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INTRODUCTION

The laboratory section of ENV11 will provide students with laboratory and field-oriented practical experiences that will enhance their understandings of concepts and issues in environmental science and develop knowledge, experience, and basic analytical skills essential to the environmental scientist. Students will learn how to design and carry out scientific experiments using the exploratory method, carry out basic library research and to communicate experimental results in written laboratory reports.

Students will perform experiments to determine conventional parameters in water treatment, wastewater treatment and air pollution. In addition, students will be given the opportunity to use novel means of remediating polluted water using plants (i.e., phytoremediation) and chemical treatment processes. 

Written lab reports will be required for most labs (see attached lab syllabus). Lab reports are normally due at the beginning of the next lab session. Lab reports must be typed and should follow the lab report (see lab report format page). The lab sectio0n of the class is worth 20% of the grade. Late lab reports will loose ten points for each day late, unless you present a written medical or University excuse. A lab practical exam will be given during the last lab class.

The labs for the first three weeks were excerpted from the CHM02 course run at Bronx Community College. Those lab handouts have been previously prepared and are not included in this lab manual.

The classes will follow the lab schedule below, with any changes announced in advance. Occasional quizzes will be given at the beginning of the lab period. Quizzes cannot be made up.

Some of our lab sessions may be outside, and we may go on field trips. We will leave BCC PROMPTLY for field trips, if you arrive late, you will miss the trip.

ROUGH TERRAIN:
· WEAR SUITABLE SHOES AND CLOTHES FOR GOING INTO THE FIELD  

· MODERATELY LONG PANTS OR SLACKS AND SHIRT THAT CAN TAKE FIELD WORK 

· RAIN JACKET OR OTHER RAIN GEAR 

· GET A CLIPBOARD AND A CLEAR PLASTIC BAG TO FIT OVER IT LARGE ENOUGH TO WRITE INSIDE. 

· IF YOU MISS A LAB FOR ANY REASON, YOU MAY NOT BE ABLE TO MAKE IT UP. 

Lab Report Format

1. Objectives

Clearly state the objective of  the lab in short concise statements. For example the objective of the lab on chlorine determination can be stated as follows: The objectives of the lab are to determine the chlorine concentration in three water samples.

2. Experimental Materials

List all the materials that were used to carry out the lab experiment in bullet form. For example for the lab on chlorine determination the materials can be listed as follows:

1. Buret 

2. Buret Stand

3. DPD

4. Buffer Solution

5. FAS solution

3. Experimental Methods

List in bullet form all the steps used in performing the experiments. Remember to use past tense when describing each step. For example, the Experimental Methods for the lab on chlorine determination may be listed as follows:

1. Added 5 mL of DPD Indicator to the same flask

2. Added 5 mL of Buffer to a 250 mL Erlenmeyer Flask

3. Added 100 mL of sample to the 250 mL Erlenmeyer flask

4. Titrated the contents of the flask rapidly with FAS titrant

5. Recorded the volume of FAS used.
4. Results
Summarize the results obtained for your experiment in a table where appropriate. Also include all data pages with your lab report.
5. Discussion

Discuss your results and list any factors that may have influenced your results. For the lab on chlorine determination a sample discussion is presented below: the Brooklyn tap water sample had 1.0 mg/L of chlorine. This number is higher than the expected result of around 0.5 mg/L possibly because of the addition of an excessive amount of FAS beyond the colorless endpoint.

6. Conclusion

For the conclusion, simply answer the question posed by the objective. A sample conclusion for the chlorine determination lab is as follows: The chlorine concentration was 1.0 mg//L in the Brooklyn tap water sample and 0.5 mg/L in the Bronx tap water sample. These chlorine levels there are sufficient to kill any pathogenic bacteria that may be present in the water samples.
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ENV11 - LAB SYLLABUS
	Week  #
	Lab Topic

	1
	1.  Measurements **

	2
	2. Elements & Compounds **

	3 
	3. Density of Solids & Liquids (

	4 
	4. Graphing Techniques 

	5
	5. Rock and Mineral Identifications (

	6
	6a. Fuel Cell Car Demo

6b. Spectrophotometric Determination of the concentration of a food dye (

	7
	7.  Acid Rain Demo

     Acid Rain Lab (   

     Atmospheric Pollution Lab (

	8
	8. Water Hardness Determination (

	9 
	9. Removal of Hardness from Water by Chemical 

    Precipitation with Soda Ash (

	10 
	10. Removal of Metals from Water by  Phytoremediation using Water   

        Hyacinths Plants (

	11
	11. Chlorine Determination  By Titration with FAS(
      Chlorine Determination Using MicroLabTM Interface(

	12 
	12.  Determination of Ammonia by the Nessler Method

        Removal of Ammonia by Breakpoint Chlorination

	13 
	13. Turbidity Determination and Turbidity Removal    

       from a Water Sample using Alum (

	14
	14. OPEN DATE


** Lab Handouts from CHM02

( Lab Reports are to be written according to the specified lab report format
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DENSITY OF SOLIDS

Name: _________________________

Objectives

To illustrate two different methods of determining the density of solids

What is Density?

The density of an object is defined as the ratio of the mass of the object to its volume
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What Information Does Density Give Us?

Density tells us how closely matter is packed in a sample. For example the density of water is 1.0g/mL. This means if you took 1 milliliter (mL) of water and weighed it, the scale should read 1 gram The density of mercury is 13.6 g/mL. This means for mercury, an amount of matter weighing 13.6 grams is packed into every mL, while for water only 1.0 gram is packed into 1 mL. Therefore, mercury is more dense than water.

Table 1. Density of Some Substances at 25oC

	Substance
	Density

(g/mL)

	Water
	1.0

	Mercury
	13.55

	Iron
	7.85

	Silver
	10.5

	Aluminum
	2.70

	Magnesium
	1.75


When two substances of different densities are mixed together, the substance with the lower density (i.e., the lighter substance) will remain on top of substance with the larger density (i.e., the heavier substance). If the sample is a pure substance, the density is a characteristic physical property of that substance. It is rare that any two substances will have the identical densities. Therefore density is a tool that can be used to identify unknown substances.

How is Density Measured?

In the metric system, the units used to measure the density of liquids and solids are grams per milliliter (g/mL) or grams per cubic centimeter (g/cm3). There are many ways to experimentally determine the density of solid samples. Two methods will be described.

NAME: _______________________

Experimental Procedure

Part I: The Density of a Regular Solid

Regular solids have a volume that can be calculated using formulae from geometry ((  = 3.142).
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Cubes:
Volume = length x width x height
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Cylinders: 
Volume = ( x (radius)2 x height
Spheres:
Volume = 
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1. Weigh the metal cylinder on the Cent-o-gram balance

2. Record the weight as accurately as possible

3. Using the metric ruler provided, measure the height of the cylinder in centimeters (cm)

4. Using the metric ruler, measure the diameter of the cylinder in centimeters (cm).

5. Calculate the radius of the cylinder (
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6. Calculate the volume of the cylinder (
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Calculate the density of the cylinder (
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Weight of Metal Cylinder 
________________

Height of cylinder

________________

Diameter of the cylinder
________________
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Radius of Cylinder

________________

Volume of Cylinder

________________

Density of Cylinder

________________

Part II: Density of an Irregular Solid

The shape of some solids does not permit the use of formulas to calculate their volumes. If the solid is heavier than water, its volume can be determined by displacement (i.e., the volume of the solid is equal to the volume of water it displaces when it sinks). This is the concept behind the following procedure.

1. Place approximately 10 mL of water in a 25 mL graduated cylinder and record the exact volume

2. Tilt the cylinder and gently slide the cylinder into the water

3. Record the new volume of water

4. Calculate the volume of the cylinder by taking the difference in values from step 1 and step 3.

5. Calculate the density of the cylinder (
[image: image7.wmf]volume
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). Perform the density measurements twice.

Mass of cylinder (from above)
________________

________________

Volume of water


________________

________________

Volume of water + cylinder

________________

________________

Volume of Cylinder


________________

________________

Density of Cylinder


________________

________________
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CHM17-1418
Graphing Techniques

Introduction 

In Science and engineering a line graph is used to show the relationship between two quantities, one of which depends on the other. The variable that depends on the other is called the dependent variable and the other variable is called the independent variable. In class we learnt that temperature decreases with height in the troposphere (sea level to 11 miles up). For every 1km we go up in height in the troposphere, the temperature decreases by 10(C for dry air. Moist air will cool at a slightly lower rate. Temperature is the dependent variable and height is the independent variable. Temperature versus height data for dry air is shown in Table 1 for a location with an initial temperature of 40 (C.

Table 1. Variation of temperature with height

	Height

(km)
	Temperature

((C)

	0 (sea-level)
	40

	1
	30

	2
	20

	3
	10

	4
	0

	5
	-10

	6
	-20

	7
	-30

	8
	-40

	9
	-50

	10
	-60


The relationship between temperature and height can be shown much better if we use the data to plot a line graph as shown in figure 1. In class today we will be shown how to plot this graph both manually and using the computer software Microsoft Excel.
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Plotting a Graph Manually

1. Using graph paper provided, draw a line several cm from the left edge of the paper for a vertical axis (y-axis), and several cm from the bottom edge for a horizontal axis (x–axis).

2. The independent variable (height) is plotted on the x-axis and the dependent variable (temp) on the y-axis. 

3. Determine the range of values for each variable by subtracting the smallest value from the largest one.

Temp Range = 40 – (-60) = 100 (C 

Height Range = 10 – 0 = 10 km

4. Select a convenient scale of units for each axis considering the data range from step 4

5. Label each axis scale: begin with 0 or a number smaller than the lowest number to be plotted and then label each division with a number that adds to the previous one by an equal amount.

For e.g. the x-axis is labeled in units of every 1 km (0, 1, 2, 3, 4, 5, 6, 7, etc.) while the y-axis is labeled in units of every 20(C (-70, -50, -30, -10, 10, 30, 50).

6. Label the axis with the names and units of the plotted variables. The x-axis is labeled “Height (km)” and the y-axis is labeled “Temperature ((C)”.

7. Plot a point for each row of height and temperature data

(i) locate one value for height on the x-axis and follow an imaginary line upward

(ii) locate the corresponding value on the y-axis and follow an imaginary line horizontally

(iii) at the intersection of the two imaginary lines, place a dot with a sharp pencil point.

8. Repeat this procedure for each row of values.

9. After there is a dot for each row of data, examine the outline of the plot

10. The data may appear to be fall on or close to a straight line (linear) or they may appear to be curved (curved).

linear data

If they are approximately on a straight line (linear), then lay a ruler in such a position as to include all the points, or, if not exactly on a straight line, angle the ruler so that an equal number of points occur on each side of the line. Draw the line with a pencil.

curved data

If  the data points appear to be arranged in a curve, sketch the curve so as to include the points as a smooth shape with as many points on one side as on the other. Erase the trial lines and draw a single smooth curve.

11. Title the graph in an upper corner or along the bottom of the paper 

e.g. “Variation of Temperature with Height”
Plotting a Graph Using Microsoft Excel

1. Hit the Start button at the bottom left of the computer.

2. Select Programs.
3. Select Microsoft Excel

4. Enter the data for the x axis (height) in the first column

5. Enter the data for the y-axis in the second column

6. Take the mouse and click any point below your data values

7. From the menu at the top of the screen select Insert
8. Select Chart
9. From the chart type menu select XY (scatter)

10. Click Next

11. Click the red arrow in the right of the box that says Data Range

12. Go the data and holding down the left mouse button block the data till all values are enclosed in a box.
13. Hit Enter on the keyboard.

14. Click Next to go the chart Options.
15. Enter the information for the Chart Title and the Axis Title.
16. Click Finish to display the data points on the graphs.

17. Select the Chart option from the top menu.

18. Select Add Trendline to add a best fit line through the data points.
19. Select Linear trendline for linear data or polynomial trendline for curved data.
20. Click OK to display the finished graph.
Bronx Community College
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LAB ASSIGNMENT: GRAPHING TECHNIQUES
NAME: ___________________________
1. Plot the data in Table 1 manually

Table 1. Absorbance of Various Concentrations of a Dye 

	Absorbance (y)
	Concentration (x)

	0.0
	0

	0.1
	50

	0.25
	100

	0.60
	200

	0.70
	300


2. Plot the data in Table 1 using Microsoft Excel. On the graph make sure to include a 

    linear best fit line (i.e., trendline ) for the data.

