
Review Copy Catastrophic Wildfire in the CEZ Not for public release 

1 
 

 

 

Wildfire in the Chernobyl Exclusion Zone: A Worst Case Scenario 

 

 

Aaron Hohl, Ph.D. 

Andrew Niccolai, Ph.D. 

 

 

Project Members  

Chad Oliver, Ph.D.  

Sergiv Zibtsev, Ph.D.  

Johann Goldammer, Ph.D.  

Volodymyr Gulidov 

 

 

 

 

 

December 11, 2010 

  



Review Copy Catastrophic Wildfire in the CEZ Not for public release 

2 
 

Table of Contents 1 

ABSTRACT ........................................................................................................................ 4 2 

INTRODUCTION .............................................................................................................. 5 3 

Methods............................................................................................................................... 7 4 

Source model ................................................................................................................... 7 5 

Transport model .............................................................................................................. 9 6 

Resuspension ............................................................................................................... 9 7 

Ground concentration ................................................................................................ 10 8 

Water concentration ................................................................................................... 11 9 

Exposure model ............................................................................................................. 12 10 

Inhalation ................................................................................................................... 12 11 

Immersion .................................................................................................................. 13 12 

Surface exposure: ...................................................................................................... 14 13 

Ingestion .................................................................................................................... 14 14 

Total Dose.................................................................................................................. 16 15 

Cancer incidence and mortality model .......................................................................... 17 16 

RESULTS ......................................................................................................................... 18 17 

DISCUSION ..................................................................................................................... 19 18 

CONCLUSION ................................................................................................................. 23 19 

ACKNOWLEDGEMENTS .............................................................................................. 23 20 



Review Copy Catastrophic Wildfire in the CEZ Not for public release 

3 
 

Literature cited .................................................................................................................. 34 21 

 22 

Tables 23 
Table 1. Estimated fuel component radionuclides in soil and vegetation of the 30-km Chernobyl 24 
exclusion zone in Ukraine in 2000 and 2010. ……………………………………………24 25 

Table 2. Effective immersion, surface, inhalation, and ingestion dose coefficients for various 26 
radioisotopes.   ………………..………………………………..…………………………25 27 

Table 3. Ingestion of food stuffs per year..………………………………………………..26 28 

Table 4. Element specific transfer factors for terrestrial foods for screening purposes.…..27 29 

Table 5. Lifetime attributable risk of cancer incidence and cancer mortality per 100,000 people 30 
exposed to a single dose of 0.1 Sv. …………………………….………………………….28 31 

Table 6. Estimated concentrations of radioactive materials in the environment after a catastrophic 32 
wildfire.   ………..……………………………………...………………………………….29 33 

Table 7. Estimated concentration of radioactive material in crops.   …..………………….30 34 

Table 8. Estimated effective dose for the critical population after a catastrophic wildfire...31 35 

 36 
Table 9. Lifetime attributable risk of cancer incidence and mortality per 100,000 people for 37 
various levels of exposure.   ………………………….……………………………………33 38 

  39 



Review Copy Catastrophic Wildfire in the CEZ Not for public release 

4 
 

ABSTRACT 40 

The potential implications of a catastrophic wildfire in the Ukrainian portion of the Chernobyl 41 

Exclusion Zone (CEZ) on populations living and working near the CEZ were assessed.  The 42 

complete analysis consisted of four linked sub-models: a source model, a transport model, an 43 

exposure model, and a cancer risk model.  As a worst case scenario, it was assumed that a fire 44 

would consume the biomass of pine forests and former agricultural lands and release any 45 

associated radionuclides into the atmosphere. The transport model assumed that the wind would 46 

blow primarily towards Kiev throughout the fire event.  The exposure model was used to 47 

estimate exposure through immersion and inhalation during the fire itself and ground exposure in 48 

the year following a catastrophic wildfire in the CEZ. The analysis was designed to be extremely 49 

conservative and most likely over-estimates potential exposure.  The estimated exposure of 50 

populations 25 or more kilometers from the source of the fire through these three pathways is 51 

below the critical thresholds that would require evacuations. However, Ukrainian law would 52 

require limiting ingestion of certain foodstuffs to avoid exposure via ingestion. The cancer risk 53 

model assumed that exposure through contaminated foodstuffs would be avoided.  If this 54 

prohibition were enforced, even a catastrophic wildfire would result in very few additional 55 

cancer deaths. 56 

  57 
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INTRODUCTION 58 

On April 26, 1986, a chain reaction occurred in reactor No. 4 of the Chernobyl nuclear 59 

power plant. The resulting explosions released approximately 1.85×10
18

 Becquerel (Bq) of 60 

radioactive material into the surrounding environment (Othman, 1990). Residents were 61 

permanently evacuated from a 30 km zone around the plant – the Chernobyl exclusion zone 62 

(CEZ) – which was determined to have especially high levels of contamination. Radioactive 63 

material has been incorporated into both the soil and vegetation. Fires in the CEZ have been both 64 

frequent and widespread. From 1992 to 1994, 200 forest fires occurred in the CEZ (Lujaniene et 65 

al., 2006). Combustion of organic matter has been shown to lead to resuspension (Kashparov et 66 

al., 2000; Yoschenko et al., 2006a; Yoschenko et al., 2006b) and long range transport (Lujaniene 67 

et al., 2006) of radionuclides. 68 

The analysis described in this report was designed to assess the potential implications of a 69 

catastrophic wildfire consuming pine forests and former agricultural lands in the Ukrainian 70 

portion of the CEZ on populations living and working near the exclusion zone. The city of Kiev ( 71 

population 2.7 million) is located approximately 100 km south east of Chernobyl; Chernigiv 72 

(population 305,000) is located approximately 100 km north west of Chernobyl. The report does 73 

not directly address the potential exposure of personnel living and working within the CEZ itself. 74 

In particular, it does not address the exposure of fire fighters who might be called upon to 75 

contain a wildfire. Nor does the report address the consequences of Ukrainian and Belorussian 76 

portions of the CEZ burning simultaneously. Analysis of a broader catastrophic forest fire that 77 

affected both countries is beyond the scope of this study. 78 

Both the transport and exposure models are designed to be extremely conservative and 79 

most likely over-estimate potential exposure. The exposure results are reported as the average 80 
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dose in Sieverts per year (Sv/a) absorbed by a critical population during and for the first year 81 

after a catastrophic wildfire event in the Chernobyl Exclusion Zone (CEZ). Dose is a measure of 82 

energy deposited by radiation within a human target. The critical population consists of the 83 

members of the public who share a relatively homogenous set of exposure pathways and 84 

typically are considered to receive the highest levels of effective dose from a given source of 85 

radiation. Reporting the average dose exposure using a critical population constraint forces the 86 

model to err on the conservative side as the majority of individuals within a given population 87 

will not receive the highest levels of exposure for all possible exposure pathways. In this report, 88 

it is assumed that the average annual dose attributable to a catastrophic wildfire will be highest in 89 

the first year after the event. Consequently, exposure for subsequent years is not calculated.  90 

