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ABSTRACT  

The clean-up operations following the Chernobyl accident were arguably the greatest in the 

history of mankind. This paper is not intended to give a comprehensive review of the Chernobyl 

related research, we present only a review of the scientific literature available till now about the 

“liquidators”, i.e. people who performed the task of decontamination work near the damaged 

Chernobyl nuclear power plant. Most of the approximately 300,000 liquidators who took part in 

the mitigation of the local consequences of the Chernobyl accident between 1986 and 1989 

received only low radiation doses which are comparable or lower than those documented in 

nuclear worker registries. The health consequences from these radiation doses are too small to be 

identifiable in any epidemiological study that does not target specific sub-groups with potentially 

higher exposure. From our review of the published literature, several criteria are derived which 

could be used to identify potentially suitable sub-populations; in particular, among those being the 

liquidators who participated in the clean-up work during in 1986, including CNPP staff, special 

groups such as the “sarcophagus workers” (39), helicopter crews (3, 48), liquidators from the 

Institute of Biophysics who had participated in clean-up work in Chernobyl (12, 20), the 

Samoilenko group (12), sarcophagus builders (12) and groups other that the aforementioned.  
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1.  TERMINOLOGY AND DEFINITIONS OF LIQUIDATORS  
 

The explosion which occurred on 26 April 1986 at unit 4 of the Chernobyl Nuclear 

Power Plant (CNPP) was initially classified by Soviet authorities as an incident (12). Officials 
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believed that the situation was manageable and the consequences of the Chernobyl accident 

could be eliminated in a short time. This was the reason why people who were engaged in the 

clean-up operations were called “liquidators” (10). The word "liquidator" is derived from the 

Russian verb, which means "to eliminate” or “to eliminate consequences of an accident". It 

became clear very soon after the explosion that the consequences of the accident would not be 

“eliminated” but only “reduced”. Nevertheless the word “liquidator” was in common use 

already (10).  

 

 
  

Fot. 1. Location of Chernobyl Nuclear Power Plant in northern Ukraine, near the border of  

Belarus.  Also labeled are the cities of Chernobyl and Pripyat.  The white dashed circle shows 

the original 30 km-radius  Exclusion Zone.  The yellow line delineates the current Exclusion 

Zone.  Within the Exclusion Zone there are highly radioactive areas, as well as areas with 

little or no radiation.   

  

 

There are a few synonyms for the word “likvidator”, such as: “emergency workers (32, 

44, 47), “Chernobyl emergency accident workers” (44), “clean-up workers” (8, 11, 21, 22, 42, 

51), “accident recovery workers” (43), “salvage personnel” (5, 6) or “salvage workers” (7), 
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“rescuers of consequences” of the Chernobyl accident (29), “decontamination participant” 

(41) and “ameliorators” of the Chernobyl accident (18, 37, 38).  

 

  
 

Fig. 1. Location of breeding bird census areas and levels of background radiation around 

Chernobyl. Partly developed from European Union (1998). 

 

 

The OECD Nuclear Energy Agency Committee on Radiation Protection and Public 

Health (28) defined as liquidators people who “took part in mitigation activities at the reactor 

and within the 30-km zone surrounding the reactor”. The International Conference "One 

Decade After Chernobyl: Summing up the consequences of the accident", arranged by IAEA, 

EC and WHO in co-operation with UNDHA, UNESCO, UNEP, UNSCEAR, FAO, and NEA 
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described liquidators in very general terms as “a large number of ad hoc workers, including 

operators of the plant, emergency volunteers such as fire-fighters, and military personnel, as 

well as many non-professional personnel. All these people became known by the Russian 

term “likvidator”, also liquidators, as “persons who were registered as involved in activities 

relating to alleviating the consequences of the accident. This includes persons who 

participated in the cleanup after the accident (including cleaning up around the reactor, 

construction of the sarcophagus, decontamination, road building, and destruction and burial of 

contaminated buildings, forests and equipment), as well as many other general personnel who 

worked in the territories designated as “contaminated'” (9).  

Papers in scientific journals usually do not give a definition for liquidators but describe 

groups of examined people in various ways (8, 21, 36). Sometime authors state that examined 

subjects were “liquidators” assuming that this term would be well defined (19). Most papers 

obviously assumed tacitly that liquidators were people who dealt with consequences of the 

accident within a 30 km zone around the destroyed reactor in 19861989 or later.  

