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Abstract 

Assessment of Committed Effective Dose (CED) due to consumption of marine fishes 

(Red Sea) was performed in 33 different  marine fish samples collected from the local 

market at Portsudan and classified according to their feeding habits into three 

categories: carnivores, herbivores, and omnivores. Activity concentrations of 210Po 

and 137Cs were determined and were found to range between 0.25 to 6.42 (carnivores), 

0.7-5 (omnivores) and 1.5-3.8 (herbivores)  Bq/Kg fresh w. for 210Po and 0.1 to 0.46 

(carnivores), 0.09 to 0.35 (omnivores) and 0.09 to 0.32 (herbivores) Bq/Kg fresh w.  

for 137Cs which are several times lower than those of 210Po. Appropriate conversion 

factors were used to derive the CED which was found to be 0.012, 0.01 and 0.01 

(µSv/y) in carnivores, omnivores and herbivores, respectively for 137Cs  this 

contributes about 0.4% of the total dose. While for 210Po, it was found to be 3.47, 4.81 
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and 4.14 (µSv/y) in carnivores, omnivores and herbivores, respectively which 

represents 99.6% of the total dose. The results of CED suggest that the dose received 

by Sudanese population from the consumption of marine fishes is rather small and the 

contribution of 137Cs is negligible compared to 210Po.    

 

Introduction 

  The consumption of contaminated marine foodstuffs, including fish, seaweeds and 

manufactured products, is ordinarily the exposure pathway of greatest importance. 

The levels of contamination in the edible portions of marine plants and animals may 

be many times higher than that in the seawater because of biological re-concentration 

processes. Among natural radionuclides occurring in the oceans, alpha emitters are 

considered the most important with respect to potential radiation exposure. Large 

contribution to the radiation dose received by marine fauna comes from naturally 

occurring uranium series radionuclides accumulated in the body, namely polonium 

210Po (Cherry and Shannon, 1974). 210Po is found to be the major contributor  (90%) 

to the natural radiation dose coming from alpha- emitting radionuclides, received by 

most marine organisms (McDonald and Baxter, 1991). Among the anthropogenic 

radionuclides, 137Cs is the most abundant isotope present in the environment.  In 

contrast to the almost constant supply of 210Po to the marine environment, 137Cs was 

released mainly during atmospheric nuclear weapon testing in the late 1950s and early 

1960s, from nuclear fuel reprocessing plants and Chernobyl accident in 1986. 

 

 

 

 



 3

Material and Methods 

 Fish samples were collected in two different seasons, October 2002 and April 2003, 

with a sum of 34 different fish species from the local market taking into consideration 

the most popular species and the available species at time of collection. Fish samples 

were de-boned using a stainless steel knife and weighed for the fresh (wet) weight, 

oven dried at 60º C for 2-3 days.  

Measurements of  Cs-137 by Gamma spectrometry 

  The activity concentrations of Cs-137 in samples was measured using gamma 

spectrometry systems equipped with coaxial N-type high- purity germanium (HPGe) 

detectors connected through spectroscopy amplifiers to multi-channel analyzers 

driven by a computer-based operating system using the EG&G Ortec Gamma Vision 

software system for acquisition, analysis and storage of gamma spectra. The detectors 

were calibrated for different geometries using mixed radionuclide standard gamma 

sources prepared by spiking a non-active fish powder. Samples were counted for 2-5 

days so as to validate the measurements within 5-10% standard deviation at the 95% 

confidence interval level.  

Chromatographic separation of polonium and alpha source preparation  

  Columns were prepared from Sr-resin (100-150 μm) crown ether extraction 

chromatography (Eichrom, Inc.) with an initiated bed volume of 1cm inside 

diameter and 11cm height. The resin was soaked in de-ionized water for several 

hours before being using. Columns were conditioned with 100 ml each of de-

ionized water, 1M HNO3 and 2M HCL respectively. The 2M HCL load solutions 

were passed through the column, and the beakers were rinsed with 2 X 5 ml 2M 

HCl. Then 90 ml of 2M HCL were added to remove the non-retained ions from the 

columns. Polonium was stripped with 100 ml 6M HNO3. 1 ml of 50mg/ml 
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NaHSO4 solution was added to the polonium strip fraction, and then evaporated 

