Laboratory #4



Standard Curve


Laboratory #4
Standard Curve: DRY LAB
Skills= 20 points

Objectives:

 SEQ CHAPTER \h \r 1Upon completion of this exercise, the student will be able to:

1.
Properly set up a standard curve whether using linear or semi-log paper.



a.
Absorbance vs. concentration



b.
% transmittance vs. concentration

2.
Using the prepared curve, determine the concentrations for control and patient specimens.

3.
Report results using appropriate units and correct number of decimals.

4.
Determine acceptability of run / procedure by analyzing and evaluating control results.

5.
Provide answers to related study questions.

Materials:

 SEQ CHAPTER \h \r 11.
Linear graph paper

2.
Semi-log graph paper

3.
Absorbance and % transmittance values for standards, controls and patients.

Overview:

 SEQ CHAPTER \h \r 1Many laboratory tests require the outcome of a carefully controlled chemical reaction be evaluated or read in a photometer (colorimeter or spectrophotometer).  Since these instruments are capable of only measuring the amount of light being allowed to pass through the cuvette, their readout devices display % of light transmitted or mathematically derived absorbance.  One method of obtaining concentration from % transmittance or absorbance is through the use of a standard curve.

For our purposes, standard curves are defined as  graphs with absorption or %T plotted on the Y axis, and increasing concentrations of standard along the X axis.  If Beer’s Law is followed, the resulting line representing absorbance vs concentration will be a straight line.

A standard curve is constructed after obtaining the %T/Abs readings from a number of solutions of known concentration (standards) used in a reaction or procedure.  After the readings are obtained each is plotted on semi-log paper (if % transmittance is read) or linear paper (if absorbance is read)  against the corresponding concentra​tion.  If the procedure follows Beer's Law, the points plotted will generally lie such that a straight line can be drawn through them.  The concentration of controls and other unknowns (patient samples) can be determined by locating their %T/Abs reading on the line, then dropping an imaginary line down from that point to intersect the concentration axis.

Once a standard curve is developed for a particular test method on a particular spectrophotometer, it should be checked periodically to determine that it is still good.  A new curve should be constructed when there is a change in:

· 
reagent lot numbers

· 
methodology/procedure

· 
an instrument parameter (change bulb, optics cleaned, etc.)

Once the curve is drawn, a number of things must be considered to determine its acceptability. The majority of the curve’s points should be on or close to the best fit line. There could be many reasons for a point not being on the line. If the standards are formed from a series of dilutions, the accuracy of the dilutions must be suspect. Calculations of the dilutions and spectrophotometer error  are other possibilities. Whether or not the curve passes through the point of origin (the “0"), varies with the procedure.  If Beer’s law is followed and the procedure is linear at the lower concentrations, the curve’s line generally goes through the zero.

 SEQ CHAPTER \h \r 1When reporting results, always provide the correct units and number of accepted decimal points for each control or patient result. To find this information, a number of sources may have to be reviewed. This is most easily found by reviewing the reference or expected values published in the textbook or product insert. This information is also often stated in our written lab itself.  Another source of the information can also be found when reviewing the control's expected results. 

 SEQ CHAPTER \h \r 1Preparation of a Standard Curve:

 SEQ CHAPTER \h \r 1A standard curve is prepared using several known concentra​tions of a substance in solution to plot points on a graph.  The concentration is plotted vs. either absorbance or % trans​mittance.  The curve is then used to determine the concentra​tions of unknown samples after obtaining the absorbance or transmittance values of the unknowns.

A graph of absorbance versus concentration will result in a straight line relationship when plotted on coordinate graph paper and a graph of %T vs concentration results in a straight line relationship when plotted on semi-log graph paper.  Absorbance plotted on a coordinate scale is usually preferred to %T plotted on semi-log graph paper.  However, both result in a straight line and either can be used to determine concentra​tion.

Even though a procedure follows Beer's Law, deviations from linearity will occur at very low or very high concentrations.  The linear part of the curve will still be useful.
1.
If the concentration is too low, the result usually is reported as less than the lowest concentration on the linear portion.

2.
If the concentration is too high, the specimen can be diluted, assayed and the result multiplied by the dilution factor.

