
DONG-MYUNG LEE AND JUN-HO LEE : ASSESSMENT OF POTENTIAL RADIATION DOSE RATES

   JOURNAL OF RADIATION PROTECTION AND RESEARCH, VOL.41 NO.1 MARCH 2016   1

Correspondence to Dong-Myung Lee
k320ldm@kins.re.kr

1)

Journal of
Radiation Protection
and Research Paper

Received October 12, 2015 / 1st Revised December 7, 2015 / 2nd Revised January 4, 2016 / Accepted January 11, 2016

Assessment of Potential Radiation Dose Rates to Marine 
Organisms Around the Korean Peninsula

Dong-Myung Lee* and Jun-ho Lee†

*Korea Institute of Nuclear Safety, Daejeon, Republic of Korea
†University of Science and Technology, Daejeon, Republic of Korea 

ABSTRACT
Background: It is very difficult to set a regulatory guidance or criteria for the protection 
of non-human species from the ionizing radiation, because there are no generally or 
internationally accepted methods for demonstrating the compliance with such criteria. It is 
needed that Korea develop the primary dose rate standards for the protection of both 
aquatic and terrestrial biota in the near future. 
Materials and Methods: The potential dose rates due to both external and internal radiation 
exposures to marine organisms such as plaice/flounder, gray mullet, and brown seaweed 
collected within territorial seas around the Korean Peninsula were estimated. 
Results and Discussion: The total dose rates to plaice/flounder, gray mullet and brown 
seaweed due to 40K, a primordial radionuclide in marine environment, were found to be 
0.2%, 0.08% and 0.3% of approximately the values of the Derived Consideration 
Reference Levels (DCRLs, i.e. 1-10 mGy ․ d-1), respectively, as suggested by the 
International Commission on Radiological Protection (ICRP) publication 124. The total 
dose rates to marine fishes and brown seaweed due to anthropogenic radionuclides such 
as 90Sr, 137Cs and 239+240Pu were considered to be negligible compared to the total dose 
rate due to 40K. The external exposure to benthic fish due to all radionuclides was much 
higher than that of pelagic fish. 
Conclusion: From this study, it is recommended that the further study is required to 
develop a national regulatory guidance for the evaluation of doses to non-human species.
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1. INTRODUCTION2)

The United Nations Scientific Committee on the 
Effects of Atomic Radiation (UNSCEAR) initially ad-
dressed the effects of radiation exposure on plant and 
animal communities in 1996 [1]. Radiological pro-
tection of the environment has greatly advanced since 
the new recommendation publication 103 of the 
International Commission on Radiological Protection 
(ICRP) was adopted on 21 March 2007 [2]. Even 
though there is no simple or single universal defi-
nition of environmental protection, the commission 
considered that it is necessary to expand into a sys-
tem of radiological protection including the environ-
ment itself [3].

In the past decades, regulatory activities and scien-
tific studies related to radiation protection focused on 
the human exposure to ionizing radiation from radio-
nuclides resulting from normal operations of nuclear 
facilities or accidents [4]. It was the prevailing view 
that if humans were adequately protected, then other 
living things are also likely to be sufficiently pro-
tected [5]. Especially, most national regulatory agen-
cies have implemented their environmental protection 
mandates within the framework of limiting radiation 
doses to members of the public. But recently, some 
countries are developing new regulatory standards for 
the protection of the environment itself from ionizing 
radiation.

It is very difficult to set a regulatory guidance or 
criteria for the protection of non-human species from 
the ionizing radiation, because there are no generally 
or internationally accepted methods for demonstrating 
the compliance with such criteria. In view of this, 
many countries are currently developing screening 
methods for evaluating doses to biota for comparison 
with the proposed regulatory standards. For example, 
the Department of Energy in the United States (US 
DOE) sets the dose limit of 10 mGy ․ d-1 for the pro-
tection of aquatic organisms and terrestrial plants [6]. 