The analysis described in this report was based primarily on a generic screening model 91 

for use in assessing the impact of discharges of radioactive substances to the environment 92 

(IAEA, 2001). This generic model was selected because it offered a simplified and conservative 93 

assessment of the likely magnitude of a radioactive impact on a population. The model accounts 94 

for all major pathways of radiation exposure and is purposefully conservative, reporting risk for 95 

cases that involve maximum exposure potential. Transport of the discharged materials is 96 

considered through the atmosphere. Exposure pathways for external and internal mechanisms are 97 

systematically traced.  98 

Four exposure pathways (ingestion, inhalation, immersion, ground deposition) were 99 

modeled for six
1
 isotopes (

90
Sr, 

137
Cs, 

154
Eu, 

238
Pu, 

239,240
Pu,

 
and 

241
Am). 

90
Sr and 

137
Cs are the 100 

two most common radioisotopes in the CEZ and, along with 
154

Eu, have relatively high dose 101 

coefficients for external exposure pathways. Although they are less common, 
238

Pu, 
239,240

Pu,
 
and 102 

                                                           

1
 Independent estimates for were not available for the stock of 

239
Pu and 

240
Pu in the CEZ. The pooled stock of 

239, 

240
Pu is treated as a single isotope. 
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241
Am have high dose coefficients for internal exposure pathways (i.e. inhalation and ingestion). 103 

A conservative approach to account for exposures from multiple pathways is to sum up the 104 

individual pathway contributions but in reality it is unlikely that any one individual would 105 

receive maximum exposure to all exposure pathways. Finally, the additional risk of cancer 106 

incidence and cancer mortality attributable to the exposure through inhalation, immersion, and 107 

ground deposition were estimated.   For reasons explained below, ingestion was not considered 108 

in the calculation of cancer incidence and mortality.  109 

METHODS 110 

All models represent abstractions of reality and cannot capture the full complexity of 111 

natural systems. Simplifying assumptions must be made both when data is not available and 112 

when the dynamics of the system being studied are not fully understood. The model presented 113 

here represents a parsimonious abstraction of radionuclide movement through an idealized 114 

environment. The relatively small number of model parameters is intended to provide more 115 

transparent understanding of the mechanics of radiation dispersion and subsequent exposure. The 116 

model can be conceived of as four linked sub-models in which the results from one sub-model 117 

are the inputs to the next. 118 

Source model 119 

The stock of radionuclides in combustible material was estimated as a function of the 120 

stocks of radionuclides known to be in the soil of the CEZ (Table 1). Kashparov et al. (2003) 121 

estimated the total inventory of fuel component radionuclides in the upper 30-cm soil level in the 122 

Ukrainian portion of the CEZ (excluding radioactive waste storage sites and cooling ponds) for 123 

the six radio-isotopes used in this study. The stock of radionuclides expected to be in the soil in 124 

2010 was estimated as: 125 
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         [1] 126 

where 127 

            is the amount of radionuclide i in the soil in 2010 (Bq), 128 

            is the amount of radionuclide i in the soil in 2000 (Bq), 129 

     is the decay constant of radionuclide (d
-1

), 130 

    is the number of days between 2000 and 2010 (d). 131 

No attempt was made to account for losses through processes other than radioactive decay. For 132 

the purposes of this report, it was assumed that the radioisotopes were distributed uniformly in 133 

the soils of different cover types: former agricultural lands were assumed to have the same 134 

average concentration of radioisotopes as pine forests. 135 

Radioisotopes located in the litter layer and in aboveground biomass were assumed to be 136 

potentially combustible. Concentration factors were used to estimate stocks of radionuclides in 137 

potentially combustible material as a function of soil concentration. Estimates of radionuclide 138 

concentrations in soil, vegetation, and litter in two grassland plots and one forest plot in the CEZ 139 

for 
90

Sr, 
137

Cs, 
238

Pu, and  
239,240

Pu (Yoschenko et al. 2006b) were used to estimate concentration 140 

factors for those four isotopes in grassland and pine forest. The concentration factor for 
241

Am 141 

was assumed to be twice that for 
239,240

Pu (Sokolik et al. 2004). The concentration factor for 142 

154
Eu was assumed to be equal to that for 

239,240
Pu (Lux, Kammerer, Ruhm, & Wirth, 1995). It 143 

was assumed that the 32% of the CEZ classified as deforested/former agricultural areas and the 144 

38% of the CEZ classified as pine forests could burn. Total stock of radioisotope i in 145 

combustible material in 2010 was estimated as: 146 

               
         

            [2] 147 

where 148 
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            is the total stock of radioisotope i in combustible material in the CEZ (Bq), 149 

         is the stock of radioisotope i in the soil in 2010 (Bq), 150 

        is the concentration factor of isotope i in land class l,  151 

    is the proportion of the CEZ in landclass l. 152 

Transport model 153 

The primary means of transporting radioactive material through the environment in the 154 

event of a catastrophic wildfire would be atmospheric discharge. The resuspended radioactive 155 

material would then be dispersed via a radioactive plume and finally be deposited on ground and 156 

water surfaces. 157 

Resuspension 158 

It was assumed that all vegetation and litter in both pine forests and former agricultural 159 

land in the Ukrainian portion of the CEZ would burn over a five day period.
2
 Thus, the total 160 

discharge of isotope i to the atmosphere was assumed to be            . The rate of atmospheric 161 

discharge (Qi), measured in Bq/s, was calculated as the total amount of the isotope for the year 162 

2010 divided by the time period of the wildfire event (sec).  163 

The atmospheric discharge was treated as a point source
3
 and its trajectory was modeled 164 

using a Gaussian plume model. The wind was assumed to blow towards Kiev at 2 m/s for 90% of 165 

                                                           

2
 Assuming complete combustion of all potentially combustible products in both forest and agricultural lands is 

extremely conservative and is unlikely to occur in reality. First, fires tend to be patchy and do not consume all 
vegetation or litter in their path. Second, tree trunks, which contain a large proportion of combustible 

90
Sr and a 

smaller proportion of the combustible 
137

Cs, are unlikely to be completely consumed by even the most intense 
crowning fires. Finally, the entire CEZ is unlikely to burn completely in any one year. However, assuming complete 
combustion is consistent with a worst case scenario. 
3
 While this is a simplifying assumption, it is appropriate for our purposes: developing a worst case scenario model. 