3. Go to the BCC web site (http://www.bcc.cuny.edu). Click the link:BCC Weather Station. Click the Data Archives button. Click the link to October 6, 2004 data. Record the 24 hr temperature in Table 2 (starting from bottom up). Plot the data in Table 2 using Microsoft Excel.
Table 2. Hourly Temperature at Bronx Community College for October 6, 2004.

	Hour of Day
	Temp (oF)

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	

	11
	

	12
	

	13
	

	14
	

	15
	

	16
	

	17
	

	18
	

	19
	

	20
	

	21
	

	22
	

	23
	

	24
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ENV11
Rock Identification Lab

In our everyday lives, we often find confusion between the terms rock and mineral.  People will sometimes use the terms interchangeably since they are both found in the ground.  However, they are distinctly different things.  Minerals are solids with a definite chemical composition and crystalline structure.  While rocks can be made of minerals, and therefore have some of these same properties, they can also be made of materials such as volcanic glass that do not contain a single crystal.

The problem is that we do not have a really clear definition of a rock.   Different sources will define the term rock in a variety of fashions, with each definition leaving out some outlying versions of rock while including others.  For the purposes of this lab, we are going to define rock as any coherent, naturally occurring substance that is usually composed of minerals.1
What does this definition leave in, and what does it exclude?  Granite and limestone are definitely included, as they are naturally occurring solids that are composed minerals.  Some substances that do not have minerals are also included, such as volcanic glass and anthracitic and bituminous coal.  Manmade substances that look like rocks, such as industrial diamonds and concrete, are not included, as they are not natural.  Water is not a rock since it is not coherent, but glacial ice would be included since it is.  Other people’s definition of rock would exclude some of these and include others.  Therefore, before you start discussing rocks, it is best to come to some understanding as to definition.

While the definition of a mineral is very well set, identifying minerals based upon their physical characteristics is a tough chore.  Identifying major differences between minerals can be quite easy, as say that between the hardness of gypsum and quartz.  However, the small differences between some properties can be mistaken when impurities and such are added to the system.  It takes years and years of experience to develop the skill to accurately identify most minerals.

Identifying rocks is similarly hard.  Just as with minerals, identifying large differences, such as those between igneous and sedimentary rocks, can be quite easy.  However, small differences will complicate a lot of the process.  In this activity, we are going to attempt to make these distinctions between rocks more easily discernable.

Igneous

Rocks are classified into three large families based upon the rock genesis: igneous, metamorphic, and sedimentary.  Igneous rocks are the simplest type to explain.  They are created when molten lava cools and hardens.  This means that they were the first type of rock to appear on this planet after it finished with its molten stage.  They are also the most abundant type of rock on the surface of the Earth, comprising over 80% of the crustal material.  For these two reasons, most books discuss it first.  

Igneous rocks are further subdivided into smaller categories based upon their chemical make up and the location in which they cooled.  The chemical backbone of all igneous rocks is silicon dioxide (SiO2).  The different chemical compositions of igneous rock have to do with different metals that will combine with silicon dioxide.  There is a broad spectrum of chemicals that will do this.  On one end of the spectrum, we have igneous rocks that form from sialic magma that is rich in aluminum and potassium.  This magma is generally light in color and thick.  On the other end of the spectrum are rocks that form from simatic magma that is rich in magnesium and iron.  This magma is generally dark in color and rather thin.  In between these two extremes are a variety of rocks that form from magma of varying.  

Location matters to the type of igneous rock since it determines crystal size.  If magma cools at the surface of the Earth, it will harden very quickly before crystals have a lot of time to form.  This type of rock will develop either no crystals (glass) or very small crystals that will require the aid of a lens to see.  If the magma cools deep below the surface, it will take a tremendous amount of time to harden, as the surrounding rock will insulate it.  In this scenario, crystals will have a long time to form, which will result in very large crystals in the rock.  We distinguish between these two different types by saying that a rock is volcanic (cooled at the surface) or plutonic (cooled below the surface)

Neither of these two factors is really quantized, i.e. both of them can change very slightly over a broad range.  However, for classification reasons, we generally place them into a narrow set of groups, as in Figure 1.  The three most commonly seen types of magma are rhyolitic, andesitic, and basaltic.    Rhyolitic magma is derived from the melting of continental crust.  Because it is very viscous, it does not flow well through crack in the crust, and so it rarely makes it to the surface.  Thus, rhyolitic magma usually results in granite, which is the plutonic, large crystal version.  Andesitic magma comes from the melting of continental and oceanic crust, like that found at a subduction zone.  The lower viscosity of this magma means that it reaches the surface more readily than rhyolitic magma. However, it is still thick enough to form steep stratovolcanoes when it does reach the surface.  Basaltic magma comes from the melting of oceanic crust and is the thinnest of all of the magmas.  Its viscosity means that it usually does make it to the surface, resulting in a small crystal igneous rock called basalt.  

[image: image38.png]



Metamorphic

Metamorphic rocks result when pressure, temperature, and chemical conditions produce a change in the crystalline shape or composition of a rock without actually melting a rock.  Pressure can squeeze crystals along a plane, causing them to re-form so that the rock looks foliated in that direction.  Increased temperature can give the atoms and molecules in the rock greater kinetic energy, allowing the crystals to grow bigger or change shape without going through a melting phase.  Changes in the chemical conditions can allow new elements to enter the rock and react, changing the crystals atom by atom.  Of course, the amount of change can vary from a small amount to a large amount.  If very little change is made, then it is considered low-grade metamorphism.  Greater changes result in high-grade metamorphic rock.

Besides the amount of metamorphism, the type of rock depends upon what the original rock was and whether the result is foliated or not.  The table below lists some of the more common types of metamorphic rock.

Foliated Metamorphic Rocks

	Rock
	Parent Rock
	Description

	Slate
	Shale
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Very fine grained and dense. Splits into thin plates with smooth surfaces. Harder than shale. Commonly dark gray.

	Phyllite
	Shale, slate
	Microscopic mica flakes give this rock a satiny sheen on foliation surfaces. Often gray or gray-green.

	Schist
	Shale, slate, phyllite, lava, coal
	Foliation due to abundance and alignment of elongated or platy minerals such as micas or hornblende in visible crystals. Quartz, feldspar, garnet, and corundum     often present. Schists are named for mineral content: e.g., garnet biotite schist.

	Amphibolite
	Basalts, carbonate-rich muds
	Black schist composed primarily of aligned amphibole crystals. Often shiny on split surfaces.

	Gneiss
	Any rock or mixture of rock
	A coarse-grained rock characterized by bands of quartz and feldspar separated by schistose layers of micas.


Non-Foliated Metamorphic Rocks

	Rock
	Parent Rock
	Description

	Metaconglomerate
	Conglomerate 
	Cobbles and pebbles flattened in a parallel arrangement. Clasts often high in silica and surrounded by micaceous matrix.

	Quartzite
	Sandstone 
	Composed mainly of fused quartz grains. Extremely durable and dense.  Fractures across original sand grain boundaries. Surface less abrasive than sandstone.

	Marble
	Limestone 
	Recrystallized calcite. Will react with hydrochloric acid. Usually massive in structure, and white or pastel in color.  Crystal faces reflect light on freshly broken surface.

	Serpentinite
	Peridotite, basalt
	Lime green to dark green, dense, massive. Formed by the addition of water to simatic rocks. Commonly displays slickensides. Closely related to asbestos.

	Eclogite
	Simatic rock
	Commonly a granular mass of green pyroxene crystals containing scattered reddish garnets. Some eclogites are foliated, and some may be igneous in origin; all are the product of high pressure. Includes the diamond-bearing rock, kimberlite.

	Hornfels
	Any pre-existing rock
	Dense, rough, fine-grained rock with conchoidal fracture, formed by heat alteration without the addition of new chemicals. When scattered megascopic (visible) crystals are present, their identity is incorporated into the rock name: i.e. corundum hornfels.

	Anthracite
	Bituminous 
	Black, shiny, hard. Low density. Will not rub off on fingers.


Source: General Geology of the Western United States – A Laboratory Manual by Bassett and O-Dunn, p. 43, Peek 
Publications, Palo Alto, CA, 1980.

Sedimentary

Sedimentary rock is, quite possibly, the easiest type of rock to understand.  It is formed from sediments that are cemented together in order to form a coherent solid.  The different types of sedimentary rocks will depend upon what sediments are involved and how they are cemented together.  Sediments can come together one of three ways.  The first of these is to have smaller pieces of rock come together in some type of depositional environment, such as a lake, a beach, or an alluvial fan.  When they do, the type of rock that is formed is known as a clastic sedimentary rock.  Sediments can also come together from a dissolved state (ex. chlorine ions in water) when saturation limits are reached and precipitation occurs.  This is known as a chemical sedimentary rock.  Finally, plants or animals can pull the dissolved sediments out of solution and later precipitate them as sediment.  This will form a biogenic sedimentary rock.

The cement that is used to hold these sediments together is normally provided by some type of dissolution process.  For chemical sedimentary rocks, this is quite obvious.  For clastics, the cement comes from the local environment.  Most depositional environments are local low spots, and thus, are places in which water will collect.  As sediment begins to pile up, pressure causes the sediment grains to be pushed very close together.  Water, which is one of the greatest solvents known, will pick up some dissolved ions as it sits and moves in between the sediment grains.  Some of the dissolved ions will precipitate out and glue the individual grains together.  

There are many different features to sedimentary rock.  Different sized sediments will form different types of rocks.  For instance, sand grains that cement together will form sandstone, while small flat clay grains will form shale.  Because organisms that have died can also be moved to the same spot as sediments, one often finds fossils within clastic and biogenic sedimentary rocks.  Yearly or seasonal changes in the types of sediments that reach a region will show layering within a clastic rock.  These and many more factors give the same type of sedimentary rock vastly different appearances, making rock identification a challenge. 

The list below contains most of the common types of sedimentary rock.  

	Rock
	Origin
	Description

	Conglomerate 
	Stream deposition
	Rounded particles greater than 4 mm cemented by finer material.

	Breccia 
	Landslides, grinding along faults
	Distinguished from conglomerate by the angularity of the particles.

	Tillite
	Glacial deposition
	Frequently a mixture of conglomeratic and breccia clasts, in a siltstone matrix; no layering.

	Quartz sandstone
	Dunes, beaches, sand bars
	Particles 1/16 mm to 2 mm cemented together; may be angular or rounded. Small grains of clear quartz, gritty feel.

	Arkose 
	Weathered granite
	A form of sandstone containing considerable feldspar particles. These will appear white or pink. Particles are usually angular and may be as coarse as 4 mm.

	Graywacke
	Weathered basalt 
	A form of sandstone containing rock fragments, glass shards, and altered plagioclase embedded in a clay matrix.

	Siltstone 
	Stream deposition, nearshore marine
	A fine-grain, compact rock intermediate between sandstone and shale.

	Shale 
	Quiet marine, lakes, swamps
	Particles smaller than 1/256 mm. May show closely spaced bedding planes. Feels smooth rather than gritty.

	Rock salt
	Desert dry lakes, marginal marine
	Crystalline or massive halite. Hardness of 2½. Commonly white or pale orange.

	Gypsum rock
	Same as salt
	Massive or granular gypsum. I-lard-ness of 2. White, gray or pastel.

	Chert
	Chemical precipitate
	Massive silica. Conchoidal fracture. Hardness of 7. Dark colored variety is flint. Commonly in limestones.

	Limestone
	Chemical precipitate, marine, hot springs
	Composed of calcite; hardness of 3.  Reacts with hydrochloric acid. Usually dense, fine-grained, white or gray. Some is biogenic.

	Dolomite
	Marine mud flats, deep ocean muds
	A form of limestone containing considerable magnesium. Reacts sluggishly with cold hydrochloric acid.

	Coquina
	Beaches, reefs
	Visible calcite shell fragments loosely cemented together.

	Chalk
	Quiet marine
	White, soft. A form of limestone; reacts vigorously with hydrochloric acid. Microscopic marine shells.

	Diatomite 
	Marine
	Formed by the deposition of microscopic diatom shells made of silica. White, low density.

	Bituminous coal
	Swamps 
	Dark brown or black, low density. Partially decomposed remains of land plants. Often banded.


Source: General Geology of the Western United States – A Laboratory Manual by Bassett and O-Dunn, p. 40, Peek 
Publications, Palo Alto, CA, 1980.
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Rock Identification Lab

Name: ______________________

In this lab, we are going to try to identify ten different rocks from their properties.  Use the information listed above and any other resources you might have to identify the ten rocks, and list your findings on the sheet below.  If you would like to have some practice on identifying rocks, we suggest the following tutorial:

http://www.fi.edu/fellows/fellow1/oct98/expert/ 
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Mineral Identification Lab

Introduction

Animal, Vegetable, or Mineral?

