PSet #5 Solution Set

22.04 – 11/5/01

1. A worker receives a whole body dose of 0.10 mGy from 2 MeV neutrons.  Estimate the LET of this radiation and thus the dose equivalent.  [You’ll need to make some assumptions (state what these are) and to refer back to data supplied in earlier lecture notes.  Justify all of your steps.]  

At 2 MeV, most of the absorbed dose is predominantly due to the elastic scattering of the neutrons by the hydrogen in tissue. Therefore, to make a rough estimate of the LET of the neutron, we first find the LET for a 1 MeV proton – the average recoil energy for a 2 MeV neutron (remember Qavg = ½ Qmax). From a table of stopping power, we find that the stopping power for a 1 MeV proton in water, and hence tissue, is 270 MeV/cm or 27 keV/μm. We know that for a particle with an LET in the range of 10 – 100 keV/μm:




Q = (0.32 x LET) – 2.2

Thus the 1 MeV recoil proton is assigned Q value of 6.4. However, the neutron can undergoe other collisions thus producing recoil O, C and N nuclei which have considerably higher LET values than the 1 MeV proton above. Therefore, these recoiling nuclei must also be figured into the Q value for the neutron. Without providing unnecessary detail and computations that I don’t really understand, we take the overall quality factor for the neutron to be twice that of the recoil proton alone, thus accounting for the other high LET recoil nuclei produced by the neutron collisions. Hence, Qneutron ≈ 13. The dose equivalent thus becomes



H = Q x D



H = 13 x 0.1 mGy = 1.3 mSv

2. a)  Why is radon gas not considered a health hazard?

Airborne radon itself poses little health hazard. As an inert gas, inhaled radon is not retained in significant amounts in the body.

b) What is the assumed hazard when the “radon problem” is referred to?

The “radon problem”, technically, is that of alpha-particle irradiation of sensitive lung tissue by the short-lived daughters (i.e., 218Po and 214Po) of radon and the associated risk of lung cancer.

c) Briefly outline the sequence of steps assumed to lead ultimately to a lung cancer in an individual starting from a decay of a Radium-226 nucleus in the soil beneath the individual’s home.

1) 226Rn decays into 22Rn, hence producing an airborne gas.

2) This inert gas seeps into the basement or other confined spaces, where it begins to accumulate, due to the lack of outside air flow.

3) The decay of 222Rn in these confined spaces leads to the accumulation of progeny that are solids (e.g., 218Po and 214Po) and tend to stick to particles of dust or moisture.

4) These particles of dust or moisture are breathed in by humans and are deposited on the bronchial epithelium.

5) The aforementioned 222Rn daughters undergoe alpha decay, which deposits all of it energy locally within a small thickness of adjacent tissue. As a result of this alpha decay, intense local irradiation of the lung occurs.

6) This intense irradiation induces some sort of gene alteration in the cells, which is the start of carcinogenesis.

3. There are many isotopes of Radon.  For what reasons are we only concerned about  Radon-222? 

222Rn is dangerous because of its nongaseous, alpha decaying daughters (i..e, 218Po and 214Po). These airborne daughters can become trapped in the human respiratory system and alpha decay before the normal lung clearing mechanisms of the body removes them.

4. Review the pie-chart of “sources of radiation” shown on the first page of the recent handout.  From the information given in this pie chart and the average annual US dose equivalent, estimate the contribution to our background dose that is regulated by the government in their setting of dose limits.  [Note that medical sources of radiation are not included in these dose limits.]  Comment on the magnitude of these doses in view of the magnitude of the natural range of doses from other (non-man-made) sources. 

Only 4% or 0.144 mSv/y of the total average effective dose equivalent is regulated by the government. Meanwhile, on average, the US population receives  3.0 mSv/y from natural sources, which is 20X larger than the value that is regulated by government agencies.

5. Search the internet (or the library) to answer to following:

a) How does a smoke detector containing an alpha-emitting radionuclide work?

