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laboratory Description

Instructor - 
Jess W. Everett 

Time and Room -
F 8 – 10:50 AM, Rm 302

Objectives -
To demonstrate processes and methods used in the evaluation and treatment of water.

Grading -
The laboratory grade is based on attendance, participation, memos, and a report and presentation. Students receive 10 points for each lab that they attend; however, at least 5 points will be deducted for poor participation. A maximum of 20 points can be received for each memo. A maximum of 40 points can be received for your report and presentation.

Lab Memos -
A lab memo will be required for most laboratory sessions. Students are encouraged to work together, but lab memos must be developed independently. Students will share data. Sharing data and working together does not include copying lab memos or the supporting calculations. Lab memos are due at the beginning of the next laboratory session, unless you are told otherwise. At least 5 points will be deducted for late memos.

Attendance -
Arrive on time! You must speak to me before the lab, if you will be absent (except in the case of an emergency). Remember that a lab report must be completed and submitted for each lab, even if you miss the lab session.
Guidelines for Submitting Memos

For each Lab, you will turn in a 1 page memo (plus attachments for data, figures, tables, etc.). Use a memo format (you can use one of the Word memo templates as a guide, but you’re better off making your own). The memo should include: purpose of lab; reference to the method used; important results (with interpretation); discussion (of problems, uncertainties, and limitations); conclusions; and reference to the appendices. Each lab has a section entitled “memo concept”. The memo concept does not replace the guidance given above; it supplements it. Below, I have included a list of helpful guidelines that, if followed, will help you obtain the highest possible grade. 

· Laboratory assignments must be typed. Your name, course name, the date of submission, and a description of the assignment (e.g., Alkalinity and Hardness Experiment) should be included on the upper right corner of the first page. Do not use a cover page.

· Figures should be neat, legible, and identified with a number and a title. They should be referred to in your memo (otherwise, the Figure must not be needed). You are encouraged to use computers to make Figures; however, some Figures need to be hand-drawn on 10 lines per cm paper to achieved the desired accuracy. Computer generated Figures should be used to show trends, make relative comparisons, or when curve fitting is employed. Whether you use a computer or hand-draw your Figures, don’t turn in tiny Figures (use at least half a page for each Figure). Use data points to represent data, and lines to represent equations. In some cases you may connect data points with lines to help the reader interpret a Figure; if so include a line in the text, such as “data points are connected with lines to aid in the interpretation of the Figure.” Fit mathematical equations to data when you have a theoretical basis for doing so.

· Tables are used to present the data collected in the laboratory or manipulations performed on the raw data. They should be referred to in your memo (otherwise, the Table would not be needed). 
· If analysis of a single sample is repeated, provide the mean; if repeated three or more times, also provide the standard deviation. Indicate the number samples and/or analyses.

· Provide raw data in an appendix. Raw data should be recorded in pen and each group member should sign the Table at the bottom. In some cases, this raw data sheet will be a copy supplied to you by the instructor. At the top of the form, record group # and print your names, the date, place, and equipment used.

· Include Sample Calculations for all data transformations used to complete the lab report (in the attachments). If appropriate, simply show how columns in a table were determined (e.g., Numbers in columns 1 and 2 were obtained by analysis, Column 3 = Column 2 / Column 1, etc.). Otherwise, use numbers taken from your data tables to provide example calculations. You should have one sample calculation for each column in your data tables (excluding columns of raw data). Sample calculations may be hand printed.

Guidelines for Submitting Memos (cont.)
The following list contains things that will cause you to lose points (the list is not complete).

· Not following instructions.

· Not identifying the assignment. 

· An answer without units, or improper units.

· Poor presentation (messy, difficult to follow, out of order).

· Poor grammar or spelling, especially incomplete sentences. Spell check, and if necessary, Grammar Check!!

· A Figure, or Figure axis that is unlabelled.

· A Figure or Table included in the Appendix, but not mentioned in the memo.

· Small Figures

· Too many significant digits in final answer.

· Math errors.

· Solution errors.

· Improper assumptions, or unstated major assumption.

· No interpretation of results

· No Discussion of problems, uncertainties, limitations

· Work not shown.

Laboratory Safety Rules

1. Safety is not an option; it is required. No one has ever been injured from being too safe. This list contains general guidelines for working in a laboratory. Your specific project may require more stringent measures than those listed here; if you have questions, ask the instructor.

2. Know what your colleagues are working with and how it affects what you are doing. Avoid working alone. Know the potential hazards and dangers of everything you are working with. For example, read material safety data sheets (MSDS) for all chemicals before you begin working. Be aware of possible chemical incompatibilities. Hoods must be used when working with solvents or chemicals that emit vapors. Do not use hoods for chemical storage.

3. Wear protective clothing. This includes wearing a lab coat and shoes that completely cover your feet. Do not wear sandals or shorts. Goggles should be worn at all times. Gloves are warranted under certain circumstances (e.g., working with acids). Rings should be removed from hands before working in the lab. If rings are not removed, gloves should be worn. This prevents prolonged contact with material trapped between finger and rings. Wash your hands before leaving the lab. 

4. Know where the exit, fire extinguisher, first aid kit, spill kit, shower and eyewash are located and know how to use each of these devices. If an accident should occur: (1) assess the situation; (2) help or get help if needed; and (3) help the instructor fill out an accident report form. 

5. No food or drink in the lab. Do not leave trash on floor or counters. Leave all equipment clean and covered. No books/backpacks in work areas, place them on the tables. Do not sit on tables or counters.

6. All containers/samples must be labeled: An appropriate label will include, but not be limited to: Chemical name, concentration, formula, course number, date prepared and preparer’s initials, potential hazards.



Ex: 
6N HCl  WT 1/5/99 JWE CORROSIVE

In addition, samples collected in the field should have the following information recorded: sample description, sample location, and any other important information, such as air temperature, water temperature, pH, etc.



Ex: 
Duck Pond 1/5/99 Dr. E.  Air Temp = 10oC Water Temp 15oC pH = 7.2




Taken from SE corner just above spillway

7. If you use the last of something, tell the instructor. Never leave drawers or doors open. Label equipment in use but unattended with caution signs, denoting name, date, course and any special instructions.

8. Leave all glassware clean. Remove labels, wash with soap & water, rinse in tap water, and final rinse with De-ionized (DI) water (3 times). If glassware is found to be chipped or cracked, notify the Instructor and dispose in waste glass container.

9. Do not pour any solvents or chemicals down a drain without the instructor’s approval. Most chemical wastes will need to be stored in appropriate waste containers. For non-chemical wastes, use 3 separate waste containers one for glass, trash, and biohazards.

10. Do not remove any items from the lab.
Laboratory Overview

	Parameter / Experiment
	Method(s)

	Spectrophotometer Calibration Curve



	Construct a curve relating absorbance to concentration a Spectrophotometer.

	Membrane Filter Method for Coliform Analysis
	Filter known volume of Rowan Hall pond water. Grow colonies of coliform bacteria on the filter paper. Standard Methods 9222, Hach method 8074. 

	Probe Lab


	Use various lab and field probes to measure pH, ORP, Conductivity, Temperature, DO, and Turbidity in a number of water samples.

	Metals Analysis by Atomic Absorption

	Measure concentrations of metals in stream samples effected by acid mine drainage or other processes using a Perkin Elmer Aanalyst 300. Standard Methods 3111 B, 3111 D, and 3113.

	Reactor Hydraulics


	Experimentally evaluate theoretical equations describing the behavior of conservative tracers in various reactors. Use Spectrophotometer to measure tracer.

	Alkalinity and Hardness 
	Determine alkalinity and hardness in various water samples by titration. Use Hach Methods 8203 and 8204.

	Dosage Determination for Coagulation / Flocculation
	Use the Jar Test to determine the coagulant dose needed for Rowan Hall pond water. Use Turbidimeter to measure effectiveness.

	Softening by Precipitation and Deionization
	Use lime and/or deionization resin to remove hardness from Rowan Hall pond water.

	Carbon Adsorption
	Use activated carbon to remove an organic molecule from water. Develop isotherm equations. Use Spectrophotometer to measure effectiveness.

	Disinfection
	Use Calcium Hypochlorite to disinfect Rowan Hall pond water. Use Test Kit Method, Model CN-66 and Hach Method 8210.

	Water Quality


	Measure and interpret the water quality of a pond or stream.

	Treatment of Rowan Hall Pond Water
	Use a treatment train of your design to make Rowan Hall Pond Water potable.


Basic Laboratory Information

[Based on information in “Standard Methods for the Examination of Water and Wastewater” (APHA, AWWA, WEF) and “Water and Wastewater Laboratory Techniques” (Smith)]

Types of Analyses of Interest Environmental Engineers

· Physical – do not involve measuring chemical or biological concentrations. Examples of physical analyses include conductivity, color, turbidity, and solids. Some tests traditionally considered physical (e.g., odor, taste) aren’t really physical, but are still listed with physical methods. Electronic meters measure conductance, light absorbance, potential or current across two electrodes or a membrane, etc.

· Chemical – involve the identification of and/or measurement of concentration of chemicals

· Biological - involve the identification of and/or measurement of concentration of living organisms (for environmental engineering, usually microbes).

Chemical Analysis

· Gravimetric – Involves mass measurement. Two examples: (a) percent water in a compound, determined by weighing, drying, then weighing again; (b) concentration of compound in solution, determined by precipitation, drying, and weighing.

