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Background: Effluent Concentration Limits (ECLs) were re-evaluated via direct calculation us-
ing dose coefficients based on radiation protection quantity introduced in Korea and the intrin-
sic breathing rates of Korean residents.

Materials and Methods: The re-evaluated ECLs were compared with the domestic standards 
given in the Notice of the Nuclear Safety and Security Commission (NSSC), as well as with 
ECLs specified in the Code of Federal Regulations (CFR).

Results and Discussion: The relative ratios of the re-evaluated ECLs to the currently applied 
domestic standards differed depending on the radionuclide type, but it was clearly shown that, 
for tritium (3H) and radiocarbon (14C), which significantly affect radiological dose to the public 
during the normal operation of nuclear power plants, the re-evaluated ECLs were higher than 
the domestic standards. This implies that Korean standards are relatively conservative.

Conclusion: The re-evaluated results for each age group showed that 131I (radioiodine), one of 
the significant radionuclides, had the lowest values, but nonetheless, the domestic standards for 
radioiodine were lower than the ECLs given in the CFR and the re-evaluated ECLs via a method 
given in the CFR.
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Introduction

All radionuclides and their chemical forms have designated Effluent Concentration 

Limits (ECLs) to protect the public against any health hazards arising from radioactive 

materials, as specified in Column 5 of Appendix 3 of the Public Notice No. 2017-36 

(Standards for Radiation Protection, Etc.) by Korea's Nuclear Safety and Security Com-

mission (NSSC). ECLs are determined by annual dose limits to individuals based on 

inhalation of airborne radioactive materials. In Korea, ECLs were initially set and en-

acted by directly adopting the values specified in the Code of Federal Regulations (CFR; 

10CFR Part 20 Appendix B, 1991), but a revision was made with the country's adoption 

of the 1990 recommendations of the International Commission of Radiological Protec-

tion (ICRP-60) on radiological protection. Rather than being directly calculated based 

on the fundamental ECL concepts, as mentioned above, the Korean ECLs are estimat-

ed from Derived Air Concentrations (DACs) for radiation workers in an indirect and 

approximate manner by considering the difference between radiation workers and the 

public in their annual dose limits, breathing rate, activity time, and sensitivity to radia-
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tion exposure by age. Similarly, the ECLs given in the CFR 

(the CFR ECLs) are also indirectly estimated from radiation 

workers' DACs, instead of being directly calculated based on 

dose limits for the public. It should be noted that, unlike in 

Korea, the US has adopted its radiation protection quantity 

based on the 1977 recommendations of the ICRP (ICRP-26). 

Therefore, it is necessary to assess whether the current do-

mestic ECLs have been properly determined using various 

methods.  

In the present study, ECLs were directly calculated, reflect-

ing dose coefficients based on radiation protection quantity 

introduced in Korea, and the intrinsic breathing rates of Ko-

rean residents. These results were compared with the cur-

rent domestic limits, as well as with the CFR ECLs

Materials and Methods

ECLs are defined as the air concentration of radioactive 

materials which corresponds to the annual dose limit, i.e.,  

1 mSv · yr -1 of the effective dose equivalent. In Korea, these 

ECLs were enacted following the NSSC's Notice, which 

aimed to limit the stochastic radiation-induced health effects 

from inhalation of airborne radioactive materials. Consider-

ing that the operation of nuclear facilities could entail the in-

evitable release of various radioactive materials to the envi-

ronment to a slight extent, ECLs are designated for each ra-

dionuclide, reflecting their respective air concentration, 

which is equivalent to the annual dose limit. Therefore, for 

multiple-radionuclide releases, the annual dose limits are 

appropriately managed using Equation 1 below, to ensure 

they are not exceeded [1]. 

