
NPRE441: Homework 4 (RADIOBIOLOGY) 

Date assigned: 04-14-2022  

Due date: 5pm on 04-21-2022  

Please send your homework to Alvaro Pizarro Vallejos, alvarop2@illinois.edu 

______________________________________________________________________________ 
 

MULTIPLE ANSWER QUESTIONS: select the correct answer and briefly justify your choice. 

 

1. Direct action of radiation is the dominant process for: 

a. X-rays. 

b. Neutrons and alpha particles. 

c. Electrons. 

d. Gamma rays. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 
2. All types of radiation can induce biologic effects by direct or indirect action. 

a. True. 

b. False. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

3. What is the main reason for the difference in biologic effects caused by alpha particles and photons? 

a. The energy of the radiation. 

b. The fact that alpha particles are positively charged. 

c. The density of ionization. 

d. The fact that only alpha particles can interact with the cell nucleus 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

4. By "sublethal damage" is meant: 

a. an irreversible damage which leads to cell death. 

b. an irreversible damage which does not always lead to cell death. 

c. a damage that can be repaired unless it interacts with a subsequently induced sublethal damage. 
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d. a damage that can be modified by post-irradiation environmental conditions. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

5. In the single-hit single-target model, the D0 dose is the dose that: 

a. induces an average of one lethal event per cell and leaves 37% still viable. 

b. leaves 50% of all cells viable. 

c. kills all cells. 

d. kills 30% of all cells. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

6. What does a "cell survival curve" describe? 

a. The relationship between the radiation dose and the number of cells that have gone through one 

mitosis after irradiation. 

b. The relationship between the radiation dose and the proportion of cells that remain clonogenic. 

c. The relationship between the radiation dose and the number of cells that have not suffered the loss of 

a specific function. 

d. The relationship between the radiation dose and the proportion of cells that can produce DNA. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 
7. Which of the following statements is false? 

a. Cells are more sensitive to x-rays in the presence of oxygen than in its absence (i.e. under hypoxia). 

b. By "oxygen enhancement ratio" (OER) is meant the ratio of hypoxic to aerated doses needed to achieve 

the same biological effect. 

c. For sparsely ionizing radiation, the OER is about 3, while for densely ionizing radiation, the OER is about 

1 (the presence or absence of oxygen does not make difference). 

d. The OER increases when the LET increases. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 



8. "Reoxygenation" is a phenomenon by which: 

a. acute hypoxic cells become normoxic. 

b. oxygen contained in a high pressure chamber is allowed to "explode" onto a layer of irradiated tissue 

at given time intervals after irradiation. 

c. oxygen diffuses to the necrotic center of the tumor. 

d. hypoxic cells become oxygenated after a dose of radiation. 

 
Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 
9. Which of the following statements is true? 

a. Linear energy transfer (LET) is the energy transferred to the biologic material per unit mass of the 

material. 

b. LET is the quotient dE/dl, where dE is the energy that a particle lost in causing an ionization and dl is 

the distance that the ionizing particle travels between two ionizations. 

c. LET is the quotient dE/dl, where dE is the average energy locally imparted to the medium by a charged 

particle when the particle has traversed a distance dl. 

 
Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

10. Which of the following statements is true? 

a. Equal doses of different types of radiation have the same biologic effect. 

b. The "relative biologic effectiveness" (RBE) is used to compare different types of radiation. 

c. In the definition of RBE, the reference radiation is 1 MeV gamma rays. 

d. The RBE of a radiation r is equal to Dr/D250, where Dr and D250 are the doses of the radiation r and of 250 

kV x-rays, respectively, that produce the same biologic effect. 

 
Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 
11. An absorbed dose of 0.1 Gy of radiation with a radiation weighting factor of 20 corresponds to an 

equivalent dose of: 

a. 0.2 Sv. 

b. 2 Sv. 

c. 20 Sv. 

 



Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

12. Which of the following statements is false? 

a. By "prodromal radiation syndrome" are denoted the symptoms that appear soon after a high-intensity 

exposure to radiation. These symptoms last for a limited period of time. 

b. By acute radiation syndrome (ARS) is meant syndromes and eventual death occurring within, at most, 

a few weeks after a high-intensity exposure to radiation. 

c. the response to the ARS is described as 3 specific radiation syndromes: the cerebrovascular syndrome, 

the gastrointestinal syndrome and the hematopoietic syndrome. 

d. The type of specific radiation syndrome is not related to the dose. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

13. Total-body doses > 100 Gy (gamma rays), which cause death within 24 to 48 hours after exposure, are 

connected to: 

a. the cerebrovascular syndrome. 

b. the gastrointestinal syndrome. 

c. the hematopoietic syndrome. 

 
Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 
14. A deterministic effect: 

a. has a threshold in dose but the severity of the effect is otherwise dose-independent. 

b. has a threshold in dose and the severity of the effect increases with dose. 

c. has no threshold in dose and the severity of the effect is a constant function of dose. 

d. has no threshold in dose and the severity of the effect increases with dose. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

15. Which of the following statements is false? 

a. Radiation damage can cause a cell to either die or continue being viable but mutated. 



b. The two events above are very different when it comes to the dose dependence of their probability to 

occur and also when it comes to their impact on the organism to which the cell belongs. 

c. Cell killing by radiation is said to be a "deterministic effect". 

d. Cell mutating by radiation is said to be a "non-stochastic effect". 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

16. Which of the following statements is false? 

a. Stochastic effects have no threshold in dose. 

b. The probability of induction of a stochastic effect increases with dose. 

c. The severity of a stochastic effect increases with dose. 

d. A cancer induced by 1 Gy is not worse than a cancer induced by 0.5 Gy. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

17. Which of the following statements is false? 

a. During preimplantation, radiation damage can only result in death of the embryo. If the embryo 

survives, it grows normally. 

b. During organogenesis, the main effects of radiation is the production of anomalies in the structure of 

the embryo and growth retardation. 

c. The damage caused by radiation on the fetus include effects on the hematopoietic system, liver and 

kidneys. Growth retardation and lethality have also been documented. 

d. Higher doses of radiation are required in order to cause lethality in the early stages of embryonic 

development than in the fetal period. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

18. Based on the plot below, find which of the following statements does not belong to the conclusions 

drawn about mental retardation caused by irradiation in utero of children in Hiroshima and Nagasaki. 