· Titration - An unknown concentration is determined by reacting a chemical of unknown concentration with a known mass of reagent. The amount of reagent consumed is used to determine the mass of chemical present (and thus its concentration).

· In some cases, we add the reagent until a color change is noted or a pH is reached. The volume of reagent added is used to calculate the mass of reagent added.

· In other cases, we add a set amount of reagent, then calculate the amount of reagent consumed, e.g., by a color change or a change in the light transmitting properties of the solution. 

· Instrumentation – A sample is prepared (often by chromatography) and chemical identity and/or concentration determined by indirect measurement (usually electronic, heat, or wave based).

· Examples of detectors
· (Electrical) conductivity 

· Thermal conductivity (TCD) 

· Flame ionization detector (FID)

· Ultraviolet or visible light (UV/Vis)

· Fluorescence

· Gas Chromatography, High Pressure Liquid Chromatography, Ion Chromatography

· Chemicals in a sample (Gas or liquid) are separated by passage through a hollow tube or a tube packed with a media that differentially slows the rate of travel of various chemicals in the sample. Thus, different chemicals come out of the column at different times. 

· A detector measures some property of the fluid leaving the column and the detector response is related to chemical concentration

· Atomic Adsorption

· Liquid sample with dissolved metals is injected into a flame or high temperature furnace, creating free atoms.

· A beam of light of specific properties is passed through the emissions. Each metal requires it own wavelength. The wavelength excites electrons in the metal atoms. The absorbence of the light is related to metal concentration.

· Separation not required in most cases. 

· Total Organic Carbon

· Inorganic carbon is sparged, converting it to carbon dioxide. Organic carbon is converted to carbon dioxide with heat and catalysts. 

· An infrared detector is used to measure the carbon dioxide.

Types of Chemicals

· Solid, Liquid, Gas

· Reagents – Chemicals that react with other chemicals

· Acids – release hydrogen ions (can be corrosive)

· Bases – release hydroxide (can be corrosive)

· Salts – compounds joined by ionic bonds

· Reducing reagents – donate an electron

· Oxidizing reagents – accept an electron

Chemical Grades

· Reagents used in analyses should not contain contaminants that interfere with test accuracy.

· All reagents used in chemical analysis should be at least ACS grade (American Chemical Society). 

· Special grades - In some cases special grades (of higher purity than ACS) must be used.

· Technical and Practical Grades – should not be used in chemical analysis.

· Exceptions regarding Gas Grades: The grade allowable depends on the use. In some cases lower grades (than ACS) can be used.

Chemical Storage

· Chemicals should be segregated according to class and stored in separate areas, e.g., acids from bases.

· Some chemicals have special storage requirements (e.g., flammable solvents should be kept in a cabinet vented to the outdoors, other must be kept cool or in the dark).

· Do not store samples and reagents in the same area, they may contaminate each other.

· It is best to store chemicals in the dark; light often degrades solutions.

Reagent Water

· Water used in analyses should not contain contaminants that interfere with test accuracy.

· Water with very low levels of dissolved compounds is used for analyses. There are different classification schemes. Standard Methods for the examination of Water and Wastewater gives three classes (I through III) with I being the best. The classes are differentiated by bacteria, pH, resistivity and conductivity (indirect measures of dissolved solids), etc.

· Type I is often required by standard methods. It cannot be stored without significant degradation.

· Type II can be used if the presence of bacteria is unimportant. It can be stored for some uses (but not all), but should be stored in materials that will not contaminate it.

· Type III is used for cleaning. It can be stored in containers that don’t contaminate it.

· Clean water is usually produced using deionizing cartridges. A final step may involve distillation in an all glass still.

· Deionized water doesn’t store well, it adsorbs contaminants from the air (carbon dioxide, ammonia,…). If you need very clean water, make it fresh every day. 

Laboratory Ware - Materials

· Glass

· Strong but brittle. Resistant to chemical attack

· New glassware is slightly alkaline and should be soaked in 1% hydrochloric or nitric acid over night.

· Commonly cleaned with soft brush, hot water, and nonabrasive cleanser.

· Glass-to-glass joints should be lubricated with (usually) silicone or petroleum based lubricants (just a thin application). 

· Ceramic

· Used in high temperature applications where chemical resistance similar to that of glass is required.

· A chipped ceramic device will absorb water, it cannot be used for gravimetric analyses.

· Plastics

· Can be reusable, leakproof, unbreakable, usually inexpensive

· Wide range of properties (Flexible to brittle, clear opaque, unresistant to very resistant to chemical attack). Need to make sure resin is appropriate for intended use.

· Temperature, light, and/or age can effect flexibility

· Metal

· Steel, Aluminum, Copper, brass, etc.

Mass Measurement

· Beam Balances

· Depending on design can handle large masses. Requires the operator to add weights and make fine adjustments.

· Top loading

· Automatically measures mass of material placed on pan. The more accurate, the smaller the measurement range.

· Analytical

· Similar to top loading but has case around weighing pan to limit wind effects. Most accurate.

· Temperature – Items to be weighed should be the same temperature as ambient air, to avoid creating drafts. Items that need to be kept dry should be cooled in a desiccator, a sealed container with a desiccant material that absorbs water from the air.

· Calibration – Like most equipment, balances need it regularly. Must be done by as trained technician.

· Leveling – some balances need to be level to be accurate. Look for a balancing bubble and adjustable supports.

Volumetric Measurement

· Only five kinds recognized as suitable for accurate and precise analysis: Burets, Volumetric flasks, Volumetric (transfer) pipettes, Measuring pipettes, and Graduated cylinders.

· Grades: 

· Class A – The lowest tolerances. Generally required for analytical work. Two subclasses: Generic and Certified. You need Certified glassware only if you’re doing work under the ISO 14000 standard.

· Class B – About twice the tolerances as class A. All plastic containers are class B

· Student or economy grade

· TD - To deliver. Device is designed to deliver a certain amount of material

· TC - To contain. Device is designed to contain a certain amount of material

· Volumetric flasks

· Calibrated TC (to contain). Fill to the line and it contains a known volume. 

· See below for a detailed description of how to use (Preparation of Solutions and Dilutions). 

· Measuring pipets

· Have graduated volume scale on side. Labeled with total volume and volume divisions.

· Mohr pipets

· Deliver indicated volume of liquid by differentiating between the initial and final liquid position, with maximum calibrated delivery leaving the tip of the pipet full of liquid.

· Intended for repeated delivery of volumes of reagents that are not the determinative reagents in a quantitative analysis

· Available in Class A and B

· Serological pipets

· Deliver indicated volume of liquid by differentiating between the initial and final liquid position, with maximum calibrated delivery involving blowing out the liquid in the tip. (NOT WITH YOUR MOUTH!)

· Best available are Class B.
· Volumetric (transfer) pipets

· Traditional

· Have a bubble in the shaft and a line to indicate the fill point.

· Can be calibrated as TC (to contain) or TD (to deliver). TD is more common. Some have two lines (one for TD and one for TC). For TD pipets, hold the tip against the side of the container and allow the liquid to drain. A small amount will remain in the pipet, LEAVE IT THERE. For TC pipets, you must blow all of the liquid out of the tip (NOT WITH YOUR MOUTH!).

· Designed for delivery of single set volumes of aqueous solutions with maximum repeatable accuracy.

· Pipetters
· TC (to contain). I have yet to come across a TD pipetter.

· A hand-tool that uses a piston to obtain and deliver a known volume. First, the piston is depressed, the pipetter tip placed in a liquid, and the piston allowed to rise (sucking liquid into the pipetter). The tip is placed where liquid delivery is to take place, and the piston depressed, delivering the liquid. Delivery generally involves blowing out the tip. Blowing out the tip may require depressing the piston more or setting the pipet to a higher volume setting; READ THE INSTRUCTIONS!).

· Graduated cylinders

· Tube of glass with graduated markings on the side. Can be calibrated as TC (to contain) or TD (to deliver).

· Ideal for mixing solvents, where high accuracy is not needed.

· Should not be used to mix reagents that generate heat.

· Burets

· Long tube with graduated marks on side and a stopcock for delivery.

· Used for titrations. Measure volume of liquid added by differentiating between the initial and final liquid position

· Digital Titrator

· Hach makes a digital titrator that can be used in place of a buret. A digital knob is turned, delivering a known volume of liquid for each digit passed. Advantages – much easier to use than buret. Disadvantage – while a buret remains accurate for as long as it is clean and intact, the digital titrator will probably wear out over time. It should be checked periodically. 

Proper use of Volumetric Glassware

· Glassware is usually made to measure accurately at 20 C.

· Solution volume changes with temperature. Make and dispense reagents at the same temperature.

· The glassware should be vertical when reading a water level.

· Most calibration marks are lines that circle the glassware. Position your eye so that the “back” of the line (on the far side of the glassware) lines up with the “front” of the line.

· The bottom of the curved surface of the meniscus should just touch the upper edge of the calibration mark.

· For TC (to contain) pipets you need to deliver the entire volume. This entails blowing out the tip and rinsing out the pipet with the appropriate solvent (into the receiving container). Of course, this is only appropriate when you are trying to get a certain mass of material into solution. If the concentration is important, you’d better use a TD pipet. 