The books about the Chernobyl accident provide a better description of liquidator 

cohorts (20, 25, 27). Probably the most comprehensive is the book by Ilyin (12) which 

describes liquidator as: “decontamination workers who were in the 30 km zone in 1986-

1989”.  

  

 

2.  THE NUMBER OF LIQUIDATORS  

 

The number of liquidators quoted in the literature ranges from several hundred thousand 

to nearly a million people. Ilyin gives the most realistic estimate as 300,000 - 320,000 persons 

(12), yet the report by the OECD Nuclear Energy Agency quotes a figure “up to 800,000”. 

The International Conference in Vienna refers to “about 200,000 'liquidators' who worked in 

the region of Chernobyl during the period 1986-1987 whereas the total number would be 

some 600,000 to 800,000 persons who were registered as involved in activities relating to 

alleviating the consequences of the accident” (9). According to the main, parental All-Union 

(later State) Distribution Register (USSR, 1986-1989) the number of liquidators is 293,100 

(12). The report from the Russian National Medical Dosimetric Registry quotes 168,000 

liquidators in Russia. With 123,536 liquidators from Ukraine (23) and 63,500 liquidators from 

Belarus (12), this gives a total number of around 355,000. The Conference which was jointly 

organised by the European Commission, Belarus, the Russian Federation and Ukraine on the 

Consequences of the Chernobyl Accident in Minsk uses a figure of about 600,000 people (4). 

Papers from scientific journals cover a wide range between 200,000 - 600.000 liquidators of 

the period 1988 to 1997 (17, 50).  

The main reasons of such differences in figures are:  

• Erroneous mistakes in estimation. This can be attributed to “a manifest error” due to 

“reporters’ negligence, terminological inaccuracies and incorrect translation” (12). It is 

suggested that the common figure of 600,000 liquidators could originate from incorrect 

summing of liquidators who were working in the permanent eviction zone 1  with people 

evacuated from the permanent eviction zone.  

                                                 
1 Formerly the “30 kilometre zone” (in 1986-1987)  
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• Low attention to the study design and using different definitions of liquidators for the 

cohort forming  

• Politics concerning the Chernobyl liquidators which varies between different states of 

the former Soviet Union  

• The attractive social status of the Chernobyl liquidators might also affect numbers.  

 

Because of uncertainties stated above it appears prudent (12) to assume “for the purpose 

of subsequent analysis that the total number of decontamination workers who were in the 30 

km zone in 1986-89 constituted approximately 300,000”.  

 

 
Fig. 2. This figure illustrates the dispersion of 137Cesium in the regions around Chernobyl. 

Black and red areas indicate the areas of highest radiation fallout.  The isotope 137Cesium is 

used as the model for the distribution of radiation in the environment, because it is the most 

long-lived of the 100+ radioactive elements that were released from the Chernobyl  

reactor.  Most of the radioactive elements released were short-lived and decayed rapidly,  

and thus less than 3% of the initial radioactivity in the area remains today.  Because of  

their long half-lives, however, 137Cesium and 90Strontium are still present in the environment 

and will persist for many more decades.   
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3.  GROUPING OF LIQUIDATORS  

 

The time-oriented classification might divide liquidators into three subtypes:  

1. During the initial phase, people called the “early liquidators” were on site during the 

explosion or came in during the initial phase of the accident (0-1 days, before the evacuation 

of Pripyat), including fire fighters.  

2. The early phase ranges from the end of the evacuation of Pripyat to the end of the 

construction of the sarcophagus (November 1986). Within this group the most interesting 

subgroup of liquidators are people who participated in clean-up works during 1986. Among 

these are subgroups with considerable doses (0.20-0.25 Gy). The “high dose” subgroups may 

be about 7% of all liquidators (10)  

3. The late phase liquidators worked between the end of the Sarcophagus construction 

until the dissolution of the USSR in 1991, when central management of clean-up work was 

split between Russia, Belarus and Ukraine. The All-Union Distribution Register was divided 

between the Newly Independent States.  

The number of liquidators active in the different years as recorded in the All-Union 

Distribution register is given in Table 1. Table 2 gives the age distributions at the time of 

work according to the Russian register (16). Fewer than 1% of the liquidators were women 

(31, 32).  