(1)

Where, 

ECLi: Effluent concentration limit for radionuclide i (Bq· m-3)

Ci: Air concentration of radionuclide i (Bq· m-3)

In the US, the 1977 recommendations of the ICRP (ICRP-26) 

have been adopted, and the annual dose limit has been de-

fined as 1 mSv· yr -1 of the effective dose equivalent under the 

CFR. As in Korea, ECLs stated in the CFR are indirectly esti-

mated from radiation workers' DACs, reflecting the differ-

ence between radiation workers and the public in their an-

nual dose limits and behavior. Also, the annual dose limit for 

younger age group who are more sensitive to radiation expo-

sure, is set at one half of that of adults (0.5 mSv· yr -1 of the ef-

fective dose equivalent). The 1990 recommendations of the 

ICRP (ICRP-60) specify the dose coefficients for 6 age groups 

of the public (3-month-old, 1-year-old, 5-year-old, 10-year-

old, 15-year-old, and adult). In Korea, the breathing rates for 

4 age groups (infant, child, teenager, and adult) were investi-

gated and used for the assessment of radiological dose to the 

public from nuclear facilities [2]. Here, the infant, child, teen-

ager, and adult age groups correspond to the 3-month-old, 

5-year-old, 15-year-old, and adult age groups proposed by 

the ICRP, respectively.1) 

Based on its conceptual definition, the ECL can be directly 

calculated using the following equation.

(2)

Where, 

ECLi,j:  Effluent Concentration Limit for radionuclide i and 

age group j (Bq· m-3)

DL: Annual dose limit set for ECL evaluation (mSv· yr -1) 

Brj: Breathing rate for age group j (m3 · yr -1)

DCi,j:  Dose coefficient by inhalation of radionuclide i for 

age group j (mSv· Bq-1)

Table 1 contains multiple sets of data, including the intrin-

sic breathing rates of domestic residents by age group; types 

of radionuclides possibly released to the environment during 

the normal operation of nuclear power plants, as specified in 

their license and permit documents; and their basic chemi-

cal forms and dose coefficients, applied to off-site radiologi-

cal dose assessments [3, 4]. Here, inert gasses are excluded 

from the list of radionuclides possibly released to the envi-

ronment during the normal operation of nuclear power 

plants, because inert-gas inhalation is a minor exposure 

pathway compared to others in off-site radiological dose as-

sessments [5]. 

Dose coefficients from inhalation and their health effects 

on the human body differ according to the chemical form of 

the radioactive materials. In off-site radiological dose assess-

ment, tritium is set as a form of HTO; radiocarbon, as a form 

of CO2; and radioiodine, as an elemental type. Nuclear-relat-

ed international organizations have proposed recommend-

ed chemical forms if radionuclide information is not avail-

able, and this information is used when off-site radiological 

dose are evaluated in Korea.

1) Korea Institute of Nuclear Safety. Development of methodology for radiological emergency and environmental assessment : ODCM guideline & INDAC user manual. 
KINS GR-199. 2000;1-329.
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Results and Discussion

ECLs were re-evaluated via direct calculation using intrin-

sic breathing rates of domestic residents for radionuclides 

possibly released to the environment during the normal op-

eration of nuclear power plants, as specified in their license 

and permit documents. 

Currently applied ECLs in Korea (NSSC’s Notice) and the 

US (10CFR20) were compared, as shown in Table 2. Unlike 

in Korea, the US has adopted the 1977 recommendations of 

the ICRP (ICRP-26). Accordingly, the US designation of D 

(Day), W (Week), and Y (Year) regarding pulmonary absorp-

tion modes correspond to the F (Fast), M (Moderate), and S 

(Slow) given in the 1990 recommendations of the ICRP 

(ICRP-60). Among radioactive materials released during the 

normal operation of nuclear power plants, tritium (3H), ra-

diocarbon (14C), and iodine isotopes (131I) are those which 

have significant effects on off-site radiological dose assess-

ments. It should be noted that ECLs for these three radionu-

clide types are set lower in Korea than in the US. The lower 

ECLs in Korea means that the country uses more conserva-

tive standards. In the case of 131I, in particular, the ECL is set 

approximately 2.5 times higher in the US than in Korea. This 

large discrepancy comes from the fact that the recommend-

ed chemical form for radioiodine is the elemental type in 

Korea. In contrast, in the US, particle type D is applied as a 

default option for all chemical forms; and a separate stan-

dard for the elemental type is not available. According to the 

1990 recommendations of the ICRP, the elemental-type ra-

dioiodine has a dose coefficient approximately 2.7 times 

lower than the particle type F radioiodine (which corre-

sponds to particle type D under the 1977 recommendations 

of the ICRP). For specific radionuclides, such as Sr and Cs, 

ECLs are set lower in the US than in Korea, but these radio-

nuclides have relatively less significant in off-site radiological 

dose assessments, compared to 3H, 14C, and 131I. 