If you are like most Americans, at some time, you have played the guessing game “Animal, Vegetable, or Mineral?”  The premise behind the game is that one individual receives a certain number of questions in which to guess what material object another person has chosen.  Of course, the first question is the aforementioned one, as every object that we can think of is supposed to fall within one of these three broad classification schemes.  Alas, this is not really true.  One problem is that some objects fall into 2 or more of these categories (some viruses have a crystalline stage, some animals undergo photosynthesis, etc.).  However, the idea behind the game is that everything made of matter will fall into a classification of either living or non-living, with minerals being the catch all for non-living.

The other problem with the game is that a mineral is much more than just a non-living object.  What it is exactly, though, will raise a debate amongst geologist.  A check of different textbooks will find many different definitions for mineral.  For the purposes of this activity, we are going to define a mineral as a substance that is naturally occurring, inorganic, crystalline in nature, and has a definite chemical make-up.  The first of these criteria means that anything man-made is not considered a mineral.  This is somewhat problematic, as mankind has developed ways of creating certain gemstones in the lab that are almost indistinguishable from their natural counterparts.  For instance, industrially created diamonds are used for many different tools, such as diamond-tipped saw blades.  The second criterion is not without its problems, too.  Certain minerals such as graphite, diamonds, and calcium carbonate can and do have biological origins.  Graphite and diamonds can come from plant matter.  Calcium carbonate is the chemical that makes up seashells.  By convention, they are usually included amongst minerals.  
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The third and fourth criteria are less problematic.  The fact that a mineral must have a crystalline structure eliminates all liquids.  It also eliminates all glasses, as these are amorphous solids with no definite atomic arrangement.  The chemical make-up does come with one caveat: some minerals are allowed to have substitutions of certain chemicals in their molecular structure.  As an example, hornblende is a complex mixture of hydrous ferromagnesium silicate that can various proportions of calcium, aluminum, and sodium within it.  These substitutions usually just change the color of the mineral and do not radically alter the other properties of the mineral.  

Identification

To accurately identify a mineral and be 100% certain, an individual would have to run a number of laboratory tests on a sample.  They would have to run an X-ray diffraction analysis of the material to find out what its true crystalline shape is.  A ground-up and prepared sample would have to be put through a chemical analyzer to determine its chemical formula.   Both of these procedures would take a lot of time and money, and some of the sample would be destroyed in order to perform the analysis.  For these reasons, we rarely run such test unless there is a great need to know the answer for sure.

Instead, most minerals are identified by their physical properties.  Since minerals have a definite chemical make-up and crystalline shape, one can usually identify them things like their hardness, color, or crystalline shape.  Some of the more common properties used to identify them are listed below.

1. Hardness – One of the most common properties upon which to base identification, this is a measure of the scratchability of a mineral.  It is evaluated on the basis of the Mohs’ hardness scale, which identifies the hardness of certain keystone minerals on a 1-10 scale.  The scale is 1 for talc, 2 for gypsum, 3 for calcite, 4 for fluorite, 5 for apatite, 6 for orthoclase, 7 for quartz, 8 for topaz, 9 for corundum, and 10 for diamond, the hardest substance known to humans.  The principle behind the scale is that any substance that is higher in number is able to scratch a substance of a lower number.  topaz will scratch quartz, fluorite will scratch gypsum, and diamond will scratch them all.  For further reference, it should be noted that the average human fingernail is about a 2 ¼, a copper coin is a 3 ½, a steel nail is about a 5 – 5 ½, and glass is about a 5 ½ – 6.
To do the hardness test, you will sometimes need to use considerable force.  You should try to minimize the scratching of the mineral by limiting the size of the mark.  Further, you should wipe the mineral after the scratch test to make sure that it did indeed scratch, and that you are not just seeing powdered residue on the surface left behind by the device with which you performed the test.

2. Luster – This is the appearance of the mineral surface in reflected light.  This test can be very hard to perform, as dirt on the surface or an uneven surface will skew results.  The test is best carried out when you are looking at a large crystal face.  The different categories are metallic (reflect a considerable amount of light and look like a metal surface), adamantine (brilliant, like a polished jewel), vitreous (glassy), resinous, pearly, silky, and earthy (dull, very little reflection).

3. [image: image41.jpg]


Color – While this seems to be a very simple property, it is far from easy to use this property.  Impurities can greatly change the color of a mineral.  Dirt or other substances on the surface can also give a false reading.  Color is also very subjective.  What one person would call green, another might call grayish.  This property is most reliable for metallic minerals, and fails a lot for transparent minerals.  As an example, gold and iron pyrite often look very similar in color (see Fig. 2).  This is one reason why iron pyrite is often called “fool’s gold”.

4. Streak – This property is the color of the mineral residue when it is powdered.  Amazingly, this property is usually much more reliable than color.  To create a streak, one would usually use a mortar and pestle to crush a small sample.  However, the most used tool for measuring this is to use a piece of white, unglazed pottery.  Since pottery has a hardness of about 6, this tool is unusable for minerals that have hardnesses of 6 and greater.

5. Cleavage – This is the tendency of a mineral to split along certain planes.  A great example of a mineral that has excellent cleavage would be mica, which cleaves along flat planes to give very thin sheets.  Other minerals such as halite will have several different faces upon which they will cleave, while some other minerals such as quartz have no cleavage (and yes, geologist are know to make bad, sexist jokes during the discussion of this property).

6. Crystalline shape – This is the geometric pattern that a lone crystal of the mineral will have.  To see this pattern, though, the crystal needs to be reasonably large and not convoluted by many crystals growing over one another.  Oftentimes, all that one sees is just a face or two of the crystal.  This might be enough for a crystal with a simple shape.

7. Fracture – This is the shape of a mineral when it is broken.  This occurs for minerals like quartz that do not have cleavage.  The different types of fractures are conchoidal (concave breakage reminiscent of glass), splintery, or uneven.

8. Specific gravity – This is the density of the mineral compared to water (1 gm/cm3).  Most minerals will have a specific gravity in the 2.5-3.5 range.  Some, such as the natural metal ores and few other minerals rich in metals, will have specific gravities much higher than this.  Others, such as halite and gypsum, will be much less than this.  To determine this property, one needs a graduated cylinder with water in it and a mass scale.  Putting the mineral in the graduated cylinder will tell one the volume of the mineral by the amount of water it displaces.  Putting the mineral on the scale will give its mass, which when divided by its volume in cubic centimeters, gives its specific gravity.
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Fuel Cell Car Demo

INTRODUCTION
This lab demo gives insight into the exciting world of fuel cell technology. The Reversible fuel cell first decomposes water into hydrogen gas and oxygen gas with either solar power or by battery. The two gases are then recombined in the Fuel Cell to provide electricity to power an in intelligent model car and a propeller for approximately five minutes. The only waste product in either case is water vapor which is non-polluting. 
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              Fuel Cell Driven Model Car

Fuel Cell Driven Propeller
What is a Fuel Cell? 

A fuel cell is a device that generates electricity by a chemical reaction. Every fuel cell has two electrodes, one positive and one negative, called, respectively, the cathode and anode. The reactions that produce electricity take place at the electrodes. Every fuel cell also has an electrolyte, which carries electrically charged particles from one electrode to the other, and a catalyst, which speeds the reactions at the electrodes. Hydrogen is the basic fuel, but fuel cells also require oxygen. One great appeal of fuel cells is that they generate electricity with very little pollution—much of the hydrogen and oxygen used in generating electricity ultimately combine to form a harmless byproduct, namely water. One detail of terminology: a single fuel cell generates a tiny amount of direct current (DC) electricity. In practice, many fuel cells are usually assembled into a stack. Cell or stack, the principles are the same. 
How Do Fuel Cells Work? 

The purpose of a fuel cell is to produce an electrical current that can be directed outside the cell to do work, such as powering an electric motor or illuminating a light bulb or a city. Because of the way electricity behaves, this current returns to the fuel cell, completing an electrical circuit. The chemical reactions that produce this current are the key to how a fuel cell works. 

There are several kinds of fuel cells, and each operates a bit differently. But in general terms, hydrogen atoms enter a fuel cell at the anode where a chemical reaction strips them of their electrons. The hydrogen atoms are now “ionized,” and carry a positive electrical charge. The negatively charged electrons provide the current through wires to do work. If alternating current (AC) is needed, the DC output of the fuel cell must be routed through a conversion device called an inverter. 
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Graphic by Marc Marshall, Schatz Energy Research Center 


Oxygen enters the fuel cell at the cathode and, in some cell types (like the one illustrated above), it there combines with electrons returning from the electrical circuit and hydrogen ions that have traveled through the electrolyte from the anode. In other cell types the oxygen picks up electrons and then travels through the electrolyte to the anode, where it combines with hydrogen ions. 

The electrolyte plays a key role. It must permit only the appropriate ions to pass between the anode and cathode. If free electrons or other substances could travel through the electrolyte, they would disrupt the chemical reaction. 

Whether they combine at anode or cathode, together hydrogen and oxygen form water, which drains from the cell. As long as a fuel cell is supplied with hydrogen and oxygen, it will generate electricity. 

Even better, since fuel cells create electricity chemically, rather than by combustion, they are not subject to the thermodynamic laws that limit a conventional power plant (see “Carnot Limit” in the glossary). Therefore, fuel cells are more efficient in extracting energy from a fuel. Waste heat from some cells can also be harnessed, boosting system efficiency still further. 
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Spectrophotometric Determination of the Concentration of a Food Dye

A spectrophotometer measures the intensity of a light beam before and after it passes through a sample and compares these two intensities. Spectrophotometers have wide applications in environmental science to determine pollutants and other compounds of interest. For example the HACH DR/4000 spectrophotometer can measure compounds in water such as lead, iron, chlorine, all compounds of interest for drinking water quality. The Spectronic 20 spectrophotometer that we will use in the lab reports two types of measurements: percent of light absorbed by a sample (absorbance) or percent of light transmitted by a sample (transmittance). The two quantities are related mathematically. The figure below shows a schematic of the spectronic 20.
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Procedure for Using the Spectronic 20 Spectrophotometer

1. Turn on the power to the Spectronic 20 and allow 15 minutes warm-up

2. Set the wavelength to 515 nm

3. With Spectronic 20 in the Transmittance mode, zero the instrument using the bottom left knob.

4. Place a cuvette with distilled water in the Spectronic 20 and with the right bottom knob set the instrument to 100%.

5. The instrument is now ready for use (Do not adjust any knobs from this point on)

6. Place the cuvette with the solution in the Spectronic 20, close lid and read absorbance. 
Lab Objectives

To use a spectrophotometer to determine three unknown concentrations of a food dye. 
Background

We will use successive 1:2 dilutions to make up a series of 5 solutions of known concentration by starting with the original dye solution with a concentration of 320 ppm. By performing successive dilutions we will obtain solutions with concentrations of 320 ppm, 160 ppm, 80 ppm, 40 ppm, and 20 ppm. We will then use a Spectronic 20 spectrophotometer to measure the absorbance of each of the above solutions. We will then make a graph of the absorbance (y axis) versus concentration data (x-axis). We will use this graph to determine the concentration of three unknown solutions.

Experimental Methods (see instructions on use of Spectronic 20 below)
1. Use the original solution and measure the absorbance on the Spectronic 20 spectrophotometer (320 ppm).

2. Take 5 mL of the solution from step 1, add 5mL of distilled water and measure the absorbance on the Spectronic 20 (160 ppm).

3. Take 5 mL of the solution from step 2, add 5mL of distilled water and measure the absorbance on the Spectronic 20 (80 ppm). 

4. Take 5 mL of the solution from step 3, add 5mL of distilled water and measure the absorbance on the Spectronic 20 (40 ppm). 
5. Take 5 mL of the solution from step 4, add 5mL of distilled water and measure the absorbance on the Spectronic 20 (20 ppm).