A point source model treats the full stock of radioisotopes as if it is concentrated in a single place. Thus, it should 
overestimate air concentration both above that point and along the path of the plume. 
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the duration of the wildfire. Dispersion, or the average air concentration during the event (CA) 166 

measured at a given distance from the source, was calculated as: 167 

    
     

  
       [3] 168 

where  169 

CA   is the ground level air concentration at downwind distance x in sector p (Bq/m
3
)
4
,  170 

Pp  is the fraction of time per event that the wind blows toward the target population,  171 

F  is the Gaussian diffusion factor
5
 appropriate for a given release height

6
 and 172 

downwind distance x (m
-2

),  173 

Qi   is the average discharge rate per event for radionuclide i (Bq/s), 174 

ua  is the geometric wind speed average at the area of release representative of the 175 

duration of the event (m/s). 176 

Ground concentration 177 

 For this model, it was assumed that the ground surface was represented by an infinite 178 

plane upon which all radionuclide deposition activity was uniformly distributed. The infinite 179 

plane model for estimating the dose from ground deposition was chosen because of the limited 180 

                                                           

4
 As formulated in the IAEA model, CA at a given distance is independent of deposition velocity. Thus, the model 

does not take into account depletion of the plume due to deposition to the ground.  
5
 The Gaussian diffusion factor formula is given on page 18 of the IAEA SRS No. 19. It assumes a neutral 

atmospheric stability class (Pasquill–Gifford stability class D). 
6
 Emission height was assumed to be 0 m. This gives the highest possible ground level air concentration (and 

hence, highest level of contamination). In an actual cataclysmic fire one would expect the emission height to be 
10s to 100s of meters. This would have the effect of spreading the contamination over a larger area and making 
the effects in any one location less serious. Thus, assuming a release height of 0 m is conservative. 
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duration of the wildfire event for downward migration of radionuclides.
7
 Ground concentration 181 

at a distance x from the source of emission was calculated as:  182 

     
      

  
  
   

 

   
 

      [4] 183 

where  184 

      is the deposition density of radionuclide i (Bq/m
2
) 185 

tb   is the duration of the wildfire (d),  186 

   
  is the effective rate constant for reduction of the activity in the top layer of the soil 187 

(d-1), calculated by adding the radioactive decay constant for radionuclide i with 188 

the rate constant for reduction of soil activity owing to processes other than 189 

radioactive decay,  190 

     is the total ground deposition rate (Bq/m
2
/d), calculated as: 191 

                [5]  192 

where  193 

     is the deposition coefficient (deposition velocity
8
) for a given radionuclide i (1000 194 

m/d),  195 

     is the radionuclide concentration in the air obtained from Equation [3] (Bq/m
3
). 196 

Water concentration 197 

                                                           

7
 For extremely long lived radionuclides or for terrain that is highly variable, a method to track migration through a 

soil column should be considered. A number of theoretical models exist that attempt to predict this downward 
movement but there is very little empirical data to validate these predictions. 
8
 As recommended in IAEA (2001) deposition velocity was assumed to be 1000 m/d. The model assumes that 

deposition velocity does not vary with distance. In an experimental forest fire in the CEZ Yoschenko et al. (2006) 
found that total deposition velocity was high near the fire because of the rapid settling of large particles (e.g., 
partially burned pieces of organic mater). At distances of several hundred meters, deposition velocity was less than 
1000 m/d. It is likely that 1000 m/d overestimates the deposition velocity one would encounter in a real fire. 
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A catastrophic wildfire could potentially increase the level of radioactivity in water 198 

bodies adjacent to or flowing out of the CEZ. Deposition could contaminate the water bodies 199 

directly. Enhanced erosion from burned areas could indirectly introduce contaminated sediments 200 

to the water bodies. However, the water bodies most likely to be affected (e.g., Kiev Reservoir, 201 

Pripyat River) are used neither for irrigation nor as a source of municipal drinking water 202 

(Kashparov, personal communication). Consequently, this analysis assumes that contaminated 203 

water would not be a major exposure pathway.  204 

Exposure model 205 

Once the discharge and dispersion mechanisms are modeled, the potential pathways for 206 

critical population exposure can be modeled. The exposure pathways chosen for this model 207 

included: inhalation, plume immersion, exposure to surface deposits and ingestion of foodstuffs. 208 

Exposures via inhalation and plume immersion are assumed to be transient: They cease to be 209 

factors after the plume has passed. Exposures via surface deposits and ingestion are assumed to 210 

occur for the full year following the wildfire. 211 

Inhalation 212 

The internal dose from an intake of radioactive material into the body following 213 

inhalation depends in part on the age and metabolism of the individual as well as the 214 

physicochemical behavior of the radionuclide under consideration. This study differentiates only 215 

between infants and adults in terms of significant differences in dose coefficients and inhalation 216 

rates. The dose coefficients assume a 50 year life expectancy for adults and a 70 year life 217 

expectancy for infants. The model assumes that both groups will be exposed to the ambient air 218 

concentration for the full duration of the wildfire event and that ambient air concentration will 219 

return to normal immediately following the event.  220 
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The effective dose from inhalation for both adults and infants after exposure to 221 

radionuclide transportation from a catastrophic wildfire in the CEZ was calculated as:  222 

                      [9]  223 

where224 

       is the periodic effective dose (Sv/a),  225 

     is the radionuclide concentration in the air obtained from Equation [1] (Bq/m
3
),  226 

       is the inhalation rate  during the wildfire event (m
3
/a), 227 

        is the inhalation dose coefficient (Table 2; Sv/Bq). 228 

For adults,       is 115 m
3
/a or 

         

       
    . For infants,       is 19 m

3
/a or 

         

       
    . 229 

Immersion 230 

Calculations of the effective dose from immersion in the atmospheric discharge plume 231 

are based on the semi-infinite cloud model which assumes that radiation from the plume cloud is 232 

in a state of radiative equilibrium. This implies that the energy absorbed by a given volume 233 

within the cloud is the equivalent of that energy emitted by the same cloud volume. This model 234 

has been widely used and includes provisions for partial shielding of the plume cloud by 235 

impervious surfaces such as the side of a building. However, in order to ensure that the critical 236 

population represents the highest risk group possible, the instantiation of the model presented 237 

here did not incorporate the effect of buildings. As with inhalation, the model assumes that both 238 

groups will be exposed to the ambient air concentration for the full duration of the wildfire event 239 

and that ambient air concentration will return to normal immediately following the event. In 240 

practice, most individuals will not remain exposed to the plume cloud for the duration of the 241 

wildfire event. 242 

The effective dose from immersion in the atmospheric plume is calculated as:  243 
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                 [10]  244 

where 245 

      is the effective dose from immersion (Sv/a), 246 

    is the radionuclide concentration in the air obtained from Equation [1] (Bq/m
3
),247 

      is the effective dose coefficient for immersion (Table 2; Sv/a per Bq/m),  248 

     is the fraction of the year for which the critical population is exposed to this 249 

plume.  250 

Surface exposure: 251 

The radioactive material deposited to the ground was assumed to linger for the entire 252 

year. Individuals were assumed to be exposed to surface deposits for the entire year. In practice, 253 

individuals may be exposed to a lower level during the time they spend indoors or outside of the 254 

region contaminated by the plume. Isotope specific effective dose coefficients are reported in 255 