Table 1. Breathing Rates and Dose Coefficients According to Age Groups to be Applied to the Korean Off-site Radiological Dose Calcula-
tions [2]

Parameter 
Age group

Infant Child Teen Adult

Breathing rate (m3 ·yr -1) 1,400 6,700 7,900 7,400

Dose coefficient 
(mSv·Bq-1)

3H HTO 6.40E-08 3.10E-08 1.80E-08 1.80E-08
14C CO2 1.90E-08 1.10E-08 6.30E-09 6.20E-09
51Cr S 2.60E-07 1.00E-07 4.50E-08 3.70E-08

54Mn M 7.50E-06 3.80E-06 1.90E-06 1.50E-06
57Co M 2.80E-06 3.50E-06 6.70E-07 5.50E-07
58Co M 7.30E-06 3.50E-06 2.00E-06 1.60E-06
60Co M 4.20E-05 2.10E-05 1.20E-05 1.00E-05
59Fe M 1.80E-05 7.90E-06 4.60E-06 3.70E-06
89Sr F 1.50E-05 3.20E-06 1.70E-06 1.00E-06
90Sr F 1.30E-04 3.10E-05 5.30E-05 2.40E-05
95Zr M 2.00E-05 9.70E-06 5.90E-06 4.80E-06

95Nb M 6.80E-06 3.10E-06 1.90E-06 1.50E-06
103Ru M 1.10E-05 5.00E-06 3.00E-06 2.40E-06
106Ru M 1.40E-04 6.40E-05 3.10E-05 2.80E-05
125Sb M 2.00E-05 1.00E-05 5.80E-06 4.80E-06

131I e 1.70E-04 9.40E-05 3.10E-05 2.00E-05
132I e 2.80E-06 1.30E-06 4.30E-07 3.10E-07
133I e 4.50E-05 2.10E-05 6.30E-06 4.00E-06
134I e 8.70E-07 3.90E-07 1.60E-07 1.50E-07
135I e 9.70E-06 4.50E-06 1.40E-06 9.20E-07

134Cs F 1.10E-05 5.20E-06 6.30E-06 6.60E-06
136Cs F 7.30E-06 2.90E-06 1.40E-06 1.20E-06
137Cs F 8.80E-06 3.60E-06 4.40E-06 4.60E-06
140Ba M 2.70E-05 1.10E-05 6.20E-06 5.10E-06
141Ce M 1.30E-05 6.30E-06 4.10E-06 3.20E-06

F, Fast; M, Moderate; S, Slow; e, elemental.
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These Korean and CFR ECLs are estimated from radiation 

workers’ DAC in an indirect and approximate manner, con-

sidering the difference between radiation workers and the 

public in their annual dose limits, breathing rates, and activi-

ty time. The reliability of these indirect estimation results, 

however, may be questioned because the method only re-

flects the ratio of approximately averaged differences, instead 

of considering in detail differences arising from the different 

characteristics of each radionuclide type and age group. To 

overcome this limitation, in the present study, ECLs were di-

rectly calculated, based on their conceptual definition, to re-

flect the intrinsic breathing rates of Korean residents and 

dose coefficients based on the radiation protection doses in-

troduced in Korea. 

To that end, two direct calculation methods are proposed. 

The first one is a method described in the CFR (10CFR20), 

where ECLs are calculated based on the annual dose limit 

for the younger age group (0.5 mSv · yr -1) which is set to be 

one half of that of the adult group (1 mSv· yr -1), reflecting this 

younger age group's physical sensitivity to radiation expo-

sure. The second method calculates ECLs using characteris-

tics data acquired from various age groups and evaluates 

them with regard to the annual dose limit of 1 mSv · yr -1. 