carefully to dryness. The NaHSO4/ organic residue was evaporated several times 

with 2-3 ml of concentrated HNO3. Then 2ml each of 70% HNO3 and 60% HClO4 

were added, and the mixture was evaporated and fumed strongly with the 

concentrated HClO4 to destroy any remaining traces of organic material. It was 

then carefully evaporated to the NaHSO4 salt residue. Residues were dissolved in 

10 ml of 0.5M HCL and transferred to an electrodeposition cell (30 ml Nalgen 

polyethylene screw-cap bottle); then beaker was further rinsed with 5 ml of 0.5M 

HCl. Approximately 50mg of ascorbic acid were added, a silver disk was placed on 

the top of the cell and the cap was screwed tightly. 5mm diameter hole was cut in 

the top of the cell and the cell was placed in a 150 ml glass beaker filled with 

boiling de-ionized water for 2-6 hours. The silver disk was removed and washed 

with 0.5M HCL and acetone and allowed to dry.  

The polonium sources were counted for 10 days and spectra obtained were used 

to calculate the specific activities using the following formula 

A (Po-210) =[N (Po-210)* A (Po-208)]/ [N (Po208)*m] 

Where: 

A (Po-210) = Activity concentration of Po-210 in the sample in Bq/Kg. 

A (Po-208) = added activity of the radiochemical yield tracer in Bq. 

 N (Po-210) = net counts in the Pu-210 ROI  

N (Po-208) = net counts in the Po-208 ROI 

m = mass of sample in Kg (wet basis).  

Typical alpha spectra of Po in some selected samples were shown in figures (3.10 

& 3.11). 

Committed effective dose (CED) calculations  
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  Committed effective doses (CED) was calculated   using conversion factors (Sv Bq-

1) for adults adopted in the coordinated project MARDOS (IAEA, 1995) i.e. 1.2 x 10-8 

for 137Cs and 4.3 x 10-7 for 210Po. Therefore, the dose calculations were proceeded 

using the following formulas: 

DCs-137 = 1.2 x 10-8 x CCs-137 x Ir                                               (1) 

DPo-210 = 4.3 x 10-7 x CPo-210 x Ir                                               (2) 

Where DCs-137 and DPo-210 are the  CED values for 137Cs and 210Po, respectively (Sv 

Yr-1), CCs-137 and CPo-210 are the radionuclide concentrations in the edible part of fish 

(Bq Kg-1 w.w) and Ir the ingestion rate (Kg yr-1). 

The ingestion rate used for fish is the  international mean (FAO, 1999) i.e. 4.45 kg yr-

1. 

Results  and discussion  

  The activity concentration (Bq/kg ww)  of 210Po and 137Cs measured in flesh part of 

coral reef  fishes collected from the Sudanese coast of the Red Sea are given in Tables 

1,2 and 3. For the purpose of better comparison of the results obtained the fishes were 

classified into three categories based on their feeding habits as carnivores, omnivores 

and herbivores. The data show 210Po activity concentration (Bq/kg w.w.)  between the 

groups examined ranged between 0.25 to 6.42 (carnivores), 0.7-5 (omnivores) and 

1.5-3.8 (herbivores). The ranges quoted here suggest some variation in 210Po activity 

concentration among different species according to their feeding habits, however it is 

not unreasonable that the levels in different food may influence the levels of 210Po  

noted among tissues of different species of fish because the main source of 210Po 

accumulated by fish is believed to be the food chain (Pentreath, 1985, Cherry et al., 

1988). The highest value of 210Po concentration (6.42 Bq/kg w.w) was observed in 

Scomberomorus commersoni. However, this value was only observed in one species 
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where 210Po  concentration is low in most of the other species. As shown in Table (4), 

activity concentration range of 210Po in fish flesh collected from the Red Sea is 

generally  low in comparison with those reported. However, they are within the 

interval reported  for Brazil and Skwarzec (1997) for Poland. This evaluation is 

complicated because very little data are available on 210Po concentrations in the 

seafood of tropical environments. Apart from data reported for Denmark (Dahlgaard, 

1996) and this work, wide scatter of data range is evident. However, the global data 

did not take into consideration any classification according to feeding habits so it was 

difficult to attribute that wide range variation to the difference in feeding habits. In 

spite of that Noshkin et al. (1994) attributed the wide variation in range observed in 

Marshall Islands fishes studied to different trophic levels as well as in the same 

trophic level and could not give reasoning to that variation within the same trophic 

level. It is also observable that data from equatorial regions are generally higher than 

the mean levels of polonium encountered in different species of fish from colder, 

northern European waters.   