In light of this international paradigm, it is needed 
that Korea also develop the primary dose rate stand-
ards for the protection of both aquatic and terrestrial 
biota in the near future. This study was performed in 
terms of an understanding of the relationship between 
the levels of radiation dose and the radioactivity con-
centrations of some radionuclides in the environmental 
media, in which the marine organism resides. In this 
study, the potential radiation dose rates to marine or-
ganisms such as plaice/flounder, gray mullet, and 
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brown seaweed collected around the Korean Peninsula 
were evaluated in terms of the external and internal 
exposure. These results were also compared with the 
Derived Consideration Reference Levels (DCRLs) 
suggested by the ICRP Publication 124 (ICRP 2014) 
[7].

2. MATERIALS AND METHODS

2.1 Selection of organisms
The Korea Institute of Nuclear Safety (KINS) has 

biannually monitored the marine environmental radio-
activity within territorial seas around the Korean 
Peninsula since 1994 [8]. A variety of the samples 
such as seawaters, marine organisms, and sediments 
are collected at the fixed 22 stations. In this study, 
among sampled marine organisms, plaice/flounder, 
gray mullet and brown seaweed were selected in or-
der to estimate dose rates, particularly since it is pos-
sible to utilize dose conversion factors recommended 
by ICRP Publication 108  for the marine organisms 
[3]. In reality the real shapes and dimensions for 
those organisms are a little bit different from the as-
sumed those for the reference animals and plants used 
by the publication ICRP 108 and even gray mullet 
does not belong to the family Salmonidae (trout).

Considering that the animal kingdom is charac-
terized by a vast variety of shapes and sizes, this is 
alternative approaches to calculating dose rates to ani-
mals [9]. Also, these kinds of marine organisms could 
be easily sampled from the coast of eastern, southern 
and western sea of the Korean Peninsula every year. 
For above reasons, seaweed and two kinds of fish 
were chosen in this study.

2.2 Radioactivity concentration in the marine environ-
ment

Firstly, the radioactivity concentrations of 40K, 
137Cs, 90Sr, and 239+240Pu in marine organisms, sea-
water and sediment samples are analyzed in terms of 
mean, minimum, and maximum value and are listed 
in Table 1, Table 2, and Table 3, respectively. The ra-
dioactivity concentrations of 137Cs in brown seaweeds 
and 90Sr in plaice/flounder are found to have the low-
er values of the minimum detectable activity (MDA) 
for all the analyzed samples except benthic fish in 
2011, as shown in Table 1. The MDA values for 
137Cs in the samples of brown seaweed and 90Sr in 
plaice/flounder were estimated to be approximately 
100, 10 mBq ․ (kg-fresh)-1, respectively, but a slightly 
different depending mainly on the sample quantities 
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and the counting times. All these data were provided 
by the annual report on marine environmental radio-

activity survey of KINS from the year of 2005 to 
2014 [8].

Table 1. Radioactivity Concentrations of 137Cs, 90Sr, 40K, and 239+240Pu in Marine Fish and Brown Seaweed Samples Around the Korean 
Peninsula

Sampling
year

137Cs [mBq·(kg-fresh)-1] 90Sr [mBq·(kg-fresh)-1] 40K [Bq·(kg-fresh)-1] 239+240Pu [mBq·(kg-fresh)-1]

A* B† C‡ A B C A B C A B C

2005
50.2-

127 (2)§
39.7-

40.8 (2)
<MDA∥

(9)
<MDA

(2)
-¶ 21

(1)
89.6-

110 (2)
64.4-

73.2 (2)
20.5-

322 (9)
1.21
(1)

-
3.31
(1)

2006
56.4 
(1)

65.6-
72.1 (2)

<MDA
(6)

<MDA
(1)

-
<MDA

(2)
80.5
(1)

98.6-
106 (2)

106-
583 (6)

0.10
(1)

0.02
(1)

4.72-
9.64 (2)

2007
65.2-

92.7 (2)
60.7-

93.2 (3)
< MDA

(5)
- - -

38.1-
123 (2)

77.7-
109 (3)

75.9-
196 (5)

-
0.064-

0.104 (2)
0.995-

9.79 (3)

2008
44.8-

86.3 (2)
42.5-

90.1 (6)
<MDA

(7)
<MDA

(1)
34.8 
(1)

