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Public Health Concerns

• Lingering radiation may pose continuing short and long-term health risks 
to workers, animals and the environment

• Varying levels of radioactive contamination within the 30 km Exclusion Zone
• Continuing clean-up efforts to limit chronic exposures
• 30 yr half life of major contaminants (137Cs, 90Sr) → 200 year timeline for re-habitation
• Increasing forest fire risks may pose additional concern for re-release of radioisotopes

• Health risks from a wide range of toxic contaminants in soil, water and air
• >2,500 tons of lead may contaminate the area surrounding the damaged reactor
• Other toxic and heavy metals from industrial activities scattered throughout environment
• Extensive aerial pesticide spraying 1986-1992
• Organic solvents, industrial wastes, military equipment abandoned and discarded throughout the zone
• Little information about the full extent of toxic contamination



Chornobyl





• Extensive 
radioactive 
contamination of 
Northern Ukraine 
and Belarus.

• Cities, towns and 
villages 
evacuated to 
establish a 30 km 
“Exclusion Zone” 
surrounding the 
power plant 
complex



Helicopters Begin Dumping Boron, Sand, 
and Lead

•>5,000 tons of lead 
powder, boron and sand 
dropped by helicopter to 
cover the exposed reactor 
and limit further radiation 
release 



Destroyed Unit 4 Reactor

May, 1986

• 1986-1989 – approx. 600,000 workers (Liquidators) employed in cleanup efforts





• Concrete and steel 
“Sargophagus” 
containment structure 
constructed to further 
shield workers and 
ongoing activities at the 
three other operating 
reactors.

Unit 4 Reactor with Sargophagus



Chernobyl Today
• 35 years later, thousands of workers travel to the Nuclear Power 

Plant (NPP) each day by special train from Slavutych, a city 40 km 
away

• Radiation levels in the immediate area surrounding the plant are no 
higher than that received by transatlantic air travelers

• Two new nuclear fuel storage facilities are being constructed nearby

Intermediate Storage FaciIity (ISF-1)Worker train approaching the NPP



ISF2

ISF1



So, how did I end up in Chornobyl??





Cataracts According to Lens Radiation 
Dose in Chernobyl Cleanup Workers

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

All Stage 1 Superficial Cortical
Stage 1

Stages 2-5

O
dd

s 
Ra

tio
 (9

5%
 C

I)

0-
100-
200-
400-
700+

Dose (mGy)

Radiat Res 2007; 167:233-43

• 30% prevalence of pre-cataractous changes at first exam 12 years after the accident.
• Median exposure of 123 mGy
• Dose threshold estimates < 350 mGy, CI not exceeding 700 mGy
• Dose response relationships established for multiple endpoints;  (e.g., stage 1 cataract; OR @ 1Gy = 1.42)
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Elevated Frequency of Cataracts in Birds 
from Chernobyl

PLoS ONE 8(7): e66939; 2013

Mean cataracts in birds from Chernobyl in relation 
to background radiation level
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Dogs of Chornobyl



Background
• From 1986-1988, small teams of “Liquidators” were tasked with eliminating all 

agricultural animals and pets from towns and villages in the Exclusion Zone to 
limit the spread of radiation.

• Some managed to evade the hunters.
• 35 years later, descendants of the canine survivors have repopulated both 

Chernobyl City and the Nuclear Power Plant site, areas where thousands of 
humans continue to work today.







Comprehensive Health Exams
• Spay/Neuter
• Vaccination
• Deworming
• Paracides
• Ocular exam
• Ear tag and biodosimeter

Biosamples
• Blood

• PAXgene (RNA expression)
• EDTA (DNA sequencing)
• NaCitrate (Pedigree analysis)
• Heparin (cytogenetics)

• Saliva
• Feces
• Ticks
• Hair

Dog veterinary care and biospecimen collection

Spay/Neuter/Vaccinate Campaign



2018: Initial goal: Duplicate mouse/vole radiation cataract study in feral 
dog populations living within the Exclusion Zone

• Utilize ongoing capture spay/neuter/vaccinate program to examine the 
eyes of several hundred dogs at the Power Plant, Chornobyl City and 
outside the Exclusion Zone

• Use whole body gamma counting to estimate radiation body burden of 
dogs from various regions

• Perform dilated slit lamp examinations and intraocular pressure 
measurements on dogs during the course of routine veterinary care

• Analyze findings to determine if, as in rodents, a dose-response 
relationship exists between radiation exposure and lens opacity





Fail!! There were no radioactive dogs!



So now what to do? Is there something else we might learn from 
studying these animals?