 The average 210Po  concentrations were 1.8, 2.5 and 2.16 for carnivores, omnivores 

and herbivores, respectively (Fig.1). Although there are no distinct differences in the 

mean concentration of 210Po among the three different categories studied, omnivores 

showed the higher value,  this can be attributed to differences in feeding habits as they 

feed upon both plants and animals.  

The 137Cs activity concentration levels (Bq/kg w.w.), are ranged from 0.1 to 0.46 

(carnivores), 0.09 to 0.35 (omnivores) and 0.09 to 0.32 (herbivores).  The similarity in 

range among these three categories confirms that there are no differences in the 

amount of 137Cs with the material ingested by fish. The highest value (0.46) was 

observed in Triaaenodon obsus (carnivores). However, this kind of fish feed on small 
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crustaceans such as half life grown shrimps and living organism like crabs, lobsters, 

squids and some mid-water fishes which are very rich in 137Cs. Table (5) shows that 

results obtained in this work for 137Cs  are in a good agreement with the previously 

reported 137Cs concentrations for marine species coming from  regions affected only 

by global fallout (IAEA, 1995; Aarkrog et al. 1997). The average 137Cs concentrations 

in the flesh part of the analysed fish samples were 0.23, 0.18 and 0.2 Bq/kg w.w for 

carnivores, omnivores and herbivores respectively (Fig.4.7). These values are 10-15 

order of magnitude lower than those observed for 210Po.  

In general, Sudanese people’s consumption of seafood is relatively low in comparison 

with other nations such as Japanese. However, Sudanese living in the Red Sea coastal 

cities (PortSudan, Sawakin and Toker) may receive relatively high radiation doses due 

to 210Po and 137Cs intake by high consumption rate. The values of the calculated doses 

from fish consumption in the Red Sea province are given in Table 6 which also 

represents the percentage contribution of particular radionuclides to the collective 

doses. The average dose from 137Cs are 0.012, 0.01 and 0.01 (uSv/y) in carnivores, 

omnivores and herbivores respectively, contributing about 0.4% of the total dose. 

These values are much lower than the global average 0.42 uSv/y (Aarkorg et al., 

1997). The average committed effective doses from 210Po are 3.47, 4.81 and 4.14 

(uSv/y) in carnivores, omnivores and herbivores respectively. The 210Po represents a 

significant contribution to the doses (99.6%) due to fish consumption from the Red 

Sea. The DPo-210 values obtained of Sudanese population are much lower than the 

global average, being comparable to other groups in the World, e.g. population of 

Syria. 

 

 



 8

Conclusion  

The following conclusions can be derived: 

3 The activity concentrations of Cs-137 in fish are several order of 

magnitude lower than Po-210. 

4 Among categories, slight differences in Po-210 and Cs-210 activity 

concentration uptake according to feeding habits is noticeable. 

5 Committed Effective Dose (CED) to population from the consumption of 

marine fish is mainly attributed to Po-210 in comparison to Cs-137. 

6 Committed Effective Dose (CED) to population from the consumption of 

marine fish is negligible. 

 



 9

Table (1): Activity concentration (Bq/kg w.w) of 137Cs and 210Po measured in 
flesh part of Red Sea coral carnivores fishes and their corresponding Committed 
Effective dose (CED) (µSv/y) .  
 

Species Name 137Cs 210Po Cs-CED Po-CED Total 
CED 

Epinephelus microdon 0.12 1.3 0.01 2.49 2.49 
Lutjanus gibbus  0.11 0.98 0.01 1.88 1.88 

Lethrinus mahsena  0.15 0.71 0.01 1.36 1.37 
Epinephelus chlorostigma  0.27 0.94 0.01 1.80 1.81 

Carangoides bajad  0.28 2.3 0.02 4.40 4.42 
Lutjanus bohar  0.17 1.65 0.01 3.16 3.17 

Aethaloperca rogaa 0.15 0.91 0.01 1.74 1.75 
Carnax mate  0.11 2.44 0.01 4.67 4.68 

Macolor nigar  0.15 0.89 0.01 1.70 1.71 
Caranx emburi  0.22 3.1 0.01 5.93 5.94 

Plectropomus turncatus  0.30 2.8 0.02 5.36 5.37 
Cephalopholis argus 0.20 1.5 0.01 2.87 2.88 

Vermilion grouper 0.15 1.1 0.01 2.10 2.11 
Scarus sordidus 0.21 0.63 0.01 1.21 1.22 