6. Obtain an unknown sample and measure the absorbance on the Spectronic 20.

7. Repeat step 6 for the other unknown samples.

8. From the data in steps 1 – step 5, draw a calibration curve 

9. Use the calibration curve to determine the concentration of each unknown sample in steps 6 and 7.
Materials
1. Spectronic 20 spectrophotometer

2. Set of glass cuvette

3. Graduated cylinders

4. Plastic transfer dropper

5. Distilled water
Data Analysis
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       Figure 1. Sample Absorbance Calibration Graph
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NAME _______________________________

    Table 1. Calibration Data

	Concentration

(ppm)
	Absorbance

	320 ppm


	

	160 ppm


	

	80 ppm


	

	40 ppm


	

	20 ppm


	


    Table 2. Unknown Data

	Sample
	Absorbance


	Concentration

(ppm)

	Unknown A


	
	

	Unknown B


	
	

	Unknown C
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Acid Rain Lab

Introduction:  Acid Rain

Acidity is measured on the pH scale ranges from 0 to 14 with 0 being acid, 7 as neutral, and 14 as alkaline.  The pH scale measures the concentration of hydrogen ions in solution, which indicates acidity. The pH scale is also logarithmic, so that a change in one unit represents a tenfold change in acidity, thus a solution of pH 4 is 10 times as acidic as one with pH 5 and 100 times as acidic as pH 6. 
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"Natural" or unpolluted rainfall is slightly acidic and has a pH of between 5.6 and 5.8. When fossil fuels, such as coal, are combusted, sulfur dioxide (SO2) and nitrogen oxide (NOx) are released into the troposphere. The primary source of acid SO2 is electrical power plants, whereas NOx comes from industrial boilers, mineral smelting plants, and automobiles. Once airborne, these acidic gases mix with precipitation such as rain, sleet, and snow and fall back to earth as “acid” rain. 

Acid rain can affect both terrestrial and aquatic ecosystems, but the effects can vary depending on local conditions. The American Midwest, for example, has naturally alkaline soils that can buffer acid fallout. Likewise, some lakes lie on limestone, sandstone, or other alkaline formations that help neutralize acidity. On the other hand, some regions where lakes and soils lie on granite or glacial tills have low pH values to begin with and thus are greatly affected by acid rain.

Forests can be greatly affected by acid rain. Extensive stretches of forests in Switzerland and Germany have been damaged or destroyed by acid rain. Extensive vegetation dieback and soil erosion have occurred in the Canadian province of Ontario and acid rain has been implicated in tree damage reaching all the way south along the Appalachian Mountains to Georgia. 

Aquatic effects from acid rain result from increasing acidity of rivers, lakes, and streams. Aquatic ecosystems have a preferred and tolerated range for acidity and if levels exceed the tolerated range plants, insects, and fish can disappear. In Scandinavia, as well as the eastern seaboard, many waterways have been affected. Some have been declared technically "dead" or placed on the critical list.

Materials and structures are also affected by acid rain. The most common problem is corrosion of buildings and statues made of marble and limestone. Steel structures are also susceptible to corrosion resulting from acid rain. In Poland, where there are few or no emissions controls on smokestacks, and where they burn large quantities of high sulfur coal, acid deposition is beginning to erode railroad tracks. 

One of the difficulties involved in dealing with acidic deposition is that it often falls in different areas or countries from where it originated. Sulfur dioxide emissions can travel up to 2,000 kilometers in a few days. Most of the acidic deposition in the eastern United States, for example, is the result of coal burning power plants in the Midwest. Acidic deposition has become a significant transboundary issue. Both Sweden and Norway claim that most of the SO2 they receive comes from other countries, most notably Poland. 

A range of specific control technologies exists for both sulfur dioxide and nitrogen oxides. Since sulfur dioxide is produced primarily from the combustion of coal, there are a number of technologies designed to burn coal cleanlier. These include more efficient boilers, cleaning technologies, and fluidized combustion beds. Other technologies designed to reduce SO2 and NOx emissions include limestone injection burners, reburners, flue gas desulphurizers, in-duct sprayers, and low NOx burners. 

In addition, technologies exist for both wet and dry deposition, monitoring and measurement as well as materials protection. Monitoring and measurement technologies include rain gauges and pH analyzers. Materials protection technologies include waxes, special coatings, and paints.
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Acid Rain Lab
Name: ____________________________
This exercise will familiarize you with the phenomenon known as acid rain, requires that you test water samples from rainfall/snow. (Note to instructor: To successfully complete the exercise, arrangements will have to be made to allow students to conduct pH tests of water samples. 

Note to Students - Make arrangements with your instructor to acquire the materials you will need to test the pH of several water samples. Then begin to watch the weather. When the forecast calls for rain, take a clean, meticulously rinsed, air-dried container outside and collect rainfall. Then pour water from the container into a clean, meticulously rinsed drinking glass, cup, or jar. Insert a pH test strip into the cup and record the pH. Take a total of three samples, record the results below, calculate the average pH, and answer questions 1-3 below.

	Sample #
	Sample Identification
	Sample Date
	pH

	#1
	
	
	

	#2
	
	
	

	#3
	
	
	

	
	
	
	avg =


1. Unpolluted rainfall has a pH of about 5.6. Was your average lower or higher than 5.6?

2. Why do you suppose that you got the readings that you did?

3. What conclusions can you come up with based on your readings?

4. Compare your results with three other students in your class. Was your average lower or higher than those of your classmates?
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Atmospheric Pollution Lab

In addition to the natural changes that occur in the atmosphere, many of the activities we humans engage in can change the atmosphere, principally by altering the chemistry or gaseous composition of the atmosphere. Many human activities release trace amounts of gases or particulates that can result in a variety of impacts on human health and the environment. For example, there are many technologies or devices burn wood, coal, or oil inside buildings such as woodstoves, boilers, furnaces, ovens and heaters. When these devices are used, they must be probably vented to the outside because the gases that result from combustion can have a serious impact on the ability of humans to breathe. 

Carbon monoxide is one such gas that often results from combustion and it is becoming more common for carbon monoxide monitors or alarms to be installed within homes and buildings. Carbon monoxide, or CO, is a colorless, odorless gas that results from incomplete combustion or burning of fuel. Normally, the atmosphere contains a very small amount of carbon monoxide, about 200 parts per billion (ppb), or .02 parts per million (ppm). If the concentration of carbon monoxide in the air you breathe increases slightly to 9 parts per million, you may begin to have difficulty breathing. A healthy person may be just barely affected by CO exposure of 9 ppm, but older individuals and asthmatics, whose lung function may be already compromised, are likely to feel a greater level of effect. Carbon monoxide reduces the ability of the body's blood to absorb oxygen. It is also colorless and odorless making detection difficult. Inhaling low levels of carbon monoxide can result in fatigue and chest pain, particularly in individuals with chronic heart disease. Increased exposure to CO can result in headaches, dizziness, sleepiness, nausea, vomiting, and disorientation. At very high levels, inhalation of carbon monoxide can cause loss of consciousness and death. Every year, several hundred lives are lost in the U.S. as a result of carbon monoxide inhalation. An increase from .02 to 9 ppm in carbon monoxide may seem like a large relative increase, but a change of this magnitude is a change of only 0.000088% in the total concentration of gases in the air you breathe. So you see, a small relative change in the composition of gases in the atmosphere can have a big impact. Most of the facilities, technologies, or devices that combust fuel and/or release trace amounts of gases into the atmosphere are found in urban areas simply because that is where the bulk of human activities occur. Most air pollution, therefore, is found in cities. As humans, our lungs have evolved over the millennia to breathe a specific combination of gases. If this combination is altered, even just a little bit, our ability to breathe, how far we can see, and how we feel can be affected. We’ve already seen how a small change in the amount of carbon monoxide in the air we breathe can have huge impacts on our health.

There are a number of other gases and substances that are released in urban areas, besides carbon monoxide, that can affect human health. These include sulfur dioxide (SO2), nitrogen oxides (NOx), tropospheric ozone (O3), volatile organic compounds (VOCs) or hydrocarbons such as benzene, heavy metals such as lead, and suspended particulate matter such as smoke and soot. Urban air pollutants come from a variety of human sources, processes and activities. The process responsible for the majority of the emissions is the combustion of fossil fuels -- coal, oil, and natural gas. Urban air pollutants can also be grouped in a number of ways such as, gaseous or particulate, primary or secondary, and stationary or mobile. 
Primary air pollutants are those that are discharged directly into the atmosphere, such as car exhaust. In many cases, these primary air pollutants mix together to form other gases known as secondary air pollutants. Secondary air pollutants are formed in the atmosphere through a variety of chemical reactions, such as the photochemical reaction that creates tropospheric ozone. Ozone, or O3, is a secondary air pollutant found in most of the world’s major cities. Ozone forms when volatile organic compounds, or VOCs, and nitrogen oxides (NOx) react with oxygen in the presence of sunlight. Ozone found in cities is a respiratory irritant and affects lung function of asthmatics and the elderly. The Clean Air Act regulates tropospheric ozone. The National Ambient Air Quality Standard (NAAQS) for ozone is 125 parts per billion, or ppb. 
Stationary sources of air pollution are usually discrete industrial sites and other fixed sources of emissions. Less than half of the air pollution found in cities, about 40%, comes from stationary sources. Stationary sources include electricity generating power plants, residences heated by wood, incinerators and industrial facilities such as refineries, chemical factories, iron and steel production and processing plants, glass factories, food production plants, cement works, and large fuel or oil storage facilities. Mobile air pollution sources account for the bulk of urban air pollution, around 60%. The principal mobile source is the automobile, although other fuel burning mobile sources, such as ships, boats, and aircraft contribute as well.
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Part One – Transportation

Transportation is essential to the world we live in. Yet, many of us may not be aware of our travel behavior and the environmental impact that results from how often and the way in which we travel. Americans travel over 2.5 trillion miles per year in passenger cars, a distance equal to roughly 100 million miles times around the earth. The “average” American drives over 14,000 miles per year, or about 40 miles each day, and spends almost an hour each day in a car. Cars, as you know, are just one of the ways we travel. Americans take to the air as well and travel nearly 500 billion miles a year in planes, a distance equal to about 20 million times around the planet. Each American travels nearly 2,000 miles per year by plane.

To get a better sense about your own travel behavior, complete questions 1 - 3 below.

1. Do you own a car or SUV/minivan/truck?
2. About how many miles do you drive? (answer below)

Each Year?

Each Month?

3. About how often do you take an airline trip? (answer below)

Each Year?

Each Month?

Part Two - Electricity

America runs on electricity and we use more and more each day. Between 1975 and 2000, commercial electricity use increased more than 150%, more than 4 times total U.S. energy use and 6 times greater than the increase in fuel consumed by passenger vehicles. We all use electricity and lots of it and this part of the exercise will help you get familiar with how you use electricity. Some of you may already understand electricity. Others may have to conduct some research. The first step is to examine a copy of an electricity bill. If you live in an apartment or condominium, you may have to contact your landlord or use someone else’s electricity bill for this exercise. Complete the questions below:

1. List your type of dwelling unit (i.e. house, apartment, condominium).
2. Do you own or rent?
3. Who is your electricity provider?
In this step you are asked to find out how much your electricity costs. You can do this in a couple f ways. First, the price is likely to be printed on your electricity bill. It is either listed as a cost per kilowatt-hour (kWh), or as a cost per unit. If it is not listed on your bill, then you may need to ask the company itself.
4. What is the unit of cost (kilowatt hour, unit, BTU, etc)?

5. What is the cost per unit?

    What is the cost per kWh?

    (You may need to find a conversion factor to kWh, either on the bill or by contacting

     the company.)

6. How much electricity did you use last month? (If you rent, you may need to obtain

     these figures from your landlord).

7. How much was your total bill last month?

Part Three - Natural Gas

Many of you probably use natural gas for cooking, drying clothes or heating water. Natural gas can travel hundreds of miles by pipeline before reaching your home. To answer the following questions, you should use your gas bill, contact your landlord, or use someone else’s bill for this exercise.
8. Do you have gas service/appliances?
9. Who is your natural gas provider?
10. What is the unit of cost (therm, unit, BTU, etc)?
11. What is the cost per unit?
12. How much natural gas did you use last month? (If you rent, you may need to obtain

      these figures from your landlord).
13. How much was your total bill last month?

Part Four - Calculating Your Emissions

To figure out your emissions and how you compare against the national average, go to http://airhead.cnt.org/Calculator/. Answer questions 1 through 9 using the answers you provided above. Then click on the “Calculate your Emissions” button at the bottom of the page and answer the following questions.
14. Which of the four emission sources - auto, air, electricity, or natural gas - results in the most     

       emissions?
15. What is your total aggregate emissions in pounds?

16. What is the relative share or percentage of each of the four sources? (To calculate this, divide the #    

       of pounds for each source by the total). Record your answers below.

Auto

_______________
Air

_______________
Electricity
_______________
Natural Gas
_______________

17. How do you stack up against the national average, more or less? Are you surprised? Why or why  

      not?

