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Introduction 
It was hypothesized that one’s heart rate, as well as one’s oxygen saturation, would decrease in the cold scenario and increase in the hot scenario. In addition, it was hypothesised that when one is holding their breath, and therefore, not taking in oxygen, one’s heart rate and oxygen saturation would decrease.  The objective of this study was to determine the effect of different temperature and breathing on one’s heart rate and oxygen saturation levels.  

Materials and Methods
	The heart rates and oxygen saturation levels of the individuals who took part in this lab were tested using a piece of equipment called a pulse oximeter.  The portable spot-check monitoring pulse oximeters that were used for the experiment were produced by Smart Heart and provided by Mr. Winch. Pulse oximeters are  small, clamp-like devices that are closed around one’s finger and measure heart rate and oxygen saturation; they do this by detecting one’s pulse, in addition to shining a red light into the blood vessels to compare how much red light and infrared light is absorbed by the blood to calculate oxygen saturation. All of the subjects who took part in this study were female, so results can be easily compared. Prior to the experiment, all individuals whom were participating were to record their pulse and oxygen saturation under “resting”, so that any changes that resulted from the tests could be easily determined and understood. For the experiment where the effect of one’s heart rate and oxygen saturation levels in the cold was tested, approximately 3 litres of water, as well as a tray of ice were added to a pie tray. Once the ice cubes had partially melted an individual from the group was to submerge their whole face in the ice cold water for a period of 20 seconds while the pulse oximeter read their heart rate and oxygen saturation; the data that was given by the pulse oximeter was then recorded on a chart under the subheading “cold water test”. Next, approximately 2 litres of boiled water were added to a large bowl to test the effect of heat on one’s heart rate and oxygen saturation.  Once the water was added into the bowl, an individual from the group was to apply a towel around their head and put their face above the steam from the boiled water for 3 minutes. During this time, the pulse oximeter read the individual's heart rate and oxygen saturation; the individual's heart rate prior to the experiment and after 1 minute, 2 minutes and 3 minutes of the experiment were then recorded on the chart under “steam test”. Oxygen saturation was read prior to and during the experiment and also recorded under “steam test”. The final part of the experiment was to test if the effect on heart rate due to temperature varied when an individual held their breath. For this experiment the same materials and procedures were undergone by the individual as in the “steam test”, however this time the experiment only lasted 20 seconds and the individual held their breath. For this experiment the pulse oximeter measured the individual's pulse and oxygen saturation prior to and during the experiment and the data was recorded on the chart under “steam test without breathing”. Each experiment was then completed by 3 other individuals from 4U Biology and added to the same chart to compare results. At the end of the experiment, once all of the data had been collected and added to the chart, the results from before the tests will be compared with the results from during the tests to find trends. These difference values will be calculated, by subtracting the variables taken before the test from the variables taken during the test; an average value will also be calculated from these results. 
The dependent variable in the experiment was the change in heart rate and oxygen saturation during certain conditions because these are the components that were tested and assessed. The independent variables were temperature and breathing because they were the conditions that were changed to effect the results. 










Results
The Effect of Temperature and Breathing on Heart Rate and Oxygen Saturation
	Condition
	Heart Rate
	
	Difference in Pulse 
	Oxygen Saturation
	 Difference in Oxygen Saturation

	Resting
	
	
	
	
	

	Hannah 
Alexis
Elizabeth 
Rachel
	59 bpm
85 bpm
67 bpm
72 bpm
	
	
	92%
99%
99%
99%
	

	Cold Water Test (20 seconds)
	Before Test
	During Test
	
	
	

	Hannah 
Alexis
Elizabeth
Rachel
	77 bpm
106 bpm
88 bpm
91 bpm
	69 bpm
94 bpm
52 bpm
92 bpm
	-8 bpm
-12 bpm
-36 bpm 
1 bpm 

Average= -11.25 bpm difference

	-----
94%
96%
98%
(Hannah’s results were inaccurate so were not included in the data)
	
-5% 
-3%
-1% 

Average= -3% difference 

	Steam Test (3 minutes)
	Before Test
	During Test
(highest point reached)
	
	
	

	Hannah
Alexis
Elizabeth
Rachel


	78 bpm
81 bpm
70 bpm
89 bpm
	85 bpm
98 bpm
79 bpm
92 bpm
	7 bpm
17 bpm
9 bpm
3 bpm

Avg= 9 bpm
	99%
99%
99%
95%
	8%
0%
0%
-4%

Average= 1.25%


	Steam Test While Holding Breath (20 seconds)
	Before Test
	During Test
	
	
	

	Hannah
Alexis
Elizabeth
Rachel
	84 bpm
99 bpm
78 bpm
83 bpm
	69 bpm
70 bpm
62 bpm
80 bpm
	-15 bpm
-29 bpm
-16 bpm
-3 bpm

Avg= -16 bpm
	96%
99%
99%
99%
	5%
0%
0%
0%

Avg= 1.25%
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From this data it can be observed that heart rate decreases when temperature decreases and heart rate increases when temperature increases. In addition, it can be observed that when one holds their breath, no matter the temperature, one’s heart rate will decrease. The results also show that temperature does not affect one’s oxygen saturation, the fluctuation by 1 or 2% could be due to the limitations of the pulse oximeter. 



