Clinical Chemistry, Ninth Edition
Chapter 1: Basic Principles and Practice of Clinical Chemistry

Review Questions Answer Key
Answer: D.
Rationale:
Incorrect: The equation should be set up so that like units can be canceled, and the end results are in M or moles/L. Both the volume and gmw are used in the calculation. The end result is in M, which can be expressed as moles/Liter. The ml of solution is converted to L. Using the gmw or 58g/mole, the equation would then be set up to allow for cancelation of like units:

1. Incorrect: The equation should be set up so that like units can be canceled, and the end results are in M or moles/L. Both the volume and gmw are used in the calculation. The end result is in M, which can be expressed as moles/Liter. The ml of solution is converted to L. Using the gmw or 58g/mole, the equation would then be set up to allow for cancelation of like units:

1. Incorrect: The equation should be set up so that like units can be canceled, and the end results are in M or moles/L. Both the volume and gmw are used in the calculation. The end result is in M, which can be expressed as moles/Liter. The ml of solution is converted to L. Using the gmw or 58g/mole, the equation would then be set up to allow for cancelation of like units:

Correct: The equation should be set up so that like units can be canceled, and the end results are in M or moles/L. Both the volume and gmw are used in the calculation. The end result is in M, which can be expressed as moles/Liter. The ml of solution is converted to L. Using the gmw or 58g/mole, the equation would then be set up to allow for cancelation of like units:

M = 5.17
Answer: A.
Rationale:
Correct: Calculating for Normality of a solution requires both the gmw and the valance. For NaCl, the valance is 1 where the 1 mole of Hydrogen will be displaced. First, calculate the equivalent weight of NaCl, using the gmw divided by the valance, which is 1, giving an equivalent weight of 58 g/eq. The equation can then be set up to allow for cancelation of like units, to result in eq/L. 
                        N =  
N = 5.17
Incorrect: Calculating for Normality of a solution requires both the gmw and the valance. For NaCL, the valance is 1 where the 1 mole of Hydrogen will be displaced. First, calculate the equivalent weight of NaCL, using the gmw divided by the valance, which is 1, giving an equivalent weight of 58 g/eq. The equation can then be set up to allow for cancelation of like units, to result in eq/L. 
                        N =  
N = 5.17
Incorrect: Calculating for Normality of a solution requires both the gmw and the valance. For NaCl, the valance is 1 where the 1 mole of Hydrogen will be displaced. First, calculate the equivalent weight of NaCl, using the gmw divided by the valance, which is 1, giving an equivalent weight of 58 g/eq. The equation can then be set up to allow for cancelation of like units, to result in eq/L. 
                        N =  
N = 5.17
1. Incorrect: Calculating for Normality of a solution requires both the gmw and the valance. For NaCl, the valance is 1 where the 1 mole of Hydrogen will be displaced. First, calculate the equivalent weight of NaCl, using the gmw divided by the valance, which is 1, giving an equivalent weight of 58 g/eq. The equation can then be set up to allow for cancelation of like units, to result in eq/L. 
1.                         N =  
N = 5.17
Answer: A.
Rationale:
1. Correct: To determine the percent weight per volume of a solution, restate the w/v as a fraction. To make up a 500 mL solution use the following approach:

1. Incorrect: To determine the percent weight per volume of a solution, restate the w/v as a fraction. To make up a 500 mL solution use the following approach:

1. Incorrect: To determine the percent weight per volume of a solution, restate the w/v as a fraction. To make up a 500 mL solution use the following approach:

1. Incorrect: To determine the percent weight per volume of a solution, restate the w/v as a fraction. To make up a 500 mL solution use the following approach:

Answer: B.
Rationale:
1. Incorrect: To identify the dilution, set up the equation as a fraction of amount solution in regards to total volume. The dilution factor is the reciprocal of the dilution. This value indicates the dilution. The volume of NaCl is divided by the solution total, and the reciprocal of this dilution fraction is the dilution factor. 

  Dilution factor is 5
1. Correct: To identify the dilution, set up the equation as a fraction of amount solution in regards to total volume. The dilution factor is the reciprocal of the dilution. The volume of NaCl is divided by the solution total, and the reciprocal of this dilution fraction is the dilution factor. 

  Dilution factor is 5
1. Incorrect: To identify the dilution, set up the equation as a fraction of amount solution in regards to total volume. The dilution factor is the reciprocal of the dilution. The volume of NaCl is divided by the solution total, and the reciprocal of this dilution fraction is the dilution factor. 