Biomarkers from dogs may be useful surrogate indicators of human risk 
for environmental exposures. Feral dog populations, as well as other 
animals, insects and plants living in the area surrounding the Chernobyl 
nuclear power plant (CNPP) complex, are exposed to radiation, 
toxic/heavy metals, pesticides, organic compounds, and other 
contaminants arising from the disaster and its ongoing cleanup. They 
may be infected by endoparasites or carry tick borne-diseases that affect 
humans. In fact, they live in close proximity to several thousand human 
workers employed at the CNPP working on continued containment, 
remediation and decontamination as well as construction of two new 
nuclear fuel reprocessing facilities.

Working Hypothesis:













Environmental 
Contamination 
Multiple industrial waste sites and 
abandoned buildings suggest that 
toxic and/or heavy metals might be 
of more long-term health concern 
than radiation exposure. 







Primary Hypothesis

Elevated toxic and/or heavy metal concentrations in 
the environment surrounding the nuclear power 
plant complex, abandoned military bases and the 
surrounding region may pose health hazards to 
workers and local animal populations. 



Secondary Hypotheses

• As feral dog populations living in the Exclusion Zone are 
exposed to toxic and/or heavy metals in air, soil, food and 
water, hair metal analysis may provide information about 
external environmental contamination as well as 
potential body burdens via ingestion and/or inhalation.

• Furthermore, dogs may inform us about potential human 
exposure since dogs live in close proximity to thousands 
of human workers at the power plant, Pripyat and in 
Chernobyl City



Methods

• Dogs were captured from 
multiple areas within the 
Exclusion Zone for spay/neuter, 
vaccination and medical care by 
trained veterinarian teams.

• Hair samples were obtained 
during routine surgical and/or 
medical care.





Collection

• Dr. Kleiman, students and volunteers 
collected hair samples from feral dog  
populations at the CNPP, the 
abandoned city of Pripyat, and the 
town of Chernobyl, located 10 km 
away within the exclusion zone.

• Hair samples were also collected from 
stray dogs in Slavutych and from pet 
owners in Ukraine and in NYC.



Slavutych



Slavutych strays



Inductively Coupled Plasma-
Mass Spectroscopy (ICP-MS)



Metals Analyzed by MS-ICP
• Aluminum
• Antimony 
• Barium
• Beryllium 
• Calcium 
• Cesium 
• Chromium 
• Cobalt
• Copper 

• Iron 
• Lead 
• Lithium
• Magnesium
• Mercury
• Molybdenum 
• Nickel 
• Platinum 
• Selenium

• Strontium
• Thallium
• Thorium 
• Tin
• Tungsten 
• Uranium 
• Vanadium 
• Zinc





Unwashed Hair Metal Concentrations

19 of 26 heavy metals have a p-value less than 0.05 and an exposed/control ratio greater than 4



Unwashed Hair
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p-value between NPP and control is 3.41 ∗ 10−18

p-value between NPP and control is 1.20 ∗ 10−16



Washed Hair

15 of 26 heavy/toxic metals have a p-value less than 0.05 and an exposed/control ratio greater than 3



Unwashed Washed

Beryllium Concentration 



Conclusions 

Our data from unwashed  and washed hair indicates…..

• There is a large, statistically significant difference in concentrations of a 
number of different heavy/toxic metals in dog hair samples from within the 
exclusion zone as compared to unexposed control populations. 

• Washed hair samples still show significantly higher ratios for certain metals 
which suggests that routes of exposure are a combination of 
ingestion/inhalation and external contamination.

• These findings supports our initial hypothesis that high heavy/toxic 
metal concentrations in the environment around the CNPP pose 
significant health hazards to workers in the area and to the surrounding 
animal populations



• Findings from these studies may inform future directions for research efforts to 
examine the environmental and ecological factors that influence health risks to 
the many thousands of individuals working (and now visiting) the Exclusion 
Zone and, perhaps be more broadly applicable to other sites of radiological, 
toxic waste and chemical contamination.

• Positive findings from dog biomarker pilot studies will strengthen the concept of 
using dog samples as surrogate indicators for human risk for environmental 
exposures.

• More work is need to directly relate canine exposure assessments to 
biospecimens from CNPP workers, as well as other animal vectors, the 
surrounding environment and additional unexposed matched controls. 

• If successful, we hope this effort will involve multiple collaborations among 
investigators with diverse expertise and interests in utilizing companion animals 
as sentinels for human exposure studies and adverse health effects.
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Identification of inherited and somatic 
changes  in the Chernobyl dog population

• molecular cytogenetics 
o chromosome reorganization

• SNP analysis
o population structure

• gene expression
o altered transcriptional activity

• whole genome and exome sequencing 
o exposure induced DNA mutations
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