ENST 150 – Environmental Science

Fall 2009


Lab 4 – Spatial Distribution of Lead 
in Urban Soils

Introduction: In this lab 
we will explore the spatial distribution of lead in the soils on and around campus. The basic questions that you should answer are 1) What, if any, spatial patterns exists in the lead concentrations? 2) Is there any correlation between lead concentration and other urban or natural environmental variables? 3) What recommendations if any would you make to land owners in this study? The following readings and the lectures will help you contextualize this study.
Supplemental Reading on Moodle:

Mielke, H. W., Gonzales, C., Powel, E., Cody, S., Shah, A., 2003, Anthropogenic Distribution of Lead, Oxford Univeristy Press, pp 119-124.

Clark, Heather F., Brabander, Daniel J., and Erdil, Rachel M, 2006, Sources, Sinks, and Exposure Pathways of Lead in Urban Garden Soil, J. Environ. Qual. 35:2066–2074.
Procedure:

Break into groups of 3-4 people. Each group will be assigned one addresses at which you will collect samples. You will need a small trowel or soil punch, plastic bags, a marker, and either a notebook or one of the tablets. At each location assigned…
1. You should record relevant notes on the structure/property itself and on the ground cover in the area that you are sampling. We went over some of this in class. Prior to going into the field you should label your sample bags with the street address and sample number provided. Use the key below for coding data in GIS, but be sure to take more extensive notes in your field notebook and maybe pictures as well.
	Exterior
	Ext_Cond
	Ground_Cov
	Side
	Dist_Road 

(in meters)

	B - Brick
	1 – Good (no obvious paint peeling or not a painted surface)
	B – Bare (you can see bare soil)
	N – North
	

	S - Stucco
	2 – Fair (little paint flaking)
	T – Turf (grass)
	S – South
	

	A - Aluminum
	3 – Poor (obvious areas of paint flaking off)
	S – Shrubs (dense enough to make sampling difficult)
	E – East
	

	V - Vinyl
	
	M – Mulch (bark, chips, gravel, etc.)
	W - West
	

	W - Wood
	
	
	
	

	R – Rock/Stone
	
	
	
	

	O - Other
	
	
	
	


NOTE: USE ALL CAPS WHEN ENTERING DATA INTO ArcGIS!!!
2. At each property there will be three sample locations; (a) one next to the house underneath the drip line, (b) one midway between the house and the road, and (c) one about a foot from the road. The samples should consist of 3-4 smaller sub- samples of the area around the sample location. Take only the first 4 inches of soil (don’t go any deeper) and discard any roots. You will mix these 3-4 small, sub-samples together creating an “integrated” sample for the sites (a-c). The idea here is to get a look at the average soil composition in the vicinity of the sample location. The total volume you collect should just about fill the plastic bag provided. Please avoid damaging flower beds or otherwise obviously disturbing the soil around the house. Try to be discreet.
3. After you collect your samples and field data you will need to process these for analysis. The equipment needed can be found in our lab room YC237.
a. Fill an aluminum weight boat with the soil. Label it with the sample number assigned to that address.
b. Place this in one the oven at 105 degrees C for at least 8 hrs or overnight. 
c. Using another weigh boat, measure 20g of the dried soil. Put any unused sample or coarser material back into the original field sample bag
d. Grind the soil into a fine powder using a mortar and pestle.
i. Thoroughly wash and dry the mortar and pestle between samples and after you are done or you will contaminate the next sample.
e. Run the sample through a 60m sieve and collect the powder that passes through. You will need about 10g of powder.
i. Make a note if a bunch of sand or coarse material gets caught in the sieve.

ii. After you have 10g of powder, put any unused sample or coarser material back into the original field sample bag.

f. Label one of the small ziplock bags provided with your sample number and place the 10g of dried, ground, and sieved soil in it.
g. Next week, the Low Temperature Geochemistry class will analyze these soils for lead content using X-Ray Fluorescence (aka the “Ray Gun”). You need to get your samples to them within one day of data collection. 
4. Next week you will get the lab data back and you can then conduct the spatial analysis. 