Table 2. 256 

The effective dose from ground deposition was calculated as follows:  257 

                   [11]  258 

where  259 

      is the effective dose from ground deposition (Sv/a),  260 

       is the dose coefficient for exposure to ground deposits (Table 2; Sv/e per Bq/m
2
),  261 

     is the fraction of the year for which the critical population is exposed to this 262 

pathway,  263 

Cgr   is the deposition density of radionuclide i (Bq/m
2
), obtained from Equation [3].  264 

Ingestion 265 
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The food chain models assume that the critical population is exposed to radionuclides 266 

through ingestion of crops, meat, and milk products that have been exposed to atmospheric 267 

discharges. Much like the rates of atmospheric inhalation, the ingestion of vegetation, meat, and 268 

milk is highly variable within a population; however conservative estimates of normal 269 

consumption rates for adults and children are available (Table 3). The general calculation of the 270 

periodic effective dose from consumption of radionuclide i in foodstuff p is: 271 

                       [12]  272 

where 273 

         is the effective dose from consumption of radionuclide i in foodstuff p (Sv/e),  274 

      is the consumption rate
9
 of an individual foodstuff p (kg/e), 275 

        is the dose coefficient for ingestion of radionuclide i (Sv/Bq), 276 

      is the concentration of radionuclide i in foodstuff p at the moment of 277 

consumption (Bq/kg).  278 

The calculation for Cp,i is a function of discharge method, radionuclide characteristics, 279 

methods of cultivation, irrigation, foraging, and grazing. As such, a separate model for 280 

calculating radionuclide concentration is needed for vegetation, meat, and milk. The models are 281 

outlined here. Details of the individual Cp,i models can be found in Section 5 of IAEA SRS No. 282 

19. 283 

Radionuclides intercepted and preserved by vegetation may result from deposition from 284 

atmospheric fallout, precipitation rainout, or irrigation with contaminated water. A percentage of 285 

these external deposits become incorporated into vegetation through foliar absorption or root 286 

                                                           

9
 Rates for crops, meat, and milk are differentiated by adult rates and infant consumption rates for vegetation, 

meat, and milk. 
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uptake. Radioactive decay, growth dilution, non-contaminated water wash-off, and soil fixation 287 

can eventually lead to reductions in the radionuclide concentration within vegetation. The model 288 

estimates the exposure that would occur over the course of the year following the wildfire if one 289 

were to eat only crops grown on soil contaminated as the radioactive plume passed by.
10

 290 

Element-specific transfer factors were used which take into account both uptake from soil and 291 

soil adhesion to the surface of plants (Table 4). 292 

The intake of radionuclides by animals depends on the size, species, age, feed material, 293 

and milk yield. Element-specific transfer factors were used to account for the transfer from feed 294 

to milk and meat products (Table 4). For this study, it was assumed that the meat from animals 295 

originated as cattle byproducts and that the cattle grazed on pasture with soil contaminated by the 296 

plume during the grazing season. The concentration of radionuclides in the milk was dependant 297 

upon the radioactivity concentration in the feed consumed by the milk-producing animals. This 298 

study used values specific to dairy cows; however, the values are also applicable to other 299 

lactating animals without significantly underestimating the radioactive concentration in those 300 

milk products.  301 

Total Dose 302 

The total dose of the critical population (Sv/e) for a given radionuclide i is finally calculated as 303 

the sum of the potential dose pathways given in Equations [4,5,6, and 9]: 304 

                                [13]  305 

                                                           

10
 Vegetation directly exposed to deposition from the plume was assumed not to be consumed. Consuming crops 

exposed to direct deposition could lead to a higher dose than is reported here. However, it seemed extremely 
unlikely that an individual would consume only plants directly exposed to the radioactive plume. Urban dwellers 
are unlikely to consume food produce only from those farms that happened to be in the path of the plume. 
Furthermore, exposed surfaces of vegetation would gradually be washed with rainwater. Exposure to this pathway 
might be minimal if the fire happened subsequent to harvest or prior to planting. It might also mitigated through 
government intervention to destroy or temporarily quarantine crops directly exposed to the plume. 
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Then the total dose for all radionuclides considered is calculated as follows:  306 

          for all i radionuclides      [11]  307 

Cancer incidence and mortality model 308 

The risk of developing cancer and the risk of dying from cancer as a result of exposure 309 

through inhalation, cloud emersion, and ground exposure were estimated.  For these calculations, 310 

it was assumed that highly contaminated food would not be consumed.  Lifetime attributable risk 311 

of cancer incidence and cancer mortality was modeled as a function of age at time of exposure, 312 

sex, and dosage.  The estimated number of additional cancer cases per 100,000 population 313 

exposed to 0.1 Sv was reported by the Committee to Assess Health Risks from Exposure to Low 314 

Levels of Ionizing Radiation (2006; Table 5)
11

.  The Committee’s preferred model assumes a 315 

linear relationship of risk between the actual exposure and the calculated exposure values.  Thus, 316 

additional cancer incidence can be calculated as: 317 

       
      

     
         [11] 318 

where, 319 

        is the additional risk of mortality per 100,000 people of a given sex (s) who are a 320 

given age (a) at the time of exposure to an expected dose (D). 321 

        is the Lifetime attributable risk for 100,000 people of a given sex (s) who are a 322 

given age (a) at the time of exposure to a one time dose of .1 Sv, and 323 

D is the expected dose. 324 

                                                           

11
 The BEIR VII estimates were obtained as combined estimates based on relative and absolute risk transport and, 

strictly speaking, are applicable to U.S. populations rather than Ukrainian populations.   
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RESULTS 325 

A catastrophic wildfire event in the Exclusion Zone surrounding Chernobyl would 326 

release radioactive materials into the population living in the vicinity of the CEZ. Table 1 shows 327 

the estimated quantities of radioactive materials in potentially combustible materials within the 328 

Ukrainian portion of the CEZ for the year 2010. The total amount of radioactive material that 329 

could potentially be mobilized to an ionized state in the event of a catastrophic wildfire is 330 

estimated to be 2.1×10
14 

Bq in the vegetation and forest floor litter layer. Assuming that a 331 

catastrophic wildfire event would occur over  a period of five days (4.32×10
5
 s), the average rate 332 

of atmospheric discharge of ionized radioactive material was determined to be 4.9×10
8 

Bq/s.  333 

Estimates of the concentrations of each radioisotope in the air, ground, and food products 334 

as a function of distance from the discharge source are reported for distances of 25, 50, 100 and 335 