Discussion
From the data above one can draw the conclusion that temperature and breathing do, in fact, have an effect on heart rate. On average, subjects heart rates dropped when exposed to cold temperatures and increased when exposed to fairly hot temperatures, although some subjects had much larger changes in heart rate than others; for example, in the cold scenario Elizabeth’s heart rate dropped 36 bpm and in the hot scenario while holding one’s breath, Alexis’s heart rate dropped 29 bpm. These large drops in pulse could be due to some experimental errors, such as the fact that these experiments were done one after the other. This would affect the heart rates of the individuals whom took part in the lab because there are different stresses that the heart must undergo during each experiment and it may take time for the heart to return back to its normal range. Another error with this experiment was that the temperature of the water was not monitored, so may have fluctuated, therefore changing the impact of temperature for each individual. In addition to the effect of temperature on heart rate, the effect of breathing on heart rate was measured. From the data that was presented it can be concluded that heart rate will decrease when one is holding their breath, no matter the temperature of their surroundings. Lastly, the results for oxygen saturation were found to be inconclusive due to the fact that the device used (the pulse oximeter) has limitations. Pulse oximeters are only accurate within 2% for oxygen saturation of 90% or more; therefore, since the oxygen saturations of the individuals whom took part in the lab only varied by 1-3% it is impossible to conclude that the change in oxygen saturation was due to temperature and breathing, opposed to device error. 
Prior to the lab it was hypothesized that one’s heart rate, as well as one’s oxygen saturation, would decrease in the cold scenario and increase in the hot scenario. In addition, it was hypothesised that when one is holding their breath, and therefore, not taking in oxygen, one’s heart rate and oxygen saturation would decrease.  Therefore, the hypothesis for heart rate was supported by this lab, however the hypothesis that was formed for oxygen saturation was not supported by the lab. 

It has been proven through multiple studies and research, that temperature does have an effect on heart rate. Warmer temperatures have been said to cause the heart to beat faster and place considerable strain on the body. Depending on how fit an individual may be and how hot it is, this might mean a heart rate that is 20 to 40 bpm higher than normal. The reason that one’s heart beats faster when influenced by hot temperatures is due to blood pressure. Blood pressure is a measurement of the force applied to the inside walls of the blood vessels. The pressure is a result of the amount of blood being pumped, as well as the width of the blood vessels themselves. When blood vessels dilate as a response to increased body temperatures, the heart has to pump faster to maintain blood pressure; therefore, heart rate increased when influenced by hot temperatures, so that blood pressure can remain constant. Although the results from these studies were consistent with the results from this experiment, the results for cold temperatures effect on heart rate differs from this experiments results. It has been proven that temperatures below 40 degrees quicken the loss of body heat, therefore the heart rate must increase in order to maintain body temperature; however, the reason that the results for this experiment differed from the results of other studies was due to the fact that the subjects submerged their face in cold water. When humans and other mammals faces are cooled a set of reflexes are activated, this is called (such as by the water during a dive) the Mammalian Dive Response/Reflex. The diving reflex is a clever physiological mechanism enabling the body to manage and tolerate a lower level of oxygen. One of the three main changes that occur in the body include Bradycardia, a slowing of the heart rate; the human heart rate can slow down 10 – 30% and up to 50% or more in trained individuals when the diving reflex is activated. Therefore, even though cold temperatures have been known to increase an individual's heart rate, if the diving reflex is activated the opposite results can occur, and this is what occurred during this experiment. In addition, breathing is known to have an effect on heart rate. It has been tested that when breathing is absent the same type of reflexes can be activated as when one’s face is exposed to cold temperatures; therefore, the results that were collected in this experiment are accurate, and can be supported by other studies and articles. Lastly, although the results for the effect of temperature and breathing on oxygen saturation for this experiment have been found to be inconclusive, there is some information to back up that temperature does indeed have a small effect on oxygen saturation. This is due to the fact that when temperature is increased, this decreases the amount of oxygen that is carried by the hemoglobin, so one’s oxygen saturation will be lower. Also, when an individual is cold, their tissues need less oxygen, so the hemoglobin carries more oxygen; therefore, increases the oxygen saturation in the blood. In conclusion, the results from this lab do make sense and can be supported by other studies. 
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