· For TD (to deliver) pipets you should touch the tip of the pipet to the inside wall of the receiving container and maintain contact for 2 seconds after flow ceases. Some liquid will remain in the tip; LEAVE IT THERE! The tip cannot be cracked or dirty, as this will cause an incorrect volume to be transferred. A properly operating pipet will deliver its contents within a certain time range, specified by the vender. 

· Volumetric Flasks are not storage containers (though they are often used as such). Transfer solutions to an appropriate storage container. 

· Using the same pipet throughout a procedure can eliminate errors caused by slight variations between pipets. 

Preparation of Solutions and Dilutions

· Know the purpose of the solution

· If the solution is used to add excess reagent to a reaction, accuracy may not be important.

· If the reagent in the solution quantitatively reacts with the unknown, accuracy is very important. If the concentration of the solution is included in calculations, this is probably the case. Also, the number of significant digits in the method write-up can provide clues (e.g., a method that requires 5 g versus one that requires 5.276 g)

· Determinative or Stoichiometric reagents are solutions for which the concentration is known with high accuracy

· Use accurate measurement in preparation, and/or

· Accurately measure the concentration after preparation.

· Preparing solutions

· Find the right chemicals

· Determine if any need to be dried. If so dry them at the proper temperature (Usually 103-105C) and store in a desiccator.

· Do not weigh solids directly into a volumetric flask. Use a reagent funnel or a weighing dish. Be sure to transfer all of the reagent to the volumetric flask. You may need to wash it in using the solvent.

· After adding the reagent to the volumetric flask, add solvent (usually water) until the flask is about 90 % full. If a temperature change occurs, you may need to add solvent in increments. 

· Close the flask with a proper stopper; invert and shake. Right the flask and allow the fluid to drain out of the neck. Repeat shaking at least two more times.

· Check to make sure that the reagent has dissolved.

· Once solution temperature has stabilized, fill to mark.

· Preparing solutions with reagents that are hard to dissolve

· Follow the step listed above, except place the reagent and about 90% of the solvent in a beaker or Erlenmeyer flask, cover it, and stir or heat (or what ever you have to do) until the reagent dissolves.

· Pour the dissolved reagent and solvent into a volumetric flask. Rinse any residue into the volumetric flask, using more solvent. 

· Fill the volumetric flask to the line.

· Preparation of dilutions

· Concentrated standards are often prepared for storage, from which more dilute solutions are prepared when needed.

· The dilution equation is Ci Vi = Cf Vf, where C = concentration, V = volume, i = initial, and f = final. Solve for Vi to determine how much of a solution with concentration Ci you’ll need to make a solution with volume Vf and concentration Cf. Vf is the volume you should dilute Vi of initial solution to.

· In some cases, a method will specify the dilution. Two conventions are commonly used, 1+X and 1:X.  The first means take one volume of solution and dilute with X volumes of solvent. The second means take one volume of solution and dilute to Y volumes with a solvent. For example, 1+4 is the same thing as 1:5.

· Decade or serial solutions involve preparing solutions of 1:1, 1:10, 1:100, and 1:1000. 

· The original solution is 1:1. Add 10 ml to 90 mL solvent to make 1:10 and add 1 mL to 99 mL solvent to make 1:100. 

· Alternatively, add 10 mL to 90 mL solvent to make the 1:10 and add 10 mL of the 1:10 to 90 mL solvent to make the 1:100. 

· To make the 1:1000 add 1 ml of the 1:10 to 99 mL solvent or 10 mL of the 1:100 to 90 mL solvent.

Storing and Using Prepared Solutions

· Do not store solutions in volumetric flasks. Store in a storage bottle with a screw-on cap closure with a Teflon® liner. Glass stoppers should only be used for stable acidic solutions (bases will cause the stopper to “freeze”).
· Label reagents with contents, concentration, date of preparation, date of last standardization, expiration date, proper storage location, and preparer’s initial.
· Some reagents can be stored on the bench top; however, the best storage is in a dark appropriate storage cabinet. Some require low temperature. Segregate acids, bases, oxidizers, reducers, and flammables. 

· Water and solvents will evaporate from bottles, even with a tight cap. Each time a solution is used, mark the liquid level with a permanent marker. This will allow the user to identify significant evaporation (indicating the need to re-standardize or discard). This is particularly true of dispenser bottles. 

· REAGENTS SHOULD NEVER BE DISPENSED DIRECTLY FROM THE STORAGE CONTAINER. Pore an appropriate amount into a clean beaker and fill the pipet from there. 

Standardizing solutions

· The careful preparation of a reagent may not be enough. Problems with the chemicals, containers, or methods used may result in the final solution having a concentration different from the calculated concentration. The exact concentration can be determined by standardization. This involves the use of primary standards.

· Primary Standards are made from chemicals that are: solid and easily purified to a reliable level; stable to oven drying temperatures; stable at room temperature, with a long shelf life; do not quickly absorb water on standing; react with a well-defined and constant stoichiometry, and readily available from a number of commercial sources. 

· Direct Standardization

· React a known volume of the reagent to be checked with a known volume of known concentration primary standard. The amount of primary standard required can be related to the concentration of the reagent. 

· Indirect Standardization

· React of known volume of reagent to be checked with another reagent that has been directly standardized. 

Cleaning and Storing Glassware

· Normal Washing

· Clean with the hot soapy water, scrub inside and out with a soft brush.

· Rinse thoroughly with water

· Rinse three times with DI-water (For classroom purposes, this will often be skipped, for research purposes it should not be skipped)

· Allow to air dry

· Special Washing 

· Pipets

· As we can’t get a brush into pipets, soaking is used. Place the pipets tip up in a soaking tube. It may be necessary to use a strong cleaning solution.

· Metals

· Glassware used for trace metals analysis should be washed in an acid solution.

· Other

· Certain analyses require special procedures

· Storage

· Either use the glassware immediately or store it in a dust free cabinet. Openings should be covered with paraffin or foil. 

· Some glassware used in solids determinations should be dried before use.

Reporting Results

· When reading a volumetric device with graduated lines, do not read past the digit that you feel is accurate to within plus or minus 1 unit. For example, a pipet with markings every 0.1 mL can be read to within ( 0.01 (you have to estimate where the meniscus lies between two adjacent marks).

· When you inspect data values, assume that the last digit is accurate to within ( 1 unit. 

· When adding numbers, add up the implied errors

	
	
	
	
	
	
	Total

	Data value
	1.4012
	3.1
	10.9
	105
	45.32
	165.7212

	Implied errors
	(0.0001
	(0.1
	(0.1
	(1
	(0.01
	1.2101


Therefore, report the number as 166, as the error is about (1. The rule of thumb is to use the data point with the least accuracy as your guide (105 in the example above).

· When multiplying numbers, use the data point with the least number of significant digits as your guide. For example: 56 x 0.00345 X 43.33 / 1234.4 should be reported with only two significant numbers (6.8 x 10-3) because the data point 56 has only two significant digits. 

Spectrophotometer Calibration Curve
Objective: To make a calibration curve.

Equipment and Materials:

Brilliant Blue G dye

(1) 250 mL Volumetric Flask

(5) 500 mL Volumetric Flask

(1) 1000 mL Volumetric Flask

(2) Hach Specs

(20) Spec Cuvettes (1cm)
Method:

1. Make up a 1000 mg/L stock solution of Brilliant Blue G dye in a 1000 ml volumetric flask.

2. Make up a number of concentrations of Brilliant Blue G dye, as described below.

· 200 mg/L – using 1000 mg/L stock solution and 250 ml Volumetric Flask

· 100 mg/L – using 1000 mg/L stock solution and 500 ml Volumetric Flask

· 50 mg/l – using 1000 mg/L stock solution and 500 ml Volumetric Flask

· 10 mg/L – using 1000 mg/L stock solution and 1000 ml Volumetric Flask

· 5 mg/L – using 100 mg/L stock solution and 500 ml Volumetric Flask

· 1 mg/L – using 50 mg/L stock solution and 500 ml Volumetric Flask

· 0.5 mg/L – using 10 mg/L stock solution and 500 ml Volumetric Flask

3. Identify the most sensitive wavelength for Brilliant Blue G dye by conducting a wavelength scan (For additional information, see chapter 7 of the instrument manual).

a. Put a sample of 10 mg/L Brilliant Blue G dye in a spec tube. Put a sample of DI water in another spec tube and insert it into the Hach DR/4000 UV-VIS Spectrophotometer.

b. Select the SCAN ( soft key from the main menu to display the Scan Mode.

c. Use the Option soft key to change parameters such as the minimum and maximum scan wavelengths, if appropriate.

d. Press the BASELINE soft key. 

e. After the instrument scans the baseline, insert the10 mg/L Brilliant Blue G dye spec tube into the instrument and press the START SCAN soft key.

f. When the scan is complete, you can view a graph or table of wavelength and absorbance data. The peak absorbance identifies the most sensitive wavelength, i.e., the one that can best be used to determine low concentrations. This is typically the wavelength used to create calibration curves. Select a second, less sensitive wavelength, under the guidance of the instructor.

4. Using one (or both) of the wavelengths selected in the previous step, measure the absorbance for each of the solutions made in steps 1 and 2. Record this information on a data sheet of your design. Concentration should be in column 1 and absorbance in column 2.

5. Using your data and the data from other groups (if appropriate) plot two calibration curves, one for each wavelength. Plot one calibration curve to a page. Plot absorbance on the x-axis and concentration on the y-axis. 