Among them, the lowest value, which is the most conserva-

tive, is selected. 

ECLs that were re-evaluated via the method described in 

the CFR reflecting intrinsic breathing rates of Korean adults 

and radiation protection quantity introduced in Korea are 

summarized and compared with the currently applied do-

mestic ECLs, as shown in Table 3. For tritium (3H) and radio-

carbon (14C), which significantly affect off-site radiological 

dose assessments, the domestic standards are lower than the 

re-evaluated results via the CFR method. With regard to ra-

dioiodine, the domestic standards are lower than the re-

evaluated results for 131I and 132I, while the domestic stan-

dards are higher for 133I, 134I, and 135I.

ECLs that were re-evaluated via the method described in 

the CFR reflecting the intrinsic breathing rates of each age 

group of Korean residents and radiation protection quantity 

introduced in Korea were summarized and compared with 

Table 2. Comparison of Effluent Concentration Limits Documented 
in NSSC’s Notice and 10CFR20 

Radionuclide
Effluent Concentration Limits (Bq·m-3) Relative ratio 

(B ·A-1)NSSC’s Notice (A) 10CFR20 (B)

3H 3.00E+03 3.70E+03 1.23 
14C 1.00E+04 1.11E+04 1.11 
51Cr 2.00E+03 1.11E+03 0.56 
54Mn 5.00E+01 3.70E+01 0.74 
57Co 1.00E+02 1.48E+02 1.48 
58Co 5.00E+01 7.40E+01 1.48 
60Co 7.00E+00 7.40E+00 1.06 
59Fe 2.00E+01 2.59E+01 1.30 
89Sr 7.00E+01 3.70E+01 0.53 
90Sr 3.00E+00 1.11E+00 0.37 
95Zr 2.00E+01 1.85E+01 0.93 
95Nb 5.00E+01 7.40E+01 1.48 
103Ru 3.00E+01 3.70E+01 1.23 
106Ru 3.00E+00 2.96E+00 0.99 
125Sb 2.00E+01 2.59E+01 1.30 
131I 3.00E+00 7.40E+00 2.47 
132I 2.00E+02 7.40E+02 3.70 
133I 2.00E+01 3.70E+01 1.85 
134I 5.00E+02 2.22E+03 4.44 
135I 8.00E+01 2.22E+02 2.78 
134Cs 1.00E+01 7.40E+00 0.74 
136Cs 5.00E+01 3.33E+01 0.67 
137Cs 1.00E+01 7.40E+00 0.74 
140Ba 7.00E+01 7.40E+01 1.06
141Ce 2.00E+01 3.70E+01 1.85 

Table 3. Comparison of Effluent Concentration Limits Documented 
in NSSC’s Notice and Re-evaluated Based on the Method De-
scribed in 10CFR20 (Method-1)

Radionuclide
Effluent Concentration Limits (Bq·m-3) Relative ratio 

(B ·A-1)NSSC’s Notice (A) Method-1 (B)

3H 3.00E+03 3.75E+03 1.25 
14C 1.00E+04 1.09E+04 1.09 
51Cr 2.00E+03 1.83E+03 0.91 
54Mn 5.00E+01 4.50E+01 0.90 
57Co 1.00E+02 1.23E+02 1.23 
58Co 5.00E+01 4.22E+01 0.84 
60Co 7.00E+00 6.76E+00 0.97 
59Fe 2.00E+01 1.83E+01 0.91 
89Sr 7.00E+01 6.76E+01 0.97 
90Sr 3.00E+00 2.82E+00 0.94 
95Zr 2.00E+01 1.41E+01 0.70 
95Nb 5.00E+01 4.50E+01 0.90 
103Ru 3.00E+01 2.82E+01 0.94 
106Ru 3.00E+00 2.41E+00 0.80 
125Sb 2.00E+01 1.41E+01 0.70 
131I 3.00E+00 3.38E+00 1.13 
132I 2.00E+02 2.18E+02 1.09 
133I 2.00E+01 1.69E+01 0.84 
134I 5.00E+02 4.50E+02 0.90 
135I 8.00E+01 7.34E+01 0.92 
134Cs 1.00E+01 1.02E+01 1.02 
136Cs 5.00E+01 5.63E+01 1.13 
137Cs 1.00E+01 1.47E+01 1.47 
140Ba 7.00E+01 1.32E+01 0.19
141Ce 2.00E+01 2.11E+01 1.06 
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the currently applied domestic ECLs, as shown in Table 4.

