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Chapter 1
(Atomicweights: C=12; H=1;, O=16; Ca=40; N = 14)
Q1(1)

a) 125 mg% isthe same as 125 mg/100 mL

Multiply by 10 to convert volume from 100 mL to 1000 mL (i.e1L)
Divide by 1000 to convert from mg to g (there are 1000 mg in one Q)

125mg% = 125x 10 = 125¢g/L
1000

b) There are 1000 mmol in one mol. Therefore multiply by 1000.
0.25mol/L = 025 x 1000 = 250 mmol/L

c) Onenmol = 1.0x 10° mol, onepmol = 1.0 x 10° moal.
Therefore oneumol = 1.0x 10° nmol = 1000 nmol
Division of 1 nmol/L by 1000 convertsto umol/L

0.236 nmol/L = 0.236 = 0.000236 umol/L
1000

d) There are 1000000 (or 1.0 x 10°) ngin 1 mg
There are 1000 mL inone L

Therefore multiplication by 1000000 and division by 1000 converts from
mg/L to ng/mL:

16mg/l = 1.6 x 1000000 = 1600 ng/mL
1000

Q1(2
a) Sl unitsfor glucose are mmol/L
120 mg% can aso be written 120 mg/100 mL

Concentration (mmol/L) = Concentration (mg/L)
Molecular weight




b)

c)

d)

WORKED ANSWERS TO FURTHER QUESTIONS

Multiplication of concentration in mg/100 mL by 10 converts to mg/L

Formulaof glucose = CgH120s

Atomicwt carbon = 12 thereforeCs = 6x12 = 72

Atomicwt hydrogen = 1 thereforeH;, = 12x1 = 12

Atomicwt oxygen = 16 thereforeOs = 6x16 = 96
Molecular weight of glucose = 180

Therefore 120 mg% glucose = 120 x 10

6.7 mmol/L (2sigfigs)

180
The Sl unitsfor calcium are mmol/L
Concentration (mEg/L) = Concentration (mmol/L) x valency

Calciumions are divalent (i.e. Ca™) so that the valency is 2

Therefore, serum calcium (mmol/L) = 4.0 = 2.0 mmol/L
2

Sl unitsfor serumurea = mmol/L
mg% can aso be written mg/100 mL
Multiplication of BUN mg% by 10 convertsto mg/L (since 1 L = 1000 mL)

Division of blood urea nitrogen (BUN) in mg% by the molecular weight of
nitrogen gives the blood urea nitrogen in mmol/L.

The formula of molecular nitrogen is N,. The atomic weight of nitrogen is 14.
Molecular weight of nitrogen (N,) = 2 x 14 = 28

The formula for ureais CO(NH;),. Therefore each mol of urea contains one
mol of nitrogen (Ny).

Therefore, serum urea(mmol/L) = BUN (mg%) x 10
28

Serumurea(mmol/L) = 21 x 10 = 7.5mmol/L
28

The Sl unitsfor creatinine are umol/L

There are 1000 ng in one mg so that multiplication by 1000 converts from
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mg% to ng%
g% can also be written ng/100 mL

Multiplication by 10 converts from pg/100 mL to pg/L (1L = 1000 mL)

Division by the molecular weight of creatinine converts from pg/L to
umol/L. Formulaof creatinineis: C4H;0N3

Carbon atomic wt = 12 Cs = 4x12 = 48
Hydrogen atomicwt = 1 H; = 7x1 = 7
Oxygen atomic weight = 16 O =1x16 = 16
Nitrogen atomic wt = 14 N; = 3x14 = 42
Creatinine molecular weight = 113
Creatinine (umol/L) = Creatinine (mg%) x 10 x 1000
Molecular weight
Creatinine (umol/L) = 0.66 x 10 x 1000 = 58 umol/L (2sigfigs)
113

Q1(3)
a) Division by 10 converts from mmol/L to mmol/100 mL (since | L = 1000 mL)

Multiplication by the molecular weight of glucose converts from mmol/100
mL to mg/100 mL. Formulaof glucoseis C¢H120%e.

Atomic wt carbon

= 12 thereforeC¢ = 6x12 = 72
Atomic wt hydrogen = 1 thereforeH;; = 12x1 = 12
Atomicwt oxygen = 16 thereforeOs = 6x16 = 96
Molecular weight of glucose = 180

Therefore, glucose (mg/100 mL) = Glucose (mmol/L) x 180
10

Glucose(mg/100mL) = 20 x 180 = 360 mg/100 mL
10

b) Concentration (mEg/L) = Concentration (mmol/L) x valency
Calciumions are divalent (i.e. Ca'™) so that the valency is 2

Therefore, calcium (mEg/L) = cacium (mmol/L) x 2



Q1(4

d)

WORKED ANSWERS TO FURTHER QUESTIONS

Cacium(mEglL) = 32 x 2 = 64mEq/lL
c) Division by 10 converts from mmol/L to mmol/100 mL (since 1L = 1000
mL), which can aso be written mmol %.

Since the formula of ureais CO(NH>),, each mol contains 1 mol of molecular
nitrogen (N2). The atomic weight of nitrogen is 14, so its molecular weight
(N2) is2x 14 = 28. Therefore multiplication of ureain mmol% by 28 gives
the BUN in mg%.

Therefore, BUN (mg%) = Urea(mmol/L) x 28
10

BUN(mg%) = 306 x 28 = 86 mg% (2sigfigs)
10

Division by 10 converts from umol/L to umol/100 mL (sincel L = 1000
mL), which can also be written as umol %.

Division by 1000 converts from umol% to mmol% (since 1000 umol = 1
mmol).

Multiplication by the molecular weight of creatinine converts from mmol% to
mg%. Creatinine hasthe formula C4H;ONs3.

Carbon atomic wt = 12 Cs, = 4x12 = 48
Hydrogenatomicwt = 1 H; = 7x 1 = 7
Oxygenatomicweight =16 O = 1x16 = 16
Nitrogen atomic wt =14 N3 = 3x14 = 42

Creatinine molecular weight = 113
Therefore, creatinine (mg%) = creatinine (umol/L) x 113

10 x 1000

Creatinine(mg%) = 250 x 113 = 28mg% (2sigfigs)

10 x 1000

‘M’ isan abbreviation for mol/L. There are 1000 mmol in one mol.

Therefore, multiplication of aconcentration in mol/L by 1000 convertsit to
mmol/L.

15x10° isthesameas 15
10°
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b)

10® means 10 multiplied by itself 3 timesi.e. 10x 10 x 10 = 1000

Therefore, 1.5 x 10° = 1.5 = 0.0015
1000

Another way of looking at it is that the power minus 3 means that we must
move the decimal point 3 places to the left (as opposed to a positive power
which would have meant moving it 3 places to the right). Moving the decimal
point one pace to the left gives 0.15, 2 places gives 0.015 and 3 places gives
0.0015.
Combining these moves:

1.5x10°M = 00015 x 1000 = 1.5mmol/L

In other words whenever we see amolar concentration with theterm ‘x 10
it isreally the same as the concentration in mmol/L.

Another way to approach this problem is that multiplying by 1000 to convert
from mol to mmol is the same as multiplying by 10% in which case the
calculation becomes:

1.0 x 10° x 10° = 1.0
since the 10 and 10° cancel (i.e. we move the decimal point 3 places to the
left then back 3 placesto the right to the original position).

The symbol ‘M’ stands for mol/L.

Multiplication by 1000000 converts from mol to umol (since there are
1000000 pmol in one mol). 1000000 can also be written as 10°

Therefore 1.25x 10°M = 1.25 x 10° x 10° umol/L
Since10® x 10° = 10" (whichissimply 10) the calculation becomes:
1.25 x 10°M = 1.25 x 10 = 12.5umol/L

Thisisthe same as moving the decimal point 5 places to the | eft, then 6 places
to theright i.e. a net movement of one place to the right.