6. By eye, select the linear range for each calibration curve. Fit a straight line to the data using the Trendline and Regression functions in Excel. Does the curve become non-linear at high absorbence? If so, do not use that data when fitting the straight line. Determine R2, F, and t values. Use this information to interpret the linear relationship (especially the significance of the overall relationship and the individual regression coefficients).

7. Using the wavelengths from each calibration curve, measure the absorbance of an unknown sample. Determine its concentration. How close did you get to the true value?

Memo Concept: Your boss wants to conduct some experiments using BBG. He/She has asked you to evaluate using a spectrophotometer. Provide a memo detailing your results and making recommendations/suggestions. Compare the two calibration curves. Discuss sensitivity and linear range. When might one use a less sensitive wavelength? How well did each calibration curve estimate the unknown?

Membrane Filter Method for Coliform Analysis

Objective: Measure Total and Fecal Coliform in tap and surface water.

Equipment and Materials:

Filter Apparatus

Petri Dishes

Membrane Filters and Pads

Sterilization equipment

mColiBlue Broth

Presence Absence Bottles

Method: Handed out in class.

Data: Record descriptions of the samples [sample ID, Date collected, and a description of the sample (location, special circumstances)], the results (the bacterial counts in 100 ml samples), and any appropriate observations.

Memo Concept: You boss is looking for good sources of drinking water. Discuss the significance of your results, as related to the potability of the various water samples. Where replicate measurements were made, report mean and standard deviation. Use mean and standard deviation in the interpretation of results.
Probe Lab

Objective: Learn how to use probes that measure dissolved oxygen (DO), turbidity, pH, ORP, conductivity, and/or temperature. Use these probes to investigate a variety of water samples, such as tap water, groundwater, surface water, polluted water, and/or treated water. 

Equipment and Materials:

DO probe

Turbidity meter and bottles

pH probe and buffers

ORP probe

Conductivity probe

Sample Bottles

Method: Follow Methods given in class. See the section on the next page on how probes work.

Data: Record information using data sheets of your design. Record descriptions of the samples [sample ID, Date collected, and a description of the sample (location, special circumstances)], the results, and any other appropriate observations. You must record the measured parameters for each sample (DO, pH, etc.)

Memo Concept: Discuss the probe results in the context of the source and history of the water samples. In other words, relate the results to the source and history of each sample. Where replicate measurements were made, report mean and standard deviation. Use mean and standard deviation in the interpretation of results.
Background - How Probes Work

DO (Dissolved Oxygen)

· Definition of DO - Concentration of dissolved oxygen in water. Depends on temperature and pressure, ranging from 14.6 mg/L at 0C to 7 mg/L at 35C at 1 atm.

· Units – mg/L or % air saturation

· Typical meter range – 0 to 20 mg/L (0 to 200% air saturation)

· Electronic Analysis / Membrane probe – The analytical procedure is known as polarographic Using a special inert electrode, the relationship between voltage applied across two electrodes and current flow is related to concentration. In a DO meter, an oxygen permeable membrane allows oxygen to enter the probe while excluding interfering substances. Inside the probe, a potential is applied across a gold or platinum cathode and a silver anode. An electrolytic solution fills the space between the cathode and anode. Oxygen entering the probe is reduced at the cathode, causing a current to flow. Current flow is related to dissolved oxygen concentration.

· Alternative Analysis – Titration (Winkler Method)

· Application – Water Quality, Biological Treatment, Environmental Assessment.

Turbidity

· Definition of Turbidity – Ability of water to scatter light at 90 o. Caused by suspended particles.

· Units – Nephelometric turbidity units

· Typical meter range – 0 to +4000 NTU. Above 5 NTU is visible to the naked eye.

· Electronic Analysis – Light source illuminates the sample and one or more photoelectric detectors determine intensity of light scattered at right angles to the light path.

· Alternative Analysis – Jackson candle turbidimeter used height of water through which a candle could be observed (no longer used).

· Application – Water Quality, Aesthetics, Filtration, Disinfection.

pH

· Definition of pH – pH is an indication of hydrogen ion concentration. pH = -log{H+}, where {} indicates the hydrogen ion activity. In dilute solutions {} = [ ], where [ ] indicates moles per liter. One mole is ~6 x 1023 molecules. Adding acids, bases, and salts to a solution reduces the activity of the hydrogen ion. Thus, in solutions that are not dilute, pH may not be a good indicator of hydrogen ion concentration.

· Units – pH

· Typical meter range – 0 to 14 (though solutions can have pH outside this range).

· Electronic Analysis / Membrane probe – The analytical procedure is known as potentiometric pH meters use a special glass electrode, filled with electrolyte, and an electronic voltmeter. The pH responsive glass takes up hydrogen ions, which creates a potential between the inside and outside of the glass surface.

· Alternative Analysis – color indicators.

· Application – Water Quality, Aesthetics, Chemical Treatment, Biological Treatment, Titrations.

ORP (Oxidation Reduction Potential)

· Definition of ORP – Measure of solution’s relative tendency to accept (oxidized) or donate (accepting) electrons. Often related to the type of biodegradation processes occurring in solution. Negative values indicate a solution is more reduced, positive values indicate a solution is more oxidized. However, values also depend on the chemicals in solution.

· Units – mV (milli volts)

· Typical meter range – -2000 to 2000 mV 

· Electronic Analysis / Membrane probe – The electrode consists of a non-reactive electrode and a reference electrode. When immersed in a solution of reduced and oxidized ions, a reaction occurs at the electrode that generates a potential. The potential, and the direction of current it would cause, can be used to indicate how oxidized or reduced the solution is. Electrodes only give a relative measure of ORP. It is often not possible to compare ORP for different solutions.

· Alternative Analysis – Measure chemicals in solution and simultaneously solve a number or mathematical equations.

· Application – Biological Treatment, Environmental Assessment, Titrations.

Conductivity

· Definition of Conductivity – Capacity of a sample to carry an electrical current. Determined as the inverse of resistance. In water, current is carried by dissolved ions. Thus, conductivity is proportional to dissolved solids.

· Units – mS/cm (micro Sieman per centimeter) 

· Typical meter range – 10 mS/cm to 2000 mS/cm

· Electronic Analysis / Membrane probe – Resistance is measured under (or related to) the following standard condition. Two 1 cm square surfaces spaced 1 cm apart.

· Alternative Analysis – None

Information adapted from Chemistry for Environmental Engineering (Sawyer et al.) and Environmental Engineers’ Handbook, 2cd edition (Eds. – Liu and Liptak)
Metals Analysis using Atomic Absorption

Objective: To use atomic absorption spectrophotometry (AA) to measure concentrations of select metals in water. 

Equipment and Materials:

Atomic Absorption Analyzer

Samples

Acid washed glassware

Method: Follow the standard operating procedure (SOP) for the AA, given in class. See the section on the next page for an explanation of atomic absorption.

Data: Record data on data sheets of your design. Record descriptions of the samples [sample ID, Date collected, and a description of the sample (location, special circumstances)], the results, and any other appropriate observations.

Memo Concept: Your boss wants to know and understand the iron levels in a number of different waters. Discuss the results in the context of the source and history (e.g., pollution or treatment processes in effect) of the water samples. Explain the iron levels. Where replicate measurements were made, report mean and standard deviation. Use mean and standard deviation in the interpretation of results.

Background - How Flame Atomic Absorption Spectrophotometry Works

Introduction


Atomic Absorption (AA) Spectrophotometry is used in the analysis of metals. The AA technique can measure only one metal at a time. First, the metal in a sample is converted to free atoms.  Second, light of a specific wavelength is passed through the free atoms of the analyte and the amount of light absorbed determined. Finally, a calibration curve is used to convert absorbance values to concentration. Calibration curves can be linear or non-linear. Instrument drift creates the need to check (and reslope) the calibration curve often.

Theory


AA Spectrophotometry is based on the idea that all atoms have a neutral state and in this state its electrons orbit its nucleus at a given distance.  When energy is added to the atom, the atom becomes unstable and some electrons will move to a less stable configuration.  The atom then emits the energy absorbed and the electrons return to their normal configuration.  The energy emitted by an electron moving from one orbital to another has a unique wavelength that can be measured by a photosensitive device. Conversely, light of a specific wavelength will move electrons from a particular orbital to another specific orbital, causing some of the light to be absorbed. AA Spectrophotometry uses this phenomenon to estimate metal concentration.


The Beer-Lambert law relates the absorbance to the concentration of the sample.  The general equation is written as
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, where: A is the absorbance of the sample; a(() is a wavelength dependent absorptivity coefficient; b is the path length; and c is the concentration of the sample.  A is equal to the negative log of the transmittance. Transmittance is the ratio of the final light intensity to the initial light intensity. At lower concentrations, the relationship shown in equation (1) is linear. However, the linear range varies for each metal.

Instrumentation


There are two basic methods for conducting AA Spectrophotometry: Flame and Graphite Furnace. In either case, the instrument uses the 8 components shown in the Figure below.  In fact, the only difference between the two methods is the method used to atomize the sample. The first component is the hollow cathode lamp.  Though multi-component lamps are available, best results are obtained using a metal-specific lamp. The lamp produces specific wavelengths that are highly effective shifting electrons of a given metal from one orbit to another. The beam of light produced by the cathode lamp must be modulated either mechanically or electronically.  This is done to produce selective amplification of the signal. 
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All analytes used in the AA must be in a gaseous form.  In flame AA, an Atomizer/Nebulizer is used to convert the sample from a liquid to gas. It sucks up a liquid sample and sprays it into a flame. The heat of the flame converts the metal in the spray to free atoms. The flame temperature depends on the fuel used. An Air-Acetylene flame achieves temperatures of 2125 to 2400oC. An N2​O-Acetylene flame achieves temperatures of 2600-2800oC.