The re-evaluated results for each age group showed that 

the child age group exhibited the lowest value for the tritium 

(3H), radiocarbon (14C), and iodine isotopes. This implies 

that the child age group is most significantly affected, among 

all age groups, when the air concentration of these radioac-

tive materials is the same. The lowest values among the re-

evaluated results for each age group are 1.6 times and 1.36 

times higher than the domestic ECLs for tritium (3H) and ra-

diocarbon (14C), respectively, but are 0.36 to 0.77 times lower 

than the domestic ECLs for iodine isotopes.

Relative ratios of the CFR ECLs (labeled as 10CFR20) and 

the re-evaluated results via the two different direct calcula-

tion methods (labeled as Method-1 and Method-2, respec-

tively) are shown in Figure 1. The resulting relative ratios 

largely differed depending on the radionuclides, but it was 

clearly shown that, for tritium (3H) and radiocarbon (14C), 

which significantly affect off-site radiological doses during 

the normal operation of nuclear power plants, the domestic 

ECLs were set lower, i.e., more conservatively. The re-evalu-

ated results for each age group showed that radioiodine had 

Table 4. Comparison of Effluent Concentration Limits Documented in NSSC’s Notice and Re-evaluated in Consideration of Age Groups 
(Method-2)

Radionuclide
NSSC’s Notice  

(A)

Method-2 Relative ratio 
(B ·A-1)Infant Child Teen Adult Minimum (B)

3H 3.00E+03 1.12E+04 4.81E+03 7.03E+03 7.51E+03 4.81E+03 1.60 
14C 1.00E+04 3.76E+04 1.36E+04 2.01E+04 2.18E+04 1.36E+04 1.36 
51Cr 2.00E+03 2.75E+03 1.49E+03 2.81E+03 3.65E+03 1.49E+03 0.75 
54Mn 5.00E+01 9.52E+01 3.93E+01 6.66E+01 9.01E+01 3.93E+01 0.79 
57Co 1.00E+02 2.55E+02 4.26E+01 1.89E+02 2.46E+02 4.26E+01 0.43 
58Co 5.00E+01 9.78E+01 4.26E+01 6.33E+01 8.45E+01 4.26E+01 0.85 
60Co 7.00E+00 1.70E+01 7.11E+00 1.05E+01 1.35E+01 7.11E+00 1.02 
59Fe 2.00E+01 3.97E+01 1.89E+01 2.75E+01 3.65E+01 1.89E+01 0.94 
89Sr 7.00E+01 4.76E+01 4.66E+01 7.45E+01 1.35E+02 4.66E+01 0.67 
90Sr 3.00E+00 5.49E+00 4.81E+00 2.39E+00 5.63E+00 2.39E+00 0.80 
95Zr 2.00E+01 3.57E+01 1.54E+01 2.15E+01 2.82E+01 1.54E+01 0.77 
95Nb 5.00E+01 1.05E+02 4.81E+01 6.66E+01 9.01E+01 4.81E+01 0.96 
103Ru 3.00E+01 6.49E+01 2.99E+01 4.22E+01 5.63E+01 2.99E+01 1.00 
106Ru 3.00E+00 5.10E+00 2.33E+00 4.08E+00 4.83E+00 2.33E+00 0.78 
125Sb 2.00E+01 3.57E+01 1.49E+01 2.18E+01 2.82E+01 1.49E+01 0.75 
131I 3.00E+00 4.20E+00 1.59E+00 4.08E+00 6.76E+00 1.59E+00 0.53 
132I 2.00E+02 2.55E+02 1.15E+02 2.94E+02 4.36E+02 1.15E+02 0.57 
133I 2.00E+01 1.59E+01 7.11E+00 2.01E+01 3.38E+01 7.11E+00 0.36 
134I 5.00E+02 8.21E+02 3.83E+02 7.91E+02 9.01E+02 3.83E+02 0.77 
135I 8.00E+01 7.36E+01 3.32E+01 9.04E+01 1.47E+02 3.32E+01 0.41 
134Cs 1.00E+01 6.49E+01 2.87E+01 2.01E+01 2.05E+01 2.01E+01 2.01 
136Cs 5.00E+01 9.78E+01 5.15E+01 9.04E+01 1.13E+02 5.15E+01 1.03 
137Cs 1.00E+01 8.12E+01 4.15E+01 2.88E+01 2.94E+01 2.88E+01 2.88 
140Ba 7.00E+01 2.65E+01 1.36E+01 2.04E+01 2.65E+01 1.36E+01 0.19
141Ce 2.00E+01 5.49E+01 2.37E+01 3.09E+01 4.22E+01 2.37E+01 1.18