The alpha particles emitted by the 241Am collide with the oxygen and nitrogen in air in the detector’s ionisation chamber to produce charged particles called ions. A low-level electric voltage applied across the chamber is used to collect these ions, causing a steady small electric current to flow between two electrodes, which are usually parallel plates approximately 1 cm apart. When smoke enters the space between the electrodes, the alpha radiation is absorbed by smoke particles.  This causes the rate of ionization of the air and therefore the electric current to decrease, which in turn sets off an alarm.
b) What is the average hourly dose to an individual from such a smoke detector if they are sitting on the floor directly below it?

Internet source indicates:

“The gamma ray dose rate from 37 kilobecquerel of 241Am is approximately 0.13 nSv/hr (or 0.0011 millisievert per year) at a distance of 1 meter.”

If we move back to 2 meters (6.6 ft) from the source, then we can expect the dose rate to decrease by a factor of 4 to 3.25 nrem/hr (0.0325 nSv/hr).

c) Why do we use smoke detectors if they deliver a radiation dose?

The risk of dying in a fire in the absence of a smoke detector is far, far greater than the risk of dying or contracting cancer from radiation exposure to the detector’s radioactive source. Simply put, the good far outweighs the bad.

6. Three individuals are involved in a radiation accident in which they are exposed to photon and neutron radiation.  The first person receives a whole-body dose of 1.0 Gy neutrons and 1.0 Gy photons.  The second receives a dose of 0.25 Gy neutrons and 1.0 Gy photons.  The third receives a dose of 0.5 Gy of neutrons and 5.0 Gy photons.

[Assume a quality factor of 10 for neutrons.]

a) What are the doses to each individual?

Dtotal = Dphoton + Dneutron
Individual 1: 



D = 1.0 Gy + 1.0 Gy = 2.0 Gy

Individual 2:



D = 0.25 Gy + 1.0 Gy = 1.25 Gy

Individual 3: 



D = 0.5 Gy + 5.0 Gy = 5.5 Gy

b) What are the dose equivalents to each individual?
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where 
H = eqvivalent dose



QR = radiation weighting factor



DR = physical dose

Individual 1:



H = (10 x 1.0 Gy) + (1 x 1.0 Gy)



H = 11.0 Sv

Individual 2:



H = (10 x 0.25 Gy) + (1 x 1.0 Gy)



H = 3.5 Sv

Individual 3:



H = (10 x 0.5 Gy) + (1 x 5.0 Gy)



H = 10.0 Sv

c) What are the effective dose equivalents to each individual?
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where
E = effective dose equivalent



wT = tissue weighting factor



HT = equivalent dose in a given tissue

In the case of uniform, whole body irradiation, HT is the same throughout the body:
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Individual 1:



E = 11.0 Sv

Individual 2:



E = 3.5 Sv

Individual 3:



E = 10.0 Sv

d) Briefly describe the symptoms each will experience as a result of the accident and include an estimate of the timing involved.

As a result of the radiation exposure, all 3 individuals will experience prodromal syndrome soon after the exposure, thus resulting in severe nausea and vomiting.

Individual 1:

Death will occur in 3-10 days as a result of gastrointestinal syndrome. Symptons of GS include naseua, vomiting, and prolonged bloody diarrhea. After just a few days, the person will show signs of dehydration, loss of weight, emaciation, and complete exhaustion. These symptoms and the death that follows are a result of the depopulation of the epithelial lining of the gastrointestinal tract by the radiation.    

Individual 2:

This individual will experience hematopoietic syndrome (bone-marrow death). About 3 weeks after radiation exposure, the individual will experience chills, fatigue, petechial hemorrhages in the skin, and ulceration of the mouth. Anemia and bleeding are a result of platelet depression. Death will occur at this stage unless the bone marrow has begun to regenerate in time. Infection is an important cause of death, but administering antibiotics may control it. Bone marrow transplant might be a possibility.

Individual 3:


Refer to individual 1.
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