In the graphite furnace method, samples may be in solution, a slurry or solid.  The sample is placed in a small graphite tube and converted to free atoms using direct heat. The graphite furnace heat peaks at 2600oC.  The furnace is heated using electricity. The high heat and controlled conditions in the graphite tube make the graphite furnace more accurate at lower concentrations, compared to flame AA. Using the flame unit, results are accurate to ppm, the graphite furnace is accurate to ppb. 

The theory section was adapted from a report written by Wayne Roorda and Chris Berg, students at Rowan University, 2000.
Reactor Hydraulics

Objective: Conduct two tracer experiments, comparing experimental results to theoretical predictions and determining actual residence time, dispersion numbers, and flush times. Each experiment will use four equal-sized reactors connected in series.

Equipment and Materials:

Brilliant Blue G dye

(2) Reactors, with stirring capability

(10) plastic droppers

(2) stop watch

(2) 6-600 RPM MasterFlow peristaltic pumps with 7018-20 pump heads

(2) Hach Specs

(100) Spec Cuvettes (1cm)

Theory: The mass balance equation (Accumulation = Input – Output + Generation) can be used to predict the behavior of conservative tracers (Generation = 0) in ideal reactors. Two common tracer scenarios include “step” and “pulse”. A step tracer input goes from zero to a constant, continuous, injection. A pulse tracer input involves a very short period of tracer injection. The corresponding equations for a single completely mixed ideal reactor are:

Step:
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Pulse: 
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Where: C = concentration of tracer in reactor (and concentration of reactor effluent); Co = concentration of tracer in influent (step) or concentration of tracer in the reactor at time zero (pulse); t = time; tR = the theoretical mean residence time of the reactor (V/Q); V = volume of reactor; and Q = flow rate through reactor.

For pulse tracer injection, one can also model a series of equal volume completely mixed reactors. The equation is:
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Where: Cn = concentration of tracer in reactor n; Co = concentration of tracer in first reactor at time zero; t = time; tR = the theoretical mean residence time of a single reactor (V/Q); V = volume of a single reactor; and Q = flow rate through reactor.

Method

1. Create a calibration curve for Brilliant Blue G (BBG). We’ll use a single point calibration (not acceptable for research, but OK for this lab). Measure the absorbance of a 30mg/L solution of BBG. The calibration curve is:
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Experiment 1: Pulse tracer.

1. Estimate volume of reactors by measuring them with a ruler.

2. Fill up reactors 2, 3, and 4 with tap water. 

3. Obtain 10 L of water with 30 mg/L BBG (0.3 g BBG in 10 L water).

4. Gather the following: plastic dropper, cuvettes, stop watch. 

5. Set the flow rate of tap water (from faucet) to approximately 1.6 – 2.0 L/min.

6. Turn on stirrers. Pour the 10L BBG into reactor one and fill to top with tap water (using faucet, at 1.6 L/min). If you get impatient, add water with a bucket, to get water level close to the top). As soon as water begins to flow from reactor 1 to reactor 2 (time zero), start recording BBG absorbance in all four reactors. Make sure you get the concentration in Reactor 1 at time zero, as this is Co. Plan you data collection to define the concentration versus time curve for each reactor.

7. Taking samples: Collect sample using the dropper (squeeze bulb before putting it in the reactor). Don’t carry sample over from sampling event to sampling event. Rinse out the cuvette with the sample. Take cuvette to spec and measure. Immediately rinse cuvette with DI water, if not already stained. Don’t waste cuvettes, but discard them when stained.

8. Sampling frequency: Some reactors will have very low concentrations for long periods. Adjust your sampling frequency to capture the concentration curves adequately.

9. Run experiment for 2 hours or until 5 minutes before the end of the lab period, whichever comes first. Measure flow rate again at end of experiment.

Experiment 2: Step tracer

1. Estimate volume of reactors by measuring them with a ruler.

2. Fill up all reactors with tap water. 

3. Obtain 100 L of water with 15 mg/L BBG (1.5 g BBG in 100 L water).

4. Gather the following: plastic dropper, cuvettes, stop watch. 

5. Set up a 6-600 RPM MasterFlow peristaltic pump. Use 7018-20 pump head and the appropriate tubing. Set the flow rate of tap water (from a bucket) to approximately 1.6 – 2.0 L/min.

6. Turn on stirrers. Pump tap water into system (from a bucket) until a steady state is reached. Switch pump inlet hose from tap water to 15 mg/L BBG. As soon as BBG begins to flow into reactor 1 (time zero), start recording BBG absorbance in all four reactors.

7. Taking samples: Collect sample using the dropper (squeeze bulb before putting it in the reactor). Don’t carry sample over from sampling event to sampling event. Rinse out the cuvette with the sample. Take cuvette to spec and measure. Immediately rinse cuvette with DI water, if not already stained. Don’t waste cuvettes, but discard them if stained.

8. Sampling frequency: Some reactors will have very low concentrations for long periods. Adjust your sampling frequency to capture the concentration curves adequately.

9. Run experiment for 2 hours or until 5 minutes before the end of the lab period, whichever comes first. Measure flow rate again at end of experiment.

Data: Record flow rate at beginning and end. Record reactor dimensions. Use data sheets of your own design to record reactor #, concentration, and time. Record influent concentration for the step experiment each time you change containers.  Everyone will report results from both experiments, so share the data (but not results).
Calculations: Use the methods described in class to calculate the theoretical concentration versus time curves for all four reactors in the pulse experiment, and reactor 1 in the step experiment. Estimate the actual residence time, the variance of the concentration versus time curve (2), the normalized variance (
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), the reactor dispersion number (d), and tracer flush times (t10, t50, and t90) for two different systems: (a) all four reactors together in the pulse tracer experiment, and (b) reactor 1 in the pulse tracer experiment. For (a) you need concentrations from reactor 4, for (b) you need concentrations from reactor 1. Include the Excel spreadsheets, with complete documentation.

Figures: Plot the experimental data (concentration versus time for each reactor) using two figures, one for each experiment (pulse and tracer). Plot the theoretical concentration versus time data on the same figures (all four reactors for the pulse experiment, just reactor 1 in the step experiment). Thus, you will have two figures in your memo. Make each of them a full page!

Memo Concept: 

Your boss is interested in better understanding the flow regime in a reactor system. In particular, she/he is interested in how well mixed the reactors are, singly and as a series of four.

· How do the theoretical and experimental curves compare? How about the actual and theoretical residence times? Explain any discrepancies. Report the residence time (actual and theoretical), the reactor dispersion number, and the tracer flush times for the pulse experiment, for both (a) and (b).

· How well mixed was the entire system (all four reactors together). How about reactor 1? Explain the differences.

· Describe the experimental concentration curves for the step experiment. Are they as expected?

Alkalinity and Hardness Determination

Objective: Learn how to measure Alkalinity and Hardness. Evaluate a variety of water samples, including three mystery samples. 

Equipment and Materials:

(4) Digital titration kits

(4) pH probes

(4) Hardness reagent tubes plus powder pillows

(4) Alkalinity reagent tubes plus powder pillows

(4) Flasks and stir stands with stir bars 

Method: Use the Hach SOPs given in class. Be sure to read the “The Carbonate System and Alkalinity” handout that follows this lab description.

Data: Record information using the sheets provided or using sheets of your own design. 

Sample Information

	Water

Sample
	Date Collected
	Comments (location, special circumstances)
	Measurements

	
	
	
	Alk
	Har

	(1)
	(2)
	(3)
	(4)
	(5)

	Mystery Water 1
	
	· One was made with 127.7 mg/L of MgSO4(7H20 [formula weight 246.48 mg/mmol]

· Another was made with 200 mg/L NaOH [formula weight 40 mg/mmol]

· The last was made with 21.6 mg/L Na2CO3 and 90.5 mg/L NaHCO3 [formula weights 105.99 and 84.01 mg/mmol, respectively]
	You decide
	You decide

	Mystery Water 2
	
	
	
	

	Mystery Water 3
	
	
	
	


Substitutions or additions may be made.

Data Table
Date Measured _________________

	Water

Sample
	Phenolphthalein Alkalinity
	Total Alkalinity
	Ca Hardness


	Ca and Mg Hardness

	(1)
	(2)
	(3)
	(4)
	(5)

	Mystery Water 1


	
	
	
	

	Mystery Water 2


	
	
	
	

	Mystery Water 3


	
	
	
	


Substitutions and additions may be made.

Memo Concept: 

Your boss wants to know and understand the hardness and alkalinity levels in a number of different waters. Discuss the results in the context of the source and history (e.g., pollution or treatment processes in effect) of the water samples. Where replicate measurements were made, report mean and standard deviation. Use mean and standard deviation in the interpretation of results. In particular:

(1) Estimate the amount of carbonate, bicarbonate and hydroxide in each sample using the table given at the end of the “Carbonate System and Alkalinity” section.