  

Table 1. The numbers of liquidators active in different years as derived from the AllUnion 

Distribution Register (12) 

  

Year Number of Liquidators 

1986 138,390 

1987 85,556 

1988 26,134 

1989 43,020 

1986-1989 293,100 

  

 

Table 2. Distribution of liquidators by age at the time of arrival to the Chernobyl area (30 km 

zone). Cohort consisted of 114,504 selected cases, average age is 34.3 years (16). 

  

Age Group 
Number of 

Liquidators 

Percent of 

Liquidators 

15-19 2,180 1.9 
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20-24 8,905 7.78 

25-29 4,097 12.31 

30-34 36,323 31.72 

35-39 37,116 32.41 

40-44 11,587 10.12 

45-49 3,294 2.88 

50-54 664 0.58 

55-59 263 0.23 

≥60 75 0.00 

 

 

4.  LIQUIDATOR REGISTRIES  

 

The main source of “documented” data of the Chernobyl liquidators’ physical dosimetry 

is the Russian National Medical and Dosimetric Registry (RNMDR). This registry originated 

from the All-Union (later State) Distribution Register which was formed soon after the 

accident (46). The All-Union Distribution Register was in turn formed by different ministries’ 

and organisation registries. After the dissolution of the Soviet Union, the All Union Registry 

of persons exposed to radiation was terminated as common register in 1992 and continued as 

Russian National Radiation and Epidemiological Registry by decree of the Russian Council of 

Ministers (22.9.1993). RNMDR (named as Chernobyl Registry before 1992) is the part of 

Russian National Radiation and Epidemiological Registry.  

It covers only people who have Russian citizenship. At present it has more than 160,000 

entries, 155,680 of which have been validated in terms of radiation doses (15). According to 

Pitkevitch (32) the RNMDR has 152,325 liquidators’ entries and 119,416 (78.4%) of them 

have dosimetry data. The official report by RNMDR with the most comprehensive data about 

liquidators’ dosimetry quotes a figure of 159,027 liquidators and 125,771 (79.1%) liquidators 

with dosimetry (47). All dosimetric data entered in the registry originated from the official 

documents issued in the “zone of Chernobyl accident clean-up works”.  

Although liquidator registries exist also in Ukraine and Belarus, little factual 

information has been published about them. On the other hand, the liquidator registries of 

Estonia, Latvia and Lithuania, comprising approximately 17,500 liquidators, are well 

managed and publicised (2, 21, 45, 49-52). In particular the Estonian registry formed the basis 

of several excellent studies (8, 13, 22, 24, 33).  
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5.  RADIATION DOSES OF LIQUIDATORS  

Physical Dosimetry and “Documented” Doses  

“Documented” doses mean doses stated for the individual liquidator in various 

documents and references. These doses have different origins but are commonly based on 

physical dosimetry data. Pitkevitch (32) distinguish three main sources of these “documented” 

doses:  

• Dose recorded by an individual dosimeter (the maximum error is about 50%). Only 2-

3% of liquidators had a dosimeter during all time of their work (12, 34, 35)  

• “Group” dose values assigned to the members of a group performing an operation in 

the zone, based on the readings of an individual dosimeter held by one member of the group. 

The dose uncertainty in the group can be as high as 300%. The majority of liquidators’ 

dosimetric data is derived from this source.  

• “Marching route” dose values estimated from a dose rate in the zone and the duration 

of stay of the group in this area: the dose uncertainty in the group can be as high as 500%.  

Another source of uncertainty comes from differences in recording of dosimetric 

information in military and civil divisions serving in the Chernobyl area. According to Tsyb 

(47) dosimetric control was assigned to three USSR ministries: Ministry of Defence, Ministry 

of Middle Machine Building and Ministry of Energy by order of the Chernobyl Government 

Committee from 28 May 1986. However, dosimetric control were also performed by the 

USSR Ministry of Internal Affairs, the USSR Committee of State Safety (KGB) (before 

September 1987) and by the Ukraine Academy of Science. In total, dosimetric measurements 

were performed by more than 600 organisation from 49 Ministries and other USSR 

government departments. The majority of dosimetrists were from the USSR Ministry of 

Energy. Because of difference in measurement facilities and standards the military and 

paramilitary organisations used exposure units for dosimetry while civil organisations usually 

expressed results of dosimetry in units of absorbed dose. It is impossible now to distinguish 

which dosimetric data originated from which source (31, 47). All dosimetric data in the 

RNMDR are taken as absorbed dose and expressed in Gy. The error in this approximation 

would not be more than 30%.  