Multiplication by 10 converts from mg/100 mL to mg/L (since 1L = 1000

mL). Division by 1000 converts from mg/L to g/L (since there are 1000 mg in
one Q)

10



Q1(5

WORKED ANSWERS TO FURTHER QUESTIONS

2.5 x 10> mg/100 mL means 2.5 multiplied by 10 squared (i.e. 100) = 250
mg/100 mL

Therefore, 25x 10°mg/100mL = 250 x 10 = 25¢g/L
1000

Another way of doing this is to first move the decimal point 2 places to the
right (the same as multiplying by 10%), then a further one place to the right to
convert from 100 mL to 1000 mL (making 3 moves to the right altogether). A
further 3 moves to the left (the same as dividing by 1000 to convert from mg
to g) takes us back to the starting position and an answer of 2.5 g/L.

d) Multiplication of mmol/L by 1000 convertsto umol/L (since 1 mmol = 1000
umol). Multiplication by 1000 is the same as multiplication by 10°

Therefore, 3.25x 10° mmol/L = 3.25x 10° x 10° = 3.25 x 10 umol/L
3.25 x 10° umol/L can also be written 0.00325 pmol/L.

(The same result is obtained by moving the decimal point 6 places to the left
then back 3 places to the right).

a) If the concentration in the reaction mixtureis 3.00 x 10 M then each litre
contains 3.0 x 10 mol of product.

Division by 10 gives the number of mol in 100 mL (since 1L = 1000 mL)

Multiplication by 1000 converts from mol to mmol (since 1 mol = 1000
mmol)

3.00x 10° candso bewrittenas 3.00 or  3.00

10° 1000
Therefore concentration (mmol/100 mL) = concentration (mol/L) x 1000
10
Amount of productin100mL = 3.00 x 1000 = 0.30 mmol
10 x 1000

b) 3.00x 10°M means 3.00 x 10° mol/L

Multiplication by 1000000 converts from mol/L to umol/L (since 1 mol =

11
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1000000 pmol). 1000000 can also be written as 1.0 x 10°,
Division by 4 gives the amount of product present in 250 mL (since 1000/4
= 250).

Since this amount of product was formed over 30 min, division by 30 gives
the amount which would be formed in one minute.

Therefore number of pumol formed in 250 mL in one minute

=  Molar concentration x 10°
4 x 30

=  300x10°% x 10° = 25pmol/min/250 mL
4 x 30

NB. 10° x 10° = 10° i.e. movedecimal point 3 places to the left, then 6
places to the right making 3 places to the right overal, which is the same as
multiplying by 1000.

Q1(6)
The dissociation of the acid can be written:

Acid Conjugatebase  +  H'

0.1M = 25 x 10° mol/L 120 nmol/L

Before cal culating the dissociation constant (K) convert all concentrations to the same
units. It doesn’t really matter which units but conventionally molar concentrations
(mol/L) are used.

0.1M undissociated acid is the same as 0.1 mol/L of acid, which can aso be written as
1.0x 10" mol/L.

There are 1000000000 (i.e. 10%) nmol in one mol so that 120 nmol/L hydrogen ions
can be written 120 x 10 mol/L or more conveniently 1.20 x 107 mol/L (moving the
decimal point 2 places to the left and decreasing the power of 10 by 2 from -9 to -7).

The conjugate base concentration is aready in mol/L, but would be more
conventionally written as 2.5 x 10™ (reduction from 25 to 2.5 involves moving the
decimal point one place to the left so that the power of 10 must be increased by one
i.e. changed from -5 to -4).

The expression for the dissociation constant, with molar concentrations in square
brackets[ ] can be written as:

12



WORKED ANSWERS TO FURTHER QUESTIONS

K = [Conjugate basg] (mol/L) x [Hydrogenions] (mol/L)
[Acid] (mol/L)

An ‘expression’ for the units of K can be written as:

(mol/L) x (mol/L)
(mol/L)

One set of (mol/L) above the line cancels with (mol/L) below the line leaving mol/L
as the units.

Calculation of K from these data gives:

K = 25x10% x 1.20x107 = 25x1.20x10° = 3.0x10°mol/L
1.0x10%

Chapter 2

(Atomicweightss H=1; C=12; O=16; P=31; Na=23; K=39; Ca= 40; S=32;
Cl =35.5)

Q2(1)

Q2(9

70 g/L isthe same as 70 ¢g/1000 mL (since 1L = 1000 mL)

If 1000 mL contain 70 g of albumin then each mL contains 70 ¢
1000

then 100 mL must contain 100 times this amount, so that the weight required to
make 100 mL of 70 g/L albumin
= 70 x 100 = 79
1000

Another way of looking at thisisthat 100 mL isonetenth of 1 L (i.e. 1000 mL) so
that one tenth of the amount presentin| L isrequired.

Concentration of sodium chloride = 85 g/L

13
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Division by the molecular weight of sodium chloride gives the concentration in
mol/L:

Concentration (mol/L) = Concentration (g/L)
Molecular weight

Multiplication by 1000 converts from mol/L to mmol/L (since 1 mol = 1000
mmol)

Formulafor sodium chloride = NaCl
Atomic weight of Na = 23; atomic weight of CI = 35.5
Therefore molecular weight of NaCl = 23 + 355 = 585

Therefore, NaCl (mmol/L) = NaCl (g/L) x 1000
58.5

Since each molecule of NaCl dissociates to give oneion of Na', thisis also the
concentration of sodium ionsin mmol/L.

Concentration of Na" (mmol/L) = 85 x 1000 = 1453 mmol/L
58.5

Q2(3)

Calcium carbonate has the formula CaCO3; so that each mol contains 1 mol of
cacium. Therefore, the standard solution will need to contain 5.0 mmol/L of

CaCO:a.

Atomicwt calcium = 40 thereforeCa = 1x40 = 40

Atomic wt carbon = 12 therefore C = 1x12 = 12

Atomic wt of oxygen = 16 thereforeO; = 3x16 = 48
Molecular weight of CaCO; = 100

1L of 1mol/L will contain 100 g of CaCO3;

1L of 1 mmol/L will contain 100 gof CaCO3; (since1 mol/L = 1000 mmol/L)
1000

1L of 5.0 mmol/L will contain 100 x 5.0 g CaCOs3
1000

500 mL of 5.0 mmol/L will contain 100 x 5.0 g CaCOs3 (1 L =1000 mL)
1000 x 2

14



WORKED ANSWERS TO FURTHER QUESTIONS

= 0259 (= 250mg)

Q2(4)
The total amount of sucrose (as opposed to concentration) remains the same after
dilution. The amount of sucrose in a given volume of solution is equal to the
volume multiplied by concentration. Therefore, the following expression can be
written:
Initial volume x Initial concentration = Final volume X Fina concentration

The units for volume and concentration must be the same on both sides of the

equation.

Initial volume = unknown
Initial concentration = 5%
Final volume = 500 mL
Fina concentration = 1%

Substituting these values the initial volume can be calculated:
Initial volume(mL) x 5 = 500 x 1

Initial volume(mL) = 500 x 1 = 100mL
5

Another way to do this is that the final concentration (1%) is one fifth of the

initial value (5%) so that the 5% sucrose solution has to be diluted 5-fold. The
volume required is 500 mL so that one fifth of this, 100 mL, has to be diluted.

Q2(5

Both volumes must be expressed in the same units. Multiplication of the volume
of water (5 mL) by 1000 givesitsvolumein uL (5000 pL) since 1 mL = 1000 pL.

The total volume of diluted urineis the sum of the volumes of urine and water:
Final volume (uL) = 50 + 5000 = 5050 puL

The dilution is the number of times the urine was diluted which isthe final
volume divided by theinitial volume:

Dilution = Finavolume = 5050 = 101
Initial volume 50

N.B. Concentration isthe reciprocal of dilution. In this case 1/101 = 0.0099.