150 km from the discharge source (Table ). The values at 25 km are within the CEZ itself. As 336 

would be expected, when one moves farther from the CEZ, the concentrations of radioactive 337 

materials in the air, ground, and food products decrease. The concentration that would be 338 

incorporated into food crops from the soil over the course of a growing season is several orders 339 

of magnitude lower than the concentration of radioactivity on crop surfaces attributable to direct 340 

deposition immediately after the wildfire event (Table 7). In this study, it was assumed that crops 341 

and forage exposed directly to the plume would not be consumed. 342 

The doses estimated for each pathway of exposure are given in Table 8. Again, exposure 343 

rates for distances of 25, 50, 100, and 150 km from the center of the CEZ are reported for 344 

individual isotopes and then total exposures assuming an additive effect for all isotopes are 345 

provided. The primary contributors to exposure are (in order) 
90

Sr, 
137

Cs, 
241

Am and 
239,240

Pu. 346 

The highest dose for immersion is provided by 
137

Cs. The highest dose for the other three 347 
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pathways is provided by 
90

Sr. Ingestion is the single most important source of exposure. 
239,240

Pu 348 

and 
241

Am are important to both inhalation and ingestion.  At 100 km, the adult exposure though 349 

pathways other than ingestion during the first year after the event is 4.7x10
-4

 Sv/a (0.47 mSv/a). 350 

Ingestion is responsible for an additional Sv/a 1.7x10
-3

 Sv/a (1.7 mSv/a) during that first year. 351 

For infants, the equivalent figures are 3.3x10
-4

 Sv/a (0.33 mSv/a) and Sv/a 3.0x10
-3

 Sv/a (30 352 

mSv/a). 353 

The additional risk of cancer incidence and mortality for males and females exposed 354 

through pathways other than ingestion at distances of 25, 50, 100 and 150 km are given in Table 355 

9.  If we assume that infants would not be permitted inside of the CEZ itself, the highest 356 

calculated risk is to 20 year old women residing at 25 km from the center of the CEZ.  Their 357 

additional lifetime risk of dying from cancer would be 29 per 100,000.  The additional lifetime 358 

risk of dying of cancer for 20 year old men residing at 25 km from the center of the CEZ would 359 

be 19 per 100, 000. 360 

DISCUSION 361 

The model that forms the basis for the estimates presented here (IAEA 2001) is a 362 

screening model. It is intended to run without a lot of site specific data. Instead, the parameter 363 

values given in the IAEA report are intentionally very conservative and the model is designed to 364 

over-estimate the dosage that is likely to be received. If the estimated dosages still fall below the 365 

level of concern, one can conclude that the actual dosages will be below the level of concern. On 366 

the other hand, if the estimated dosages are greater than the level of concern, then a more refined 367 

model may be needed to determine whether actual dosages are likely to exceed an acceptable 368 

level.  369 
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According to the United Nations Scientific Committee on the Effects of Atomic 370 

Radiation, the worldwide average background dose is 2.4 mSv/a (UNSCEAR, 2000). According 371 

to the same report, a single chest CT has an average effective dose of 5-20 mSv (depending on 372 

country); a chest x-ray has an effective dose of 0.007-0.017 mSv. Occupational dose limits have 373 

been set at 100 mSv in five years or an annual average of 20 mSv/a (Radiological & Protection 374 

Publication 60, 1990). The limiting dose for the general public has been set at 1mSv/a. 375 

The Ukrainian government has developed safety norms to govern the level of 376 

intervention as a function of the prevented dose. Populations should be evacuated if the 377 

prevented dose in the first two weeks exceeds 50 mSv. Time spent outdoors should be limited if 378 

the prevented dose in the first two weeks exceeds 1 mSv for children and 2 mSv for adults. 379 

Resettlement should occur if the prevented dose for the first 12 months exceeds 50 mSv; if the 380 

prevented dose during the resettlement exceeds 200 mSv; or if the terrestrial density of the 381 

contamination exceeds 400 kBq/m
2
 for 

137
Cs, 80 kBq/m

2
 for 

90
Sr, or 0.5 kBq/m

2
 for 

238-240
Pu and 382 

241
Am. Temporary resettlement could occur if the average prevented dose exceeds 100 mSv or if 383 

the average monthly dose for the resettlement period exceeds 5 mSv per person 384 

The combined estimated dosages from cloud immersion during the fire itself, inhalation 385 

during the fire itself, and ground exposure in the year subsequent to the fire for adults are 2.4 386 

mSv/a, 1.3 mSv/a, 0.47mSv/a, and 0.26 mSv/a at 25, 50, 100, and 150 km from the center of the 387 

CEZ (calculated from Table 8). For infants, the equivalent estimates are 1.7 mSv/a, 0.93 mSv/a, 388 

0.33 mSv year, and 0.18 mSv/a. These exposure levels represent worst case scenario values for 389 

the critical population based on very conservative assumptions. Values for adults at 25 and 50 390 

km and for children at 25 km exceed the dosage limits set by in Radiological & Protection 391 

Publication 60 for the general public. However, even at 25 km, the estimated dose does not rise 392 
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to the level that precautions such as resettlement or limiting the time spent outdoors would be 393 

called for
12

. Even if dosages were underestimated by an order of magnitude, they would be less 394 

than the level deemed acceptable for occupational exposure.  395 

On the other hand, the potential dosage derived from the consumption of contaminated 396 

foodstuffs could exceed acceptable levels. The Ukrainian government calls for limitations on the 397 

consumption of foodstuff if the prevented internal irradiation dose exceeds 5 mSv or if the 398 

prevented average annual dose exceeds 1 mSv. For both adults and infants these levels could be 399 

almost met or exceeded by consuming food produced at distances as great as 150 km from the 400 

center of the CEZ. Limitations on the consumption of milk is called for if the radioactive 401 

contamination by 
137

Cs exceeds 100 Bq/l or if the contamination by 
90

Sr exceeds 20 Bq/l for 402 

adults or 5 Bq/l for children. The limits for other foodstuffs are 200 Bq/kg for 
137

Cs and 40 403 

Bq/kg (adults) or 10 Bq/kg (children) for 
90

Sr. Both milk and meat produced on land directly 404 

along the trace of the plume could exceed the acceptable level of 
90

Sr at distances as great as 150 405 

km (Table 7). Crops produced at 50 km exceed the acceptable level of 
90

Sr. Thus, consumption 406 

of these foodstuffs would be banned by the government.  407 

It is important to note, however, that the highest levels of contamination would occur 408 

directly along the trace of the plume. As one moved away from the trace, contamination levels 409 

would decline. Consequently, the actual amount of agricultural land that would need to be taken 410 

out of production would be limited. 411 

While it was beyond a scope of this study to develop a detailed epidemiological model
13

, 412 

it is possible to estimate roughly the extent of possible health consequences of a fire.  From an 413 

                                                           

