ANNUAL LIMITS ON INTAKES OF RADIONUCLIDES

K. F. Eckerman

The following table lists, for workers, the annual limits on oral
and inhalation intakes (ALI) for selected radionuclides based on
the occupational radiation protection guidance of the International
Commission on Radiological Protection (References 1 and 2). An
intake of one ALI corresponds to an annual whole body dose of
0.02 Sv (2 rem).

The ALI is expressed in the SI unit of activity, the becquerel
(Bq), and in the conventional unit, the microcurie (uCi); 1 pCi =
3.7-10* Bq. The chemical form of inhaled radionuclides is, in most
instances, stated in terms of the rate of absorption to blood from
the lungs and the fractional absorption from the small intestine.
Type F, M, and S denote chemical forms which are absorbed from
the lungs at rates characterized as fast, moderate, and slow, respec-
tively. The time to absorb 90% of the deposited radionuclide, in

tively. Type F compounds can be considered to be more soluble
than M or S, S being the most insoluble. Chemical form consid-
eration for ingestion is specified by the fractional absorption from
the small intestine, denoted as f,. The f, values range from 10~ to
1. Higher fractional absorption is associated with greater solubility
of the compound.
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the absence of radioactive decay, corresponds to about 10 minutes, 1995.
150 days, and 7000 days for Type F, M, and S compounds, respec-
Inhalation intakes Oral intakes
Chemical Chemical
Physical form ALI form ALI
half-life Type/f, Bq nCi A Bq uCi
*H 123y HT gas 1.1E+13 3.0E+08 1.000 1.1E+13 3.0E+08
HTO vapor 1.1E+09 3.0E+04
nc 0.340 h CO 1.7E+10 4.5E+05 1.000 8.3E+08 2.3E+04
CO, 9.1E+09 2.5E+05
Organic
compounds 6.2E+09 1.7E+05
uC 5730y CO 2.5E+10 6.8E+05 1.000 3.4E+07 9.3E+02
CO, 3.1E+09 8.3E+04
Organic
compounds 3.4E+07 9.3E+02
I8F 1.83h F 1.000 3.7E+08 1.0E+04 1.000 4.1E+08 1.1E+04
M 1.000 2.2E+08 6.1E+03
S 1.000 2.2E+08 5.8E+03
2Na 260y F 1.000 1.0E+07 2.7E+02 1.000 6.3E+06 1.7E+02
*Na 150h F 1.000 3.8E+07 1.0E+03 1.000 4.7E+07 1.3E+03
2p 14.3d F 0.800 1.8E+07 4.9E+02 0.800 8.3E+06 2.3E+02
M 0.800 6.9E+06 1.9E+02
*S 87.4d Inorganic
compounds
F 0.800 2.5E+08 6.8E+03 0.800 1.4E+08 3.9E+03
M 0.800 1.8E+07 4.9E+02 0.100 1.1E+08 2.8E+03
Vapor 1.7E+08 4.5E+03
Organic
compounds 1.000 2.6E+07 7.0E+02
2K 124 h F 1.000 1.0E+08 2.7E+03 1.000 4.7E+07 1.3E+03
BK 22.6 h F 1.000 7.7E+07 2.1E+03 1.000 8.0E+07 2.2E+03
*Ca 163 d M 0.300 8.7E+06 2.4E+02 0.300 2.6E+07 7.1E+02
YCa 4.53d M 0.300 9.5E+06 2.6E+02 0.300 1.3E+07 3.4E+02
SICr 27.7d F 0.100 6.7E+08 1.8E+04 0.100 5.3E+08 1.4E+04
M 0.100 5.9E+08 1.6E+04 0.010 5.4E+08 1.5E+04
S 0.100 5.6E+08 1.5E+04
*Mn 312d F 0.100 1.8E+07 4.9E+02 0.100 2.8E+07 7.6E+02
M 0.100 1.7E+07 4.5E+02
2Fe 8.28 h F 0.100 2.9E+07 7.8E+02 0.100 1.4E+07 3.9E+02
M 0.100 2.1E+07 5.7E+02
*Fe 270y F 0.100 2.2E+07 5.9E+02 0.100 6.1E+07 1.6E+03
M 0.100 6.1E+07 1.6E+03
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Inhalation intakes Oral intakes
Chemical Chemical
Physical form ALI form ALI
half-life Typelf, Bq nCi A Bq uCi