All dosimetric equipment measured only gamma-irradiation. However, the betaradiation 

dose was a very considerable component of total external dose for the early liquidators (30). 

There are even fewer data available concerning the internal irradiation of the liquidators.  

Figure 1 gives a sources of collective dose for a highly exposed group of 1986 

liquidators from staff of CNPP and scientists from the Institute of Biophysics, Russian 

Ministry of Public Health obtained by analysis of the marching routs (20). This group 

consisted of 670 persons. Total collective dose is 980 men Gy, mean individual dose is 1.46 

Gy. Most of the collective dose (60%) was accumulated during the first five days after the 

accident (20). Two thirds of this dose (40%) received solely by CNPP staff at the first day 

(excluding dose of fire fighters and CNPP staff who died soon after the accident). A large 

portion of the collective dose (19%) accumulated from non-professional activity (see Fig. 1). 

This occurred e.g. when liquidators stayed waiting for orders in contaminated areas. 

Moreover, more collective dose was accumulated during transportation to and from work 

(43%) than during work (17%). This particular pattern of exposure cannot be extrapolated to 
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the total group of 138,390 liquidators who received a mean dose of 0.159 Gy in 1986 

according to the RNMDR (14). 

  

 
 

Figure 1. Sources of collective dose of 670 highly exposed liquidators from CNPP staff and 

the Institute of Biophysics. Total collective dose was 980 man Gy (20)  

 

  

6.  BIOLOGICAL DOSIMETRY IN LIQUIDATORS  

 

Documented physical dosimetry data have been compared with biodosimetry data. 

Although a large number of chromosome studies have been published, only a few compare on 

a group basis the mean results of physical dosimetry with the mean results of biological 

dosimetry of the study group.  

Table 3 describes in details the working sites, time spent in these places and the 

estimated dose of 16 early liquidators. These doses were verified by unstable chromosome 

aberration biodosimetry (20).  

Another group consisted of 15 highly exposed liquidators, who monitored the status of 

the sarcophagus from 1986 to 1995 (39). Some received very high doses according to their 

personal dosimeters. In six of them physical dosimetry data were verified with unstable 

chromosome aberration biodosimetry (Table 4). Overall the agreement between physical and 

biological dosimetry was better than a factor of two. The high dose values observed in some 

small groups of highly selected liquidators (e.g. Tables 3 and 4) are exceptional.  
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The vast majority of liquidators, even those who worked in the closed zone in 1986, 

received much lower doses as shown in Table 5. The mean doses as documented in the 

RMDR are 0.159 Gy for 1986 liquidators and 0.105 Gy for 1986-1989 liquidators. The value 

of 0.04-0.08 Gy for Glycophorin A somatic cell mutation assay (GPA) (Table 5) appears to be 

preliminary but the later publication (2) reported that exposure was too low to be determined 

with GPA.  

  

Table 3. A comparison of the results of dose estimation by the “imitation modelling” method 

with chromosome aberration biodosimetry in early liquidators (20). 

  

Subgroup of 

Liquidators 
Exposure Time 

Exposure Rate, 

C kg-1 s-1 

“Imitation 

Modelling” Dose, 

Gy 

Biodosime 

try Dose, 

Gy2 

Reactor 

workers 
hall 19 min 7.74x10-3 3-6 2.6 

Turbine 

hall  
2 h 32 min 

1.72x10-3-2.58 

x10-3 
5-15 10.9 

workers 
 

1 h 42 min 1.72x10 3.5-10.5 10.1 

  
2 h 47 min 4.30x10 x10-4 1.4-5.6 8.7 

  
2 h 57 min 1.72x10-3 5.9-12 8.2 

  
1 h 27 min 1.72x10-3 3.0-6.0 7.5 

  
45 min – 1 h 

20min 
1.72x10-3 1.5-5.3 3.6 

  
2 h 00 min 2.58 x10-3 6.0-12.0 7.1 

Fire fighters 
 

1 h 30 min 
2.15x10-3 and 

4.30x10-3 
5.6-11.3 12.5 

  
3 h 25 min 15x10-4 0.85-1.7 0.8 

  
40 min 45 x10-3 5-10 10 

  
1 h 50 min 29 x10-3 2.8-5.5 2.8 

Construction 
 

1 h 40 min 6.45x10 1.3-3.4 3.4 

workers on 5 
 

2 h 00 min 6.45x10 x10-4 1.5-4.0 2.2 

                                                 
2 Results of unstable chromosome aberration test  



World News of Natural Sciences  4 (2016) 44-60 

 

