and Ag ri cul ture Or ga ni za tion (FAO)
of the United Na tions, and the WHO, adopted guide line lev els
for radionuclides in food in 1989 (FAO/WHO 1989, 1991,
1995). These guide lines ap ply only to po ten tially con tam i nated 
food mov ing in in ter na tional trade dur ing the first year fol low -
ing an emer gency. Al though not bind ing on a coun try, Co dex
rec om men da tions will be re ferred to in the event of trade dis -
putes re gard ing dif fer ences in na tional guide lines.

Co dex guide lines are largely based on WHO guid ance, but
with fur ther sim pli fi ca tion. An in ter ven tion level of 5 mSv is
used, but there is min i mal dis tinc tion be tween food types. The
Co dex Com mis sion has rec om mended in ter ven tion lev els for

two food groups: Foods Des tined for Gen eral Con sump tion,
and Milk and In fant Food. In fant foods are those foods pre -
pared and pack aged spe cif i cally for in fants in their first year of
life. Levels in both groups are based on a  sin gle an nual con -
sump tion rate 550 kg y-1, all of which is con tam i nated.

The Co dex Com mis sion has grouped the dose co ef fi cients
for the radionuclides of con cern into three classes (10-5 or 10-6

de pend ing on food group, 10-7 and 10-8 Sv Bq-1). Levels for
rep re sen ta tive radionuclides in each dose co ef fi cient group are
listed, al though any radionuclide can be placed into its ap pro -
pri ate group. There is no pro vi sion in the Co dex guide lines for
sum ma tion across radionuclide groups; each level ap plies in de -
pend ently of one an other. Within groups, radionuclide con tri -
bu tions are to be added for com par i son with the level.

Table B.5
Codex Alimentarius recommendations

Dose Co ef fi cient 
(Sv Bq-1)

Rep re sen ta tive
Radionuclides

Level
(Bq kg-1)

Food Des tined for Gen eral Con sump tion

    10-6 241Am, 239Pu 10

    10-7 90Sr 100

    10-8 131I, 134Cs, 137Cs 1 000

Milk and In fant Foods

    10-5 241Am, 239Pu 1

    10-7 131I, 90Sr 100

    10-8 134Cs, 137Cs 1 000
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Table B.4
WHO recommendations

Class of
Radionuclide

Derived In ter ven tion Levels by Food Group (Bq kg-1)

Ce reals
Roots

and Tu bers Veg e ta bles Fruit Meat Milk Fish
Drinking

Wa ter

 i. High dose
    co ef fi cients,
    10-6 Sv Bq-1

35 50 80 70 100 45 350 7

ii. Low dose 
    co ef fi cients,
    10-8 Sv Bq-1

3 500 5 000 8 000 7 000 10 000 4 500 35 000 700

Guide line val ues for in fants on milk diet
90Sr 160
131I 1 600
137Cs 1 800
239Pu 7



Nu clear En ergy Agency of the 
Organization for Eco nomic 
Co-operation and De vel op ment

The Nu clear En ergy Agency (NEA) has is sued guid ance
(OECD 1989, 1990) in tended to as sist na tional au thor i ties in
the de vel op ment of pol i cies and cri te ria for the man age ment of
the con se quences of a nu clear emer gency. As with the ICRP
and IAEA, the ba sic prin ci ples for in ter ven tion are those of
 justification and op ti mi za tion, while recognizing the value to
emer gency plan ning of pre de ter mined cri te ria. In the plan ning
and pre pared ness phase, a ge neric optimization is rec om -
mended in or der to de velop ge neric in ter ven tion lev els for use
im me di ately fol low ing an emer gency. In the event of a real
emer gency, a more pre cise optimization is rec om mended,
 resulting in spe cific in ter ven tion lev els for use in the me dium
and long-term (OECD 1990).

While no spe cific ac tion lev els for food have been given,
the NEA sug gests that these be de rived on the ba sis of group -
ings of radionuclides rather than for in di vid ual nuclides.
Radionuclides may be grouped on the ba sis of com pa ra ble
radiotoxicity, and the most re stric tive dose co ef fi cient in each
group, for the most re stric tive age group, should be se lected as
the ba sis for the de rived in ter ven tion level. Four radionuclide
groups are sug gested, namely, io dine iso topes (e.g., 131I),
 cesium iso topes (e.g., 137Cs), other long-lived radionuclides
(e.g., 90Sr), and al pha-emitting radionuclides (e.g., 239Pu).
Derived in ter ven tion lev els should be de vel oped only for the
ma jor com po nents of the diet; additivity should be con sid ered
only if the con tri bu tions to the in ges tion dose from dif fer ent
foods are of a sim i lar de gree of im por tance, and in di vid u ally
rep re sent a sig nif i cant frac tion of the cor re spond ing de rived
 intervention level.

Coun cil of the Eu ro pean Com mu nities;
Na tional Radiological Protection Board 
of the United Kingdom

Fol low ing the 1986 Chernobyl ac ci dent, the Coun cil of the 
Eu ro pean Com mu nities (CEC) is sued Reg u la tions on max i -
mum per mit ted lev els of radionuclides in food that would be le -
gally bind ing on its mem ber coun tries fol low ing a ra dio log i cal
emer gency (CEC 1989, 1989a, 1989b, 1990, 1992). There are
fur ther Reg u la tions deal ing with foods im ported from, and
 exported to, coun tries out side of the Eu ro pean Com mu nities
(CEC 1987a, 1989b).

