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Environmental Health: Science, Policy and Social Justice

Winter Quarter 

Statistics workshop (due next Friday, February 13th)
Inference about two populations (comparing two sample means)

There are two exercises included in this workshop

Exercise 1: PCB contamination in lake salmon

Background

PCBs are chlorinated hydrocarbons, a class of synthetic organic chemicals that are stored in fatty tissue for prolonged periods of time. They are chemically similar to dioxins and have a series of toxic effects on humans and wild life, including marine organisms. They are a major contaminant in the food chain throughout the world. For more information about PCBs you can go to the web site of the Agency for Toxic Substances and Disease Registry (ATSDR): http://www.atsdr.cdc.gov/tfacts17.html, or http://www.atsdr.cdc.gov/toxprofiles/tp17.html.  See also the PDF file “PCB Public Health statement.pdf” in the Handouts folder, a summary of the information from the websites above.  

Suppose that we want to assess how the level of freshwater PCB contamination in Lake Washington compares to the contamination in Lake Michigan, which has had very high PCB levels in the 1970’s (it has been reduced since then). Fish (Coho salmon) were sampled from each lake, and PCB levels (mg/kg
) were measured as an indicator of the lake water contamination, and of exposure to humans through the food chain. The dataset is saved in the PCB worksheet of the data file in the masu/Environmental Health/Handouts folder. 

Purpose of exercise: Compare two populations.

1. State the null and alternative hypotheses. Should you perform a one-tail or a two-tail test?

H0: the mean PCB concentration in coho of lake WA is equal to the mean PCB concentration in coho of lake Michigan

H1: The mean of PCB concentration in coho of lake WA is different than PCB concentration in coho of lake of Michigan

Two tail test

2. Before we proceed with the analysis we need to check the assumption of normality (remember: you always need to check this before you start any analysis!). For each sample, create a histogram: Does the distribution of each sample appear normal?

Histogram

	Michigan
	
	WA

	Bin
	Frequency
	Bin
	Frequency

	1.21
	4
	0.64
	1

	1.33
	4
	0.88
	2

	1.46
	11
	1.12
	7

	1.58
	11
	1.36
	13

	1.71
	7
	1.60
	15

	1.83
	6
	1.84
	2

	1.95
	2
	2.08
	5
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3. Prior to testing the null hypothesis, you must determine whether the two samples have equal or unequal variances, as there are different tests for each case. First calculate the variances for each sample and make a qualitative judgment.  Next, perform an F-test to obtain a measure of evidence about your judgment:  now you are being a true statistician! We simply want to see if the variances are equal or different, not specifically if the first is higher/lower than the second: Is this test for equal variance 1-tailed or 2-tailed? Based on your F-test, should you pool the variances of the two samples? 
Ratio sigma2/sigma1 = 2.725 variances unequal by rule of thumb

F-test for variances: two –tail hypothesis 
H0: variances are equal







H1: variances are not equal

	F-Test Two-Sample for Variances

	
	
	

	 
	(mg/kg)
	(mg/kg)

	Mean
	1.499666667
	1.361555556

	Variance
	0.041215182
	0.112310207

	Observations
	45
	45

	df
	44
	44

	F
	0.366976278
	

	P(F<=f) one-tail
	0.000596051
	

	F Critical one-tail
	0.605717537
	 

	
	
	

	two tail p-value (*2)=
	0.001192103


Significant, enough evidence to reject the Ho : variances are not equal, cannot pool them

4. Test the null hypothesis. From Tools/Data Analysis menu, select the t-test for two sample means for equal or unequal variances, whichever applies, based on your conclusion from above. 

	t-Test: Two-Sample Assuming Unequal Variances

	
	
	

	 
	Lake Michigan 
	Lake Washington 

	Mean
	1.500
	1.362

	Variance
	0.041
	0.112

	Observations
	45
	45

	Hypothesized Mean Difference
	0
	

	df
	72
	

	t Stat
	2.3645
	

	P(T<=t) two-tail
	0.0208
	

	t Critical two-tail
	1.9935
	 


5. What is the t-statistic and p=value of your test? How do you interpret your results? How much evidence do you have for rejecting or not rejecting the null hypothesis? 

t-stat > t critical

p-value < significance level (alpha=0.05) 

Significant evidence to reject the null

Exercise 2: Is exposure to a common garden insecticide toxic to humans?

Researchers have been concerned that household exposures to pesticides and insecticides are a potential risk to human health. A common garden-care product contains 0.1% of Aldicarb as the active ingredient, which is known to inhibit neuronal acetylcholinesterase. Scientists decided to test a group of volunteers for the effect of exposure to this product through average household application. They randomly selected 27 individuals (who agreed to participate in the study) and replaced their names with a numerical identifier (for identity protection as well as fulfilling the requirement for a blind study design).   Then they took a blood sample from each volunteer before application of the product, and again one hour after they applied the product as they normally would. They measured the activity of the blood isoform of cholinesterase as an indicator of potential neurotoxicity (the units are “units of enzyme activity/deciliter of blood”) and the results are shown in the Exposure effect worksheet of the data file in the masu/Environmental Health/Handouts folder. 

1. State the null and alternative hypotheses. Should you perform a one-tail or a two-tail test? How is this experimental design different than the one above?

Ho: Mean of differences between AchE activities after exposure to pesticide and before exposure is equal to zero, or muD = 0. (AchE activity doesn’t change)

H1: Mean of differences between AchE activities after exposure to pesticide and before exposure is less than zero, or muD < 0. (AchE activity is lower after exposure)

2. Analyze these data with the appropriate test, selected from the Data Analysis menu. Submit the Excel output of your analysis, along with null and alternative hypotheses, and your conclusion about the effect of pesticide application on blood cholinesterase activity.

Paired t-test:

	t-Test: Paired Two Sample for Means

	
	
	

	 
	AchE activity before exposure
	AchE activity after exposure

	Mean
	42.852
	37.519

	Variance
	22.977
	5.952

	Observations
	27
	27

	Pearson Correlation
	-0.098
	

	Hypothesized Mean Difference
	0
	

	df
	26
	

	t Stat
	4.959
	

	P(T<=t) one-tail
	0.000
	

	t Critical one-tail
	1.706
	


t-stat > t critical

p-value < significance level (alpha =0.05) 

Significant evidence to reject the null hypothesis

3. Think about this problem in terms of Type I and Type II errors.  Which is more serious, and why? 

Type I is to conclude the AchE activity is lower after exposure when it is the same (think it is affected when it is not) (reject Ho when it is true).

Type II to conclude that it has been unchanged when it is actually reduced (not reject the Ho when it is false). 

Type II would be putting people at risk

To turn in:

1. The histogram for Exercise 1.

2. The Excel output for your analyses (with extraneous information removed!). 

3. Answers to all of the questions.

� mg/kg = ppm