(2) Describe the effect of softening on water alkalinity and hardness? Does the softening method matter? Does the type of hardness matter (e.g., Ca, Mg, Fe, Carbonate, Noncarbonate…)?

(3) Which mystery water is which? Explain how this was determined. Based on what you know about the carbonate system, do you expect any of the mystery waters to change over time upon exposure to the atmosphere?

The Carbonate System and Alkalinity

Carbonate System

The carbonate system concept is used to describe the interactions of Carbon Dioxide (CO2), Carbonic Acid (H2CO3), Carbonate (CO32-), Bicarbonate (HCO3-), and Hydrogen (H+). This system can include gaseous, liquid, and solid phases, as shown below.


In a liquid at equilibrium with a gas, the aqueous carbon dioxide (CO2(aq)) concentration is related to the partial pressure of gaseous carbon dioxide (PCO2) and the presence of and interaction with other solutes. Henry’s law is used to estimate the concentration of aqueous CO2. 


[CO2(aq)] o = KH PCO2
 (1)

Where:

o
=
activity coefficient which accounts for the effect of ionic strength (~ 1 in dilute solutions);

KH 
=
Henry’s constant for a given temperature (sometimes called H); 
PCO2 
=
headspace concentration of CO2(g) expressed as a partial pressure; and 

[CO2(aq)] =
molar aqueous concentration of carbon dioxide, where [] indicates molar concentration.

In a liquid at equilibrium with a solid, solubility can be estimated using the solubility-product relationship. For example, for Calcium Carbonate (ignoring ionic strength effects):


 [Ca2+] [CO32-] = Ksp
(2)
where Ksp is the solubility-product constant (5x10-9 at 25 C for CaCO3). If the product of the Calcium and Carbonate concentrations is greater than Ksp, precipitation will occur, if less than Ksp dissolution will occur (if solid CaCO3 is present). 

A complex equilibrium exists in a liquid between the dissolved species of the carbonate system, as evidenced by the following stiochiometric and equilibrium equations.


CO2(aq) + H2O ( H2CO3 ( H+ + HCO3- ( 2H+ + CO3-2
(3)
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(5)

Note regarding equation (4): it is difficult to separately measure carbon dioxide and carbonic acid; thus, H2CO3* is often used, the sum of carbon dioxide and carbonic acid. This is acceptable, as there is a fixed relationship (Henry’s Law) between the two.

Examination of equations (4) and (5) tells us what pH to expect for different ratios of species, if equilibrium conditions hold. For example,

· As the ratio of H2CO3* to HCO3 increases, [H+] must increase (thus, pH decreases) and

· As the ratio of HCO3 to CO3 increases, [H+] must increase (thus, pH decreases).

In natural systems, true equilibrium may never be reached: carbon dioxide constantly transfers between atmosphere and water, carbonate species constantly dissolve and/or precipitate. Biological effects consume and produce CO2 and carbonate/bicarbonate. In most natural systems, carbonate is dissolving, reacting with acids to form bicarbonate. Carbonic acid is naturally present (from carbon dioxide), but sulfuric acid from acid rain can also be important (sources of acid rain include pollution and volcanoes). Consequently, bicarbonate is the predominate buffering species present in most natural waters. It acts as a pH buffer, “adsorbing” hydrogen ions if an acid is added, and “releasing:” hydrogen ions if a base is added. This keeps most natural waters in the 6 – 9 pH range. Most aquatic life is adapted to survive in this pH range. 

Other chemicals can buffer pH; however, the chemicals of the carbonate system are the only ones commonly found in inland waters. 

Equation (3) can help us to understand what happens in waters that are not in equilibrium. Two extremes are considered below. First, if one puts pure water in contact with a headspace with CO2, some CO2 will transfer into the water. Some of the aqueous CO2 will react with water, forming carbonic acid; some of the carbonic acid will dissociate, forming bicarbonate; finally, some of the bicarbonate will dissociate, forming carbonate. The exact amounts can be estimated using Henry’s Law and stoichiometric, charge, and equilibrium relationships. Second, consider pure water placed in a sealed zero headspace container with some solid CaCO3. Some of the calcium carbonate will dissolve, then combine with hydrogen ions (present due to the dissociation of water) to form bicarbonate and carbonic acid. Some of the carbonic acid will lose a water molecule and become carbon dioxide. A little carbon dioxide will leave the water, creating a very small headspace. Again, the exact amounts can be estimated using Henry’s Law, and stoichiometric, charge, and equilibrium relationships.

Alkalinity 

Alkalinity is defined as the capacity of water to neutralize an acid. Alkalinity is imparted due to the presence of bicarbonates, carbonates, organic ligands, ammonia, and hydroxide. Other compounds, such as borate, silicate, and phosphate, can also contribute to alkalinity but are not typically found in inland waters. Alkalinity is extremely important in natural systems because it buffers pH changes. Furthermore, some components of alkalinity complex certain toxic metals, resulting in reduced toxicity.

Alkalinity is defined as:


A = 2[CO3-2*] + [HCO3-] + [OH-] - [H+]
(6)

where A is alkalinity in eq/L and [] indicates Molar concentration (M). The [H+] term is often omitted. Alkalinity is often reported as mg/L as CaCO3. This amounts to reporting alkalinity as the concentration of CaCO3 that would produce an equivalent amount of alkalinity. The molecular and equivalent weights of CaCO3 are 100 mg/mmol and 50 mg/meq, respectively. Thus, Alkalinity in meq/L is converted to Alkalinity in mg/L as CaCO3 by multiplying by 50. 

Alkalinity is generally measured by titration with a strong acid. The equivalents of acid used to consume the alkalinity are equal to the equivalents of alkalinity initially present in the sample. The salient equations are given below. 


H+ + OH- ( H2O
(7)


H+ + HCO3- ( H2CO3 
(8)


2H+ + CO32- ( H2CO3
(9)

Typically, two titration end points are recorded: Phenolphthalein and Total. Phenolphthalein alkalinity is measured as the amount of acid required to attain pH 8.3. At this point, all of the OH and ~ half of the CO3 have been consumed. Phenolphthalein is typically used as a color indicator for this titration, hence the name; however, a pH probe can also be used. Total alkalinity is measured as the amount of acid required to consume all of the OH, CO3, and HCO3. This occurs between pH 3.7 and 5.1, depending on how much CO2 is in the sample. The more alkalinity initially present in a sample, the more carbonic acid produced by the titration and, consequently, the lower the pH at the total alkalinity end point. Various color indicators can be used to identify the total alkalinity point, or a pH meter can be used.

Note: The term “caustic alkalinity” refers to hydroxide alkalinity. The term “carbonate alkalinity” is generally used to indicate the sum of carbonate and bicarbonate alkalinity. 

Total alkalinity is just that, the total alkalinity in a sample. However, alkalinity measurements can also be used to estimate the concentration of the various species that constitute alkalinity, i.e., hydroxide, carbonate, and bicarbonate. An exact method of doing this requires the simultaneous solution of the appropriate stoichiometric, charge neutrality, and equilibrium equations. An approximation (which we will use) can be accomplished using the table provided below.
	Result of Titration
	Hydroxide Alkalinity 
	Carbonate Alkalinity 
	Bicarbonate Alkalinity 

	P = 0
	0
	0
	T

	P < 1/2 T
	0
	2P
	T - 2P

	P = 1/2 T
	0
	2P
	0

	P > 1/2 T
	2P - T
	2(T- P)
	0

	P = T
	T
	0
	0


P = Phenolphthalein alkalinity, T = Total Alkalinity
A Last note on the Carbonate System and Alkalinity

The predominate species from the Carbonate system, plus hydroxide, are related to pH. If CO2 is the predominate species there is probably almost no alkalinity (just some hydroxide from the dissociation of water). The pH is likely below 5.7, assuming the water is near equilibrium. For example, pure water left exposed to the Earth’s atmosphere will pick up enough CO2 to attain a pH of about 5.67. Water with more CO2 will have a lower pH. If bicarbonate is the predominate species, the pH is between 5 and about 10 (probably between 6 and 9). If carbonate is the predominate species, the pH is probably between 10 and 11. Finally, if hydroxide is the predominate species, the pH is probably over 11. 

Determination of Optimum Coagulant Dosage

Objective: Learn how to determine optimal Alum coagulant dosage using a jar test. 

Equipment and Materials:

(4) Jar test apparatuses 

(24) 1L beakers

Alum or other Coagulant

(24) Small beakers

Rowan pond water

pH Probe

Turbidity meter with bottles

Alkalinity measuring equipment (see Alkalinity lab)

Theory: Coagulation is the destabilization of colloids (very small particles) through double layer compression, charge neutralization, and/or enmeshment in a precipitate. Flocculation is the encouragement of particle collisions by gentle mixing, resulting in larger particle aggregates (flocs) which settle faster under the influence of gravity (see text and class notes for more information). 

Colloids give water apparent color, making it aesthetically displeasing. Colloids settle very slowly, if at all, and thus are difficult to remove by sedimentation. Particle size must be increased to make sedimentation effective. This can be done in two ways: by causing the colloids to combine; and/or by precipitating new, “sticky”, particles that combine with the colloids. Coagulation is any combination of these two mechanisms. 

(1) Encouraging particles to combine - often, colloids have negative surface charges, which causes them to repulse each other. The addition of oppositely charged ions can reduce the repulsive force while staying in solution (double layer compression) or by adsorbing to the particle surface (charge neutralization). This encourages colloids to get close enough for Van de Waals forces to work, resulting in larger particles, which settle faster. 