 SEQ CHAPTER \h \r 1Basic Standard Curve Characteristics:

 SEQ CHAPTER \h \r 11.
Neatness counts.  Preparing a good standard curve takes time and practice.  A sharp pencil should be used during the early construction period.

2.
Use the X axis for concentration.  Determining how to space between the individual concentrations is done by trial and error and will also depend on the individual procedure.

3.
The Y axis is labeled either %T (semi-log paper) or Absorbance (linear paper).  The amount of spacing for absorbance readings is often times determined through trial and error.

4.
Centered on top of the graph (such that it doesn't interfere with the readings) should be the name of the analyte measured (i.e., glucose).

5.
On the upper right portion of the graph (again, such that it doesn't interfere) should be labeled as follows:



 SEQ CHAPTER \h \r 1Your Name



Date



Analyte/Procedure



Instrument

Wavelength

 SEQ CHAPTER \h \r 16.
The following is an abbreviated list of errors or problems encountered by students in the past.  It is provided for you to consider as pitfalls to avoid.  You should keep this/these page(s) handy when preparing your chemistry lab curves.


a.
Bottom of Y axis did not start at 0.000.


b.
Compressed Y or X axises.


c.
Uneven spacing of Y or X axises.


d.
Not labeling correctly/in the right place.  


e.
Drawing curve point to point.


f.
Required information is missing/in the wrong place.


g.
“Fat” pencil lines/double/smeared lines.


h.
Making dots on curve’s line for unknown’s absorbance value.


I.
Drawing dotted lines on graph representing how the concentration of unknown was determined.


j.
Drawing circles around dots on the curve line.


k.
Not using the long axis for concentration.

 SEQ CHAPTER \h \r 1Procedure I:
Preparing a Glucose Standard Curve       
 SEQ CHAPTER \h \r 1In this exercise, a standard curve for the analysis of glucose will be constructed. In order to do this, a number of solutions of known concentration (standards) will be used in the reaction, and the absorbance of each will be measured.

This method of assaying glucose is based on the reaction of aldo​hexoses (i.e., glucose) with o-toluidine in acetic acid to form an equilibrium mixture of glycosylamine and the corresponding Schiff Base.  The green-colored product is measured spectrophoto​metrically at 630 nm.

 SEQ CHAPTER \h \r 1Reaction Parameters

1.
Reaction Type


Endpoint


2.
Reaction Temperature

100o C


3.
Sample/Reagent Ratio

1:80


4.
Wavelength



630 nm


5.
Fasting Serum NV


65-100 mg/dL


6.
Linearity (AMR)



15-500 mg/dL

 SEQ CHAPTER \h \r 11.
Turn on spectrophotometer and allow to warm up for 15 minutes.

2.
Using the stock glucose standard solution, prepare 10 ml each of the following glucose standards using DI H2O as a diluent.  Each tube should be labled with name and concentration (mg/dl glucose).

3.
Follow manufacturer’s instructions for the glucose procedure.

STOCK:  10 g/L - 10,000 mg/L = 1000 mg/dl

	 SEQ CHAPTER \h \r 1Desired Concentration
	Dilution Needed
	Volume Stock (ml)
	Volume DIH2O (ml)
	Total Volume (ml)

	1.
0 mg/dl
	none
	0
	10.0
	10.0

	2.
25 mg/dl
	1:40
	0.25
	9.75
	10.0

	3.
50 mg/dl
	1:20
	0.5
	9.5
	10.0

	4.
100 mg/dl
	1:10
	1.0
	9.0
	10.0

	5.
200 mg/dl
	1:5
	2.0
	8.0
	10.0

	6.
500 mg/dl
	1:2
	5.0
	5.0
	10.0

	7.
1,000 mg/dl
	none
	10.0
	–
	10.0

	(Tube #1 is the reagent blank)


 SEQ CHAPTER \h \r 14.
Using the absorbance values recorded below and the criteria stated previously, draw a standard curve. 

5.
Place the following information in the upper right corner of the curve in such a way that it does not interfere with the curve’s line or your ability to read from the curve.