Coun cil Food In ter ven tion Levels (CFILs) have been es -
tab lished for four radionuclide groups, and five food cat e go -
ries, and ap ply to food as mar keted, rather than to food as
con sumed. Within each radionuclide and food group, the sum
of the con cen tra tions of all the spec i fied radionuclides de tected
in the food is com pared with the in ter ven tion level. How ever,
each in ter ven tion level is ap plied in de pend ently of one an other. 
CFILs have also been de rived for ra dio iso topes of Cs in an i mal
feeds.

Al though the liq uid foods group does not ex plic itly cover
drink ing wa ter, the Reg u la tions state that CFILs for such foods
should be ap plied to drink ing wa ter at the dis cre tion of com pe -
tent au thor i ties in mem ber states. In its guide lines, the Na tional
Ra dio log i cal Pro tec tion Board (NRPB 1994) has rec om -
mended that lev els for liq uid food be adopted for all drink ing
wa ter  supplies in the United King dom.
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Table B.6
CEC recommendations

Radionuclide

Coun cil Food In ter ven tion Levels (Bq kg-1)

Baby
Foods

Dairy
Pro duce

Mi nor
Foods

Other
Foods

Liq uid
Foods

Iso topes of Sr, no ta bly 90Sr 75 125 7 500 750 125

Iso topes of I, no ta bly 131I 150 500 20 000 2 000 500

Al pha-emitting iso topes of 
Pu and trans-Pu el e ments

1 20 800 80 20

All oth ers with half-lives greater than
10 days, no ta bly 134Cs, 137Cs

400 1 000 12 500 1 250 1 000



The NRPB emphasizes that these in ter ven tion lev els rep -
re sent the ap proach of the CEC to wards bal anc ing the harm and 
ben e fit of food re stric tions. Con sump tion of food con tam i nated 
at lev els well in ex cess of the in ter ven tion lev els for short pe ri -
ods (up to a few weeks) need not give rise to sig nif i cant ra di a -
tion risks. There fore, for the pur pose of avoid ing sig nif i cant
doses from food con sump tion, the im me di ate with drawal of
con tam i nated food sup plies is, in gen eral, not es sen tial.

United States Food and 
Drug Ad min is tra tion

The USFDA, De part ment of Health and Hu man Ser vices,
has  issued rec om men da tions for state and lo cal agen cies for
 intervention fol low ing ac ci den tal con tam i na tion of food and
an i mal feeds (USFDA 1998). Derived in ter ven tion lev els
(DILs) for the dis tri bu tion of food in the United States are
based on a Pro tec tive Ac tion Guide for com mit ted ef fec tive
dose from in ges tion of 5 mSv, or 50 mSv com mit ted equiv a lent
dose to any or gan or tis sue, which ever is more lim it ing.9  They
are in tended to ap ply to the dis tri bu tion and use of food
 produced dur ing the first year af ter an emer gency. If con tam i -
na tion ex tends be yond the first year, an eval u a tion of lo cal
 longer-term con di tions should be con ducted to de ter mine if the
DILs should be con tin ued, or if other guid ance may be more
 appropriate. Food with con cen tra tions be low the DILs is
 permitted un re stricted dis tri bu tion. How ever, State and lo cal
of fi cials have flex i bil ity in whether or not to ap ply re stric tions
in spe cial cir cum stances.

DILs rec om mended by the USFDA have been de rived for
those radionuclides, un der var i ous ac ci dent sce nar ios, that are
ex pected to de liver the ma jor por tion of the ra di a tion dose from
in ges tion dur ing the first year fol low ing an emer gency. For
each class of radionuclide, DILs have been cal cu lated for the
six ICRP age groups based on the to tal an nual di etary in take for 
each age group, and as sum ing that con tam i na tion would oc cur
in 30% of the di etary in take. An ex cep tion was made for 131I in
the di ets of the 3-month and 1-year age groups, where the en tire 
in take over a sixty-day pe riod was as sumed to be con tam i nated. 
Dose co ef fi cients were taken from ICRP Pub li ca tion 56 (ICRP
1989). A sin gle DIL was se lected for each radionuclide group
based on the most lim it ing age group for the radionuclide
group.

9. The USFDA uses ter mi nol ogy de fined in the for mer ICRP 
(1977) rec om men da tions, as there is not yet a con sen sus 
among fed eral agen cies in the United States on the use of the 
1990 ICRP rec om men da tions, which in clude re vi sions in its 
meth od ol ogy and ter mi nol ogy for ex press ing ra di a tion doses.

Table B.7
USFDA recommendations

Radionuclide Group
Derived In ter ven tion Level (Bq kg-1)

for Com po nents of the To tal Diet

90Sr 160                     

131I 170                     

134Cs + 137Cs 1 200                     

238Pu + 239Pu + 241Am 2                     

103Ru + 106Ru(1)
C Ru C Ru( ) ( )103 106

6 800 450
1+ <

(1) The USFDA states that, “Due to the large dif fer ences in DILs for 103Ru 
and 106Ru, the in di vid ual con cen tra tions of 103Ru and 106Ru are di vided 
by their re spec tive DILs and then summed. The sum must be less than
one” (USFDA 1998). C(103Ru) and C(106Ru) are the con cen tra tions at the
time of mea sure ment.

The DIL for each radionuclide or radionuclide group is
 applied to all com po nents of the diet, and to foods as pre pared
for con sump tion. They are ap plied in de pend ently for each
radionuclide group since they re late to dif fer ent types of ac ci -
dents, or in the case of nu clear re ac tor ac ci dents, to dif fer ent
lim it ing age groups.
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