
Beta exposure will result from the decay of radioisotopes

within cells and culture media. The two largest sources are
40K (t1/2= 1.25 x 109 years, 1.33 MeV) and 14C (t1/2= 5,730

years, 156 keV). Decay from these two isotopes will represent

the largest component of underground dose.

Previous studies have mostly relied on artificial shielding using lead or other

heavy metals, which can only provide a modest reduction in dose rate from high

energy cosmic radiation. To truly eliminate cosmic radiation, experiments must

be conducted in laboratories built deep underground, relying on the overhead

rock for shielding. SNOLAB, located in Sudbury, Ontario, Canada, is one of only

a handful of subterranean laboratories that exist in the world.
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With the increase in man-made medical radiation exposures, considerable

attention has been given to understanding the impacts of low-dose radiation at

levels slightly above natural background. There is growing evidence supporting

non-linearity in the low-dose region. Relatively few studies, however, have

investigated what happens to biological systems when background radiation is

removed. The limited data suggest that sub-background exposure can:

Researching the Effects of the Presence and Absence of 

Ionizing Radiation

Cosmic:
• Charged particles
• Atomic nuclei
• Neutrons
• Cosmogenic nuclides (14C, 3H)

Terrestrial:
• 238U, 235U, 232Th, 40K
• Decay progeny
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Figure 1. Components of natural background dose1.

Biological systems on earth are continually exposed to natural background
ionizing radiation, originating from a combination of cosmic and terrestrial
sources.
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1. Reduce growth rate – Shielding from natural background radiation reduces

growth rate in single cell model systems2. Growth returns to baseline levels when

background radiation is artificially reintroduced.

2. Reduce repair capacity – Shielded cultures have higher baseline levels of

genomic damage and a reduced ability to repair damage from high dose challenge

exposures3.

Hypothesis: Biological systems on earth have

adapted to oxidative stress produced by natural

background radiation, which promotes and

maintains genomic stability, and prolonged

exposure to sub-background radiation environ-

ments will have detrimental effects on growth,

maintenance and repair.
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SNOLAB is located within an active nickel mine at a

depth of 2 km. It was originally built for astroparticle

physics research. To access the laboratory researchers

must first travel down the mine shaft to the 6,800 level

(6,800 feet underground) followed by a 1.5 km walk

along one of the mine drifts.

Figure 4. Radon levels are high underground due to uranium decay in the surrounding
rock. Continuous air filtration in SNOLAB (50 m3 s-1) helps to control these levels. The red
line represents average concentrations (Underground = 130 Bq m-3, Surface = 3.5 Bq m-3)
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Figure 3. High energy cosmic gamma rays are shielded by the overhead rock. Low energy

gamma rays are present from radioactive decay in the surrounding rock, but at a reduced

level compared to surface.

The 2 km of rock overburden provides shielding equivalent to 6,000 m of water,

reducing cosmic radiation by a factor of 50 million4. To control radiological

contamination from mine dust, the laboratory is operated as a class 2,000 clean

room, researchers must shower before entering the facility and all equipment

must be hand washed. Low levels of radiation are still present within SNOLAB

from gamma rays, neutrons, beta decay and radon gas.

Table 1. Cosmic ray neutrons are almost completely eliminated by the overhead rock.

Neutron radiation is still present underground from alpha particle interactions and

spontaneous fission in surrounding rock, but is about 1000 times less than surface.
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Figure 2. A) Creighton mine shaft. B) Mine drift leading to SNOLAB. C) Interior of SNOLAB.
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Figure 5. A) Underground life sciences laboratory will full capabilities to conduct in-vitro

low dose radiation experiments. B,C) Custom designed glovebox to control radon levels with

aged gas cylinders and reduce gamma radiation with internal lead shielding.

We have established the first biological laboratory within SNOLAB5, which is the

deepest of its kind in the world. Experiment specific shielding has been designed

to further reduce radon gas and gamma radiation. Cell culture experiments are

being conducted within an environment controlled glovebox fed with aged gas

cylinders. Due to it’s short radiological half-life (t1/2 = 3.8 days), within a few

weeks radon levels in sealed gas cylinders will be reduced several orders of

magnitude. Lead shielding has also been added to control gamma radiation.
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