*Fe 44.5d F 0.100 6.7E+06 1.8E+02 0.100 1.1E+07 3.0E+02
M 0.100 6.3E+06 1.7E+02

Co 271d M 0.100 5.1E+07 1.4E+03 0.100 9.5E+07 2.6E+03
S 0.050 3.3E+07 9.0E+02 0.050 1.1E+08 2.8E+03

#Co 70.8d M 0.100 1.4E+07 3.9E+02 0.100 2.7E+07 7.3E+02
S 0.050 1.2E+07 3.2E+02 0.050 2.9E+07 7.7E+02

“Co 527y M 0.100 2.8E+06 7.6E+01 0.100 5.9E+06 1.6E+02
S 0.050 1.2E+06 3.2E+01 0.050 8.0E+06 2.2E+02

*“Cu 127 h F 0.500 2.9E+08 7.9E+03 0.500 1.7E+08 4.5E+03
M 0.500 1.3E+08 3.6E+03
S 0.500 1.3E+08 3.6E+03

Ni 75000 y F 0.050 9.1E+07 2.5E+03 0.050 3.2E+08 8.6E+03
M 0.050 2.1E+08 5.8E+03
Vapor 2.4E+07 6.5E+02

ONi 96.0 y F 0.050 3.8E+07 1.0E+03 0.050 1.3E+08 3.6E+03
M 0.050 6.5E+07 1.7E+03
Vapor 1.0E+07 2.7E+02

SZn 244.d S 0.500 7.1E+06 1.9E+02 0.500 5.1E+06 1.4E+02

“Ga 3.26d F 0.001 1.8E+08 4.9E+03 0.001 1.1E+08 2.8E+03
M 0.001 7.1E+07 1.9E+03

%Ga 1.13h F 0.001 4.1E+08 1.1E+04 0.001 2.0E+08 5.4E+03
M 0.001 2.5E+08 6.7E+03

%Ge 288 d F 1.000 2.4E+07 6.5E+02 1.000 1.5E+07 4.2E+02
M 1.000 2.5E+06 6.8E+01

Se 120d F 0.800 1.4E+07 3.9E+02 0.800 7.7E+06 2.1E+02
M 0.800 1.2E+07 3.2E+02 0.050 4.9E+07 1.3E+03

Se 65000 y F 0.800 1.3E+07 3.4E+02 0.800 6.9E+06 1.9E+02
M 0.800 6.5E+06 1.7E+02 0.050 5.1E+07 1.4E+03

8Rb 18.6d F 1.000 1.5E+07 4.2E+02 1.000 7.1E+06 1.9E+02

8Sr 64.8d F 0.300 3.6E+07 9.7E+02 0.300 3.6E+07 9.7E+02
S 0.010 3.1E+07 8.4E+02 0.010 6.1E+07 1.6E+03

8mSp 2.80 h F 0.300 9.1E+08 2.5E+04 0.300 6.7E+08 1.8E+04
S 0.010 5.7E+08 1.5E+04 0.010 6.1E+08 1.6E+04

8Sr 50.5d F 0.300 1.4E+07 3.9E+02 0.300 7.7E+06 2.1E+02
S 0.010 3.6E+06 9.7E+01 0.010 8.7E+06 2.4E+02

OSr 29.1y F 0.300 6.7E+05 1.8E+01 0.300 7.1E+05 1.9E+01
S 0.010 2.6E+05 7.0E+00 0.010 7.4E+06 2.0E+02

“Mo 2.75d F 0.800 5.6E+07 1.5E+03 0.800 2.7E+07 7.3E+02
S 0.050 1.8E+07 4.9E+02 0.050 1.7E+07 4.5E+02

#mTe 6.02 h F 0.800 1.0E+09 2.7E+04 0.800 9.1E+08 2.5E+04
M 0.800 6.9E+08 1.9E+04