15
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Q2(6)

First calcul ate the molecular weight of sulphuric acid:

Atomicwtof hydrogen = 1 2H = 2x1 = 2
Atomic wt of sulphur =32 S = 1x32 = 32
Atomic wt of oxygen =16 40 = 4x16 = 64

Molecular weight H,SO, = 98

Therefore 1L of 1 mol/L requires 98 g H»SO4

1L of 0.1 mol/L requires 98 g H,SO, (sinceit is 1/10" the strength of 1 mol/L)
10

Since the sulphuric acid is only 96% pure this weight must be multiplied by
100/96:

Weight H,SO4required = 98 x 100 = 10.21g(4sigfigs)
10 x 96

The volume required can be calcul ated from the specific gravity:

Specific gravity (SG) = Weight
Volume

Volume = Weight
Specific gravity

We are told that the specific gravity of H,SO,is1.16 so that 1 mL weighs 1.16 g.
The volume which weighs 102.08 g is calculated as follows:
Volume(mL) = 1021 = 8.8mL
1.16
Q2(7)
First calcul ate the molar concentration of each individual solution:

Potassium chloride (KCI). Atomicwt K =39, atomic wt Cl = 35.5
Molecular weight of KCI = 39 + 355 = 745

KCl (mol/L) = KCl(gL) = 5.0 = 0.0671 mol/L (3sigfigs)
Molecular wt 74.5

16
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Sodium chloride (NaCl). Atomic wt Na = 23, atomicwt Cl = 35.5.
Molecular weight NaCl = 23 + 355 = 585

NaCl (mol/L) = NaCl (g/L) = 50 = 0.855 (3sigfigs)
Molecular wt 58.5
For potassium:

50 mL 0.0671 M KCl + 100 mL 0.855M NaCL — 150 mL mixture

0.0671 M KCI contains 0.06371 M K*. 50 mL isdiluted to 150 mL.

Final K™ (mol/L) x Final vol (mL) Initial K™ (mol/L) x Initial vol (mL)
Fina K™ (mol/L) x 150 = 0.0671 X 50
Final K" (mol/L) = 0.0671 x 50 0.022 mol/L (2 sigfigs)
150

For sodium:

100 mL NaCl 0.855 mol/L + 50 mL KCl — 150 mL mixture

Final Na" (mol/L) x Fina vol (mL) = Initial Na" (mol/L) x Initia vol (mL)
Final Na" (mol/L) x 150 = 0.855 X 100
Fina Na’ (mol/L) = 0.855 x 100 = 0.57mol/L
150
For chloride:

100 mL NaCL 0.855 mol/L + 50 mL KCl 0.0671 = 150 mL mixture

Chloride arises from both solutions (NaCl and KCl):

Final CI" (mol/L) x Final vol (mL) = [ Initia CI" from KCI (mol/L) x
vol KCI (mL)] + [Initial CI" from NaCl (mol/L) x vol NaCl (L)]

Fina CI"(mol/L)x 150 = [ 0.0671 x 50 ] + [ 0.855 x 100]

Find CI(mol/L) = [(0.0671 x 50) + (0.855 x 100)]
150

17
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3355 + 855
150

= 88.855
150

= 0.59 mol/L (2 sigfigs)

Q2(8)
Initial vol (mL) x Initial concn (%) = Final vol (mL) x Fina concn (%)
650 X 95 = Fina vol (mL) X 65
Finalvol (mL) = 650 x 95 = 950mL
65

N.B. The expected volume of water to be added to the 95% ethanol (950 - 650 =
300 mL) will be insufficient because mixing an alcohol with water always results

in some contraction of the total volume. Therefore further water should be added
until afinal volume of 950 mL is reached.

Q2(9)

First calculate the weight of sodium dihydrogen orthophosphate dihydrate
(NaH,PO4.2H,0) which should have been used. Adding individual atoms together
givesthe empirical formula. NaHgPOeg

Atomic wt sodium = 23 therefore Na = 1x23 = 23
Atomic wt hydrogen = 1 theefore 6H = 6x1 = 6
Atomic wt phosphorus = 31 therefore P = 1x31 = 31
Atomic wt oxygen = 16 therefore 60 = 6x16 = 96
Molecular weight NaH,PO,4.2H,0 = 156

Therefore 1 L 1.0 mol/L contains 156 g NaH,PO,4.2H,0O

sothat 1L 0.2mol/L contains 156g = 31.2g NaH,P0O,.2H,0
5

Next calculate the molar concentration if this weight (31.2 g) of anhydrous
sodium dihydrogen orthophosphate (NaH»PO,) was dissolved in 1 L of water.

Atomic wt sodium

= 23 theefore Na = 1x23 = 23
Atomic wt hydrogen = 1 therefore2H = 2x1 = 2
Atomic wt phosphorus = 31 therefore P = 1x31 = 31
Atomic wt oxygen = 16 therefore 40 = 4x16 = 64

18
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Molecular weight NaH,PO, = 120

Concentration (mol/L) = Concentration (g/L)
Molecular weight

Concentration (mol/L)

312 = 0.26 mol/L
120

As a short cut the target concentration (0.2 mol/L) could be simply multiplied by
the ratio of the molecular weight of NaH,PO,.2H0 to that of NaH,PO4:

Actual concentration (mol/L) =

Target concentration (0.2 mol/L) x MW NaH,PO,.2H,0
MW NaH,PO,

= 02 x 156 = 0.26 mol/L
120

Working standard was prepared by diluting 5 mL of this stock standard to 250
mL.

Initial concn (mol/L) x Initial vol (mL) = Final concn (mol/L) x Final vol (mL)

0.26 X 5 = Fina concn (mol/L) x 250

Final concn(mol/L) = 026 x 5 = 0.0052 mol/L
250

Multiplication by 1000 (since there are 1000 mmol in a mol) converts this
concentration to mmol/L:

Working phosphate standard concentration = 0.0052 x 1000 = 5.2 mmol/L
Q 2(10)

First calculate the molecular weight of anhydrous sodium dihydrogen phosphate

(NaHzPO4):

Atomic wt sodium = 23 theefore Na = 1x23 = 23

Atomic wt hydrogen = 1 therefore 2H = 2x1 = 2

Atomic wt phosphorus = 31 therefore P = 1x31 = 31

Atomic wt oxygen = 16 therefore 40 = 4x16 = 64
Molecular weight NaH,PO, = 120

19
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Next calculate the molar concentration of a solution containing 12 g/L:

Concentration (mol/L) = Concentration (g/L)
Molecular weight
Concentration (mol/L) = 12 = 0.1mol/L
120

Multiplication by 1000 gives the concentration in mmol/L (since 1 mol = 1000
mmol):

Phosphate concentration = 0.1 x 1000 = 100 mmol/L

To prepare 1 L of 4 mmol/L phosphate:

Initial vol (mL) x Initial conc (mmol/L) = Final vol (mL) x Fina conc (mmol/L)

Initial vol (mL) x 100 = 1000 X 4
Initial vol (mL) = 1000 x 4 = 40mL
100
Chapter 3
Q3(1)

First calculate molar concentration of 0.5% HCI:
05%w/v = 05¢/100mL = 05 x 10 = 5.0¢g/L

MWHCI = 1 + 355 = 365
Molarconc = g/ = 50 = 0.137mol/L (3sigfigs)
MW 36.5
Next calculate pH assuming complete dissociation of HCI:

pH = -logi[H']

Substitute[H*] = 0.137 mol/L

pH = -10g0.137 = -(-0.86) = 0.86 (2sigfigs

20
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Q3(2
pH = -logio[H]
Rearranging: logio[H] = -pH
Therefore [H] = antilogio (-pH)
Substitute pH = 7.35:
[H7 = antilogy(-7.35) = 4.47x10°mol/L
= 447x10°mol/L = 45 nmol/L (2sigfigs)

(since there are 10° or 1000000000 nmol in amol)
SubstitutepH = 7.45

[H] = antilogo(-7.45) = 3.55x 10° mol/L

= 355x10°mol/lL = 36nmol/L (2sigfigs)
Q3(3)

pH = -logie[H] therefore [H'] = antilogyo (-pH )
For urine substitute pH = 6.0:

[H] =  antilogyp(-6.0) = 1.0x 10°mol/L

= 1000x10°mol/L = 1000 nmol/L

For blood substitute pH = 7.40:

[H] = antilogyo (-7.400 = 3.98 x10®
= 39.8x10° mol/L = 40 nmol/L
Gradient = [H]inurine = 1000 = 251
[H™] in blood 40

Another way of approaching this problem is to use the fact that the ratio of two
valuesis equal to the antilog of the difference between their logarithms.
In other words, substitute antilogso (-pH) for [H]:

21
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Gradient = [H_1me = antilogio (- PHurine)
[H lblood (- PHbiood)

antilogio {- PHurine - (- PHblood)}

antilogio (PHbiood - PHurine)
antilogyo (7.4 - 6.0)

antilogio 1.4

25 (2sgfigs)
Q3(4)
The dissociation to be considered is:
H,PO, < HPOS + H

pH = pKa + logip [NapHPO,]
[NaH,PO,]

Rearranging: pKa = pH - logi [NapxHPO,]
[NaH,PO,]

Next calculate the molar concentration of each phosphate.