 SEQ CHAPTER \h \r 1name

date

Glucose Procedure / O-toluidine

Instrument


630 nm
 SEQ CHAPTER \h \r 16.
Read control and patient values, recording them in the space provided. Keeping the range of linearity and Beer’s law in mind, state your course of action for any samples that can not be read.

	 SEQ CHAPTER \h \r 1Sample
	A630
	%T630
	Control and Unknown Results

	0 mg/dl (reagent blank)
	0.000
	
	

	25 mg/dl standard
	0.053
	
	





	50 mg/dl standard
	0.100
	
	

	100 mg/dl standard
	0.205
	
	

	200 mg/dl standard
	0.407
	
	

	400 mg/dl standard
	0.795
	
	

	500 mg/dl standard
	0.900
	
	

	
	
	
	

	Control – Level I

(expected  ± 2 SD = 85 - 90 mg/dl)
	0.178
	
	

	Control – Level II 

(expected  ± 2 SD = 218 - 230 mg/dl)
	0.457
	
	

	Patient #1: J.L Smith
	0.201
	
	

	Patient #2: A.K Thompson
	0.300
	
	

	Patient #2: T.K Cerns
	1.100
	
	


 SEQ CHAPTER \h \r 17.
Record the manufacture’s stated Range of Linearity (see reaction parameters) =______--______ mg/dl.

8.
Record the apparent Range of Linearity   

___          -_________ mg/dl

9.
Are the control values within range?  Yes/ No 
10. Could you report your patient values? Defend your answer.

11.
Identify any patient values that cannot be reported at this time and suggest the appropriate course of action.

Laboratory #4

Standard Curve

Study Questions

Points= 20

Name:_____________________

Date:______________________

 SEQ CHAPTER \h \r 1Instructions:  Legibly write your answers in the space provided.  Unless otherwise indicated, each question is worth one point.

1.  SEQ CHAPTER \h \r 1What is the shape of the standard curve?  Does it go through the origin?

2. Describe how this curve would appear if the %T values were plotted on linear paper.

3. Describe how this curve would appear if the %T values were plotted on semi-log paper.

4.
Is your curve linear?  If not completely linear, at what glucose concentration does is deviate from 
linearity?

5.
Based on your observations of this procedure, how do controls and standards differ? (2 points)

 SEQ CHAPTER \h \r 16.
Convert 10 g/L into:  (one point each)


a.
__________g/dl




b.
__________mg/L



c.
__________mg/dl



d.
__________mg/%



e.
__________mg/100 ml
 SEQ CHAPTER \h \r 17.
The procedure for performing a standard curve on calciums requires that dilutions be made of a 20 mg stock standard solution. A six point curve is desired with concentrations of 15 mg/dl, 12.5 mg/dl, 10 mg/dl, 7.5 mg/dl, 5.0 mg/dl and 2.5 mg/dl.  5mL of each concentration is desired.

Step 1:    
                                  stock  = dilution factor




         Wanted

  Example: 20 = 1.33

               

      15

Step 2: 
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Step 3: 

 SEQ CHAPTER \h \r 1Total volume - amount of stock = amount of water


Example: 5 mL- 3.76= 1.24 mL
A.  SEQ CHAPTER \h \r 1  Using the example provided, fill in the following chart indicating how each dilution should be made. ( 6 points)

	 SEQ CHAPTER \h \r 1
	Dilution Factor
	Amount of Stock (ml)
	Amount of DIH2O (ml)
	Total Volume (ml)

	1.
15 mg/dl
	1.33
	
	
	5

	2.
12.5 mg/dl
	1.60
	
	
	5

	3.
10.0 mg/dl
	2.00
	
	
	5

	4.
7.5 mg/dl
	2.67
	
	
	5

	5.
5.0 mg/dl
	4.00
	
	
	5

	6.
2.5 mg/dl
	8.00
	
	
	5


B.  SEQ CHAPTER \h \r 1After making dilutions and performing the procedure, the following curve was plotted.


[image: image3.wmf]
1.  
 SEQ CHAPTER \h \r 1Is this standard curve acceptable? 

2. Explain or justify your answer.

3. What possible explanations account for the absorbance obtained for the 5.0 and 12.5 mg/dL standards?
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