12
 The exposure is calculated for a point directly along the trace of the plume. Approximately half of this dose is 

attributable to ground exposure over the course of the year following the wildfire. Exposure could be mitigated by 
reducing the time spent in this location over the course of the year. Alternatively voluntarily limiting time spent 
outdoors during the actual fire event could also reduce exposure but would not be required under Ukrainian law. 
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epidemiological standpoint, the worst case scenario would be if the trace of the plume intersected 414 

with a major population center, such as Kiev.  If we assume:  415 

1) the entire population of Kiev (2.7 million) was exposed to the trace;  416 

2) the population had a sex ratio of 1:1 at the time of the fire; and  417 

3) the average age of the population was 20 at the time of the fire; and 418 

4) residents successfully avoided exposure through ingestion; 419 

then we would expect 168 additional cancers
14

 to be diagnosed over the lifetime of the residents 420 

based on the exposure during the first year after the fire.  We would expect 81 additional cancer 421 

deaths to occur.   422 

While statistics on lifetime risks of cancer incidence and mortality in Ukraine were not 423 

available to us and calculating these values is beyond the scope of this paper, the number of 424 

additional cancer deaths can be put into context by comparing them to current (non-age adjusted) 425 

mortality rates in Ukraine.  According to statistics compiled by the World Health Organization 426 

Mortality Database (WHO, 2005), in 2005 the total death rate and cancer death rate for 427 

Ukrainian females was 1469.5 per 100,000 and 158.8 per 100,000, respectively.  For males the 428 

rate equivalent rates were 1862.2 per 100,000 and 238.8 per 100,000.  Thus, 11% of deaths 429 

among females and 13% of deaths among males were attributable to cancer.  If we do not take 430 

age effects into account, one would expect 11-13,000 deaths from cancer per 100,000 deaths.  431 

Given these background rates of cancer mortality, the additional cancers would not be 432 

distinguishable from normal occurrences. 433 

                                                                                                                                                                                           

13
 A more refined assessment would require, among other things, taking into account the demographic structure 

and geographic distribution of the population around the CEZ, modeling the plum in three dimensions rather than 
two, developing a model to take into account transport of the deposited radionuclides through the soil over time, 
and estimating the amount of exposure likely to occur through ingestion despite efforts limiting consumption of 
highly contaminated food. 
14

 (0.78 occurrences per 1,000,000 women + 0.46 occurrences per 1,000,000 men)/2*2.7 million=168 
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CONCLUSION 434 

A catastrophic wildfire in the Ukrainian portion of the CEZ which completely consumed 435 

the vegetation and litter in former agricultural lands and pine forests could release approximately 436 

2.1×10
14 

Bq of radioactive material. A screening model using conservative assumptions was used 437 

to estimate exposure through immersion and inhalation during the fire itself and ground exposure 438 

in the year following the fire. The estimated exposure of populations 25 or more kilometers from 439 

the source of the fire through these three pathways is below the critical thresholds that would 440 

require evacuations. However, Ukrainian law would require limiting ingestion of certain 441 

foodstuffs to avoid exposure via ingestion. Estimating the likely exposure to people living and 442 

working within the exclusion zone was beyond the scope of this study, but could exceed the 443 

critical thresholds.  444 
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Table 1. Estimated fuel component radionuclides in soil and vegetation of the 30-km Chernobyl 453 
exclusion zone in Ukraine in 2000 and 2010. Fuel component radionuclides in 2000 in upper 30-454 
cm soil layer outside the ChNPP industrial site, excluding the activity located in the radioactive 455 
waste storages and in the cooling pond are from Kashparov et al. (2003). Estimates of 456 

concentration factors (ratio of radionuclides in vegetation and litter to soil) in forest and 457 
grasslands were derived from Lux et al. (1995), Sokolik et al. (2004), Yoschenko et al. (2006). 458 
 459 

Radionuclide Radionuclide Inventory (Bq) Ratio Combustible/Soil 

  

Soil in 

2000 

Soil in 

2010 

Combustible in 

2010 Forest Grassland 
90

Sr 7.7E+14 6.1E+14 1.5E+14 0.351 0.023 
137

Cs 2.8E+15 2.2E+15 5.8E+13 0.101 0.037 
154

Eu 1.4E+13 6.4E+12 8.5E+10 0.031 0.005 
238

Pu 7.2E+12 6.7E+12 8.4E+10 0.03 0.004 
239,240

Pu 1.5E+13 1.5E+13 2.0E+11 0.031 0.005 
241

Am 1.8E+13 1.8E+13 4.7E+11 0.062 0.01 

  460 
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Table 2. Effective immersion, surface, inhalation, and ingestion dose coefficients for various 461 
radioisotopes (IAEA 2001). 462 

Radionuclide Immersion Surface Inhalation Ingestion 

 

(Sv/a per 

Bq/m
3
) 

(Sv/a per 

Bq/m
2
) (Sv/a per Bq/m

3
) (Sv/a per Bq/kg) 

  

  

Adult Infant Adult Infant 
90

Sr 3.1E-09 3.5E-09 1.6E-07 4.0E-07 2.8E-08 7.3E-08 
137

Cs 8.7E-07 1.8E-08 4.6E-09 5.4E-09 1.3E-08 1.2E-08 
154

Eu 2.0E-06 3.8E-08 5.3E-08 1.5E-07 2.0E-09 1.2E-08 
238

Pu 1.7E-10 2.9E-11 4.6E-05 7.4E-05 2.3E-07 4.0E-07 
239,240

Pu 1.6E-10 2.8E-11 5.0E-05 7.7E-05 2.5E-07 4.2E-07 
241

Am 2.6E-08 8.9E-10 4.2E-05 6.9E-05 2.0E-07 3.7E-07 

  463 



Review Copy Catastrophic Wildfire in the CEZ Not for public release 

26 
 

Table 3. Ingestion of food stuffs per year (IAEA 2001). 464 

  Intake per person 

Ingestion Adult Infant 

Fruit, vegetables and grain 

(kg/a) 410 150 

Milk (L/a) 250 300 

Meat (kg/a) 100 40 

  465 
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Table 4. Element specific transfer factors for terrestrial foods for screening purposes (IAEA 466 
2001). 467 

Element Forage Crops Milk Meat 

  

(Bq/ kg plant dry 

weight)/ (Bq/kg soil dry 

weight) 

(Bq/ kg plant fresh 

weight)/ (Bq/kg soil dry 

weight) (d/L) (d/kg) 

Sr 10 0.3 0.003 0.01 

Cs 1 0.04 0.01 0.05 

Eu 0.1 2.0E-03 

6.0E-

05 

2.0E-

03 

Pu 0.1 1.0E-03 

3.0E-

06 

2.0E-

04 

Am 0.1 2.0E-03 

2.0E-

05 

1.0E-

04 

 468 

  469 
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Table 5. Lifetime attributable risk of cancer incidence and cancer mortality per 100,000 people 470 
exposed to a single dose of 0.1 Sv (Committee to Assess Health Risks from Exposure to Low 471 
Levels of Ionizing Radiation, 2006). 472 

Age at time 

of exposure 

  

Incidence 

 (occurrences/ 100,000 

people) 

Mortality  

(occurrences/100,000 

people) 