[N;HPO,] =  12.85 x 10
1000 x MW
(Multiplication by 10 converts mg/100 mL to mg/L. Division by 1000 converts
mg/L to g/L)
MW NaoHPO, = (2x23) + 1 + 31 + (4x16) = 142
[N;HPO, = 1285 x 10 = 0.000905 mol/L
1000 x 142
[NaHzPO4] = 6.88 x 10
1000 x MW
MW NaH,PO, = 23 + (2x1) + 31 + (4x16) = 120
[NaH,PO,4 = 6.88 x 10 = 0.000573 mol/L
1000 x 120

Next substitute these molar concentrations into the rearranged Henderson-
Hassel balch equation and solve for pKa:
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pKa = 7.0 - logie 0.000905
0.000573

pKa = 7.0 - log158 = 7.0- 020 = 6.80

Q3(5
Therelevant dissociation is:
HCO; « H* + CO5%

pH = pKa + logio [COs’]
[HCO3]

Rearrange, substitute pH = 10.7 and pKa = 10.3, then calculate ratio:

logo [CO] = pH - pKka = 107 - 103 = 04
[HCOs]
[CO#] = antilog04 = 251 ......... (i)
[HCOs]
Since the total concentration of both bicarbonate and carbonate in the buffer is 0.2
mol/L:
02 = [HCOs] + [CO5%] ... (ii)

[HCOs] = 0.2 - [CO#%]
Substitute for [HCOs1] in (i) and solve for [CO#*]:

[CO”] = 251
02 - [COs]

[COs°] = (251 x 0.2) - 251[CO5%]

[COs°] + 251[COs%] = 0.502
351[COs#] = 0.502
[COs%] = 0.502 =  0.143mol/L
351

Substitute [COs*] = 0.143into (ii) and solve for [HCOs]:
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02 = [HCOs] + 0.143

0.2 - 0143 = 0.057 mol/L

[HCOs]

Calculate weights of both sodium carbonate and bicarbonate needed to prepare
500 mL of buffer:

Weight required (g) = Molar concentration (mol/L) x MW

2
MW  NaCO; = (2x23)+ 12 + (3x16) = 106
MW NaHCO; = 23+ 1+ 12+ (3x16) = 84
Wt Na,CO3 = 0.143 >2< 106 = 758g (3dgfigs)
Wt NaHCO; = 0.057 x2 84 = 239g (3sigfigs)
Q3(6)

Therelevant dissociation is:

LactH < Lact + H*

pH = pKa + Logp [Lact]

[LactH]

Substitute pH = 7.4 and pKa= 3.86 then calculateratio:

74 = 386 + Log[Lact]
[LactH]
Logio[Lact] = 74 - 386 = 354
[LactH]
Lact’ = antilogin3.54 = 3467 ....... 0]
[LactH]

The concentration is not given but we are told that the solution must be isotonic.
Assuming physiological osmolarity is 285 mmol/L:

285 = [LactH] + [Lact] + [Na']
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Where the concentrations of LactH, Lact” and Na" are mmol/L.
Since the concentrations of Lact” and Na' are equal:

285 = [LactH] + 2[Lact] ............ (i)
Rearranging:
[LactH] = 285 - 2[Lact]

Substitute for [LactH] in (i) and solve for [Lact]:

Lact’ = 3467
285 - 2[Lact]
[Lact] = 3467 (285 - 2[Lact])
[Lact] = 988095 - 6934 [Lact]
[Lact] + 6934 [Lact] = 988095
6934 [Lact] = 988095
[Lact] = 988095 = 142mmol/L (3sigfigs)

6934
Substitute [Lact] = 142 into (ii) and solve for [LactH]:
285 = [LactH] + (2x142)

[LactH] = 285 - 284 = 1mol/L

Calculate weight of sodium lactate:

Sodium lactate (g/25L) = [Lact] mmol/L x MW x 2.5
1000

MW CH3;CH(OH)COONa = 23 + (3x12)+ (5x1) + (3x16) = 112

Wt sodium lactate = 142 x 112 x 25 = 39.8¢g
1000

Calculate weight of lactic acid:

Lacticacid (g/l25L) = [ LactH ] mmol/L x MW x 2.5
1000
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MW CHsCH(OH)COOH

(3x12) + (6x1) + (3x16) = 90

Wt lactic acid 1x9%0 x25 = 0225¢g

1000

Convert to mL 85% lactic acid SG =1.2;

Vol lacticacid(mL) = Wt(g) x 100
% purity x SG

= 0225 x 100 = 022mL (2sigfigs)
8 x 12

Q3(7)

The reaction occurring when secreted hydrogen ions are buffered by phosphate in
the glomerular filtrateis:

HPO42_ + H o H,PO4

And the corresponding Henderson-Hasselbal ch equation is:

pH = pKa + |Og]_o MAﬂ
[H2PO«]
Cdlculate the ratio of the two phosphate ions in fresh glomerular filtrate (i.e. pH =
7.4):.
74 = 68 + logp [HPOS]
[H2PO4]
logio [HPO,”] = 74 - 68 = 06
[H2PO4]
[HPO,”] = antilogx0.6 = 398 .......... (i)
[H2POy]

For simplicity assume a urine volume of 1 L so that the total phosphate
concentration is 65 mmol/L. (We are told the amount not the concentration but,
since we are dealing with ratios, any volume could be used).

[Total phosphate] = [HPO,*] + [H.POs]

65

[HPO,] + [HzPO4]
[H2PO4]

65 - [HPO/]
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Substitute for [H,PO,4] in (i) then solve for [HPO,*]:

[HPO,] = 39
65 - [HPO,*]
[HPO#] = 3.98(65 - [HPO/])
[HPOZZ] = 2587 - 3.98[HPO,*]
[HPO#] + 3.98[HPOs] = 2587
498[HPO] = 2587
[HPOZ] = &;g = 51.9mmol/L (3sigfigs)
4,

Repeat this procedure for acidified glomerular filtratei.e. urinepH = 5.5

55 = 68 + logo[HPO,]
[H2PO«]
logo[HPO,] = 55 - 68 = -1.3
[H2PO4]
[HPO,”] = antilogp -1.3 = 0.050
[H2PO4]

Substitute [ H2PO4-]

65 - [HPO,*] and solve for [HPO,*]:

[HPO,”] = 0.050
65 - [HPO,*]

[HPO,?] = 0.050 (65 - [HPO,*])

[HPO*] + 0.050[HPO,] = 0050 x 65 = 325
1.05 [HPO,*] = 325
[HPOZ] = 325 = 3.10mmol/L

1.05
The titratable acidity is the concentration (or rather amount) of HPO,* consumed
asthe pH of the glomerular filtrate is reduced from 7.4 to 5.5 and is the difference
between the two phosphate concentrations:

Titratableacidity = 519 - 31 = 49mmoal (2sigfigs)
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Q3(8)
The dissociation to be considered is:
HAc o H" + AcC

And the relevant form of the Henderson-Hassel bal ch equation is:

pH = pKa + logyp[AcC]
[HAC]

Determine pKa by substituting the pH (4.74) and concentrations of Ac’ (0.1
mol/L) and HAc (0.1 mol/L):

474 = pKa + logyp 0.1
0.1
Since0.1/0.1 = landlogi 1isO, then pKa = 4.74

Calculate the adjusted concentrations of Ac and HAc, and substitute into the
Henderson-Hassel balch equation (using pKa = 4.74) then solve for pH:

Addition of HCI to this buffer converts some of the acetate ions to acetic acid:
Ac + H" — HAc
Final [Ac] = Initia [Ac] - Added[HCI]

Allowance must be made for the dilution resulting from mixing 10 mL buffer with
4 mL HCI (total volume =14 mL):

Initial [Ac] = 0.1 x 10 = 0.071mol/L
14
Added [HCI] = Initia [HCI] x 4 = 0.025 x 4 = 0.0071 mol/L
14 14
Fina [Ac] = 0.071 - 0.0071 = 0.0639 mol/L
Similarly:
Fina [HAc] = Initial [HAc] + Added[HCI]

Since Initial [HAc] = Initial [Ac]

Fina [HAc] = 0.071 + 0.0071 = 0.0781 mol/L
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Therefore: pH = 474 + logy 0.0639
0.0781

= 474 + logp 0.818

= 474 + (-0087) = 465

Chapter 4
Q4(1)

Only absorbance is proportional to concentration, so the first step isto calculate
the absorbance of the final solution which absorbs 30% of the light entering into
it.