 
 

a. Severe mental retardation was observed if the irradiation took place between 8 weeks and 25 weeks 

after conception. 

b. The most sensitive period was between 8 to 15 weeks after conception. 

c. The incidence of mental retardation in the period mentioned in point b is a linear function of the dose 

with a probability of ~50% at a dose of 1 Gy. 

d. The dose threshold observed in the dose-response curve for mental retardation is 0.5 Gy. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 

19. Based on the plot below, find which of the following statements is true about deaths from solid cancer   

among atomic bomb survivors. 

a. the relative risk (RR) and the excess relative risk (ERR) are the same at 2 Sv. 

b. the excess relative risk (y-axis) indicates how many times larger the cancer risk is among people exposed 

to radiation when assuming the risk among non‐exposed people is 1. 

c. At 2.4 mSv, the relative risk to die from solid cancer is double for the exposed group in comparison to 

the risk for the non-exposed (control) group. 

d. At 2.4 mSv, the relative risk to die from solid cancer for the exposed group is the same as for the non-

exposed (control) group. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

 
20. Based on the information reported below, find which of the following statements is false about the 

risk of developing a specific type of radiation-induced cancer among atomic bomb survivors. 

a. at 2 Gy, the relative risk to develop skin cancer is 2.5 

b. the excess relative risk to develop liver cancer is lower than the one to develop breast cancer since the 

tissue weighting factor for the liver is 1/3 than the one for the breasts 

c. the excessive relative risk of developing cancer is a stochastic effect of radiation, that’s why there is no 

threshold dose in the plot. 

d. at 2 Gy, the relative risk to develop skin cancer is double than the one to develop colon cancer. 

 

Justification: 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
 



 
 

DISCUSSION QUESTIONS: 

 

1) The formation of single-strand-breaks (SSB) and double-strand-breaks (DSB) is essential for the 

induction of cell killing. From your understanding of the basic principles of radiobiology: 

a. Describe and explain the chain of events leading to SSB or DBS due to direct and indirect action. 

b. Discuss how the formation of SSB or DSB would potentially cause radiation-induced carcinogenesis.  

 

2) List and briefly describe the 5 Rs of radiobiology. Given a cancer with poor oxygen availability, slow 

cell cycle turnover rate, and high levels of radioprotectors (free radical scavengers), compared to the 

surrounding normal tissue,  

a. which would you expect to be more sensitive to radiation, the cancer or the surrounding normal 

tissue? Justify your answer with the 5 Rs. 

b. Sketch the tumor control probability (TCP) and the normal tissue complication probability (NTCP) 

curves in the same plot. Do you expect a high or low therapeutic ratio (TR) under the conditions 

described above? Briefly explain why. 

 

3) Define what radiation physical quantities, protection quantities and operational quantities are. 

Provide examples and describe the differences among them. 

 

  



PROBLEMS: 

 

1.  LD50 is defined as the single dose which causes the death of 50% cells. Being the LD50 for 250 kV x-

rays 6 Gy and the LD50 of a neutron beam 4 Gy, calculate the RBE. 

 

2. Calculate in Sv the effective dose when the whole body is evenly exposed to 1 mGy of (a) γ‐ray and 

(b) alpha-particles irradiation. 

 

3. After an interaction of a gamma-ray with a water molecule in a cell, an ionized water molecule reacts 

with a neighboring molecule and produces a hydroxyl radical and a hydronium ion according to the 

following reaction (prechemical stage): 

 
In the chemical stage, calculate how far the two products will diffuse in 10-10 s. Knowing that the 

interaction happens 3 nm away from the center of a DNA molecule and that the radius of the DNA is 

1 nm, can these products interact with the DNA and cause damage? (Approximate the DNA as a 

cylinder of 1 nm radius) 

 

 
 

4. Based on the table below, calculate: 

 

a) Incidence risk of thyroid cancer in males, in females and combined (males+females) when the age 

of exposure was 5, 30 and 70. Can you explain why for older exposed people the risk becomes 

smaller? 

b) Incidence risk of any type of cancer for any age of exposure in only males and in only females 

c) Under the assumption of a control (non-exposed) group of 100,000 persons (males), calculate the 

number of stomach cancers knowing that the relative risk (RR) is 2.3 (for the exposed group the 

exposure can happen at any age) 

d) Under the assumption of a control (non-exposed) group of 100,000 persons (females), calculate 

the number of breast cancers knowing that the excess relative risk (ERR) is 1.5 (for the exposed 

group the exposure can happen at any age) 

e) Under the assumption of a control (non-exposed) group of 100,000 persons (females), calculate 

the excess absolute risk (EAR) of developing any type of solid cancer knowing that the total 

number of solid cancers in the control group is 1/10 of the exposed group (for the exposed group 

the exposure can happen at any age). 



 

 
 

5. Using the LQ model, plot in the same graph the following cell survival curves for the range of doses 

from 1 to 20 Gy: 

a) Spermatogenic cell having α/β =13 and β=1 

b) Cartilage having α/β =1.5 and β=1 

Explain the difference in the two plots in terms of early- and late- responding tissues and the effect of 

the α/β ratio. You can use MATLAB, R, Python or any other program of your preference. 