  Dilution factor is 5
1. Incorrect: To identify the dilution, set up the equation as a fraction of amount solution in regards to total volume. The dilution factor is the reciprocal of the dilution. The volume of NaCl is divided by the solution total, and the reciprocal of this dilution fraction is the dilution factor. 

  Dilution factor is 5
0. Answer: A.
Rationale:
1. Correct: This requires the conversion of mL to dL. In taking into consideration the conversion of mL to dL, the formula for (w/v) for this would be:

1. Incorrect: This requires the conversion of mL to dL. In taking into consideration the conversion of mL to dL, the formula for (w/v) for this would be:

1. Incorrect: This requires the conversion of mL to dL. In taking into consideration the conversion of mL to dL, the formula for (w/v) for this would be:

1. Incorrect: This requires the conversion of mL to dL. In taking into consideration the conversion of mL to dL, the formula for (w/v) for this would be:

Answer: B.
Rationale:
1. Incorrect: The equation should be set up so that like units can be canceled, and the end results are in M or moles/L. Both the volume and gmw are used in the calculation. The end result is in M, which can be expressed as moles/Liter. The ml of solution is converted to L while the mg units are converted to grams. Using the gmw or 111 g/mole, the equation would then be set up to allow for cancelation of like units:
x 
1. Correct: The equation should be set up so that like units can be canceled, and the end results are in M or moles/L. Both the volume and gmw are used in the calculation. The end result is in M, which can be expressed as moles/Liter. The ml of solution is converted to L while the mg units are converted to grams. Using the gmw or 111 g/mole, the equation would then be set up to allow for cancelation of like units:
x 
1. Incorrect: The equation should be set up so that like units can be canceled, and the end results are in M or moles/L. Both the volume and gmw are used in the calculation. The end result is in M, which can be expressed as moles/Liter. The ml of solution is converted to L while the mg units are converted to grams. Using the gmw or 111 g/mole, the equation would then be set up to allow for cancelation of like units:
x 
1. Incorrect: The equation should be set up so that like units can be canceled, and the end results are in M or moles/L. Both the volume and gmw are used in the calculation. The end result is in M, which can be expressed as moles/Liter. The ml of solution is converted to L while the mg units are converted to grams. Using the gmw or 111 g/mole, the equation would then be set up to allow for cancelation of like units:
x 
 Answer B.
Rationale:
1. Incorrect: First, use the assay value and density to identify the weight of the concentrated acid. Then, calculate the molarity of the concentrated acid using the gmw. Since the concentration terms are now the same, the formula of V1 × C1 = V2 × C2 can be used to determine the volume of acid needed to make the solution. The following steps are necessary in performing this calculation. 
Weight of concentrated acetic acid = assay value x specific gravity 
  = 0.98 x 1.05 g/mL 
  = 1.03 g/mL 
Molarity of concentrated acid = 
    = 17.15 M
Solution concentration = V1 × C1 = V2 × C2
Identify the known values:
 Concentration of initial substance (C1) = 17.15 M 
 Volume of the product (V2) = 1 L as 1000 mL 
 Concentration of the product (C2) = 0.2 M
 The equation becomes V1 x 17.15 M = 1 L x 0.2 M 
 V1 = 
 V1 = 11.66 mL 
Therefore, add 500 mL reagent-grade water to the Class A 1-L flask . Add 11.66 mL concentrated acetic acid, then fill to volume with additional reagent-grade water for a 0.2 M solution. 
1. Correct: First, use the assay value and density to identify the weight of the concentrated acid. Then, calculate the molarity of the concentrated acid using the gmw. Since the concentration terms are now the same, the formula of V1 × C1 = V2 × C2 can be used to determine the volume of acid needed to make the solution. The following steps are necessary in performing this calculation. 