Absorbance (A) =  logw o
I

lo = intensity of incident light = 100%

| = intensity of transmitted light. Since 30% was absorbed, 100 - 30 = 70%
istransmitted. Therefore, | = 70 %

Substitute these values to obtain A:
A = logiw 100 = logipl429 = 0.155 (3sigfigs)
70
Let x = vol of solution to be added to 100 mL water = xmL
Final volume = (100 + x) mL

Initial volume x Initial concn = Final volume x Fina concn

Since Beer’s Law is obeyed, absorbance can be substituted for concentration:
Initial volume x Initial absorbance = Fina volume x Final absorbance
Substitute values for volumes and absorbances;

x(mL) x 023 = (100+x) x 0.155
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x(mL) = (100+x) x 0.155
0.23

X = 155 + 0.155%x
0.23

0.23x = 155 + 0.155x

0.23x - 0.155x = 155

0.075x = 155
X = 155 = 207mL (3sigfigs)
0.075
Q4(2
If I, istheintensity of incident light and | the intensity of transmitted light, then:

transmittance (%T) = 1 x 100 and  absorbance(A) = logiolo
lo I

The expression for %T can be arranged to: Ilo = %/;0(_?

0

Which can be substituted into the expression for A to give:

A = |Og;|_0 ﬂ) = |Og]_o 100 - |Og]_o %T
%T

Substituting 2 for log;o 100 gives the following useful expression:
A = 2 - logyp %T

All that isrequired is to substitute values for %T into this expression to obtain A:

a %I = 95

A =2 -logp9% = 2-1978 = 0.022 (3sigfigs)
b) %T = 75

A = 2-logp75 = 2-1875 = 0.125 (3sigfigs)
c) %T = 50

30



WORKED ANSWERS TO FURTHER QUESTIONS

A = 2-1logo50 = 2-1699 = 0301 (3sigfigs

d %T = 25

A = 2-logp25 = 2-1398 = 0.602 (3sigfigs)
e %I = 10

A = 2-logpl0 =2-100 = 1
f) %T = 1

A = 2-logpwl =2-0 = 2

The expression used to calculate A from %T can be rearranged to enable direct
calculation of %T from A:

A = 2 -logyp %T
A + logi%T = 2
logip %T = 2-A
%T = antilogp (2 - A)

Therefore substitute values for A into this expression then evaluate %T:

a) A = 01
79% (2sigfigs)

%T = antilogp (2 - 0.1) = antilogp 1.9

b) A = 025

%T = antilogyp (2 - 0.25) = antilogip1.75 = 56 % (2sigfigs)
0 A =050

32% (2sigfigs)

%T = antilogy (2 - 0.50) = antilogy 1.50

d) A = 075
18% (2sigfigs)

%T = antilogy (2 - 0.75) = antilogyp 1.25

& A = 1.00
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%T = antilogp (2 - 1.00) = antilogpl = 10%

) A= 200

%T = antilogp(2 - 2) = antilogip0 = 1%

Q4(4)
First convert percentage transmittance (%T) to absorbance (A):
A = 2 - logyp%T
= 2 - logypl84
= 2 - 12648

0.735  (3sigfigs)

Use this absorbance to calculated the molar absorptivity using the Beer-Lambert

Law:
A = abc
Where A = absorbancereading = 0.735
a = molar absorptivity = unknown
b = light path length = 1lcm
C = concentration = 1.00 mmol/L

Since the question asks for calculation of molar absorptivity, the concentration
must be divided by 1000 to convert it to mol/L (1 mol = 1000 mmol):

Concentration (mol/L) = 1(mmol/L) = 0.001 mol/L
1000

Substitute A, b and c into the Beer-Lambert equation and solve for a:

0735 = a x 1 x 0.001
a = 0.735 = 735
1 x 0.001

The units can be derived by entering the individua units into the same equation
(remembering that absorbance is the logarithm of aratio so has no units):

= L/cm/mol (or L.molt.cm™)

a = - = L
cm X mol/L cm x mol
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Therefore molar absorptivity = 735 L.mol™.cm™

Q4(9

Since absorbance, not transmittance, is linearly proportional to concentration, the
first step isto convert the transmittance (%T) to absorbance (A):

A = 2 - logyp %T
= 2 - logip45
= 2 - 16532
= 0.3468

Assuming NADH obeys Beer’s Law, the absorbance of a1 in 5 dilution of this
solution will be afifth of thisvalue:

Absorbanceof 1in5dilution = 03468 = 0.069 (2sigfigs)
5
Q4(6)
First use the Beer-Lambert equation to calculate the porphyrin concentration in
the extract:
A = abc
Where A = absorbance = 035
a = molarabsorptivity = 275 x 10° L.mol™t.cm™
b = pahlength = 1lcm
C = concentration = mol/L
035 = 275x10° x 1 x ¢
c = 0.35 = 1.273 x 10® mol/L

275 x 10° x 1

The answer is required in nmol not mol so this value must be multiplied by 10°
(since1mol = 10° nmol):

c(nmol/L) = 1.273 x 10° x 10° = 1.273x 10° nmol/L
Since the faecal sample produced 4.5 mL of extract, the amount of porphyrinin

the sample is obtained by dividing by 1000 (to convert from nmol/L to nmol/mL),
the multiplying by the volume of extract (4.5 mL):
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Porphyrininsample = 1273 x 10° x 45 = 5.729 nmol
1000 (= 10%)

The porphyrin content (expressed as nmol/g fresh weight of faeces) is obtained by
dividing the porphyrin extracted (5.729 nmol) by the weight of sample used to
prepare the extract (75 mg = 0.075 g):

Porphyrin (nmol/g fresh stool) = 5.729 = 76.4 nmol/gfreshwt (3 sigfigs)
0.075

To express this result on adry weight basis, multiply by the fresh weight of faeces
used for the dry weight determination then divide by its dry weight:

Porphyrincontent = 76.4 x 0.250 = 153 nmol/gdry faeces (3 sigfigs)
0.125

Q4(7)

First convert the % transmittance (%T) to absorbance (A):

A = 2 - logy%T

A = 2 - 1log75
= 2 - 1.875
= 0.125

Provided the substance obeys Beer’s Law over the range of concentrations (i.e.
absorbanceis directly proportiona to concentration), then the absorbance of a
different concentration (4 g/L) can be calculated from the relationship:

Absorbance, = Absorbance;

Concentration » Concentration;
Rearranging: Absorbance;, = Absorbance; x Concentration,

Concentration;

Substitute: absorbance, = unknown; absorbance; = 0.125;

concentration, = 4 g/L; concentration; = 3g/L
Absorbanceuyy = 4 x 0125 = 0.1667 (4 sigfigs)

3
Convert this absorbance to % transmittance;
Logio%T = 2 - A = 2 - 01667 = 1833
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%T = antilogyo1.833 = 68% (2sigfigs)
To caculate molar absorption coefficient use either pairs of concentration and
absorption:
A = abc

Where A = absorbance = 0.167 (for a concentration of 4 g/L)
a = molar absorption coefficient = ?
b= cel pathlength = 1cm
Cc = concentration =4g/L.
Since MW =400
molar concentration = 4/400 = 1/100 = 1.0x 10 mol/L
0167 = a x 10 x 1.0 x 10?

a = 0.167 = 0167 x 10° = 16.7L.molt.cm?