Fig. 1. Relative ratios of ECLs documented in 10CFR20 and re-
evaluated through direct calculations using two different methods, 
compared to ECLs documented in the NSSC’s Notice. In the leg-
end, “10CFR20” represents the relative ratios of ECLs documented 
in 10CFR20, and “Method-1” and “Method-2” represent the relative 
ratios of re-evaluated ECLs according to the method described in 
10CFR20 and the method considering age groups, respectively (1: 
3H, 2: 14C, 3: 51Cr, 4: 54Mn, 5: 57Co, 6: 58Co, 7: 60Co, 8: 59Fe, 9: 89Sr, 
10: 90Sr, 11: 95Zr, 12: 95Nb, 13: 103Ru, 14: 106Ru, 15: 125Sb, 16: 131I, 
17: 132I, 18: 133I, 19: 134I, 20: 135I, 21: 134Cs, 22: 136Cs, 23: 137Cs, 24: 
140Ba, 25: 141Ce).
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the lowest values, but nonetheless, the domestic ECLs for ra-

dioiodine were lower than the values of 10CFR20 and Meth-

od-1, respectively. Overall, the current domestic ECLs were 

most similar to the re-evaluated results using the method 

described in the CFR (i.e., Method-1).

Conclusion

Effluent Concentration Limits (ECLs) specified in the No-

tice by Korea’s Nuclear Safety and Security Commission 

(NSSC) are designated to protect the public against the sto-

chastic health effects of radiation arising from inhalation of 

airborne radioactive materials and the corresponding inter-

nal exposure. These ECLs, however, are indirectly estimated 

from Derived Air Concentrations (DACs) for radiation work-

ers. In the present study, ECLs were directly calculated by re-

flecting dose coefficients based on radiation protection 

quantity introduced in Korea and the intrinsic breathing 

rates of Korean residents. These re-evaluated ECLs were 

compared not only with the domestic ECLs but also with 

ECLs specified in the Code of Federal Regulations (CFR). 

The relative ratios of the re-evaluated ECLs to the currently 

applied domestic ECLs differed depending on the radionu-

clides, but it was clearly shown that, for tritium (3H) and ra-

diocarbon (14C), which significantly affect radiological dose 

during the normal operation of nuclear power plants, the re-

evaluated ECLs were higher than the domestic ECLs. This 

implies that Korea uses more conservative standards. In the 

re-evaluated results for each age group, 131I (radioiodine), 

one of the most significant radionuclides, had the lowest val-

ues, but still, the domestic ECLs for radioiodine were lower 

than the ECLs given in the CFR and the re-evaluated ECLs 

determined using the method given in the CFR.  

In the present study, ECLs were re-evaluated only for ra-

dionuclides possibly released to the environment during the 

normal operation of nuclear power plants. Therefore, a fu-

ture study has to be conducted with more various types of 

radionuclides. The major findings of the present study will 

serve as basic data to help confirm the technical validity of 

ECLs and further establish new relevant standards going for-

ward. 
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