Part Five - Where You Live

In this final section of the exercise, you’ll take a look at air quality near where you live. To begin with go to http://www.epa.gov/airnow/ click on the “Air Quality Index” link, and answer the following questions.

18. What is the Air Quality Index?
19. What scale does the AQI use?
20. At what point does air become unhealthy to breathe?
21. At what point does air become hazardous?

Click on the “Where You Live” link and then on the state you live in.

21. What are the current conditions:

For particulates?


For ozone?
Now click on the “Archives” link and then on your region (the regions are represented by different colors). Select “December 2003”.
22. What happened?
23. Why would “ozone season” occur in the months of May through September?
Return to the Region main link and select the following months - May, June, July, August and September - 2003. For each month, count the number of days in which air anywhere in your region reached the “Unhealthy for Sensitive Groups”, “Unhealthy”, or “Very Unhealthy”. Record your results below.
	Month
	“Unhealthy for

Sensitive Groups”
	“Unhealthy”
	“Very

Unhealthy”

	May 2003
	
	
	

	June 2003
	
	
	

	July 2003
	
	
	

	August 2003
	
	
	

	September 2003
	
	
	


24. Which month had the greatest number of “Unhealthy for Sensitive Groups”, “Unhealthy”, or “Very    

       Unhealthy” days? Why?

25. Given what you now know about air pollution, what changes in your lifestyle might you consider?
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WATER HARDNESS DETERMINATION 

General Considerations

Hard Waters are generally considered to be those waters that require considerable amounts of soap to produce foam or lather and that also produce scale in hot water pipes, heaters, boilers, irons, and other equipment in which the temperature of the water is increased considerably. To the average person, the soap consuming capacity is most important because of economic aspects and because of the difficulty encountered in obtaining suitable conditions for optimum cleansing. To the engineer or scientist, the scaling problem is most challenging.

With the advantage of synthetic detergents, many of the disadvantages of hard waters for household use have been diminished. However, soap is preferred for some types of laundering and for personal hygiene, and hard waters remain as objectionable as ever for these purposes. The scaling problem continues to be a consideration in spite of advances in our knowledge of water chemistry and the development of many devices that claim to prevent scaling.

The hardness of waters varies considerably from place to place. In general, surface waters are softer than groundwaters. The hardness of water reflects the nature of the geological formations with which it has been in contact. The attached figure shows the hardness in various regions of the United States. The softest waters are found in New England, South Atlantic and Pacific Northwest states. Iowa, Illinois, Indiana, Arizona, New Mexico and the Great Plains states have the hardest waters.

Waters are commonly classified in terms of the degree of hardness according to Table 1:

Table 1. Degrees of Hardness

	Hardness (mg/L)
	Degree of Hardness

	0 – 75
	Soft

	75 –100
	Moderately Hard

	150 – 300
	Hard

	> 300
	Very Hard
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Cause and Source of Hardness

Hardness is caused by multivalent metallic cations. Such ions are capable of reacting with soap to form precipitates and with certain anions present in water to form scale. The principal hardness causing cations are the divalent calcium (Ca2+), magnesium (Mg2+), Strontium (Sr2+), ferrous iron (Fe2+) and manganous ions (Mn2+). These cations plus the most important anions with which they are associated, are shown in the table below:

Table 2. Cations Causing Hardness in Water and the Major Anions Associated with them

	Cations Causing Hardness
	Anions

	Ca2+
	Bicarbonate (HCO3- )

	Mg2+
	Sulfate (SO42-)

	Sr2+
	Chloride (Cl- )

	Fe2+
	Nitrate (NO3-)

	Mn2+
	Silicate SiO3 2-


The hardness of waters is derived largely from contact with the soil and rock formations. Rain water as it falls upon the earth is incapable of dissolving the tremendous amounts of solids found in natural waters. The ability to dissolve is gained in the soil where carbon dioxide is released by bacterial action. The soil water becomes highly charged with carbon dioxide, which is in equilibrium with carbonic acid, H2CO3 . Carbonic acid assists in dissolving rock formations, particularly limestone. In general hard waters originate in areas where limestone formations are present. Soft waters originate in areas where limestone formations are absent or sparse.

Public Health Significance

Hard waters are as satisfactory for human consumption as soft waters. It may have a laxative effect in some individuals though. Because of their adverse action with soap, however, their use for cleansing purposes is quite unsatisfactory, unless soap costs are disregarded.

Application of Hardness Data 

Hardness of a water is an important consideration in determining the suitably of a water for domestic and industrial uses. The environmental engineer uses it as a basis for recommending the need for softening processes. The relative amounts of calcium and magnesium hardness present in a water are factors determining the most economical type of softening process to use, and become important considerations in design. Determinations of hardness serve as a basis for routine control of water softening processes.

Hardness Determination

Hardness is usually expressed in terms of mg/L of CaCO3 . Many methods of determination have been proposed over the years. However the EDTA titrimetric method is most commonly used .The EDTA method involves the use of solutions of ethylenediaminetetracetic acid (EDTA) or its sodium salts as the titrating agent. 

The successful use of EDTA depends upon having an indicator present to show when the EDTA is present in excess, or when all the ions causing hardness have been complexed. The dye known as Eriochrome Black T serves as an excellent indicator to show when all the hardness ions have been complexed. When a small amount of Eriochrome Black T, having a blue color is added to a hard water with a pH of about 10.0, it combines with a few Ca 2+ ions to form a weak complex ion which is wine red in color. The wine red color changes to a distinct blue color at the end of the titration.

Lab Objective

To determine the total hardness of NYC tap water a bottle water sample and two unknown samples and classify them as either soft, moderately hard, hard or very hard according to Table 1.

Procedure
1. Measure out 100 mL of water sample

2. Add 2 mL of buffer solution

3. Add 2 drops of indicator (solution will appear wine red in color)

4. Titrate slowly with EDTA titrant until the last reddish tinge disappears (solution becomes blue at end point)

5. Record the volume of EDTA used

6. Calculate Total Hardness as follows

Total Hardness (mg/L as CaCO3) =  (A x B x 1000) / mL Sample Used

Where:

A = mL of EDTA titrant used

B =  mg CaCO3 equivalent to 1.00 mL EDTA titrant (B = 1 in our experiment)

Table 3. Data Sheet

	Sample ID
	Vol of EDTA

(mL)
	Hardness

(mg/L as CaCO3)

	NYC Tap Water
	
	

	________________Bottled Water
	
	

	Unknown A
	
	

	Unknown B
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Removal of Hardness from Water By Precipitation with Soda Ash

BACKGROUND

The total hardness of water is defined as the sum of the concentration of cations with more than one charge, that is the multivalent cations such as Ca2+, Mg2+, Fe2+, Sr2+, Ba2+, Al 3+ . Because of their geological abundance, calcium and magnesium are the major contributors to hardness in natural waters. 

When too many hardness ions are present in water, they may cause undesirable chemical reactions that interfere with water use. For example, if you live in a region that has hard water, you may notice that your soap does not lather well. This occurs because Ca2+ and Mg2+ present in the water react with soap molecules to form an insoluble complex that precipitates out of water (i.e., the black soap scum around your bathtub). The effect of this reaction is to remove soap molecules from solution and reduce the soap’s capacity to solubilize dirt!!
M2+   +   Na+ -OOC-(CH2)10-CH3 (aq) ( M[OOC-(CH2)10-CH3 ]2
  Hardness ion


soap




       soap scum

M = Ca2+, Mg2+ 
Water hardness can cause more significant problems in residential and industrial water heaters, boilers, pipes and heat exchange systems. When water containing Ca2+, Mg2+ and bicarbonate (HCO3-) is heated, calcium carbonate (CaCO3) and magnesium carbonate (MgCO3) may precip[itate from solutions. These precipitates, commonly known as scale, coat the inside of pipes and heater coils, reducing the efficiency of water flow and heat transfer. They also increase the cost of system operation and maintenance, so it is easy to see why communities want to remove some of the hardness ions from water prior to its use. The process of removing hardness from water is called water softening.

Water Softening

Precipitation reactions are commonly used to remove unwanted contaminants from water. Consider a water supply with too much calcium, Ca2+. One way to remove the Ca2+ ions is to add a source of an anion (i.e., a negative ion) that will react to form an insoluble solid that will precipitate and fall to the bottom of the tank. The liquid water on top is relatively free of Ca2+. The anion that is commonly used in water treatment to remove Ca2+ is CO32-.

Ca 2+ (aq)   +     CO3 2- (aq)     (     CaCO3 (s)

Lab Objective

To determine the best dose of CO3 2- (in the from of Na2CO3) that will remove calcium hardness from water.

Materials

1. Buret

2. 100 mL graduated cylinder

3. 50 mL beakers

4. Hardness Buffer

5. 0.01M EDTA Titrant

6. Eriochrome Black T Indicator

7. Hard Water Sample (Unknown Hardness Concentration)

8. 10000 mg/L Sodium Carbonate (Na2CO3) Solution
Experimental Procedure
1. Determine the hardness of the original water sample according to the hardness test procedure.

2. Pour out 1L of hard water sample into each of 5 beakers

3. To the first beaker add 0 mL of Na2CO3 solution and mix rapidly for 1 minute (this corresponds to a Na2CO3 dose of 0 mg/L). This is the control sample.

4. To the second beaker add 5 mL of Na2CO3 solution and mix rapidly for 1 minute (this corresponds to a Na2CO3 dose of 50 mg/L).

5. To the third beaker add 10 mL of Na2CO3 solution and mix rapidly for 1 minute (this corresponds to a Na2CO3 dose of 100 mg/L).

6. To the fourth beaker add 20 mL of Na2CO3 solution and mix rapidly for 1 minute (this corresponds to a Na2CO3 dose of 200 mg/L).

7. To the fifth beaker add 40 mL of Na2CO3 solution and mix rapidly for 1 minute (this corresponds to a Na2CO3 dose of 400  mg/L).

8. After 5 minutes have elapsed for each beaker, check the pH of the water with the pH paper.

9. If the pH is less than 9 add drops of 1M NaOH and mix rapidly for about 10 seconds.

10. Check the pH after again. 

11. Repeat steps 9-10 until the pH is approximately 9.

12.  Once the pH in each beaker is 9 allow the beakers to stand for 20 minutes.

13. Take a 100 mL sample from the top of each beaker and measure the hardness

14. Plot Hardness (y-axis) versus Na2CO3 dose (x-axis).
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Name: _________________________

DATA SHEET
	Dose of CO3 2- 
(mg/L)
	Hardness

(mg/L as CaCO3)

	0.0 (control)


	

	50


	

	100


	

	200


	

	400
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Phytoremediation Pre-Lab Handout

What is Phytoremediation?

Phytoremediation is the utilization of plants to remove hazardous chemicals from soil and water through uptake of the hazardous chemicals into the plant roots, leaves, or plant tissue.  Research studies have shown that plants such as water hyacinths (Eichhornia Crassipes) can accumulate metals such as zinc, cadmium and arsenic.  In next week’s lab we will use water hyacinths to remove calcium hardness from water. The amount of calcium removed from the water will be determined by titrating with standard EDTA solution.

General Information on Water Hyacinths

Water Hyacinths are floating aquatic plants, native to tropical America. It has shiny light-green, circular leaves that are 2 to 5 inches wide and attached to inflated stems. The stems have trapped air, and act as an air bladder providing the Water Hyacinth buoyancy. Water Hyacinths have purple flowers in warm weather. 


[image: image14.emf]
The water Hyacinth roots are feathery and a purple-white color. They usually run from 12 to 18 inches long and they trail down into the water, providing spawning grounds for fish.  
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New plants grow from the mother plant and the Water Hyacinth tends to grow in large bunches.  Water Hyacinths reproduce rapidly and are considered the weed of the water world.

Why Use Water Hyacinths for Phytoremediation?

Water Hyacinths are just beginning to be used for Phytoremediation.  This use came about for a few reasons, the first since water hyacinths are so plentiful in nature.  People have been trying to remove the plant from many waterways, spending billions of dollars on doing so.  In many cases, this removal is almost impossible.  It has been discovered that water hyacinths quest for nutrients can be turned into a more useful direction. Water Hyacinth is already being used to clean up wastewater in small-scale sewage treatment plants. The plants utilize vast amounts of many nutrients, which are poisonous to humans in these quantities. The water hyacinth has been shown to remove Nitrogen and Phosphorous, as well as organic chemicals from wastewater. In the process of studying water hyacinths capabilities in sewage treatment, it has been discovered that this plant removes toxic metals such as zinc, cadmium and arsenic from water as well. Its ability to remove toxic metals from water is what makes water hyacinths so appealing for treating water.