Scomberomorus commersoni 0.36 6.42 0.02 12.28 12.30 
Triaenodon obsus  0.46 2.1 0.03 4.02 4.04 

Pomadasys opercularis  0.11 0.8 0.01 1.53 1.54 
Monotaxis grandoculis  0.10 0.6 0.01 1.15 1.16 

Caranx sexfasclatus  0.34 2.6 0.02 4.98 4.99 
Gymnosanda uniclolr 0.33 4.65 0.02 8.90 8.92 

Plectropomus maculates  0.36 0.25 0.02 0.48 0.50 
Trachinotus blochii 0.25 2.2 0.01 4.21 4.22 

Pnitipomoides filamintosus  0.36 0.85 0.02 1.63 1.65 
      

 Average  0.23 1.814 0.01 3.471 3.48 
 Stdev 0.10 1.44 0.01 2.76 2.77 
 Max  0.46 6.42 0.02 12.28 12.30 
 Min  0.10 0.25 0.01 0.48 0.50 
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Table (2): Activity concentration (Bq/kg w.w) of 137Cs and 210Po measured in 
flesh part of Red Sea coral herbivores fishes and their corresponding Committed 
Effective dose (CED) (µSv/y) .  
 

Species Name 137Cs 210Po Cs-CED Po-CED Total 
CED 

Acanthrus gahm 0.09 1.52 0.005 2.91 2.9 
Acanthrus shoal 0.32 1.7 0.017 3.25 3.3 

Siganus argenteus  0.28 3.8 0.015 7.27 7.3 
Acanthulus gahm 0.12 1.64 0.005 3.14 3.1 

      
 Average  0.20 2.165 0.010 4.14 4.2 

Stdev 0.11 1.09 0.01 2.09 2.1 
Max 0.32 3.80 0.02 7.27 7.3 
Min 0.09 1.52 0.00 2.91 2.9 

 
 
Table (3): Activity concentration (Bq/kg w.w) of 137Cs and 210Po measured in 
flesh part of Red Sea coral omnivores fishes and their corresponding Committed 
Effective dose (CED) (µSv/y) .  
 

Species Name 137Cs 210Po Cs-CED Po-CED Total CED 
Naso unicornis 0.14 0.72 0.01 1.38 1.39 

Chanos sp. 0.09 2.1 0.01 4.02 4.02 
Oedalechilus labiosus 0.35 5.04 0.02 9.64 9.66 

Gaterin gaterinus 0.14 2.2 0.01 4.21 4.22 
      

Average 0.18 2.515 0.01 4.81 4.82 
Stdev 0.11 1.81 0.01 3.47 3.48 
Max 0.35 5.04 0.02 9.64 9.66 
Min 0.09 0.72 0.01 1.38 1.39 
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Table(4): Comparison of 210Po activity concentration range (Bq/kg w.w) 
measured in fish flesh part collected from the Red Sea with data from 
different areas around the globe 
  

Country 210Po Reference 

Sudan 0.25-2.52 This work 

Syria 0.27-27.48 M. S. Al-Masri et al. 2000 

Japan 0.60-2.60 Yamamoto et al. 1994 

Portugal 0.20-11 Carvalho 1988 

Australia 0.90-44.10 Smith & Towler 1993 

Denmark 0.35-0.90 Dahlgaard 1996 

Brazil 0.50-5.30 Saito & Cunha 1997 

America 0.40-153.30 Noshkin et al. 1994 

Poland 0.90-5 Skwarzec 1997 

Cuba 5-89 Alonso-Hernandez 2002 

 
Table (5): Comparison of 137Cs activity concentration range (Bq/kg w.w) 
measured in fish flesh part collected from the Red Sea with data from 
different areas around the globe 
  

Location 137Cs Reference 

Red Sea  0.09-0.46 This work 

Cienfuegos, Cuba  0.09-0.3 Alonso-Hernandez 2002 

Mediterranean Sea  1 

Pacific Ocean 0.04-0.3 

Atlantic Ocean  0.07-0.5 

North Sea 2.4 

Indian Ocean 0.2 

Japan Sea 0.3 

 

 

MARDOS, 1995 
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Figure (1): Average activity concentration of Cs-137 and Po-210 in coral 
fish samples from the Red Sea coast classified according to their feeding 
habits. 
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Figure (2): Average Total Committed Effective Dose (CED) as derived 
from coral fish samples from the Red Sea coast classified according to 
their feeding habits.  
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