Female Male Female Male 

0 4777 2563 1770 1099 

20 1646 977 762 511 

40 886 648 507 377 

60 586 489 409 319 

80 214 174 190 153 

  473 
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Table 6. Estimated concentrations of radioactive materials in the environment after a catastrophic wildfire. 474 

Radionuclide Distance 

Air 

Concentration 

Ground 

Concentration Food Concentration (Bq/kg) 

  (km) (Bq/m
3
) (Bq/m

2
) Vegetation Meat Milk 

90
Sr 25 39 2.0E+05 230 1800 720 

 
50 14 6.9E+04 79 630 250 

 

100 4.8 2.4E+04 28 220 89 

 

150 2.6 1.3E+04 15 120 49 
37

Cs
 

25 15 7.6E+04 12 350 93 

 

50 5.3 2.7E+04 4.1 120 33 

 

100 1.9 9.4E+03 1.4 43 12 

 

150 1 5.1E+03 0.78 23 6.3 
154

Eu
 

25 2.2E-03 110 8.6-04 2.1E-02 8.3E-05 

 

50 7.9E-03 39 3.0E-04 7.2E-04 2.9E-05 

 

100 2.8E-03 14 1.1E-04 2.5E-04 1.0E-05 

 

150 1.5E-03 7.5 5.8E-05 1.4E-04 5.6E-06 
238

Pu
 

25 2.2E-02 110 4.3E-04 2.0E-04 4.1E-06 

 

50 7.8E-03 39 1.5E-04 7.2E-05 1.4E-06 

 

100 2.7E-03 14 5.3E-05 2.5E-05 5.1E-07 

 

150 1.5E-03 7.5 2.9E-05 1.4E-05 2.8E-07 
239,240

Pu
 

25 5.3E-02 260 1.0E-03 4.9E-04 9.7E-06 

 

50 1.9E-02 93 3.6E-04 1.7E-04 3.4E-06 

 

100 6.5E-03 33 1.3E-04 6.0E-05 1.2E-06 

 

150 3.5E-03 18 6.8E-05 3.3E-05 6.5E-07 
241

Am
 

25 1.2E-01 620 4.8E-03 2.0 5.3E-01 

 

50 4.4E-02 220 1.7E-03 7.0E-01 1.9E-01 

 

100 1.5E-02 77 5.9E-04 2.5E-01 6.5E-02 

  150 8.4E-03 42 3.2E-04 1.3E-01 3.6E-02 

 475 

476 
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Table 7. Estimated concentration of radioactive material in crops. Deposition is the concentration on plant surfaces estimated 477 

immediately after a catastrophic wildfire. Soil uptake and adhesion is estimated for the growing season immediately following a 478 

catastrophic wildfire. 479 

 480 

  

Crop Contamination (Bq/kg) 

Radionuclide Distance Deposition Soil Uptake and Adhesion 
90

Sr
 

25 52000 230 

 

50 18000 79 

 

100 6400 28 

 

150 3500 15 
137

Cs
 

25 20000 12 

 

50 7000 4.1 

 

100 2500 1.4 

 

150 1400 0.78 
154

Eu
 

25 30 8.6E-04 

 

50 10 3.0E-04 

 

100 3.7 1.1E-04 

 

150 2 5.8E-05 
238

Pu
 

25 29 4.3E-04 

 

50 10 1.5E-04 

 

100 3.6 5.3E-05 

 

150 2 2.9E-05 
239,240

Pu
 

25 70 1.0E-03 

 

50 25 3.6E-04 

 

100 8.7 1.3E-04 

 

150 4.7 6.8E-05 
241

Am
 

25 170 4.8E-03 

 

50 58 1.7E-03 

 

100 20 5.9E-04 

  150 11 3.2E-04 

 481 
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Table 8. Estimated effective dose for the critical population after a catastrophic wildfire. 482 

Radionuclid

e 

Distanc

e Immersion 

Ground.Exposur

e Inhalation Ingestion Total 

 

(km) (Sv/a) (Sv/a) (Sv/a) (Sv/a) (Sv/a) 

        Adult Infant Adult Infant Adult Infant 
90

Sr
 

25 1.7E-09 6.8E-04 7.2E-04 3.0E-04 1.3E-02 2.4E-02 1.4E-02 2.5E-02 

 

50 5.8E-10 2.4E-04 2.5E-04 1.1E-04 4.5E-03 8.3E-03 5.0E-03 8.6E-03 

 

100 2.1E-10 8.5E-05 8.9E-05 3.7E-05 1.6E-03 2.9E-03 1.7E-03 3.0E-03 

 

150 1.1E-10 4.6E-05 4.9E-05 2.0E-05 8.5E-04 1.6E-03 9.5E-04 1.7E-03 
137

Cs
 

25 1.8E-07 1.4E-03 8.0E-06 1.6E-06 8.2E-04 5.2E-04 2.2E-03 1.9E-03 

 

50 6.3E-08 4.8E-04 2.8E-06 5.5E-07 2.9E-04 1.8E-04 7.7E-04 6.6E-04 

 

100 2.2E-08 1.7E-04 9.9E-07 1.9E-07 1.0E-04 6.5E-05 2.7E-04 2.3E-04 

 

150 1.2E-08 9.2E-05 5.4E-07 1.1E-07 5.5E-05 3.5E-05 1.5E-04 1.3E-04 
154

Eu
 

25 6.1E-10 4.2E-06 1.4E-07 6.4E-08 1.2E-09 2.8E-09 4.4E-06 4.3E-06 

 

50 2.2E-10 1.5E-06 4.8E-08 2.3E-08 4.1E-10 9.9E-10 1.5E-06 1.5E-06 

 

100 7.6E-11 5.3E-07 1.7E-08 8.0E-09 1.4E-10 3.5E-10 5.4E-07 5.3E-07 

 

150 4.1E-11 2.9E-07 9.2E-09 4.3E-09 7.8E-11 1.9E-10 3.0E-07 2.9E-07 
238

Pu
 

25 5.2E-14 3.2E-09 1.2E-04 3.1E-05 4.5E-08 2.9E-08 1.2E-04 3.1E-05 

 

50 1.8E-14 1.1E-09 4.1E-05 1.1E-05 1.6E-08 1.0E-08 4.1E-05 1.1E-05 

 

100 6.4E-15 4.0E-10 1.5E-05 3.9E-06 5.6E-09 3.6E-09 1.5E-05 3.9E-06 

 

150 3.5E-15 2.2E-10 7.9E-06 2.1E-06 3.0E-09 2.0E-09 7.9E-06 2.1E-06 
239,240

Pu 25 1.2E-13 7.4E-09 3.0E-04 7.8E-05 1.2E-07 7.3E-08 3.0E-04 7.8E-05 

 

50 4.1E-14 2.6E-09 1.1E-04 2.7E-05 4.1E-08 2.6E-08 1.1E-04 2.7E-05 

 

100 1.4E-14 9.1E-10 3.8E-05 9.6E-06 1.4E-08 9.1E-09 3.8E-05 9.6E-06 

 