47.8
(1)

85.4-
117 (2)

97.0-
115 (6)

169-
323 (7)

0.028
(1)

-
0.207-

0.375 (2)

2009
52.7-

80.6 (3)
64.8-

90.5 (2)
< MDA

(7)
<MDA

(2)
36.0
(1)

29.9-
33.1 (2)

85.9-
127 (5)

87.6-
264 (5)

215-
325 (6)

0.015-
0.060 (2)

0.211
(1)

0.736-
2.63 (3)

2010
55.0-

132 (3)
54.0-

65.9 (4)
<MDA

(5)
<MDA

(1)
35.9
(1)

23.1-
24.7 (2)

93.8-
188 (4)

82.2-
171 (5)

165-
363 (5)

0.081
(1)

0.04
(1)

0.772-
2.98 (3)

2011
57.7-

148 (3)
135 
(1)

<MDA
(3)

7.11 -
20.0 (2)

-
7.23-

28.7 (3)
70.4-

144 (6)
99.1-

114 (2)
120-

447 (3)
0.330-

2.91 (3)
-

0.510-
1.28 (3)

2012
138 
(1)

-
<MDA

(6)
<MDA

(1)
-

<MDA
(3)

86.7-
114 (2)

74.2-
115 (6)

101-
424 (6)

< MDA
 (1)

-
1.74-

1.86 (3)

2013
23.2-

47.5 (2)
46.7-

51.3 (2)
<MDA

(5)
-

10.7
(1)

10.1-
17.4 (2)

77.7-
93.6 (3)

46.7-
101 (6)

104-
441 (5)

- -
0.264-

1.24 (3)

2014
64.6-

77.6 (2)
-

<MDA
(3)

<MDA
(1)

7.11
(1)

<MDA
(2)

86. 9-
105 (3)

60.4-
108 (4)

133-
387 (3)

< MDA
(1)

0.0246
(1)

1.35-
2.55 (2)

Mean
77.6
(21)

67.1
(22)

<MDA 
(56)

13.6
(2)

24.9
(5)

23.8
(11)

102
(30)

105.4
(41)

226
(55)

0.596
(10)

0.078
(6)

2.28
(25)

Min. 23.2 39.7 - 7.11 7.11 7.23 38.1 46.7 20.5 0.015 0.02 0.207
Max. 148 135 - 20.0 36.0 47.8 188 264 583 2.91 0.211 9.79

  

*A : Plaice/Flounder,   †B : Gray mullet,  ‡C: Brown Seaweed
§(   ) : Number of Sample
∥<MDA : less than minimum detectable activity
¶- : No data

Table 2. Radioactivity Concentrations of 40K, 90Sr, 137Cs, and 239+240Pu in Sediment Samples Around the Korean Peninsula.
[Bq·(kg-dry)-1]

Sampling
year

40K 90Sr 137Cs 239+240Pu

Range Mean. Range Mean. Range Mean. Range Mean.

2005 592-909 752 (16)* 0.128-0.358 0.250 (3) 0.840-3.570 2.160 (13) 0.086-0.980 0.390 (7)

2006 428-1025 776 (12) -† - 0.103-5.400 1.940 (10) 0.103-0.580 0.314 (6)

2007 294-876 718 (19) - - 0.923-3.040 1.710 (10) 0.106-0.812 0.289 (6)

2008 515-964 755 (16) - - 0.767-4.280 2.130 (12) 0.471-1.200 0.742 (8)

2009 410-1000 752 (16) - - 1.110-4.500 2.170 (12) 0.387-0.983 0.683 (8)

2010 283-901 699 (15) - - 0.776-5.780 1.880 (8) 0.096-0.696 0.356 (6)

2011 465-865 733 (15) 0.100-0.318 0.182 (4) 1.670-4.710 2.590 (7) 0.102-1.120 0.414 (6)

2012 504-958 770 (15) - - 1.480-4.300 2.050 (8) 0.137-0.836 0.428 (6)

2013 381-883 742 (16) - - 1.480-3.900 2.630 (8) 0.0752-0.841 0.406 (6)

2014 476-863 737 (16) 0.117 0.117 (1) 2.400-4.450 3.370 (4) 0.120-0.865 0.493 (6)

Mean 743 (156) 0.183 (8) 2.263 (92) 0.452 (65)

Min. 283 0.100 0.103 0.0752

Max 1025 0.358 5.780 1.200
*(   ) : Number of Sample
†- : No data
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Table 3.  Radioactivity Concentrations of 90Sr, 137Cs, and 239+240Pu in Seawater Samples Around the Korean Peninsula.