How Does Water Hyacinths Remove Metals From Water?

Most of the common metals that are in water are positive ions. Calcium metal dissolved in water has a +2 charge (Ca2+). One possible theory of a way to remove them would be to put a negatively charged object into the water and use it to attract the positively charged ions. This is what essentially happens when we put the roots of the water hyacinth into water polluted with metals. The roots of hyacinths like many plants have a negative charge to them. When they are placed in water containing metals, the roots act like a magnet to attract the positively charged metals. The bigger the charge on the metal, the greater will be the attraction for the roots of the water hyacinth. Therefore a metal like chromium (Cr3+) with a charge of +3 will have a greater attraction for the roots of the water hyacinth than a metal like zinc (Ca2+) with a charge of +2.  
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Critical Thinking Skills Questions

1. What is phytoremediation? 

2. What type of plants can be used for phytoremediation?

3. Are there any other toxic chemicals you can think of for which you may use water hyacinths?

4. What are some apparent advantages of using water hyacinths as a water treatment strategy in the United States?

5. What are some apparent disadvantages of using water hyacinths as a water/wastewater treatment strategy in the United States?
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Phytoremediation Lab

OBJECTIVES

The objectives of this lab are to determine the rate at which water hyacinth plants remove calcium metal from a water sample.

INTRODUCTION

Phytoremediation is the process of using plants to remove harmful chemicals from the environment. At Brookhaven National Lab on Long Island, NY, research has shown that plants may be effective in removing radioactive Strontium and Tritium from groundwater. Water hyacinths have been reported by numerous researchers to be capable of absorbing and removing metals and nutrients from the water environment.  

The water hyacinth belongs to the pickerelweed family, Pontederiaceae. It’s scientific classification is Eichhornia Crassipes. Water hyacinth is a plant that grows chiefly in the tropical regions of the world. It floats on lakes, rivers, and swamps and grows to a height of about 2 feet (61 centimeters) above the water. The water hyacinth has as many as 38 purple flowers grouped around the top of the stem. Water hyacinths are a serious environmental problem because they grow so fast. The plants may double in number every 10 days. 

The thick growth of water hyacinths blocks the sunlight, and the roots of the plants use up the oxygen in the water. In addition, boats cannot travel on waterways that are choked with water hyacinths. Many scientists are exploring possible uses of water hyacinths. In the early 1970's, researchers began the experimental use of the plants to clean up polluted streams.  Water hyacinths can absorb many chemicals including sewage, industrial wastes and metals from the water in which the plants grow. Thus, polluted water might be purified by passing it through tanks that contain water hyacinths. 

MATERIALS
1. Water Hyacinth Plant (available at http://www.lilyblooms.com at a cost of $30/10 plants)

2. Buret and buret stand

3. 0.01 M EDTA Titrating Solution

4. Eriochrome Black T Indicator (0.2 g in 15 mL of distilled water)

5. Buffer Solution

6. Calcium solution

EXPERIMENTAL PROCEDURE

1. Obtain 50 mL of the initial calcium solution from the instructor (Time = 0 min sample)

2. Place 2 liters of calcium solution in the aluminum container 

3. Obtain a water hyacinth plant from the instructor

4. Place 2 the plant in the aluminum container so that the roots are completely under water.

5. To the Time = 0 min sample (step 1), add 2 mL of buffer solution and swirl to mix

6. Add 2 drops of Eriochrome Black T Indicator (solution will appear wine red in color if calcium is present) and swirl to mix

7. Titrate slowly with 0.01M EDTA until the solution becomes blue (swirl to mix after each addition).

8. Record the volume of EDTA used.

9. Calculate Total Hardness as follows

Total Hardness (mg/L as CaCO3) =  (A x B x 1000) / mL Sample Used

Where:
A = mL of 0.01M EDTA used

             
B =  mg CaCO3 equivalent to 1.00 mL EDTA titrant (B = 1 in our case)

                        
mL Sample Used = 50 

10. Repeat steps 5 – 9 for solutions removed from the aluminum container at 15 min, 30 min, 60 min, 90 min, 120 min.

11. Using Microsoft Excel, plot the concentration of calcium (y-axis) versus time (x-axis)

12. Add a linear trendline to the graph and record the value of the slope.

Note: the value of the slope = rate of removal of calcium by the water hyacinth

13. Submit individual reports using the usual lab report format.

Table 1. Laboratory Data Sheet

	Time

(min)
	Vol EDTA Used

(mL)
	Hardness

(mg/L as CaCO3)

	0
	
	

	
	
	

	15
	
	

	
	
	

	30
	
	

	
	
	

	60
	
	

	
	
	

	90
	
	

	
	
	

	120
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Microorganisms Found in Drinking Water from Catskills-Delaware River System. 

(Photo: Courtesy of Prof. Vasil Diyamandoglu, CCNY) 
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Microorganism Found in NYC Drinking Water from Croton Reservoir. 

(Photo: Courtesy of Prof. Vasil Diyamandoglu, CCNY)
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Chlorine Determination in Water Samples
Introduction

Communicable diseases have been a curse of human beings since time immemorial. The intesnity of the problem seems to have been magnified as the density of the population increased. 

· During the Fourteenth Century, a plague known as the Black Death swept over Europe leaving about 25% of the people dead.

· An epidemic in London in the winter of 1664-1665 caused 70,000 deaths, equal to 14% of the population

· In 1854, a localized epidemic of Asiatic cholera broke out in London. It was found that the well that fed the Broad Street Pump had been contaminated by wastewater from a damaged sewer nearby and that the sewer carried wastewater from a home housing someone suffering from the disease. The Broad Street Pump epidemic is a milestone in that it showed without doubt that water was a major vehicle for the spread of Asiatic cholera  

The prime purpose of disinfecting public water supplies and wastewater effluents is to prevent the spread of waterborne diseases. Chlorination of water supplies on an emergency basis has been practiced since about 1850 with sodium hypochlorite solution (bleach). With definite evidence that certain diseases were transmitted by water, emergency treatment with hypochlorites became quite common during periods of epidemics.

It was not until 1904 that continuous chlorination of a public water supply was attempted in England. Shortly thereafter, in 1908, George A. Johnson initiated treatment with calcium hypochlorite of the Bubbly Creek filter plant of the Union stock Yards in Chicago. In 1909, Jersey City, New York started hypochlorite treatment of its Boonton supply. This was the first attempt to chlorinate a public water supply in the United States and led to a celebrated court case in which a wise judge upheld the right of the city to chlorinate the water supply in the best interest of public health. From that day disinfection of public water supplies has spread so that today it is a routine practice.

Public Health Significance of Chlorine Residuals

Disinfection is a process designed to kill harmful organisms, and it does not ordinarily produce a sterile water. These generalizations hold for disinfection with chlorine, chloramines, chlorine dioxide and ozone. Two factors are extremely important in disinfection: time of contact and concentration of the disinfecting agent. The important point is that with long contact times, a low concentration of disinfectant suffices, whereas short contact times require high concentration of disinfectant to achieve equivalent kills of bacteria.

Disadvantages of Disinfecting Water with Chlorine

In water treatment or wastewater treatment, chlorine is applied to the untreated water until a residual of between 0.5 – 1 mg/L is achieved in the pipelines. Many studies have shown that chlorine can react with naturally occurring chemicals in the untreated drinking water to form compounds that have been confirmed to be carcinogenic to humans. Moreover, chlorine has been shown to be ineffective against some microorganism such as cryptosporidium. Unlike organisms found in water (example:  E-coli bacteria ) which have a thin outer membrane, cryptosporidium is a microorganism that contains a hard outer shell that is impenetrable to chlorine. Cryptosporidium contamination of drinking water in Milwaukee, led to the deaths of about 50 people in 1993 and the illness of about 1000 others. People with compromised immune systems, such as infants, the elderly and people afflicted with HIV are particularly at risk.







E-coli bacteria



    cryptosporidium

Another disadvantage of chlorine is that it is not very stable over periods as short as 2 days and is converted to chlorate and chloride in the presence of heat and when exposed to light. Studies have shown that because of its instability, microorganisms can re-grow in the NYC drinking water distribution system even after the initial application of chlorine at the reservoir. The addition of phosphate (an essential nutrient for microorganisms) to drinking water for corrosion control may contribute greatly to these phenomena.

Forms of Chlorine

Chlorine exists as free chlorine which is predominantly a combination of hypochlorous acid (HOCl) and hypochlorite ion (OCl-). However these two forms of chlorine are very reactive and when added to water, react with organic compounds present in the water to form cancer causing chlorinated organic compounds. When free chlorine species is combined with ammonia, it forms monochloramine (NH2Cl) and dichloramine (NHCl2), both effective disinfectants that are not very reactive with organic compounds. Many utilities are trying to shift away from disinfecting water supplies with free chlorine residual and to monochloramine and dichloramine.

Alternative Disinfectants

1. Ozone gas (O3) 

Ozone gas is becoming a popular choice as a disinfectant, especially in Europe. Ozone is an allotrope of oxygen gas and is produced by passing oxygen through some high-energy light or electric field. Many of us may not be aware that we ourselves produce ozone in our daily lives. When making photocopies or making computer printouts with laser printers, the fresh smell that one notices is ozone.  

The main drawback with ozone is its unstable nature. Ozone will disappear from drinking water within minutes of its application. Therefore, small amounts of chlorine or chloramines are used in conjunction with ozone to keep a residual over the time the water journeys to the consumer. Compared to chlorine ozone is very expensive in terms of the amount of electric energy that is required for its generation. Also the health effects of ozonation by-products are not well understood.

2. Ultraviolet (UV) Light
UV light is another disinfectant that is being increasingly used in drinking water. UV light represents a very high intense source of light that renders inactive, most microorganisms in drinking water. Like ozone, UV does not leave a residual in the pipelines so that small amounts of chlorine or chloramines is added in conjunction with ozone. Like ozone, UV light is relatively expensive compared to chlorine and chloramines in both its generation and in the amount of treatment that the water has to undergo before the application of UV. The water that is fed to the UV system for disinfection must have very little suspended solid material.
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Chlorine Determination in Water Samples
Objective: To determine the amount of chlorine present in four water samples:

1. NYC Tap Water

2. Unknown Water Sample A

3. Unknown Water Sample B

4. Unknown Water Sample C

Background

N,N-diethyl-p-phenylenediamine (DPD) is used as an indicator in the determination of chlorine residual by titrating a water sample with Ferrous Ammonium Sulfate (FAS). When DPD is added to a sample containing free chlorine residual, an instantaneous reaction occurs, producing a red color. If a small amount of iodide is then added to the sample, monochloramine reacts to produce iodine, which in turn oxidizes more DPD to form additional red color. If a large quantity of iodide is added, dichloramine will react to form still more red color. By measuring the volume of FAS required to remove the red color in each of the steps, the chlorine residuals in the original sample can be determined. This procedure is good to measure chlorine residuals (total) of up to 5 mg/L. For accurate results, careful pH control is required. At a pH between 6.2 and 6.5, the red colors produced by the reaction of DPD with chlorine species may be titrated to sharp, colorless endpoints. To keep the pH within this optimum range during the titration, Phosphate Buffer solution is added at the same time DPD indicator is added. 