 

-54- 

and 6 block 
 

1 h 00 min 7.74x10-4-1.03-3 0.9-2.4 2.1 

  
3 h 00 min 7.74x10-4-1.03-3 2.7-7.2 4.0 

Collective dose - - 50-139 97 

  

  

Table 4. Dose estimates of “sarcophagus workers” (39) 

 

 

No. 
Year of Birth 

Starting 

Work Total 

Physical 
Sampling 

Results of  at 

Chernobyl 

Dose, 

Gy3 
Biodosimetry 

(Gy) 

  

 

  
Qdr4 ESR5 

1. 1958 Sept. 1988 11.6 1992 13.1 - 

    
1993 12.2 - 

    
1994 12.6 - 

2. 1947 May 1986 17.1 1992 8.4 9.3 

    
1994 8.0 - 

3. 1933 Sept. 1986 3.6 1991 4.1 3.7 

    
Sept. 1992 3.3 - 

    
Oct. 1992 6.0 - 

    
1993 4.7 - 

4. 1955 Aug. 1986 2.0 1991 2.7 - 

    
1992 5.5 - 

5. 1956 Sept. 1989 1.5 1991 1.0 - 

6. 1946 Aug. 1989 0.9 1991 0.5 - 

  

 

Various studies were performed in addition to those described above which compared 

physical doses and biodosimetry results, showing even lover doses.  

126 liquidators were examined by FISH within a collaboration study between Lawrence 

Livermore National Laboratory, University of California, Moscow and St.Petersburg 

scientists (26). They found that the shape of biodosimetry distribution is significantly 

different from that obtained using estimated doses from the liquidators dosimetry cards. The 

mean population exposure based on cytogenetic analysis is 0.09 Gy, while the mean based on 
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the estimated doses is 0.25 Gy, ranging from 0.02 Gy to 2.7 Gy. Since detailed information on 

the source of the estimated doses is not available, the authors are inclined to consider the 

results of the biodosimetry as more reliable.  

Another paper (24) is about the Estonian liquidator cohort. This group used 

fluorescence in situ hybridisation (FISH) for retrospective biodosimetry of 100 blood samples 

out of the well defined cohort of 4,833 cleanup workers from Estonia. They observed lower 

translocation frequencies than has been reported in previous studies using FISH among 

Chernobyl cleanup workers. A clear association with increased levels of translocations was 

seen with increasing age at the time of blood sampling. No correlation between aberration 

frequency and recorded measurements of physical dose or any category of potential high-dose 

and high-dose-rate exposure could be found. Based on these results, it was estimated that the 

Estonian liquidator group of 118 men received an average whole-body dose of 0.10-0.11 Gy. 

The main conclusion of the paper is that recorded doses for these cleanup workers 

overestimate their average bone marrow doses, perhaps substantially.  

  

 

7.  CONCLUSIONS  

 

Most of the approximately 300,000 liquidators who took part in the mitigation of the 

local consequences of the Chernobyl accident between 1986 and 1989 received only low 

radiation doses which are comparable or lower than those documented in nuclear workers 

registries. The health consequences from these radiation doses are too small to be identifiable 

in any epidemiological study, which does not target specific sub-groups with potentially 

higher exposure. From our review of the published literature, several criteria may be derived 

which could be used to identify potentially suitable sub-populations; in particular among 

those are liquidators who participated in the clean-up work during in 1986 including staff of 

CNPP, special groups such as “sarcophagus workers” (39), helicopter crews (3, 48), 

liquidators from the Institute of Biophysics participating in clean-up work in Chernobyl (12, 

20), the Samoilenko group (12), sarcophagus builders (12) and some other groups from those 

mentioned in Table 3.  

Although fewer than 10% of all liquidators (10) may be suitable for epidemiological 

follow-up, their number is high enough to make a study on long-term health consequences 

feasible. The national liquidator registries in Russia, but also in Ukraine and Belarus, should 

permit research, which could add valuable information on radiation risks at low doses and low 

dose rates. Yet there is little justification for epidemiological research into radiation effects on 

the entire liquidator population. They are much too heterogeneous with regard to the work 

performed, the organisational affiliation, nationality, exposure to additional risk factors, and 

in particular to radiation doses and the possibility of their validation as liquidators.  
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