a. You will create an interpolated raster of lead concentration. The IDW scheme makes the most sense here because these are point data and we expect the lead concentration to decay with distance from the house.
b. You will create thematic maps of property/house characteristics.

c. You can overlay these two types of maps to see if there are any correlations.
d. You also might simply check for correlation by doing a simple X and Y plots in excel.
Deliverables: 

This is a formal lab report that must be submitted by each individual. You may discuss your work with other members of the class but the final product must be your own. The following format is required for your lab report. The report is due the week of 10/26.
Title: A descriptive title.

Introduction:  Provide context for the experiments described in the report as well as definitions of key terms and the relevance of the study (e.g. why is lead a problem). Follow this with a conceptual diagram (and supporting text) of the sources, sinks, and pathways of Lead in the urban environment.  The section should lead into and ultimately end with a statement of your hypotheses.  What do you think the outcome(s) of the experiment was likely to be?  For example “I expect lead concentration to be positively correlated with homes size” or “I expect led concentration to be lower on campus properties vs. private properties”.
Materials and Methods:  You may cite your lab handout and lecture notes on XRF techniques, and the reserve readings. You should comment on the sampling scheme (number of samples and their spatial distribution), sample prep (how long in oven, at what temp, what size sieve), other characteristics you recorded. You should also briefly describe external data sources such as the City of Appleton Plat maps for 2006, and mention the analysis tools such as ArcMap, Spatial Analyst and the interpolation scheme you used. Basically you should write this section so that someone could replicate your study. 

Results:  Summary of your assigned property observations and the aggregate data from the entire class (and last year’s class too).  Include presentation of both qualitative and quantitative descriptions of the trends in the data. You need at least two different figures (but you will probably want more to illustrate your data and bolster your discussion and conclusions), one of which must be a map that shows the lead concentrations as an interpolated raster for the entire dataset. You may wish to use this as an overlay with a classified plat map beneath. Could potentially use IDW overlay of soil cover to show houses that exceed EPA limit for bare soil. All maps should also include a north arrow, a legend, and a scale.  A reasonable approach to the prose might be to describe the basic spatial trends/patterns in lead concentration. Establish a narrative that will carry the reader through the results section. Avoid discussing the data (explanations for the patterns, support or refutation of hypotheses, etc. as this comes in the discussion section below). 
Discussion:  Now interpret the data you described.  Do the data support your hypothesis?  How much variation is there in the data?  What might be the sources of that variation? Which factors seem to be correlated with lead concentration levels? Again, you have both qualitative and quantitative data to discuss.  Compare your class data with that of published values (from lectures, EPA or DNR websites, and reserve material on Moodle).  What is the likely source of lead at your home site (consider your data and the conceptual model). Then, based on your data and your understanding, what course of action would you suggest to your homeowners?   Consider how this experiment could be expanded or improved.  
References: Cite any outside sources (text, papers, online, etc) you use in your report. Use the same format and style as in the “Sources and Sinks of Lead” reading on Moodle.
Writing:  As always, writing should be clear and direct.  Paragraphs should begin with topic sentences that state a result or interpretation that is then supported by the rest of the prose. Figures and writing should support (not supplant) one another. All figures and tables should be clearly labeled.

Laboratory Report Rubric
Title









4

Introduction

defines important terms; sets context 


sets up the questions to be addressed




12
Materials and Methods







8
Results

Figures - format, applicability





15




Prose - description of trends & variability



Your property and  all properties



15
Discussion


Testing and discussion of hypotheses




12 


Expected trends and values compared to EPA and other studies

12


Recommendations to land owners





8 

Writing (style, organization, mechanics)





10

References










Use of the literature






8

  proper citation of literature
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�Consider constraining the lab more and using statistical measures to evaluate correlations.





Need to have them read and discuss scientific paper to introduce them to that form of communication.


�Excel workshop?
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