Sampling
year

40K
 [Bq·kg-1]

90Sr [mBq·kg-1] 137Cs [mBq·kg-1] 239+240Pu [μBq·kg-1]

Range Mean. Range Mean. Range Mean.

2005 - 1.12-1.84 1.44 (12)† 1.67-4.50 2.40 (42) 1.90-7.50 3.66 (21)

2006 - 0.965-1.98 1.34 (12) 1.39-4.04 2.39 (45) 3.28-13.1 5.19 (22)

2007 - 0.719-2.05 1.23 (12) 1.34-3.00 2.00 (43) 2.46-14.3 5.39 (20)

2008 - 0.721-0.925 0.823 (2) 1.42-2.70 2.19 (44) 2.11-18.0 5.17 (21)

2009 - 0.829-1.32 1.04 (12) 1.36-2.63 2.09 (34) 2.33-6.88 4.24 (21)

2010 - 1.28 1.28 (1) 1.35-2.34 1.88 (36) 2.91-6.82 4.44 (20)

2011 - 1.24 1.24 (1) 1.16-2.49 1.71 (32) 2.30-6.36 3.39 (22)

2012 - 1.02-1.13 1.07 (5) 1.18-2.29 1.64 (18) 2.05-11.5 3.76 (21)

2013 - 0.61-0.965 0.765 (16) 1.19-1.98 1.67 (35) 2.20-7.20 4.01 (22)

2014 - 0.459-0.997 0.746 (16) 1.13-2.63 1.82 (35) 1.48-14.6 3.11 (21)

Mean 12.0* 1.10 (89) 1.98 (364) 4.24 (211)

Min. 8.7* 0.459 1.13 1.48

Max. 15.9* 2.05 4.50 18.0
*: referred to the ref. 10
†(   ) : Number of Sample

Table 4. Dose Conversion Factors (DCFs) for Flatfish, Trout, and Brown Seaweed
[(μGy·day-1)/(Bq·kg-1)]

Radionuclides

Flatfish
(Plaice/Flounder)

Trout
(Gray mullet)

Brown seaweed

Internal External Internal External Internal External

40K 7.1×10-3 2.3×10-3 7.3×10-3 2.1×10-3 5.8×10-3 3.6×10-3

90Sr 1.4×10-2 1.2×10-3 1.5×10-2 5.6×10-4 1.1×10-2 4.4×10-3

137Cs 4.1×10-3 7.2×10-3 4.4×10-3 6.8×10-3 3.3×10-3 7.9×10-3

239Pu 7.1×10-2 2.5×10-6 7.1×10-2 2.0×10-6 7.1×10-2 5.0×10-6

240Pu 7.2×10-2 4.6×10-6 7.2×10-2 3.4×10-6 7.2×10-2 1.1×10-5

239+240Pu* 7.12×10-2 2.92×10-6 7.12×10-2 2.28×10-6 7.12×10-2 6.2×10-6

＊: calculated value under the assumption of 240Pu/239Pu=0.2 for marine organisms

The radioactivity concentrations of 40K in seawater 
samples were not determined, as shown in Table 3, 
since the radionuclide was not the monitoring target 
of the routine monitoring program of KINS. In this 
study, the radioactivity concentration of 40K was used 
from the report on a survey of artificial radionuclides 
conducted in the East Sea in 1996 [10]. 