Q4(8

Both NAD and NADH absorb at the two wavelengths used (260 nm and 340 nm).
Absorbances are additive, therefore at either wavelength:

Total absorbance = Absorbanceof NAD + Absorbance of NADH
At any wavelength the absorbance of NAD or NADH is given by:
Absorbance = Molar extinction coefficient x Molar concentration x Cell path

Therefore for each wavelength equations can be set up relating measured total
absorbance to the sums of the individual absorbances of NAD and NADH:

Measured absorbance = (NADcone X NADcoetr) + (NADHcone X NADHcoer)
At 340 nm: 0.337 =1.0x 10°[NAD] + 6.3x 10°[NADH]
At260nm: 1.23 = 18x10*[NAD] + 15x10*[NADH] .cooorivev. (ii)
(The cell pathis 1 cm and can be ignored)

These form a pair of simultaneous equations which can be solved for [NAD] and
[NADH] in the usua manner. However, solving a set of simultaneous equations

can be alengthy process. Therefore we should look for approximations and short
cuts. In this particular example it is possible to considerably simplify the
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calculation. The molar extinction coefficient of NAD at 340 nm is much lower
than that of NADH (by afactor of approx. 10°°) so that the contribution of NAD
to the absorbance at this wavelength can be ignored. Equation (i) can then be
simplified to:

0.337 = 6.3x10° [NADH]

[NADH] = 0337 = 535x10°M = 535pumol/L
6.3x 10°

[NAD] can be calculated by substituting [NADH] = 5.35 x 10” into equation (ii):

1.23 = 1.8x10°[NAD] + (1.5x10* x 5.35x 10°)

1.23 = 1.8x 10°[NAD] + (8.03 x 10
1.8x 10°[NAD] = 1.23 - (8.03x 10%) = 0.427

[NAD] = 0427 = 237 x10°M = 23.7pmol/L
1.8x 10*

Q4(9)

First use the absorbance reading to calculate the actual concentration of bilirubin
in the final solution:

A = axb xc
Where A = absorbance = 0.502
a = molar absorptivity = 6.07 x 10* L.mol™*.cm™
b = pathlength = 1lcm
c = concentrationinmol/L = ?
0502 = 607 x 10* x 1 x c

Rearranging and solving for c:

c = 0.502 = 827 x 10° mol/L = 8.27 x 10° mmol/L
6.07 x 10*

Use this concentration of the final solution to calculate the bilirubin content of the
weighed bilirubin:

The final solution was prepared by diluting 200 puL (i.e. 0.2 mL) of stock to 250
mL

Therefore actual concentration of stock
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= 827 x 10° x 250 = 10.34 mmol/L
0.2

4 mL (the volume of DM SO the bilirubin was dissolved in) contains:

10.34 x 4 = 0.04136 mmol bilirubin
1000

Convert to wt of bilirubin:
Wt bilirubin (mg) = mmol bilirubin  x MW
MW bilirubin = (33 x 12) + (36 x 1) + (6 x 16) + (4 x 14) = 584
Therefore wt bilirubin = 0.0414 x 584 = 24.15mg

% purity = Amount of bilirubin by assay x 100
Amount of bilirubin weighed

= 24.15 x 100 = 97% (2sigfigs)
25

Q 4(10)

First subtract the reagent blank (i.e. the reading obtained when using water as

sample) from each absorbance reading:
Absorbance Corrected

Absorbance
Blank (water as sample) 0.050 0.000
Creatinine standard (200 umol/L) 0.250 0.200
Serum sample 0.125 0.075
Urine sample (prediluted 1 in 50 with water) 0.200 0.150
Corrected absorbance of unknown =  Corrected absorbance of standard
Concentration of unknown Concentration of standard

Concentration of unknown =

Corrected absorbance of unknown x Concentration of standard
Corrected absorbance of standard

For serum:

Serum creatinine (umol/L) = 0.075 x 200 = 75umol/L
0.200
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For urine the calculation is the same except that the result must be multiplied by
50 to alow for the predilution of the sample prior to assay, then divided by 1000
to convert from umol/L to mmol/L (1 mmol = 1000 pmol):

Urine creatinine(mmol/L) = 0.150 x 50 x 200 = 7.5 mmol/L
0.200 x 1000

Q4(11)

Plot the absorbance (vertical scale) against the standard concentration (horizontal
scale) including the zero as a point (since the blank was used to zero the

instrument):

Glucose standard curve

Absorbance

0 5 10 15 20 25 30 35

Glucose(mmol/L)

1o

ThereforelA = 1 sothat 0.250A = 0250 = 12.5mmol/L
0.02 0.02

Chapter 5

Q5(D)
Creatinine excretion (mmol/24h) =

creatinine concentration (mmol/L)  x 24h urine volume (L)

Divide the creatinine concentration by 1000 to convert from pmol/L to mmol/L
(2000 umol = 1 mmol).

Divide the urine volume by 1000 to convert frommL tol L (1000 mL =11L).
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Creatinine excretion (mmol/24h) = 8500 x 1850 = 15.7 mmol/24h
1000 x 1000

Q5(2

First convert the filtration rate from mL/min to L/12 h. Multiply by 60 (to convert
from min to h), then by 12 (to convert from h to 12 h) and finally divide by 1000
(to convert frommL to L):

Filtrationrate (L/12h) = 110 x 60 x 12 = 79.2L/12h
1000

The answer is required in mmol so divide the plasma concentration by 1000 to
convert from pmol/L to mmol/L (1000 umol = 1 mmol):

0.18 mmol/L

Plasmacreatinine (mmol/L) = 180
1000

Creatinine filtered (mmol/12h) =
Plasma creatinine (mmol/L) x Filtration rate (L/12h)

Creatininefiltered (mmol/12h) = 0.18 x 79.2 = 14.3mmol/12h

Q5(3)
Creatinine clearance (mL/min) =

Urine creatinine (mmol/L) x Urine flow rate (mL/min)
Plasma creatinine (mmol/L)

Urine creatinine concentration = 7.2 mmol/L

Plasmacreatinine = 94 umol/L = 94 mmol/L
1000
Urineflowrate = 3.2L/24h = 32L/h = 3.2 L/min = 3.2x 1000 mL/min
24 24 x 60 24 x 60
Creatinineclearance = 7.2 x 3.2 x 1000 x1000 = 170 mL/min
24 x 60 x 94

This creatinine clearance is a little high. The most likely cause is that the 24
collection was made over alonger period than 24h — perhaps the bladder was not
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emptied at the start of the collection period (or if emptied it was added to the
collection instead of being discarded).

Q5(4)

First calculate the total amount of the compound filtered over a 24h period (based
on the assumption that the compound is freely filtered at the glomerulus):

Amount filtered (mg) = GFR (L/24h) x Plasmaconcentration (mg/L)

GFR = 110 mL/min = 110 L/min = 110x60L/h = 110x60x 24 L/24h

1000 1000 1000
Amount filtered (mg/24h) = 110x60x24x10 = 1584 mg/24h
1000

The rate of excretion (316.8 mg/24h) is much less than this suggesting that the
compound is either not freely filtered at the glomerulus or considerable amounts
are reabsorbed from the filtrate.

N.B. The urine volume was not used in this calculation. Another approach (which
would utilize urine volume) would be to calculate the clearance of the compound
(which comes out at 22 mL/min) then compare it with the GFR.

Q5(5)
When a steady state is reached the rate of excretion is equal to the rate of infusion

and the plasma concentration reaches a constant value.