(2) Precipitation and sweep floc - certain chemicals form precipitates that will “sweep up” small particles, forming large relatively dense flocs, which settle faster.

There are a number of coagulants, including inorganic chemicals and organic polymers. Alum Coagulation can cause coagulation by both mechanisms described above, but precipitation and sweep floc is usually the most important. Alum is Al2(SO4)3.14.3H2O. The precipitation reaction can be represented as:
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Note, alum precipitation consumes alkalinity and releases carbon dioxide.

Method: Jar Test

Note: Jar tests are batch experiments; however, the actual treatment system is a continuous flow operation. Depending on the type of clarifier and whether softening is performed simultaneously, jar tests may or may not predict optimum doses for full-scale processes. Also, the raw water sample is a "grab" sample and, as such, it represents water quality at only one place and at one point in time. 

1. Make a 1,000 mg/L solution of Alum from the 10,000 mg/L stock solution. Use a 1000 mL volumetric Flask.

2. Place 900 ml of Rowan Pond water into 14 1000 ml beakers. The instructor will assign you one or more beakers. 

3. Adjust mixer speed to about 80 - 100 rpm (Rapid Mix). 

4. Using a pipette, measure the appropriate volume of stock alum solution (10,000 mg/L) into your beaker and start a one - two minute rapid mix phase (paddles at 80-100 rpm).

5. After the 1 - 2 minute rapid mix, adjust the mixing speed to about 30 rpm and flocculate for 5 minutes. This should be rapid enough to encourage many particle collisions, but gentle enough that the resulting particles stick together. Err on the gentle side.

6. During the flocculation period, put the pipettes in the pipette cleaner.

7. After the flocculation period, remove the paddles and allow solids to settle for 30 minutes.

8. Transfer supernatant from your beaker into a turbidimeter tube. Use a plastic dropper to make the transfer. You want to avoid “floaters” and the sludge, so get your sample from below the surface (but near the top). Don’t disturb the sludge! If there aren’t enough turbidimeter tubes to go around, put your sample into a (labeled) small beaker.

9. Measure Turbidity. Avoid air bubbles. Turbidity readings tend to change over time. You may see an initial rise in turbidity. If there are any suspended particles in your sample, you may see a drop in turbidity, as the particles settle to the bottle. Typically, take as your reading the maximum value you see, i.e., the value between the initial rise and the subsequent drop.

10. Measure the pH in your beaker. Measure Total Alkalinity if indicated on the data table (No shade in Alkalinity Column).

11. Clean up.

Data:

Data Table
Date Measured _________________

	#
	Alum Dosage

(Volume of Stock Solution in mL)
	Alum Concentration

(mg/L)
	Final Turbidity

(NTU)
	Final pH
	Final Alkalinity

(mg/L as Ca CO3)

(Shade means don’t measure)

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	1
	0
	0
	
	
	

	2
	0.5
	0.56
	
	
	

	3
	1
	1.11
	
	
	

	4
	2
	2.22
	
	
	

	5
	3
	3.33
	
	
	

	6
	5
	5.55
	
	
	

	7
	5
	5.55
	
	
	

	8
	10
	11.10
	
	
	

	9
	10
	11.10
	
	
	

	10
	15
	16.65
	
	
	

	11
	15
	16.65
	
	
	

	12
	20
	22.2
	
	
	

	13
	25
	27.75
	
	
	

	14
	50
	55.5
	
	
	


Alum solution used is 1,000mg/L. Col (3) = Col (2) x 1,000 / (900+Col(2)), where the volume of pond water used is 900 mL. Don’t measure alkalinity for dosages with a shaded cell.

Record any appropriate observations.

Memo Concept: Your boss has asked you the following questions:

(1) What is the optimum amount of alum for the Rowan Hall Pond water? Where you able to reach an acceptable final turbidity value? Does the water need additional treatment, such as a sand filter?

(2) What does coagulation with Alum do to a water’s pH? Why?

(3) What does coagulation with Alum do to a water’s alkalinity. Why?

Softening by Precipitation and deionization

Objective: Soften a natural or prepared water sample using lime precipitation and deionization resin.

Method: 

Softening by precipitation

Add known amounts of Ca(OH)2 to water and measure the effect on Hardness.

Softening with deionization resin

Pass water through a deionization resin and measure the effect on Hardness.

Data: Record data on data sheets of your design. Record descriptions of the samples [sample ID, Date collected, and a description of the sample (location, special circumstances)], the results, and any other appropriate observations. Record pre and post treatment levels of hardness.

Memo Concept: Discuss the significance of the results. Discuss the relative merits of the two methods of softening.

Activated Carbon Adsorption

Objective: To observe adsorption and determine the appropriate isotherm equation coefficient for the adsorption of Brilliant Blue G onto granular activated carbon (GAC).

Equipment and Materials:

(30) serum tubes

Brilliant Blue G dye

Granular Activated carbon

(2) Hach Specs

(50) cuvetters (1CM)

(5) droppers

Terms:

Adsorbent, mg – substance providing adsorption surface. We will use GAC, granular activated carbon, a non-polar adsorbent with lots of internal surface area per mass (pores).

Adsorbate, mg – chemical adsorbed from solution onto adsorbent. We will use Brilliant Blue G.

Solvent – dissolving liquid. We will use water.

Solute, mg/L – chemical species in solution (again, Brilliant Blue G).

Theory: 

Adsorption is the accumulation of a substance (called the adsorbate) on an adsorbent at an interference between phases. Commonly the interface is between a liquid and a solid. In this lab the interface is between water and GAC (a solid). Adsorption is caused by physical and/or chemical attraction. GAC is an excellent adsorbent because it has a porous structure and a very large internal surface area per unit mass. Thus, GAC provides a large area on which adsorption can occur. Because GAC is non-polar, it works well adsorbing other non-polar compounds (e.g., many organic compounds) that prefer the non-polar surface of GAC over water.

Just after adding an adsorbent to a solution containing an adsorbate, most of the adsorbate is still in solution (i.e., is a solute). Over time, as more adsorbate “sticks” to the adsorbent, there is less adsorbate in the solution. At equilibrium, equal amounts of adsorbate are sorbing and desorbing simultaneously, thus the concentration of adsorbate as solute is constant, as is the amount of adsorbate “stuck” to the adsorbent. For a given adsorbate and adsorbent, there will be a curvilinear relationship between the concentration of adsorbate remaining in the solution at equilibrium (Ce) and the amount of adsorbate adsorbed per mass of adsorbent (x/m). Higher values of Ce will cause higher values of x/m, up to a point. A given amount of adsorbent (m) can hold only so much adsorbate (x), no matter how high the equilibrium concentrate (Ce).

Application: GAC is often used to treat organic-contaminated groundwater (e.g., at gasoline contaminated sites). It is also used in rapid porous-media filtration at some water treatment plants, primarily for the removal of taste and odor. GAC can be recycled by heating it to remove organics through volatilization. PAC (powered activated carbon) has more surface area than GAC. It is also widely used. For example, some water treatment plants add PAC early in the treatment process. It is then removed in the clarifiers.

Adsorption Isotherms: There are a number of isotherms that have been developed to describe various types of adsorption. Three common isotherms are the Freundlich, Linear Freundlich, and Langmuir. They are called isotherms because they are determined at constant temperature. Adsorption isotherms are used to relate x/m to the equilibrium concentration, Ce. Thus, adsorption isotherms can be used to determine the amount of adsorbent required to reduce the concentration of a contaminant to an acceptable level (assuming equilibrium or near-equilibrium adsorption conditions). Note: there are many other adsorption isotherms. No one isotherm works well for all adsorbate / adsorbent combinations.

Freundlich:
x/m = Kf*Ce(l/n) 

x 
= 
mass of adsorbate adsorbed on adsorbent, g

m 
= 
mass of adsorbent on which adsorption is taking place, g

Ce 
= 
concentration of material being adsorbed that remains in solution (i.e., is not adsorbed) at equilibrium, g/m3

n 
= 
empirical coefficient

Kf 
= 
Freundlich adsorption coefficient

Taking the natural log of each side gives: ln x/m = lnKf + (1/n) * lnCe

Plot ln x/m (y-axis) versus ln Ce (x-axis) on linear graph paper, n=1/slope, Kf = eintercept. A straight line indicates good fit.
First Note: if n=1, the Freundlich isotherm is linear (i.e., a Linear Freundlich isotherm), the plot of ln x/m versus ln Ce on, linear graph paper will have a slope of 1. In this case, x/m = Kf * Ce, and one can simply plot x/m (y-axis) versus Ce (x-axis) on linear graph paper (1/n=1, Kf = slope). Many systems can be modeled this way for specific ranges of Ce.

Second Note: the Fruendlich isotherm allows x/m to increase to infinity as Ce increases to infinity. As already mentioned, there is a limit to the amount of adsorbate that can be adsorbed by a given amount of any adsorbent. This indicates that range of applicability of the Freundlich isotherm will always have an upper limit.

