The Effects of Ionizing Radiation 
on Growth and Development

Background:

Low-level ionizing radiation has been part of our environment since our earliest ancestors.  However, since the mid-1940’s man has greatly increased the amount of ionizing radiation that we are exposed to.  The possibility of exposing small localities, large geographic areas, or the entire world to high-level radiation has become a part of our everyday lives.  This exposure could come from a nuclear accident, nuclear waste, or nuclear war.

Gamma radiation is a form of energy similar to x-rays, which is limited from a variety of environmental sources.  Two other kinds of radiation are alpha and beta radiation.  Radiation is of concern because of its’ type, total amount, or rate of delivery.  Ionizing radiation can cause sudden mutations in any living thing and has been used extensively to improve crop plants.  Seeds of the crop are irradiated, planted, and plants grown to maturity.  Desirable mutations may be found several generations after the treatment and, in most cases, hundreds of thousands of plants need to be examined.  The desired mutations are almost invariably accompanied by undesirable mutations, so that years of crossbreeding and selection are necessary to produce a useable variety.

Radiation dosage is measured in rads, (radiation absorbed dose) which is equal to 100 erg (amount of energy) of energy absorbed by 1 gram of material.  Most human radiation doses are measured in millirads (mrad=1/1000 of a rad).  

The radiation seeds which will be used in this experiment received the following dosages from a cobalt 60 ounce.

Unirradiated control

Irradiated 50,000 rads
Irradiated 150,000 rads

Irradiated 500,000 rads

Irradiated 4,000,000 rads

Materials:
For each group of students:

5 clean petri dishes

White coffee filters

Water

Seed samples (approximately 10 of each of the five listed above)

Pre-Lab Questions:

1. Will ionizing radiation have an effect on plant growth?  If so, at what levels of irradiation would the effects be seen?

2. If there is an effect, will it be negative or positive?

3. What part (s) of the plant will be affected?

4. Will the radiation lengthen or shorten the life cycle?

5. Will the effects of ionizing radiation be carried on to future generations?

Procedure:

1. Remove the lids from the five petri dishes.

2. Cut the white coffee filter so that it lies completely flat in the bottom of the petri dish.

3. Lightly wet the coffee filter – you want it wet enough to provide water for the seeds but not enough to drown the seeds as they germinate.

4. Label the lid of the petri dish with the type of seed (irradiation level) that it will contain.

5. Place ten of each kind of seed carefully on the wet coffee filter.  Seeds should be spread out.

6. Place your group’s seed samples on one of the shelves of the growth light stand as instructed by your teacher.  

7. Every other day of the experiment lightly mist your seeds to keep the coffee filter moist.

8. Record data in the appropriate data table.

Observations:

Data should be recorded in Table 1, Table 2 and Table 3
Table 1 – Number Germinated

	
	End Day 1
	End Day 2
	End Day 3
	End Day 4
	End Day 7

	Control
	
	
	
	
	

	50,000 Rads
	
	
	
	
	

	150,000 Rads
	
	
	
	
	

	500, 000 Rads
	
	
	
	
	

	4,000,000 Rads
	
	
	
	
	


Table 2 – Data on Growth – Length of Root
	
	Sample 1
	Sample 2
	Sample 3
	Sample 4
	Sample 5
	Sample 6
	Sample 7
	Sample 8
	Sample 9
	Sample 10
	Average

	Control
	
	
	
	
	
	
	
	
	
	
	

	50,000 Rads
	
	
	
	
	
	
	
	
	
	
	

	150,000 Rads
	
	
	
	
	
	
	
	
	
	
	

	500, 000 Rads
	
	
	
	
	
	
	
	
	
	
	

	4,000,000 Rads
	
	
	
	
	
	
	
	
	
	
	


Table 3 – Data on Growth – Length of Shoots
	
	Sample 1
	Sample 2
	Sample 3
	Sample 4
	Sample 5
	Sample 6
	Sample 7
	Sample 8
	Sample 9
	Sample 10
	Average

	Control
	
	
	
	
	
	
	
	
	
	
	

	50,000 Rads
	
	
	
	
	
	
	
	
	
	
	

	150,000 Rads
	
	
	
	
	
	
	
	
	
	
	

	500, 000 Rads
	
	
	
	
	
	
	
	
	
	
	

	4,000,000 Rads
	
	
	
	
	
	
	
	
	
	
	


Data:
1. Make a graph showing percentage of seeds germinated versus time.  You will have five different lines on this graph so make sure you label each appropriately.  

2. Make a graph showing length of roots versus irradiation level.  

3. Make a graph showing length of shoots versus irradiation level.

Analysis: (these questions are to be worked into the narrative of your analysis for your lab report)

1. Why is a control group needed?

2. What dose carried the greatest reduction on germination percentages?

3. What dose carried the highest change in root length?

4. What dose carried the highest change in shoot length?

5. Are there any dosages at which the (a) times of germination, (b) total percentage germinated, (c) average root length, (d) average shoot lengths do not differ from the control?  Explain.

6. As a result of this simulation, what do you think happened to the plants near a nuclear accident such as that happened to Chernobyl in the Ukraine?
Conclusion:

Write a good conclusion for the lab.  Use your textbook and other reliable sources to support your answer.

In addition, use your experimental data to help you include answers to the following questions in your conclusions:

1. How could radiation cause the observed effects?

2. Were all effects negative?  Why?

3. If these plants were allowed to fully germinate and produce seeds, what do you think the effects on the next generation (s) will be?

Modified From:
-Handouts distributed at the 2008 AP Environmental Science Institute

-Lab manual from Carolina Biological kit “Effects of Ionizing Radiation on Growth and Development”