Equipment

1. Buret & buret stand

2. 10 mL graduated cylinders

3. 100 mL graduated cylinders

4. 250 mL Erlenmeyer Flasks

5. 50 mL beakers
Reagents

1. Phosphate Buffer Solution (24g Na2HPO4 and 46 g KH2PO4 & 100 mL of 8g/L EDTA all dissolved in 1Liter of reagent water) 

2. N,N-diethyl-p-phenylenediamine (DPD) Indicator Solution

3. Ferrous Ammonium Sulfate (1.106g Fe(NH4)2(SO4)2 ( 6H2O & 1 mL of 1+3 H2SO4 dissolved in 1L of reagent water)
Procedure

1. Place 5 mL of phosphate buffer and 5 mL of DPD indicator in the 250 mL flask.

2. Add 100 mL of water sample.

3. Titrate the mixture with FAS until pink color disappears and record the volume of FAS used (Free Chlorine)

4. Add 1 crystal of potassium iodide (KI) and mix.

5. Titrate the mixture with FAS until pink color disappears and record the volume of FAS used (NH2Cl).

6. Add approximately 1 g of KI and mix.

7. Titrate the mixture with FAS until pink color disappears and record the volume of FAS used (NHCl2)

Note: Every 1mL of FAS used = 1 mg/L of Chlorine
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Chlorine Determination in Water Samples

Name: ___________________________

Data Sheet

	Sample ID
	Vol. FAS1
(mL)
	Free Chlorine
(mg/L)
	Vol. FAS2
(mL)
	NH2Cl
(mg/L)
	Vol. FAS3
(mL)
	NHCl2
(mg/L)

	NYC Tap Water
	
	
	
	
	
	

	
	
	
	
	
	
	

	Unknown A
	
	
	
	
	
	

	
	
	
	
	
	
	

	Unknown B
	
	
	
	
	
	

	
	
	
	
	
	
	

	Unknown C
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Using the DPD Colorimetric Method with the

MicroLabTM Spectrophotometer
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Figure 1. MicroLabTM Model 402 Interface
Objective: 

To determine the amount of chlorine present in four water samples using the MicroLabTM Colorimeter:

5. NYC Tap Water

6. Unknown Water Sample A

7. Unknown Water Sample B

8. Unknown Water Sample C
Background

This procedure is a colorimetric version of the DPD method and is based on the same principles, except that instead of a titration with Ferrous Ammonium Sulfate (FAS), a colorimetric procedure is used. When DPD is added to a sample containing free chlorine residual, an instantaneous reaction occurs, producing a red color. The amount of chlorine in the sample can be determined by comparing the color in the sample against a standard calibration curve produced with potassium permanganate (KMNO4). The standard curve and the analysis of the chlorine concentration in the unknown samples will be developed with the Computer Interfaced MicroLabTM Colorimeter. MicroLabTM is a data gathering and analysis tool that can be shared by a number of users conducting simultaneous operations or experiments. Using a variety of different probes designed to measure physical or chemical changes (for example color, temperature, pressure), the apparatus will collect and transform raw data in to useful charts. The data is transmitted to a computer interfaced with MicroLabTM .

Equipment

6. MicroLabTM Digital Interface 

7. IBM Compatible Computer

8. 10 mL graduated cylinder

9. 50 mL beakers
Reagents

4. Phosphate Buffer Solution (24g Na2HPO4 and 46 g KH2PO4 & 100 mL of 8g/L EDTA all dissolved in 1Liter of reagent water) 

5. N,N-diethyl-p-phenylenediamine (DPD) Indicator Solution

6. 891 mg/L KMNO4 Solution (Stock A)

Standards Preparation Procedure
1. Measure out 10 mL of KMNO4 with a 10 mL graduated cylinder

2. Place the KMNO4 in a 100 mL volumetric flask and to the mark with distilled water (Stock B)

3. Place 0.5 mL of Stock B in a 100 mL volumetric and fill to the mark with distilled water (Std 1).
4. Place 1.0 mL of Stock B in a 100 mL volumetric and fill to the mark with distilled water (Std 2).
5. Place 2.0 mL of Stock B in a 100 mL volumetric and fill to the mark with distilled water (Std 3).
6. Place 4.0 mL of Stock B in a 100 mL volumetric and fill to the mark with distilled water (Std 4).
7. Place 5.0 mL of Stock B in a 100 mL volumetric and fill to the mark with distilled water (Std 5).
Calibration Procedure

8. Place a distilled water sample in the MicroLabTM colorimeter.

9. Click Read Blank on the computer screen.

10. Click Add to add a new standard sample (Standard #1).

11. In the sample ID box type Std #1. 

12. In the Concentration box type 0.5.
13. Place 0.5 mL of phosphate buffer in a MicroLab Glass Cuvette.

14. Place 0.5 mL of DPD indicator in the Cuvette.

15. Add 10 mL of Std #1 to the Cuvette and mix. 

16. Place the Cuvette in the MicroLabTM Interface.

17. Click OK (the newly scanned sample will be added to the experiment and it will be visible in the Data Grid View. The Spectrum Profile View will also show the newly scanned sample).

18. In the Spectrum Profile View on the Computer, click the Bar corresponding to the 505 nm Wavelength (This will show the Concentration Graph corresponding to the 505 nm wavelength)

19. Repeat Steps 3 – 11 for the other four standards (Std #2 = 1.0, Std #3 = 2.0, Std #4 = 4.0, Std #5 = 5.0).

20. Once all the standards have been added to the experiment, click the Curve Fit tab in the upper window to show the curve fit choices.

21. Choose Linear fit (the Concentration Graph View shows the chosen curve fit as a red line).

22. Print out the calibration curve

Unknown Sample Determination Procedure

1.   Click the Read Unknowns Tab in the upper window of the computer screen

2. Place 0.5 mL of phosphate buffer in a Microlab Glass Cuvette.

3. Place 0.5 mL of DPD indicator to the Cuvette.

4. Add 10 mL of Std #1 to the Cuvette and mix. 

5. Place the Cuvette in MicroLabTM Interface.

6. On the computer screen, click Add to add a new unknown sample

7. In the Sample ID box type NYC Tap Water
8. Click OK to determine the concentration of chlorine in the NYC Tap Water sample

9. Repeat steps 2 – 9 for Unknown A, Unknown B and Unknown C.

10. Print out the table of Standards and Unknowns
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Removal of Ammonia from water by breakpoint chlorination
INTRODUCTION

Chlorine is widely used in water treatment as both a disinfectant and an oxidant. It reacts with certain inorganic species such as hydrogen sulfide, Fe 2+, Mn 2+ and NO2-. It also reacts with organic compounds, particularly unsaturated compounds. However, one of the most important reactions of chlorine is with ammonia. When added to water containing aqueous ammonia, chlorine reacts in a step-wise manner to form chloramines, monochloramine (NH2Cl), and dichloramine (NHCl2) and trichloramine (NCl3), the relative amounts of each species being mainly a function of the hypochlorous acid present and the pH. The monochloramine form predominates at a pH greater than about 6.0, and dichloramine at about pH 5. 

NH3   +   HOCl   (   NH2Cl   +   H2O   ---------- (1)

NH2Cl +   HOCl   (   NHCl2   +   H2O ----------- (2)

NHCl2   +   HOCl   (   NCl3   +   H2O ----------- (3)

The chlorine dosage is the amount of chlorine added, the demand is the amount used in the oxidation of other species present in the water and the residual is the amount remaining after oxidation:


[image: image22.wmf]mand

ChlorineDe

se

ChlorineDo

sidual

Chlorine

-

=

Re

 -------------- (4)
Chlorine gas (Cl2), hypochlorous acid (HOCl) and hypochlorite ion (OCl-) remaining after the demand is satisfied is referred to as free chlorine residuals. The chloramines and other reactive chlorine forms remaining after the demand has been satisfied is referred to as combined chlorine residuals. 
An increase in chlorine dosage usually results in an equivalent increase in the residual up to a chlorine to ammonia molar dose ratio (MDR) of 1:1. This corresponds to a chlorine to ammonia weight dose ratio (WDR) of 2.5:1 (i.e., 2.5mg of chlorine to 1 mg of NH3-N). The residual formed is predominantly mono and dichloramine. If the chlorine dosage is increased above this ratio, some trichloramine will be formed. However as the dosage is increased, most of the chloramines will be oxidized to nitrogen gases. The oxidation is essentially complete for any particular point in time, at the minimum dip in the residual curve, which is termed the breakpoint. In pure aqueous solution, the breakpoint occurs at a MDR of 1.5:1 or a chlorine to ammonia WDR of 7.6:1, though this may vary with water quality. The breakpoint phenomenon in wastewater is depicted in the figure below.
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Some of the gases have been identified as free nitrogen, nitrous oxide and trichloramine with free nitrogen gas been the predominant species. Continued addition of chlorine beyond the breakpoint gives a residual that is predominantly of free chlorine. Equation (5) is generally used to represent the breakpoint reaction
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 Phillip and Diyamandoglu (2000) have also shown that nitrate is a significant product during breakpoint chlorination. They reported nitrate levels between 12 – 15% of the initial ammonia nitrogen concentration during breakpoint chlorination of aqueous ammonia solution in the pH range of 6 – 9. This level of nitrate formation is much higher than that reported by earlier researchers. Equation 6 is usually reported to account for nitrate formation during the breakpoint.


[image: image25.wmf]O

H

H

Cl

NO

2

3

4

6

4

 

NH

   

  

4HOCl

+

+

+

®

+

+

-

-

+


------------ (6)
The theoretical breakpoint WDR of 7.6 is never seen in practice with most WDRs ranging from 9:1 for the cleanest processing streams to 20:1 or greater for streams with high SS and incompletely biologically stabilized soluble residuals (US EPA, 1993). Sugarbush, Vermont is the only known location in the US where breakpoint chlorination is the main nitrogen control technology employed. There, ammonia nitrogen in the raw influent reaches as high as 30 mg/L but normally averages around 15 mg/L. The chlorine to ammonia WDR required to reach the breakpoint averages 18:1. A breakpoint chlorination demonstration plant run in the mid 1970s at the  Rancho Cordova Sewage Treatment Plant in Rancho Cordova, California found that WDRs of 10:1 were necessary to achieve the breakpoint (USEPA, 1978).

Since chlorine is toxic to many aquatic life (Mattice and Zittel, 1975) breakpoint chlorination operations require some form of dechlorination to reduce chlorine levels in the plant effluent to acceptable levels. Dechlorination is usually effected by the use of either sulfur dioxide or sulfite salts. When either species is dissolved in water, aqueous sulfur compounds in the +4 oxidation state are produced. The S (IV) species such as sulfite ion (SO32-) reacts with free chlorine and chloramines according to equations 7 and 8 respectively (U.S. EPA, 2000). Free chlorine is converted to chloride ion while chloramines are converted to ammonium ion (NH4+).

SO3 2-   +    HOCl       (      SO42-     +      Cl-    +    H+  ------- (7)
SO3 2-   +    NH2Cl     +   H2O       (      SO42-     +      Cl-    +    NH4+  ------- (8)

Lab Objectives

To determine the breakpoint chlorine demand curve for a water sample that contains ammonia. The amount of chlorine that is required to effectively remove ammonia will be determined at the breakpoint.
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Breakpoint Chlorination Standard Operating Procedure

1. Collect approximately 8 Liters of water sample containing ammonia.
2. Determine the ammonia-nitrogen concentration using the HACH DR/4000 Spectrophotometer Nessler method. 

3. Determine the concentration of stock Chlorine solution by the DPD Ferrous Titrimetric Method (Standard Methods procedure attached).

4. Determine the amount of chlorine required to achieve the breakpoint. The breakpoint occurs at a chlorine to ammonia molar dose ratio (MDR) of 1.5: 1 or a chlorine to ammonia weight dose ratio (WDR) of 7.6 : 1.

Breakpoint Chlorine Dose = 7.6 x (NH3-N)initial

5. Determine the concentration of chlorine required for various chlorine to ammonia MDRs (and WDRs).

	Chlorine/Ammonia MDR
	Chlorine/Ammonia WDR

(mg Cl2/ mg NH3-N)
	Chlorine Dose*

(mg/L as Cl2)

	            0 (control)
	0.00
	0

	0.6
	3.04
	

	1.2
	6.09
	

	1.5
	7.61
	

	1.8
	9.13
	

	2.1
	10.68
	

	2.4
	12.2
	

	3.0
	15.2
	


* Chlorine Dose = (MDR/1.5)* Breakpoint Chlorine Dose

6. Place 50 mL of water sample containing ammonia in each of eight 1000mL beakers labeled as MDR = 0, MDR = 0.2, MDR = 0.6, MDR = 1.2, MDR = 1.5, MDR = 1.8, MDR = 2.4, MDR = 3.0 on stirring plates

7. To the beaker labeled as MDR = 0, start the timer.

8. Add the desired chlorine dose to the beaker labeled as MDR = 0.2 when the time is at 15 minutes. 

9. Add the desired chlorine dose to each of the other labeled beakers 15 minutes apart.

10. At the end of the specified contact time (2, 5, 10, or 15 minutes), record the pH of the sample and quickly take a 100 mL sample for chlorine analysis.

11. Add the sample to a 125 mL beaker containing 5mL of DPD reagent and 5 mL of buffer reagent. To determine Total Chlorine Residual, add 1 gram of KI and let stand for 2 minutes.

12. Pour 250 mL of sample into a 250 mL beaker and dechlorinate the sample by adding one drop of 0.1N sodium thiosulfate for each 0.3 mg/L Cl2. 

13. Perform ammonia analysis using the Nessler Method.

14. At the end of the 2 minute period, titrate the sample with Ferrous Ammonium Sulfate and record the volume used (every 1 mL of FAS = 1 mg/L of chlorine).