Langmuir:  
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where:

a 
= 
empirical coefficient

b 
= 
saturation coefficient, m3/g

Rearranging, 
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Plot Ce/(x/m)(on y-axis) versus Ce (on x-axis) on linear graph paper, a=1/slope, b=1/(a*intercept). A straight line indicates good fit.
Third Note: The Langmuir isotherm limits x/m to the empirical coefficient a, i.e., at very high values of Ce, x/m approaches a. Thus, the Langmuir isotherm has at least some theoretical basis.
Method:

1. Make a calibration curve following the procedures outlined in the calibration Curve Lab. Keep standards in amber bottles or in the dark.

Note: Spectrophotometers are used to measure the absorbance of light by solutions. Thus, spectrophotometer absorbance is different from the absorption of Brilliant Blue G onto GAC.

2. Two days before the lab, put activated carbon and Brilliant Blue G in test-tubes. Use a 200 mg/L concentration of Brilliant Blue G. See below for amounts. Carefully label the test-tubes.

	     Sample
	GAC Mass (g)
	Brilliant Blue G Volume

(mL of 50mg/L Solution)
	 Number of samples

	1,2,3
	0.01
	15
	3

	4,5,6
	0.02
	15
	3

	7,8,9
	0.2
	15
	3

	10,11,12
	0.5
	15
	3

	13,14,15
	1.0
	15
	3

	Mystery tubes
	??
	15
	2


4. Shake each test tube for 48 hours or until equilibrium is achieved (use an appropriate shaker). Check on the shaker periodically. Put it in a dark place to avoid photodegradation. These are the “GAC tubes”.

5. Put 10 mL volumes of 5 of the standard solutions in test-tubes (2 for each standard, ten in all) without GAC and treat the same as the GAC test-tubes. This is done to determine if and how much Brilliant Blue G absorbs to the wall and cap of the test-tube. These are the “no GAC tubes”.

6. Allow the contents of each GAC tube to settle for at least 1 hour before lab. 

The remaining steps are done in the lab.

7. Centrifuge the 16 GAC tubes for 10 minutes at 4,000 rpm. Use the Alegra 6. MAKE SURE THE CENTRIFUGE IS BALANCED TO AVOID DAMAGING THE EQUIPMENT! ANY SPILLS IN THE CENTRIFUGE SHOULD BE CLEANED UP IMMEDIATELY! IF YOU USE SERUM VIALS, THE ALEGRA CAN TAKE SERUM VIALS ONLY IN THE MIDDLE 4 SPOTS IN EACH TUBE ADAPTOR, 16 TOTAL. 

8. For the no GAC tubes; transfer to a 1 cm spectrophotometer vial and measure and record absorbance while centrifuging the GAC tubes.

9. Transfer a sufficient amount of the liquid in each GAC tube to a 1 cm spectrophotometer vial, taking care to not include any GAC. Determine the spectrophotometer absorbance and record.  

10. Develop a relationship for the absorption to wall and cap by plotting the final concentration (Ce) in the no GAC tubes (x-axis) vs. x’ (y-axis), where x’= (Co-Ce)*0.01 = the mass of GAC absorbed to the wall and cap and Co = the initial concentration of Brilliant Blue G. If it appears that significant adsorption occurred, take account of this in manipulating the data from the GAC tubes. 

11. For the GAC tubes: Submit the raw data and a Table with the columns: sample #, V, Co, Ce, x, m, x/m, ln(x/m), ln(Ce), and Ce/(x/m), where Co= the initial concentration of Brilliant Blue G in the flask, V = the volume of Brilliant Blue G used in the test-tube, and the other variables have already been defined. Note: x = (Co-Ce)*0.01-x’, where x’ is estimated for Ce using the relationship developed from the no GAC tubes. x’ = 0 if you found no significant relationship.

12. Use the data from samples 1 – 14 from the Table to create three Figures: x/m versus Ce, ln(x/m) versus lnCe, and Ce/(x/m) versus Ce. For each Figure, use linear regression to determine the best fit line and the slope and intercept. Determine R2, F, and t values. Use this information to interpret the linear relationship (especially the significance of the overall relationship and the individual regression coefficients. Calculate values of n and KF for the Linear Freundlich isotherm and Freundlich isotherm, and a and b for the Langmuir isotherm. 

Data: Record data on data sheets of your design. Record descriptions of the samples [sample ID, Date collected, and a description of the sample (location, special circumstances)], the results, and any other appropriate observations. Follow instructions given in Method section.
Memo Concept: 

Your boss is interested in treating groundwater contaminated with 100 mg/L BBG.

1. Which isotherm appears to fit the data best? (Remember a straight line fit is best; the R2 value given by the linear regression can be used; the closer R2 is to 1 the better the fit. Also, isotherms should not predict lower Ce with higher x/m, i.e., no negative coefficients.) How well do the isotherms predict the results for the mystery tubes?

2. Based on the parameters you estimated for the best fitting isotherm, how much GAC will be required to reduce the concentration of Brilliant Blue G in 10 million gallons of water from 100 mg/L to 10 mg/L, in a batch process. Hint: Figure out the mass of Brilliant Blue G to be removed (x) and solve the appropriate isotherm for m, assuming that Ce=10 mg/L. You use 10 mg/L because the equilibrium condition is between the GAC and the final concentration.

3. Based on the parameters you estimated for the best fitting isotherm, estimate the amount of GAC required to reduce the concentration of Brilliant Blue G in 10 million gallons of water from 100 mg/L to 10 mg/L in a “counter-flow” continuous flow system. In a “counter-flow” continuous flow system water constantly moves through a column of GAC. While the water moves from the influent to the effluent end of the column, fresh GAC is added at the effluent end and dirty GAC is removed at the influent end. The “dirtiest” GAC is always in contact with influent water (the most contaminated water) thus we can assume that Ce=100 mg/L. Hint: Figure out the mass of Brilliant Blue G to be removed (x) and solve the appropriate isotherm for m assuming that Ce= 100 mg/L. You use 100 mg/L because the equilibrium condition is between the GAC and the initial concentration.

Disinfection

Objective

To learn about disinfection using Chlorine by observing the effect of the C(t product.

Background

Disinfection is the reduction of pathogens by inactivation. Disinfection using chlorine compounds can be accomplished by introducing Chlorine gas (Cl2), the hypochlorite ion (OCl-, added as Ca(OCl)2 or Na(OCl)), Chloramines, or Chlorine dioxide (ClO2). In the case of Chlorine gas and hypochlorite, disinfection is accomplished by hypochlorous acid (HOCl) and the hypochlorite ion. The disinfectants react with and destroy the cell wall and internal structures of microbes, thus killing them.

It is known that the magnitude of destruction (often measured as the % of microbes inactivated) is related to the C(t product, where C is the concentration of the disinfectant, and t is the time the microbes are exposed to the disinfectant. The concentrations of Chlorine-based disinfectants are often measured as free available residual chlorine (free chlorine), the concentration of chlorine existing in the water as HOCl and OCL-. Research has shown that, at pH 6-7, 99% of E. coli can be inactivated with a free chlorine C(t of 0.034-0.05 mg/L(min.

Water samples

Rowan Pond Water.

Sample Preparation

None. 

Method

1. Measure the pH of the Rowan pond water.

2. Make a stock solution of 100 mg/L free chlorine using Ca(OCl)2. Note the % free chlorine.

3. Dilute 50 mL of the stock solution to 1 L with Pond water. Use a 1 L graduated cylinder. This will make a 5 mg/L free chlorine solution. Immediately pour the solution into a beaker. At 1 and 10 minutes, Conduct an MEF test for total coliform. Filter 100 mL of the solution.

4. Dilute 0.5 mL of the stock solution to 1 L with Pond water. Use a 1 L graduated cylinder. This will make a 0.05 mg/L free chlorine solution. Immediately pour the solution into a beaker. At 1 and 10 minutes, Conduct an MEF test for total coliform. Filter 100 mL of the solution.

5. Possible variations on the activities described above: different concentrations, different contact times, test for fecal coliform.

Memo Concept

1. Describe the water sample used, the disinfectant used, and contact times used.

2. Report the % inactivation for each of the C(t’s.

3. Which C(t would you use if you needed to drink Rowan pond water and the only treatment you had available was disinfection with Ca(OCl)2?

4. How would the results differ if you could repeat the experiment on Rowan Pond water that had been coagulated/flocculated/clarified/filtered and had turbidity < 0.1 NTU? Why?

Water Quality Assessment

Objective: Measure the water quality of Rowan Pond to (1) assess it as a pond and (2) assess it as a drinking water source.

Equipment and Materials:
Student determined.

Method: 

Using the knowledge you have obtained in this class, design a program to assess the water quality of Rowan Pond.

Data: Record data on data sheets of your design. Record descriptions of the samples [sample ID, Date collected, and a description of the sample (location, special circumstances)], the results, and any other appropriate observations. 

Memo Concept: How does Rowan Pond rate as a pond? How does it rate as a drinking water source?

Treatment of Rowan Hall Pond Water

Objective: Make a sample of Rowan Hall pond water good enough to put in Glassboro’s water distribution system.

Equipment and Materials:
Student determined.

Method: 

Create a treatment train from the methods we’ve learned in class. The only method you may wish to use that we haven’t covered in lab is rapid sand filtration. Record sufficient data to demonstrate success.

Data: Record data on data sheets of your design. Record descriptions of the samples [sample ID, Date collected, and a description of the sample (location, special circumstances)], the results, and any other appropriate observations. 

Memo Concept: Discuss the significance of the results. Suggest improvements.
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Figure 1: AA Schematic
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