PTc 213000 y F 0.800 5.0E+07 1.4E+03 0.800 2.6E+07 6.9E+02
M 0.800 6.3E+06 1.7E+02

1%Ru 101y F 0.050 2.0E+06 5.5E+01 0.050 2.9E+06 7.7E+01
M 0.050 1.2E+06 3.2E+01
S 0.050 5.7E+05 1.5E+01

Mn 2.83d F 0.020 9.1E+07 2.5E+03 0.020 6.9E+07 1.9E+03
M 0.020 6.5E+07 1.7E+03

13mIp 1.66 h F 0.020 1.1E+09 2.8E+04 0.020 7.1E+08 1.9E+04
M 0.020 6.3E+08 1.7E+04

13Sn 115d F 0.020 2.5E+07 6.8E+02 0.020 2.7E+07 7.4E+02
M 0.020 1.1E+07 2.8E+02

121 132h F 1.000 1.8E+08 4.9E+03 1.000 9.5E+07 2.6E+03
Vapor 9.5E+07 2.6E+03

125] 60.1d F 1.000 2.7E+06 7.4E+01 1.000 1.3E+06 3.6E+01
Vapor 1.4E+06 3.9E+01

129] 1.57-107y F 1.000 3.9E+05 1.1E+01 1.000 1.8E+05 4.9E+00

Vapor 2.1E+05 5.6E+00
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1311

129CS
134Cs
136CS
137CS
141Ce
#Ce
133Ba
140Ba

léng

lQBAu

19BmAu

197Hg

203Hg

ZOITI

ZlOPb
2()7Bi

ZIOPO
224Ra
226Ra
ZZSRa
ZZBTh
230Th
232Th

234U

235U

Physical
half-life
8.04d
1.34d
2.06y
13.1d
300y
325d
284.d
107y
12.7d
32.0d

2.69d

2.30d

2.67d

46.6 d

3.04d
223y
380y
138d
3.66d
1600y
575y
191y
77000 y
1.40-10"y

2.44-10°y

7.04-10° y
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Inhalation intakes Oral intakes
Chemical Chemical
form ALI form ALI
Typelf, Bq nCi A Bq uCi
F 1.000 1.8E+06 4.9E+01 1.000 9.1E+05 2.5E+01
Vapor 1.0E+06 2.7E+01
F 1.000 2.5E+08 6.7E+03 1.000 3.3E+08 9.0E+03
F 1.000 2.1E+06 5.6E+01 1.000 1.1E+06 2.8E+01
F 1.000 1.1E+07 2.8E+02 1.000 6.7E+06 1.8E+02
F 1.000 3.0E+06 8.1E+01 1.000 1.5E+06 4.2E+01
M 5.0E-04 7.4E+06 2.0E+02 5.0E-04 2.8E+07 7.6E+02
S 5.0E-04 6.5E+06 1.7E+02
M 5.0E-04 8.7E+05 2.4E+01 5.0E-04 3.8E+06 1.0E+02
S 5.0E-04 6.9E+05 1.9E+01
F 0.100 1.1E+07 3.0E+02 0.100 2.0E+07 5.4E+02
F 0.100 1.3E+07 3.4E+02 0.100 8.0E+06 2.2E+02
M 5.0E-04 9.5E+06 2.6E+02 5.0E-04 2.8E+07 7.6E+02
S 5.0E-04 8.3E+06 2.3E+02
F 0.100 5.1E+07 1.4E+03 0.100 2.0E+07 5.4E+02
M 0.100 2.0E+07 5.5E+02
S 0.100 1.8E+07 4.9E+02
F 0.100 3.4E+07 9.2E+02 0.100 1.5E+07 4.2E+02
M 0.100 1.0E+07 2.7E+02
S 0.100 1.1E+07 2.8E+02
Inorganic
compounds
F 0.400 2.4E+08 6.4E+03 1.000 2.0E+08 5.5E+03
0.400 1.2E+08 3.2E+03
Vapor 4.5E+06 1.2E+02
Organic
compounds
F 0.020 2.0E+08 5.4E+03 0.020 8.7E+07 2.4E+03