Weight of concentrated acetic acid = assay value x specific gravity 
  = 0.98 x 1.05 g/mL 
  = 1.03 g/mL 
Molarity of concentrated acid = 
    = 17.15 M
Solution concentration = V1 × C1 = V2 × C2
Identify the known values:
Concentration of initial substance (C1) = 17.15 M 
 Volume of the product (V2) = 1 L as 1000 mL 
 Concentration of the product (C2) = 0.2 M
 The equation becomes V1 x 17.15 M = 1 L x 0.2 M 
 V1 = 
 V1 = 11.66 mL 
Therefore, add 500 mL reagent-grade water to the Class A 1-L flask . Add 11.66 mL concentrated acetic acid, then fill to volume with additional reagent-grade water for a 0.2 M solution.
1. Incorrect: First, use the assay value and density to identify the weight of the concentrated 
acid. Then, calculate the molarity of the concentrated acid using the gmw. Since the 
concentration terms are now the same, the formula of V1 × C1 = V2 × C2 can be used to 
determine the volume of acid needed to make the solution. The following steps are necessary in performing this calculation. 
Weight of concentrated acetic acid = assay value x specific gravity 
  = 0.98 x 1.05 g/mL 
  = 1.03 g/mL 
Molarity of concentrated acid = 
    = 17.15 M
0. Solution concentration = V1 × C1 = V2 × C2
Identify the known values:
Concentration of initial substance (C1) = 17.15 M 
 Volume of the product (V2) = 1 L as 1000 mL 
 Concentration of the product (C2) = 0.2 M
 The equation becomes V1 x 17.15 M = 1 L x 0.2 M 
 V1 = 
 V1 = 11.66 mL 
Therefore, add 500 mL reagent-grade water to the Class A 1-L flask . Add 11.66 mL concentrated acetic acid, then fill to volume with additional reagent-grade water for a 0.2 M solution.
1. Incorrect: First, use the assay value and density to identify the weight of the concentrated 
acid. Then, calculate the molarity of the concentrated acid using the gmw. Since the 
concentration terms are now the same, the formula of V1 × C1 = V2 × C2can be used to 
determine the volume of acid needed to make the solution. The following steps are necessary in performing this calculation. 
Weight of concentrated acetic acid = assay value x specific gravity 
  = 0.98 x 1.05 g/mL 
  = 1.03 g/mL 
Molarity of concentrated acid = 
    = 17.15 M
Solution concentration = V1 × C1 = V2 × C2
Identify the known values:
Concentration of initial substance (C1) = 17.15 M 
 Volume of the product (V2) = 1 L as 1000 mL 
 Concentration of the product (C2) = 0.2 M
 The equation becomes V1 x 17.15 M = 1 L x 0.2 M 
 V1 = 
 V1 = 11.66 mL 
Therefore, add 500 mL reagent-grade water to the Class A 1-L flask . Add 11.66 mL concentrated acetic acid, then fill to volume with additional reagent-grade water for a 0.2 M solution.
Answer: A.
Rationale:
1. Correct: The hydrogen ion concentration can be calculated if the pH of the solution
is known, where pH is defined as the negative log of [H+] in mol/L. Using the negative log function of a scientific calculator, the [H+] can be determined using the formula . This can then be derived further as  where [H+] = 0.000141 or 1.41 × 10−4.
1. Incorrect: The hydrogen ion concentration can be calculated if the pH of the
solution is known, where pH is defined as the negative log of [H+] in mol/L. Using the negative log function of a scientific calculator, the [H+] can be determined using the formula
. This can then be derived further as  where [H+] = 0.000141 or 1.41 × 10−4.
1. Incorrect: The hydrogen ion concentration can be calculated if the pH of the
solution is known, where pH is defined as the negative log of [H+] in mol/L. Using the negative log function of a scientific calculator, the [H+] can be determined using the formula
. This can then be derived further as  where [H+] = 0.000141 or 1.41 × 10−4.
1. Incorrect: The hydrogen ion concentration can be calculated if the pH of the
solution is known, where pH is defined as the negative log of [H+] in mol/L. Using the negative log function of a scientific calculator, the [H+] can be determined using the formula
. This can then be derived further as  where [H+] = 0.000141 or 1.41 × 10−4.
Answer: A.
Rationale:
1. Correct: The Henderson-Hasselbalch equation utilizes both the pH and the pKa values. 