Clearance (mL/min) = Excretion rate (umol/min)
Plasma concentration (umol/mL)

Excretionrate = infusionrate = 100 umol/min
Plasma concentration = 200 umol/L = 200  pmol/mL
1000
Clearance (mL/min) = 100 x1000 = 500 mL/min
200

The clearance of the drug far exceeds the GFR suggesting that the mode of
excretion is predominantly tubular secretion.
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Q5(6)

This question involves calculating the urinary excretion when the plasma
concentration and clearance is known. The expression for clearanceis:

Clearance (mL/min) =

Urine creatinine (mmol/L) X Urine flow rate (mL/min)
Plasma creatinine (mmol/L)

Rearranging this expression:
Urine creatinine (mmol/L) =

Clearance (mL/min) x Plasma creatinine (mmol/L)
Urine flow rate (mL/min)

Creatinineclearance = 100 mL/min

Plasmacreatinine = 100umol/L = 100 mmol/L
1000
Urineflowrate = 100mL/6h = 100 mL/h = 100 mL/min
6 6 x 60
Urine creatinine (mmol/L) = 100 x 100 x 6 x 60 = 36 mmol/L
1000 x 100
Q5(7)
First calcul ate the amount of sodium filtered at the glomerulus in mmol/min:
Nafiltered (mmol/min) = GFR (mL/min) x PlasmaNa(mmol/mL)
PlasmaNa = 140mmol/L = 140 mmol/mL
1000
Nafiltered (mmol/min) = 95 x 140 = 13.3mmol/min
1000

If the amount reabsorbed decreases by 1% then the amount excreted in the urine
will increase by 1% of that filtered:

Increasein Naexcretion = 13.3 x 1 = 0.133 mmol/min

100
Therefore theincrease in urine Naover a24h period =
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0.133 x 60 x 24 = 192 mmol/24h

Q5(8)
Fractional excretiony, = Naexcreted in urine
Nafiltered

If 90 % of filtered Nais reabsorbed then 100 - 90 = 10 % must be excreted i.e.
fractional excretion (FEns) = 10 %

FEnais calculated from the expression:

FEna (%) = (Urinena X Plasmacreainine) X 100
Urinecreainine X Plasmana

Which can be rearranged to give an expression for urine sodium:

Urinena =  FEna X Urin€creainine X Plasmaya,  mmol/L
Plasma(:reatinine x 100

Substitute these values to obtain the urine sodium concentration. N.B units must
be the same so divide plasma creatinine (umol/L) by 1000 to convert it to
mmol/L.

Urinena = 10 x 125 x 155 x 1000 = 969 mmol/L
200 x 100

_Since the 24h urinevolumeis 1250 mL (=1.25L) the amount excreted in 24h
> 969 x 1.25 = 1211 mmol/24h
Convert to g/24h:

Na(g/24h) = Na(mol/24h) x MW

Divide the sodium output by 1000 to convert from mmol/24h to mol/24h. MW Na
=23.

Na(g/24h) = 1211 x 23 = 289 (2sigfigs)
1000

Or expressed as NaCl (MW = 58.5):
NaCl (g/24h) = 1211 x 585 = 71g(2sigfigs)
1000

Another approach to this problem would be to first calculate the GFR from the
creatinine results, then use thisto calcul ate the Nafiltered etc.

42



WORKED ANSWERS TO FURTHER QUESTIONS

Q5(9 :
FEna = Urinena X Plasmacreainine
Ucreatinine X Plasmana

All units need to be the same, if mmol/L used then:

Plasmacreatinine = 250umol/L = 250 mmol/L
1000

FEna = 90 x 250 = 0.069 (or 6.9 %)
1000 x 24 x 135

Q5(10)
Since body weight is given, the Cockcroft-Gault formula for females can be used:
GFR (mL/min) = (140-ageinyrs) x Body wt (kg) x 1.2 x 0.85
Plasma creatinine (umol/L)
GFR (mL/min) = (140-45) x 56 x 1.2 x 0.85
150
= 36 mL/min

Next calculate the patient’ s body surface area (A) using the body weight in kg (W)
and height in cm (H):

A

antilogo [(0.425 x logio W) + (0.725 x logyo H) - 2.144] m?

A

antilogyo [(0.425 x logip 56) + (0.725 X logy 155) - 2.144]

antilogyo [(0.425 x 1.75) + (0.725 x 2.19) - 2.144]

antilogyp [0.744 + 1.588 - 2.144]

antilogyo 0.188

= 1.54 m?
Corrected GFR (mL/min/1.73m?) = Measured GFR (mL/min) x 1.73
A(mP)
= 36 x 1.73
154

40 mL/min/1.73 m?
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Alternatively the abbreviated MDRD formula can be used (height not required).

Q5(11)
First calculate the fractiona excretion of glucose (FEgiucose):

FEGiucose = Urinegiucose X PlaSmacrestinine
Urin€creainine X Plasmagiucose

All units must be the same so first correct plasma creatinine to mmol/L:

Plasmacreatinine = 120 umol/L = 120 mmol/L
1000

1000 x 6.0 x 10

This is the fraction of filtered glucose which is NOT reabsorbed by the tubules.
The fraction reabsorbed (TR) is next calculated:

TR = 1-FE = 1-01 = 09

To convert this reabsorption fraction to the absolute amount reabsorbed (i.e. the
Tm/GFR), multiply by the plasma concentration:

TM/GFR

TR x Plasmaconcentration

= 09 x 10

9 mmol/L glomerular filtrate

Q5(12)

First calcul ate the osmolar clearance (Cogn):

Cosm = Ugsm X V
POSI’T]
Posm = 260 mmol/kg
Uogsn = 200 mmol/kg
V = urineflowrate = 800 mL/6h
= 800mL/h = 800 mL/min = 2.22mL/min
6 6 x 60
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Comm = 200 x 2.22

260

1.71 mL/min

The free water clearance (Cyaer) 1S the difference between the urine flow rate and
the osmolar clearance:

Chvae = V- Cosm

Chaer = 222 - 171 = 0.51 mL/min

Q5(13)

First calculate the GFR using the abbreviated MDRD formula by substituting

values for serum creatinine (130 umol/L) and age (57 y) — remembering to
multiply by 0.742 since the patient is female:

GFR (mL/min/1.73m?) = 186 x [130 x 0.011312]*** x [57]%%® x 0.742
=186 x 14717 x 577%%3 x 0.74

186 x antilogo [-1.154 X logio 1.471] x antilogo [-0.203 x 1091057] X 0.742
186 x antilogi [-1.154 x 0.1676] x antilogio[-0.203 x 1.7559] x 0.742

186 x antilogyp (-0.1934) x antilogy (-0.3565) x 0.742

186 x 0.6406 x 0.4400 x 0.742 = 39mL/min/1.73m? (2sigfigs)

Next calculate the creatinine clearance:

Creatinine clearance (mL/min) =

Urine creatinine (mmol/L) x Urine flow rate (mL/min)
Serum creatinine (mmol/L)

Urine creatinine

4.7 mmol/L

Serum creatinine = 130umol/L = 130 mmol/L

1000
Urineflowrate = 1.1L/24h = 1.1 x 1000 mL/24h

= 1.1 x 1000 mL/h = 1.1 x 1000 mL/min
24

24 x 60
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4.7 x 1.1 x 1000 x 1000
24 x 60 x 130

Creatinine clearance (mL/min)

= 28 mL/min

There are several possible reasons for the discrepancy between the derived GFR and
the calculated clearance:

Inaccuracy in the timed urine collection. This is potentially the greatest source
of error. Although the 24h volume of 1.1 L seems reasonable the calculated
creatinine excretion seems low (1.1 x 4.7 = 5.2 mmol/24h) — unless the lady has
avery low muscle mass — suggesting that the collection isincomplete.

Failure to correct the creatinine clearance for body surface area (this would
require knowledge of weight and height). However, the MDRD formula does not
take into account individual variation in body surface area either, but just assumes
an average value based on the patient’ s age and sex.

Creatinine is secreted by tubules into the urine so that creatinine clearance
measurements always overestimate GFR.

Chapter 6

Q6(1)

First calcul ate the osmolalities due to glucose and sodium chloride individually.

Formulafor glucose = CgH120s

AW C = 12 thereforeCs = 6x 12 = 72
AWH = 1 theeforeH,, = 12x 1 = 12
AWO= 16 theeforeOs = 6x 16 = 96
MW = 180
Osmolaitygucese = Glucose concentration (g/L)
MW

Glucose concentration = initialy 5% = finally 2.5% (since mixed with an equal
volume of saline).

25%glucose = 25¢/100mL = 25¢g/L
Osmoldityglucose = 25 = 0.139mol/kg = 139 mmol/kg
180

First calculate mmolar sodium chloride concentration:
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NaCl = 09% = 0.9g100mL = 9g/L

Final concentration (after mixing with an equal volume of 5% glucose) is one half
of thisi.e.4.5¢g/L. MW of NaCl = 23+ 35.5 = 58.5.