M 0.020 7.1E+07 1.9E+03
Inorganic
compounds
F 0.400 2.7E+07 7.2E+02 1.000 1.1E+07 2.8E+02
0.400 1.8E+07 4.9E+02
Vapor 2.9E+06 7.7E+01
Organic
compounds
F 0.020 3.4E+07 9.2E+02 0.020 3.7E+07 1.0E+03
M 0.020 1.1E+07 2.8E+02
F 1.000 2.6E+08 7.1E+03 1.000 2.1E+08 5.7E+03
F 0.200 1.8E+04 4.9E-01 0.200 2.9E+04 7.9E-01
F 0.050 2.4E+07 6.4E+02 0.050 1.5E+07 4.2E+02
M 0.050 6.3E+06 1.7E+02
F 0.100 2.8E+04 7.6E-01 0.100 8.3E+04 2.3E+00
M 0.100 9.1E+03 2.5E-01
M 0.200 8.3E+03 2.3E-01 0.200 3.1E+05 8.3E+00
M 0.200 1.7E+03 4.5E-02 0.200 7.1E+04 1.9E+00
M 0.200 1.2E+04 3.2E-01 0.200 3.0E+04 8.1E-01
M 5.0E-04 8.7E+02 2.4E-02 5.0E-04 2.9E+05 7.7E+00
S 2.0E-04 6.3E+02 1.7E-02 2.0E-04 5.7E+05 1.5E+01
M 5.0E-04 7.1E+02 1.9E-02 5.0E-04 9.5E+04 2.6E+00
S 2.0E-04 2.8E+03 7.5E-02 2.0E-04 2.3E+05 6.2E+00
M 5.0E-04 6.9E+02 1.9E-02 5.0E-04 9.1E+04 2.5E+00
S 2.0E-04 1.7E+03 4.5E-02 2.0E-04 2.2E+05 5.9E+00
F 0.020 3.1E+04 8.4E-01 0.020 4.1E+05 1.1E+01
M 0.020 9.5E+03 2.6E-01 0.002 2.4E+06 6.5E+01
S 0.002 2.9E+03 7.9E-02
F 0.020 3.3E+04 9.0E-01 0.020 4.3E+05 1.2E+01
M 0.020 1.1E+04 3.0E-01 0.002 2.4E+06 6.5E+01
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Inhalation intakes Oral intakes
Chemical Chemical
Physical form ALI form ALI
half-life Typelf, Bq nCi A Bq uCi

S 0.002 3.3E+03 8.9E-02
28U 447-10%y F 0.020 3.4E+04 9.3E-01 0.020 4.5E+05 1.2E+01
M 0.020 1.3E+04 3.4E-01 0.002 2.6E+06 7.1E+01

S 0.002 3.5E+03 9.5E-02
ZNp 2.14-10°y M 5.0E-04 1.3E+03 3.6E-02 5.0E-04 1.8E+05 4.9E+00
ZNp 2.36d M 5.0E-04 1.8E+07 4.9E+02 5.0E-04 2.5E+07 6.8E+02
8Py 87.7y M 5.0E-04 6.7E+02 1.8E-02 5.0E-04 8.7E+04 2.4E+00
S 1.0E-05 1.8E+03 4.9E-02 1.0E-05 2.3E+06 6.1E+01
1.0E-04 4.1E+05 1.1E+01
29Pu 24100y M 5.0E-04 6.3E+02 1.7E-02 5.0E-04 8.0E+04 2.2E+00
S 1.0E-05 2.4E+03 6.5E-02 1.0E-05 2.2E+06 6.0E+01
1.0E-04 3.8E+05 1.0E+01
24Py 144y M 5.0E-04 3.4E+04 9.3E-01 5.0E-04 4.3E+06 1.2E+02
S 1.0E-05 2.4E+05 6.4E+00 1.0E-05 1.8E+08 4.9E+03
1.0E-04 2.1E+07 5.6E+02
21Am 432y M 5.0E-04 7.4E+02 2.0E-02 5.0E-04 1.0E+05 2.7E+00
24Cm 181y M 5.0E-04 1.2E+03 3.2E-02 5.0E-04 1.7E+05 4.5E+00

B2t 2.64y M 5.0E-04 1.5E+03 4.2E-02 5.0E-04 2.2E+05 6.0E+00