Enter the known values into the Henderson-Hasselbalch equation:



1. Incorrect: The Henderson-Hasselbalch equation utilizes both the pH and the pKa values. 


Enter the known values into the Henderson-Hasselbalch equation:



1. Incorrect: The Henderson-Hasselbalch equation utilizes both the pH and the pKa values. 


Enter the known values into the Henderson-Hasselbalch equation:



1. Incorrect: The Henderson-Hasselbalch equation utilizes both the pH and the pKa values. 


Enter the known values into the Henderson-Hasselbalch equation:



Answer: A.
Rationale:
1. Correct: The Henderson-Hasselbalch equation utilizes both the concentration of 
the base (salt) along with the pKa to determine the pH of a solution. 


Enter the known values into the Henderson-Hasselbalch equation, converting the concentration of mol/L (1mol = 0.001mmol).
 = 4.76 + log 0.33 = 4.76 -0.47 
pH = 4.29
1. Incorrect: The Henderson-Hasselbalch equation utilizes both the concentration of 
the base (salt) along with the pKa to determine the pH of a solution. 


Enter the known values into the Henderson-Hasselbalch equation, converting the concentration of mol/L (1mol = 0.001mmol).

1. Incorrect: The Henderson-Hasselbalch equation utilizes both the concentration of 
the base (salt) along with the pKa to determine the pH of a solution. 


Enter the known values into the Henderson-Hasselbalch equation, converting the concentration of mol/L (1mol = 0.001mmol).

1. Incorrect: The Henderson-Hasselbalch equation utilizes both the concentration of the base (salt) along with the pKa to determine the pH of a solution. 


Enter the known values into the Henderson-Hasselbalch equation, converting the concentration of mol/L (1mol = 0.001mmol).

Answer: A.
Rationale:
1. Correct: The hydrogen ion concentration can be calculated using the formula 

Enter the known values into a scientific calculator using the negative log function such that: pH = -log 0.000439 where pH = 3.36
1. Incorrect: The hydrogen ion concentration can be calculated using the formula 

Enter the known values into a scientific calculator using the negative log function such that: pH = -log 0.000439 where pH = 3.36
1. Incorrect: The hydrogen ion concentration can be calculated using the formula 

Enter the known values into a scientific calculator using the negative log function such that: pH = -log 0.000439 where pH = 3.36
1. Incorrect: The hydrogen ion concentration can be calculated using the formula 

Enter the known values into a scientific calculator using the negative log function such that: pH = -log 0.000439 where pH = 3.36
Answer: A.
Rationale:
1. The correct answer is 40 g. When converting from mg to g, you are moving from a small unit to a larger unit. This means the decimal will move to the left. The exponent difference between the two units mg (10-3) and g (100) is 3. This tells you to move the decimal three spaces to the left.
4 x 104 mg = 40000 mg = (moving the decimal 3 spaces to the left) 40 g. 
1. The correct answer is 1.3 dL. When converting from mL to dL, you are moving from a small unit to a larger unit. This means the decimal will move to the left. The exponent difference between the two units mL(10-3) and dL(10-1) is 2. This means the decimal will move 2 spaces to the left.
1.3 x 102 mL = 130 mL = (moving the decimal 2 spaces to the left) 1.3 dL
1. The correct answer is 20 μL. When converting from mL to μL, you are moving from a larger unit to a smaller unit, so you will move the decimal to the right. The exponent difference between mL (10-3) and μL (10-6) is 3, so you will move the decimal three spaces to the right.
0.02 mL = (moving the decimal 3 spaces to the right) 20 μL
1. The correct answer is 40 mm. When converting cm to mm, you are moving from a larger unit to a smaller unit, so the decimal will move to the right. The exponent difference between cm (10-2) and mm (10-3) is 1, so you will move the decimal one space to the right.
4 cm = (moving the decimal 1 space to the right) 40 mm.
Answer: A.
Rationale:
1. Correct: First, convert all units to allow for similarities where possible to cancel like units. 

 = 7 mol/L H2SO4
This then allows for the use of the formula V1 × C1 = V2 × C2 
C1 = 7 mol/L H2SO4
V2 = 250 mL
C2 = 3.2 mol/L H2SO4
C1 x 7mol/L = 250 ml x 3.2 mol/L 
C1= 114 mL
1. Incorrect: First, convert all units to allow for similarities where possible to cancel like units. 

 = 7 mol/L H2SO4
This then allows for the use of the formula V1 × C1 = V2 × C2 
C1 = 7 mol/L H2SO4
V2 = 250 mL
C2 = 3.2 mol/L H2SO4
C1 x 7mol/L = 250 ml x 3.2 mol/L 
C1= 114 mL
1. Incorrect: First, convert all units to allow for similarities where possible to cancel like units. 

 = 7 mol/L H2SO4
This then allows for the use of the formula V1 × C1 = V2 × C2 
C1 = 7 mol/L H2SO4
V2 = 250 mL
C2 = 3.2 mol/L H2SO4
C1 x 7mol/L = 250 ml x 3.2 mol/L 
C1= 114 mL
1. Incorrect: First, convert all units to allow for similarities where possible to cancel like units. 