150 7.8E-15 5.0E-10 2.0E-05 5.2E-06 7.9E-09 4.9E-09 2.0E-05 5.2E-06 
241

Am
 

25 4.4E-11 5.5E-07 6.0E-04 1.6E-04 6.6E-05 8.8E-05 6.7E-04 2.5E-04 

 

50 1.6E-11 1.9E-07 2.1E-04 5.8E-05 2.3E-05 3.1E-05 2.3E-04 8.9E-05 

 

100 5.5E-12 6.9E-08 7.4E-05 2.0E-05 8.2E-06 1.1E-05 8.3E-05 3.1E-05 

  150 3.0E-12 3.7E-08 4.0E-05 1.1E-05 4.5E-06 5.9E-06 4.5E-05 1.7E-05 

Total 25 1.8E-07 2.1E-03 1.7E-03 5.7E-04 1.4E-02 2.5E-02 1.7E-02 2.7E-02 
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50 6.4E-08 7.2E-04 6.1E-04 2.1E-04 4.8E-03 8.5E-03 6.2E-03 9.4E-03 

 

100 2.2E-08 2.6E-04 2.2E-04 7.1E-05 1.7E-03 3.0E-03 2.1E-03 3.3E-03 

  150 1.2E-08 1.4E-04 1.2E-04 3.8E-05 9.1E-04 1.6E-03 1.2E-03 1.9E-03 

  483 
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 484 

Table 9. Lifetime attributable risk of cancer incidence and mortality per 100,000 people for various levels of exposure.  485 

Distance 

(km) 

Dose 

(mSv) 

Age at time of 

exposure 

Incidence  

(occurrences/100,000 

people) 

Mortality  

(occurrences/100,000 people) 

   

Female male female male 

25 2.7 0 127.6 68.4 47.3 29.3 

 

3.8 20 62.6 37.1 29.0 19.4 

 

3.8 40 33.7 24.6 19.3 14.3 

 

3.8 60 22.3 18.6 15.5 12.1 

 

3.8 80 8.1 6.6 7.2 5.8 

       50 0.9 0 44.4 23.8 16.4 10.2 

 

1.3 20 22.0 13.1 10.2 6.8 

 

1.3 40 11.8 8.7 6.8 5.0 

 

1.3 60 7.8 6.5 5.5 4.3 

 

1.3 80 2.9 2.3 2.5 2.0 

       100 0.33 0 15.6 8.4 5.8 3.6 

 

0.47 20 7.8 4.6 3.6 2.4 

 

0.47 40 4.2 3.1 2.4 1.8 

 

0.47 60 2.8 2.3 1.9 1.5 

 

0.47 80 1.0 0.8 0.9 0.7 

       150 0.18 0 8.4 4.5 3.1 1.9 

 

0.26 20 4.2 2.5 1.9 1.3 

 

0.26 40 2.3 1.7 1.3 1.0 

 

0.26 60 1.5 1.2 1.0 0.8 

 

0.26 80 0.5 0.4 0.5 0.4 



Review Copy Catastrophic Wildfire in the CEZ Not for public release 

34 
 

Literature cited 486 

Committee to Assess Health Risks from Exposure to Low Levels of Ionizing Radiation. (2006). 487 
Health risks from exposure to low levels of ionizing radiation: Beir VII, Phase 2. 488 

Washington: National Academies Press. 489 
IAEA. (2001). Generic models for use in assessing the impact of discharges of radioactive 490 

substances to the environment (No. SRS-19). Vienna, Austria: International Atomic 491 
Energy Agency. 492 

Kashparov, V. A., Lundin, S. M., Kadygrib, A. M., Protsak, V. P., Levtchuk, S. E., Yoschenko, 493 

V. I., et al. (2000). Forest fires in the territory contaminated as a result of the Chernobyl 494 
accident: radioactive aerosol resuspension and exposure of fire-fighters. Journal of 495 

Environmental Radioactivity, 51(3), 281-298. 496 
Kashparov, V. A., Lundin, S. M., Zvarych, S. I., Yoshchenko, V. I., Levchuk, S. E., Khomutinin, 497 

Y. V., et al. (2003). Territory contamination with the radionuclides representing the fuel 498 
component of Chernobyl fallout. Science of the Total Environment, 317(1-3), 105-119. 499 

Lujaniene, G., Sapolaite, J., Remeikis, V., Lujanas, V., Jermolajev, A., & Aninkevicius, V. 500 
(2006). Cesium, Americium and Plutonium Isotopes in Ground Level Air of Vilnius. 501 

Czechoslovak Journal of Physics, 56, D55-D61. 502 
Lux, D., Kammerer, L., Ruhm, W., & Wirth, E. (1995). Cycling of Pu, Sr, Cs, and other 503 

longliving radionuclides in forest ecosystems of the 30-km zone around Chernobyl. 504 

Science of the Total Environment, 173(1-6), 375-384. 505 
Othman, I. (1990). The impact of the Chernobyl accident on Syria. Journal of Radiological 506 

Protection, 10(2), 103-108. 507 

Radiological, I. C. o., & Protection Publication 60. (1990). Recommendations of the ICRP. 508 

Annals of the ICRP, 21(1-3). 509 
Sansone, U., Belli, M., Voitsekovitch, O. V., & Kanivets, V. V. (1996). Cs-137 and Sr-90 in 510 

water and suspended particulate matter of the Dnieper River reservoirs system (Ukraine). 511 
Science of the Total Environment, 186(3), 257-271. 512 

Sokolik, G. A., Ovsiannikova, S. V., Ivanova, T. G., & Leinova, S. L. (2004). Soil-plant transfer 513 

of plutonium and americium in contaminated regions of Belarus after the Chernobyl 514 
catastrophe. Environment International, 30(7), 939-947. 515 

UNSCEAR. (2000). Sources and effects of ionizing radiation (Vol. Volume I: Sources). New 516 
York: United Nations. 517 

WHO. (2005). WHO Mortality Database. Retrieved from 518 
http://www.who.int/healthinfo/morttables/en/ 519 

Yoschenko, V. I., Kashparov, V. A., Levchuk, S. E., Glukhovskiy, A. S., Khomutinin, Y. V., 520 
Protsak, V. P., et al. (2006a). Resuspension and redistribution of radionuclides during 521 
grassland and forest fires in the Chernobyl exclusion zone: part II. Modeling the transport 522 
process. Journal of Environmental Radioactivity, 87(3), 260-278. 523 

Yoschenko, V. I., Kashparov, V. A., Protsak, V. P., Lundin, S. M., Levchuk, S. E., Kadygrib, A. 524 

M., et al. (2006b). Resuspension and redistribution of radionuclides during grassland and 525 
forest fires in the Chernobyl exclusion zone: part I. Fire experiments. Journal of 526 
Environmental Radioactivity,86(2), 143-163.  527 