2.3 Dose calculation
In a marine environment, organisms are exposed to 

radiations from radionuclides in seawater and also 
sediment in the cases of benthic fish and seaweed, 
and internally exposed by incorporated radionuclides. 
Therefore, the total radiation dose received by an or-
ganism is the sum of the contributions from both ex-
ternal and internal exposure. The total dose rate (D) 

is given by [11]:

∑ ∙  ∙       (1)

Where DCFext,r is the dose conversion factor (DCF) 
for the external exposure due to radionuclide r (μGy
․ day-1 per Bq ․ kg-1); Cs,w,r is the radioactivity concen-
tration of radionuclide r in seawater or sediment (Bq
․ kg-1); DCFint,r is the DCF for the internal exposure 
due to radionuclide r (μGy ․ day-1 per Bq ․ kg-1); and 
Co,r is the radioactivity concentration of radionuclide r 
in marine organism (Bq ․ kg-1). The DCFs in this 
study (Table 4) are given by Annex C of the ICRP 
publication 108 (ICRP 2008) [3]. The external ex-
posure of plaice/flounder which live at the interface 
seawater-sediment was calculated as follows [3]:



DONG-MYUNG LEE AND JUN-HO LEE : ASSESSMENT OF POTENTIAL RADIATION DOSE RATES

   JOURNAL OF RADIATION PROTECTION AND RESEARCH, VOL.41 NO.1 MARCH 2016   5

Table 5. Total Dose Rates to External and Internal Radiation Exposures to Marine Fish and Brown Seaweed Around the Korean Peninsula
[μGy·day-1]

Radio-
nuclides

Plaice/Flounder Gray mullet Brown seaweed

Internal External Total Internal External Total Internal External Total

40K
0.271-1.33

(0.724)*
0.335-1.20

(0.868)
0.606-2.53

(1.59)
0.341-1.93

(0.769)
0.0183-0.0334

(0.0252)
0.359-1.96

(0.794)
0.119-3.38

(1.31)
0.525-1.87

(1.36)
0.644-5.25

(2.67)

90Sr
9.95×10-5-

  2.80×10-4

(1.90×10-4)

6.03×10-5-
  2.16×10-4

(1.10×10-4)

1.60×10-4-
  4.96×10-4

(3.01×10-4)

1.07×10-4-
  5.40×10-4

(3.74×10-4)

2.57×10-7-
  1.5×10-6

(6.15×10-7)

1.07×10-4-
  5.41×10-4

(3.74×10-4)

7.95×10-5-
  5.26×10-4

(2.62×10-4)

2.21×10-4-
  7.92×10-4

(4.05×10-4)

3.01×10-4-
  1.32×10-3

(6.67×10-4)

137Cs
9.51 ×10-5-
  6.07×10-4

(3.18×10-4)

3.75×10-4-
  2.08×10-2

(8.15×10-3)

4.70×10-4-
  2.14×10-2

(8.47×10-3)

1.75×10-4-
  5.94×10-4

(2.95×10-4)

7.68×10-6-
  3.06×10-5

(1.35×10-5)

1.83×10-4-
  6.25×10-4

(3.09×10-4)
-†

4.11×10-4 -
  2.28×10-2

(8.95×10-3)
-

239+240Pu
1.07×10-6-

  2.07×10-4

(4.24×10-5)

1.10×10-7-
  1.75×10-6

(6.60×10-7)

1.18×10-6-
  2.09×10-4

(4.31×10-5)

1.42×10-6-   
1.50×10-5

(5.55×10-6)

3.37×10-12-
  4.10×10-11

(9.66×10-12)

1.42×10-6-
  1.50×10-5

(5.55×10-6)

1.47×10-5-
  6.97×10-4

(1.62×10-4)

2.33×10-7-
  3.72×10-6

(1.40×10-6)

1.49×10-5-
 7.01×10-4

(1.1×10-4)
*(  ) : Average dose rate
†- : not estimated because all of the data are less than MDA

   ∙ ∙ ∙ ∙ (2)

Where Dext is the external dose rate; Cw is the ra-
dioactivity concentration in seawater for infinite 
source; Cs is the radioactivity concentration in the 
sediment. It is implicitly assumed that the DCF at the 
water/surface interface is one-half of the DCF within 
the medium (water). Therefore, this equation could be 
applied for biota living at the sediment/water interface 
such as flatfish.