 = 7 mol/L H2SO4
This then allows for the use of the formula V1 × C1 = V2 × C2 
C1 = 7 mol/L H2SO4
V2 = 250 mL
C2 = 3.2 mol/L H2SO4
C1 x 7mol/L = 250 ml x 3.2 mol/L 
C1= 114 mL
Answer: A.
Rationale:
1. Correct: The dilution factor for the urine is 200, the reciprocal of the
dilution. Multiply the value of 0.8 mg/dL x 200 for a total value of 160 mg/dL creatinine. 
1. Incorrect: The dilution factor for the urine is 200, the reciprocal of the dilution. Multiply the value of 0.8 mg/dL x 200 for a total value of 160 mg/dL creatinine.
1. Incorrect: The dilution factor for the urine is 200, the reciprocal of the dilution. Multiply the value of 0.8 mg/dL x 200 for a total value of 160 mg/dL creatinine.
1. Incorrect: The dilution factor for the urine is 200, the reciprocal of the dilution. Multiply the value of 0.8 mg/dL x 200 for a total value of 160 mg/dL creatinine
Answer: A.
Rationale:
1. Correct: For this sample, convert values to like units in the equation. The dilution factor is the reciprocal of the dilution. 

Urine creatinine = 1.92 g/24 hrs
1. Incorrect: For this sample, convert values to like units in the equation. The dilution factor is the reciprocal of the dilution. 

Urine creatinine = 1.92 g/24 hrs
1. Incorrect: For this sample, convert values to like units in the equation. The dilution factor is the reciprocal of the dilution. 

Urine creatinine = 1.92 g/24 hrs
1. Incorrect: For this sample, convert values to like units in the equation. The dilution factor is the reciprocal of the dilution. 

Urine creatinine = 1.92 g/24 hrs
Answer: C.
Rationale: 
1. Incorrect: The new procedure requires a linearity study to determine the range of acceptable concentrations that the instrument interprets. To determine this, standard reference materials (SRMs) will be needed to encompass values wider than the calibrator ranges.
1. Incorrect: Primary Standards are not available for most analytes in clinical chemistry; therefore, an SRM would be used for the linearity study. 
1. Correct: Standard Reference materials are NISAT certified to be used in place of primary standards for analytical use. This is the correct material to use for a linearity study.
1. Incorrect: Control materials contain a range of concentrations, not a specific known concentration, and would not be used for linearity studies.
Answer: A.
Rationale: 
1. Correct: When converting mL to µL, the decimal will move 3 spaces to the right because µL are smaller than mL. This means that 0.1 mL converts to 100 µL and 0.9 mL converts to 900 µL
1. Incorrect: When converting mL to µL, the decimal will move 3 spaces to the right because µL are smaller than mL. In this answer choice, the decimal only moved 2 spaces to the right. Reagent B moved the decimal 1 space to the right, not the 3 spaces needed. This would create an incorrect dilution for the working reagent.
1. Incorrect: When converting mL to µL, the decimal will move 3 spaces to the right because µL are smaller than mL. In this answer choice, the decimal for reagent A moved 4 spaces to the right, making it incorrect, even though reagent B moved just 3 spaces. This would create an incorrect dilution for the working reagent.
1. Incorrect: The volume range of 10-1000 µL is acceptable for this procedure.
Answer: D.
Rationale: 
1. Incorrect: Although deionized water has many ions removed, others may still be present. Deionized water will require additional purification steps prior to its use.
1. Incorrect: Tap water is unsuitable for use in the clinical lab due to chemicals that have been added in the water system. These additions can interfere with the analysis of the patient sample.
1. Incorrect: Bottled water does not have content analysis for impurities and is unacceptable for use in a clinical laboratory.
1. Correct: Laboratory analysis require reagent-grade water. 
Answer: D.
Rationale: 
1. Incorrect: When 8 oF is converted to oC, the temperature is -13oC. This would be too cold to store the reagents.
1. Incorrect: When 24 oF is converted to oC, the temperature is -4oC. This would be too cold to store the reagents.
1. Incorrect: When 32 oF is converted to oC, the temperature is 0oC. This would be too cold to store the reagents.
1. Correct: When 40 oF is converted to oC, the temperature is 4oC. This would fall in the 2-8 oC range required for storage of these reagents. 
Answer: D.
Rationale: 
1. Incorrect: An electronic balance will require calibration due to wear from frequent use.
1. Incorrect: The liquid-in-glass thermometer will require calibration using a NIST thermometer to assure accurate readings.
1. Incorrect: A centrifuge will require calibration due to changes caused by continual use in the clinical laboratory.
1. Correct: A volumetric flask is calibrated to contain only one volume of liquid. These require no further calibration. 
Answer: D.
Rationale: 
1. Incorrect: This is considered a preanalytical error because it occurred prior to the laboratory receiving the sample.
1. Incorrect: This error occurred prior to analysis and would therefore be considered a preanalytical error.
1. Incorrect: This is considered a preanalytical error because it occurred prior to the laboratory receiving the sample.
1. Correct: This is considered an analytical error, as it occurred during the analysis of the sample in the clinical laboratory.
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