15. Determine the residual ammonia and nitrate concentrations using the HACH DR/4000 Spectrophotometer.

16. For the breakpoint MDR, pour 500-mL sample into bottle containing acid preservative for certified lab analysis of TOC, TKN, NH3-N, NOx.

17. Record all data in attached breakpoint chlorine demand data sheet

18. Develop breakpoint chlorine demand curve by plotting chlorine residual (y-axis) versus MDR (or WDR) on the x-axis.

Nessler Method for Determining Ammonia
The Nessler Method uses the HACH Program #2500 on the HACH DR/4000 Spectrophotometer. The following steps are required for the procedure:
1. Fill a 25mL graduated cylinder to the mark with the sample.

2. Fill a 25mL graduated cylinder to the mark with distilled water. (Note: This is the BLANK)

3. Add three drops of Mineral Stabilizer to each cylinder.

4. Stopper each cylinder and invert several times to mix.

5. Add three drops of Polyvinyl Alcohol Dispersing Agent to each cylinder.

6. Pipet 1.0 mL of Nessler reagent into each cylinder.

7. Touch the Soft Key on the HACH DR/4000 Spectrophotometer under “Timer” (A 1 minute reaction period will begin).
8. Pour the solutions of each of the 25 mL graduated cylinder into separate 25 mL sample cells.

9. When the timer beeps, wipe the cell containing the BLANK and place it into the cell holder.

10. Touch the Soft Key under ZERO (The Display will show 0.00 mg/L NH3-N)

11. Wipe the cell containing the sample, and place it into the cell holder.

12. Record the results in mg/L NH3-N.
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BREAKPOINT CHLORINE DATA SHEET

Date of Experiment: __________________________

Source of Sample: _____________________________

NH3-N initial : _______ mg/L
Initial NO3-N: ________ mg/L               Initial NO2-N:  __________ mg/L  

Initial Wastewater Temp: _______oC
             Initial pH: _______

Stock Chlorine Concentration: _____________ mg/L as Cl2
Chlorine Contact Time: 
( 2 min
( 5 min
( 10 min
( 15 min
( Other ______ min
	MDR
	WDR
	Chlorine 

Dose

(mg/L as Cl2) 
	Chlorine Residual

(mg/L as Cl2)
	Residual Nitrogen

(mg/L N)
	pH

	
	
	
	FC
	MCLA
	DCLA
	TCLA
	TRC
	NH3-N
	NOx-N
	

	0


	0.00
	
	
	
	
	
	
	
	
	

	0.6


	3.04
	
	
	
	
	
	
	
	
	

	1.5


	7.61
	
	
	
	
	
	
	
	
	

	1.8


	9.13
	
	
	
	
	
	
	
	
	

	2.1


	10.68
	
	
	
	
	
	
	
	
	

	2.4


	12.2
	
	
	
	
	
	
	
	
	

	3.0


	15.2
	
	
	
	
	
	
	
	
	

	4.0 


	20.3
	
	
	
	
	
	
	
	
	


FC = Free Chlorine; MCLA = Monochloramine ;  DCLA = Dichloramine;    TCLA = Trichloraminbe;

TRC = Total Residual Chlorine
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TURBIDITY DETERMINATION 
& 

REMOVAL OF TURBIDITY
Definition

The term turbidity is applied to waters containing suspended matter that interferes with the passage of light through the water or in which visual depth is restricted. The turbidity may be caused by a variety of suspended material, which ranges in size from colloidal to coarse dispersions. In lake or other waters existing under relatively quiescent conditions, most of the turbidity will be due to colloids; and extremely fine dispersions. In rivers under flood, most of the turbidity will be due to relatively coarse dispersions.

Environmental Significance

Consumers of the public water supplies expect and have a right to demand turbidity –free water. Lay people are aware that domestic wastewater is highly turbid. Any turbidity in drinking water is automatically associated with possible wastewater pollution and the health hazards occasioned by it. This fear has a sound basis historically, as anyone knows who is familiar with the waterborne epidemics that plagued the water works industry.

Filtration of water is rendered more difficult and costly when turbidity increases. The use of slow sand filters has become impractical in most areas because high turbidity shortens the life of the filter runs and increases cleaning cost. Satisfactory operation of rapid sand filters depends upon the removal of turbidity by chemical coagulation and flocculation (below) before the water is admitted to the filter. Failure to do so can result in short filter runs and production of inferior quality water.

Disinfection of public water supplies is usually accomplished by means of chlorine, ozone, or chlorine dioxide or UV radiation. To be effective, there must be the contact between the disinfecting agent and the organisms that the disinfectant is to kill.. In turbid waters the organisms may be shielded from the disinfectant by the suspended particles. For this reason, the US EPA has placed a maximum contaminant level (MCL) of 0.5 units of turbidity (Nephelometry Turbidity Units or NTU) in public water supplies.
Removal of Turbidity From Water

Most surface waters contain colloidal particles, which contribute turbidity to the water. Waters high in turbidity is usually treated by coagulation/flocculation and subsequent sedimentation. The process of coagulation transforms small particles (0.001 (m to 10 (m) in the source water into larger particles (1000 (m to 2000 (m). 

The most commonly used chemical to remove turbidity from water is aluminum sulfate or alum (Al2(SO4)3.18H2O). Other coagulants used include ferric chloride (FeCl3), ferric sulfate (FeSO4), and polymeric inorganic compounds (polyaluminum sulfate, polyaluminum chloride).

The reaction of alum to form aluminum hydroxide, Al(OH)3 is shown below. The Al(OH)3 floc traps attaches itself to the particles responsible for the turbid water and pulls them to the bottom.

Al2(SO4)3.18H2O   +   6HCO3-  (   2Al(OH)3 (s)  +   3SO42- + 18H2O + 6CO2
           
      
      Alum
             bicarbonate           aluminum  hydroxide

Lab Objectives

1. To determine the turbidity of a tap water sample

2. To determine the amount of alum required to reduce the turbidity of a turbid water sample by 70%

Measuring Turbidity Using the HACH Spectrophotometer

1. Place 10 mL of distilled water in the glass sample cell (i.e., this is called the blank)

2. Wipe both sides of the cell using a clean tissue

3. Place the blank into the spectrophotometer

4. Close the light shield

5. Press the soft key under ZERO

6. Place 10 mL of the treated water sample into the other glass cell (wipe clean)

7. Gentle invert it (do not shake)

8. Place the cell in the spectrophotometer

9. Record the turbidity data.
Turbidity Removal Procedure
1. Obtain five 1000 mL beakers

2. Place 1000 mL of the turbid water sample in each of the five beakers

3. Label each of the five beakers as 0, 10, 20, 40 80 respectively

4. Using a 2 g/L sample of alum add doses of 0 mg/L (0 mL alum), 10 mg/L (5mL alum), 20 mg/L (10 mL alum), 40 mg/L (20 mL alum) and 80 mg/L (40 mL alum) to the five beakers respectively.

5. Stir the water samples in each of the beakers rapidly for 1 minute

6. Stir the samples in the beakers slowly for about 15 minutes

7. Allow the water sample in the beakers to settle for about 30 minutes

8. Using 50 mL beakers, take a sample from the top portion of each of the 1000 mL beakers

9. Measure the turbidity of each portion

10. Record the data on the data sheet provided
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Graphing Turbidity Data

1. Determine the percent turbidity removal for the treated sample in each of the beakers   
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2. Plot % turbidity removal (y-axis) versus alum dose (x-axis)
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3. From the graph draw a horizontal line from the y axis at the 60% mark till it intercepts the curve. Then draw a vertical line down to the x-axis and read the mg/L of alum required to remove 60% of the original turbidity.
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Turbidity Data Sheet

Name: _____________________________

	Sample ID
	Turbidity

(FAU)
	Remarks

	Tap Water 

	
	

	
	
	

	0 mg/L Alum Dose **


	
	

	10 mg/L Alum Dose**


	
	

	20 mg/L Alum Dose**


	
	

	40 mg/L Alum Dose**


	
	

	80 mg/L Alum Dose**


	
	


** Turbidity to be measured on treated water sample after it is allowed to settle for 30 minutes 
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METEOROLOGY LAB

Glossary of Weather Terms

Barometric Pressure 

Pressure is the measurement of a force (weight) on a per unit area. The barometer measures the force our atmosphere exerts on a per-unit area of surface, or the "weight of the air".  High Pressure occurs when air is sinking to the ground. As air sinks it heats up. High Pressure is usually associated with clear sunny skies and generally beautiful weather. Low Pressure occurs when air rises off the ground. As air rises it cools and forms clouds at higher elevations. Low pressure systems are usually associated with inclement weather.

Dew Point 

The dew point is the temperature the air must be cooled to for the air to become completely saturated. At that point the relative humidity is equal to 100%. The farther apart the air temperature is from the dew point, the drier the air and the lower the relative humidity. The closer the air is to the dew point, the damper or wetter the air, and the higher the relative humidity. 

Fronts 

A front is an imaginary boundary that separates cold air from warm air. A warm front occurs when the warm air is replacing the cold air. That sounds like what you want, however warm fronts often bring days of inclement (i.e., bad) weather. A cold front occurs when the cold air is moving in and replacing the warm air


Heat Index 

Heat index is the temperature your body feels when the air temperature is combined with the relative humidity. As humidity increases, the rate of evaporation decreases. Our bodies are cooled by the evaporation of our perspiration. Therefore, if evaporation is slowed, the cooling of our bodies is slowed and we feel warmer. Here is a chart which demonstrates the Heat Index. 

Isotherm

A line connecting points having the same temperature.

Isobar

A line connecting points having the same barometric pressure.

Jet Stream 

A region of high speed winds that exist at elevations of around 40,000 – 50,000 ft. The jet streams guides surface weather systems.

Relative Humidity 

Relative humidity is a measure of the amount of moisture in the air. It is expressed in a percentage of how much moisture the air could possibly hold. The "wetter or damper" the air feels the higher the relative humidity. The drier the air feels the lower the relative humidity. 

Solar Radiation (Light) 

The Automated Weather Source weather station includes a sensor called a photocell. This sensor responds and measures the amount of light that shines on it. The light that is being measured can be in just about any form; i.e., solar light (directly from the sun), moonlight or man-made light. The units for the measurement are percent (%) of full sunlight. 

Temperature 

Temperature is a measure of the heat content of a body (the atmosphere in the case of weather). The molecular motion of a substance creates energy, which can be measured in terms of the heat it generates. Air, water, and soil can all be measured for temperature. 

Wet Bulb Temperature 

The air temperature drops after it rains. In the summertime a thunderstorm can break the oppressive heat of the day. As it precipitates, evaporation occurs and the air temperature drops. The wet bulb temperature is the temperature at which no more evaporation will occur, and thus no further decrease in the temperature. The air will continue to cool until the air can evaporate no more moisture. The temperature, when the cooling continues until the evaporation stops and the air becomes saturated, is the wet bulb temperature. 

Wind Speed / Direction

Wind speed is the measurable motion of the air with respect to the surface of the earth covering a unit distance over a unit time. Wind direction is an indicator of the direction that the wind is coming from. 

Wind Chill 

The wind chill index is the temperature your body feels when the air temperature is combined with the wind speed. The higher the wind speed the faster exposed areas of your body lose heat and the cooler you feel. Here is a table which shows Wind Chill. 
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NAME: _______________________________

Exercise:
On the temperature map below for the United States, draw in the isotherms for 30, 35, 40, 45, 50, 55, and 60 degrees Fahrenheit.
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NAME: _______________________________

Exercise:
On the pressure map below for the United States, draw in the isobars for 1012, 1016, 1020, 1024, 1028, 1032 and 1036 millibars.























Fig. 1: pH scale





Fig. 2: Gold (left) and iron pyrite (USGS)





Fig. 1: Calcite crystal (USGS)
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Figure 1: Igneous rock types
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CHLORINE HAS BEEN USED TO DISINFECT PBLIC WATER SUPPLIES SINCE AROUND 1850. RECENT STUDIES HAVE SHOWN THAT CHLORINE, HOWEVER COULD REACT WITH NATURAL CONTAMINANTS IN THE UNTREATED DRINKING WATER TO FORM COMPOUNDS THAT ARE KNOWN TO CAUSE CANCER. MANY UTILITIES ARE THEREFORE LOOKING AT ALTERNATIVE DISINFECTANTS SUCH AS CHLORAMINES, WHICH ARE MADE BY MIXING CHLORINE AND AMMONIA SOLUTIONS.
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