3. RESULTS AND DISCUSSION

Table 5 shows the estimated total dose rates to ma-
rine organisms around the Korean Peninsula. The 
mean values of the total dose rates to plaice/flounder 
due to 40K, 90Sr, 137Cs and 239+240Pu were 1.59 μGy ․
d-1, 3.01×10-4 μGy ․ d-1, 8.47×10-3 μGy ․ d-1, 4.31×10-5 
μGy ․ d-1 and in the range of 0.606-2.53 μGy ․ d-1, 
1.60×10-4-4.96×10-4 μGy ․ d-1, 4.70×10-4-2.14×10-2 μGy
․ d-1, 1.18×10-6-2.09×10-4 μGy ․ d-1, respectively.

The mean values of the total dose rates to gray 
mullet due to 40K, 90Sr, 137Cs and 239+240Pu were 0.794 
μGy ․ d-1, 3.74×10-4 μGy ․ d-1, 3.09×10-4 μGy ․ d-1, 
5.55×10-6 μGy ․ d-1, respectively, and in the range of 
0.359-1.96 μGy ․ d-1, 1.07×10-4-5.41×10-4 μGy ․ d-1, 
1.83×10-4-6.25×10-4 μGy ․ d-1, 1.42×10-6-1.50×10-5 μGy
․ d-1, respectively.

In case of the external exposure, the estimated dose 
to benthic fish (plaice/flounder) due to all radio-
nuclides is much higher than that of pelagic fish 
(gray mullet). Particularly, the external exposure to 
gray mullet due to 239+240Pu was about five orders of 
magnitude less than that to plaice/flounder. These re-

sults are probably caused by which the gamma ex-
ternal exposure from the sediment is the critical path-
way to benthic fish. Meanwhile, there were no sig-
nificant differences in terms of the internal dose rate 
between the benthic and pelagic fish.

The mean values of the total dose rates to brown 
seaweed due to 40K, 90Sr, and 239+240Pu were 2.67 μGy
․ d-1, 6.67×10-4 μGy ․ d-1, 1.64×10-4 μGy ․ d-1, re-
spectively, and in the range of 0.644-5.25 μGy ․ d-1, 
3.01×10-4-1.32×10-3 μGy ․ d-1, 1.49×10-5-7.01×10-4 μGy
․ d-1, respectively. The internal exposure to brown 
seaweed due to137Cs radionuclides was not estimated 
because all of the data values were less than MDA.

Figure 1 shows the total dose rates to marine fish 
and brown seaweed around the Korean Peninsula for 
different radionuclides. As you see in this figure, the 
main contribution to the total dose rates is from 40K 
radionuclide. The total dose rates due to 90Sr were

Fig. 1. Total dose rates to marine fish and brown seaweed around 
the Korean peninsula for different radionuclides.
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about four orders of magnitude less than those due to 
40K radionuclide. Radiation exposure due to 137Cs ra-
dionuclide was higher than that due to 90Sr owing to 
a little higher concentration of 137Cs in marine organ-
ism compared to 90Sr. The lowest contribution to the 
total dose rates is 239+240Pu in this study.

4. CONCLUSION

The total dose rates to plaice/flounder, gray mullet 
and brown seaweed due to 40K, a primordial radio-
nuclide in marine environment, were found to be 0.2 
%, 0.08 %, 0.3 % of approximately of the values of 
the DCRLs (i.e. 1-10 mGy ․ d-1), respectively, as sug-
gested by the ICRP Publication 124. The total dose 
rates to marine fishes and brown seaweed due to an-
thropogenic radionuclides such as 90Sr, 137Cs and 
239+240Pu were considered to be negligible compared to 
the total dose rate due to 40K radionuclide. The ex-
ternal exposure to benthic fish due to all radionuclides 
was much higher than that of pelagic fish. This result 
might imply that gamma external exposure from sedi-
ment is the critical pathway to benthic organism. 
From this study, it is recommended that further study 
is required to develop a national regulatory guidance 
for the evaluation of doses to non-human species.
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