NaCl (mol/L) = NaCL (g/L) = 45 = 0.077mol/L = 77 mmol/L

MW 58.5
Sodium chloride dissociates to give two osmotically active species— Na” and CI°
Therefore, Osmolalitynaer = 2 X 77 = 154 mmol/kg
Osmolalityrqa = Osmolaitygiucese + OsMolalitynac
= 139 + 154
= 293 mmol/kg (i.e. essentially isosmolar)
Q6(2

Calculate individual osmolalities separately.
Mannitol is undissociated so that Osmolalitymamito = Molar concentration

Concentration of mannitol = 10% = 10g/100mL = 100 g/L

Osmolditymamitot = Mannital (g/l) = 100 mol/kg
MW 182
= 100 x 1000 mmol/kg = 549 mmol/kg
182

Concentration of NaCl 09% = 09¢g/100mL = 9g/L

MW NaCl = 23+ 35.5 = 58.5
NaCl (mmol/L) = NaCl (g/L) x1000 = 9 x 1000 = 154 mmol/L
MW 585

Each molecule of NaCl dissociatesinto 2 ions (Na” and CI").

Osmolditynacr = 2x NaCl (mmol/L) = 2x 154 = 308 mmol/kg
Adding these together gives the total osmolality:

Osmolditytera = Osmolditymamitot + Osmolalitynac

= 549 + 308
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= 857 mmol/kg
Q6(3)
First calculate the osmotic load of 500 mL of each solution.

For 20 % mannitol:

Concentration = 20% = 20g/100mL = 200¢g/L

AW C=12 therefore C¢ = 6 x 12 = 72
AWH=1 thereforeHy = 14 x 1 = 14
AW O =16 therefore O = 6 x 16 = 96
MW = 182
Osmolaitymamitotn = Mannitol (g/L) = 200 mol/kg
MW 182
= 200 x 1000 mmol/kg = 1099 mmol/kg
182
Therefore osmotic load of 500 mL = 1099 = 550 mmol
2
For 0.9 % saline:
Concentration = 09% = 09¢g/100mL = 9g/L
MW NaCl = 23 + 3565 = 585
Osmolditynacr = NaCl (g/L) x 2 mol/kg = 9 x 2 mol/kg
MW 58.5
= 9 x 2 x 1000 mmol/kg = 308 mmol/kg
58.5

(factor of 2 introduced since NaCl dissociatesinto 2 ions (Na” and Cl").

Osmolar load dueto500 mL NaCl = 308 = 154 mmol
Extraosmola load = Osmolal |0advamitol 2— Osmol loadnaci
= 550 - 154
= 396 mmol
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First convert ethanol concentration to mmol/L:

Ethanol concentration = 92mg/dL = 920 mg/L

Formulafor ethanol = C,HsOH

Q6(5

b)

First calculate osmolality dueto Na', glucose and urea:

AWC = 12 theefore C, = 2 x 12 = 24
AWH = 1 theefore Hs= 6x 1 = 6
AWO = 16 therefore O = 1 x 16 = 16
MW = 46
Osmolalitygthanot = Ethanol (mg/L) = 920 = 20 mmol/kg
MW 46

Osmolaity =  1.86[Na’] + [glucose] + [ured] + 9
mmol/kg mmol/L mmol/L mmol/L
Osmolality = (1.86 x 141) + 32 + 35 + 9 = 278 mmol/kg
Next calculate the osmola gap:
Osmolal gap = Osmolditymesures - Osmolalitycacuiated

= 330 - 278

=  52mmol/kg
Cdl culate the expected contribution from ethanol :
Ethanol concentration = 270mg/dL = 2700 mg/L
Formulaof ethanol = C;HsOH
AWC = 12 therefore C, = 2 x 12 = 24
AWH = 1 therefore Hs = 6x 1 = 6
AWO = 16 therefore O = 1 x 16 = 16

MW = 46

Osmolalitygthanot = Ethanol (mg/L) = 2700 = 59 mmol/kg

MW 46
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The osmolal gap is in reasonable agreement with the expected osmolal
contribution from ethanol. Therefore the ethanol concentration explains
the observed osmolal gap.
Chapter 7
Q7(1)
Thefirst order elimination rate equation is:

INCpr = InCpp - kgt

Where Cp; = drugconcentrationattimet = 20mg/L
Cpo = initid drug concentration = 50 mg/L
ke = elimination rate constant

kg can be calculated from the half-life (t,, = 30h):

ky = 0693 = 0693 = 0.023ht
ty, 30

Substitute these values into the rate equation and solve for t:

In20 = IN5S0 - 0.023.t
3.00 = 391 - 0.023t
0.023t = 391 - 3.00 = 0.91
t = 0.91 = 40h (2sgfigs)
0.023

Q7(2

a) The volume of distribution of a drug is usually calculated by dividing the
total dose administered by the plasma concentration. In this question we
do not have a reliable estimate of the amount ingested. Since lithium is

readily water soluble its volume of distribution approximates to total body
water volume.

Total body water (L) = Bodywt (kg) x % Body water
100
Assuming an average body water content of 60%:
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Volume of distribution (Vg) = 65 x 60 = 39L
100

b) Lithium is excreted from the body by glomerular filtration (with some
reabsorption by the proximal tubule which we shall ignore) and so its
elimination follows first order kinetics:

INCpr = InCpp - kat

Cpo = initia concentration (before dialysis) = 4.1 mmol/L

Cp: = concentration at timet = 1.5 mmol/L

t

time taken (in hours) to reach the ‘safe’ level of 1.5 mmol/L

kg = eimination rate constant

The clearance of the drug is given as 0.03 L/h/kg. Multiply by the patient’s
weight to give the total clearance:

Clearance = 0.03(L/h/kg) x 65(kg) = 1.95L/h

The elimination rate constant (kg) can be calculated from the clearance (Cl)
and the volume of distribution (Vy):

ke = C = 19 = 0050h"
\ 39

Substitute for Cpy, Cpo and ky then solve for t:

InlL5 = Ind.1 - 0.050.t

0405 = 1411 - 0.050.t

0.050.t = 1411 - 0.405 = 1.006
t = 1.006 = 20h (2sgfigs)
0.050

Q7(3

Assuming distribution throughout total body water, then V4 = total body water
vol:

Assume body water is 60 % of body weight.

Total body water (L) = Body Wt (kg) x 60%
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= 80 x 60 = 48L
100
Vq = Amount of drug in body (dose)
Plasma drug concentration
Plasmadruglevel (mg/lL) = Dose(m = 60 = 1.25mg/lL
Vq (L) 48

If the drug is only distributed throughout the ECF, the Vg must be adjusted. ECF is
normally 20 % of body wt.

Vy(L) = Bodywt(Kg) x 20%
= 8 x 20 = 16L
100
Plasmadruglevel (mg/L) = Dose(m = 60 = 375mglL
Vq (L) 16

Alternatively, since a third of body water is in the ECF, the drug level will be 3
times higher than if it were distributed throughout total body water.

Q7(4

a) Assuming the clearance of the drug follows first-order elimination kinetics then
the data should be described by the expression:

INCpr = InCpp - Kgt

Therefore aplot of InC versust should be linear with an intercept on the InC axis
of Cppand slope -kg:

Time (h) Conc (mg/L) InC
2.5 32 347

5 10 2.30
7.5 3 1.10
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45 4~
-~ Elimination curve

3.5 9

InC

25 o

slope = -ky
1.5 o

0.5 +

This plot clearly demonstrates that elimination of the drug follows first order
kinetics so that Cpp and kg could be determined directly from the graph.
Alternatively any 2 values can be substituted into the rate equation and solved for
Kq:

Let Cpo be the concentration at time2.5h = 32 mg/L
Let Cpt be the concentration at time5h = 10 mg/L
t = 2.5 h (the time difference between Cp, and Cpy).

Therefore:  Inp = In32 - Kkg.25
2303 = 3466 - 25Kkq4
25ky = 3466 - 2303 = 1.163
ka = 1163 = 0465h™
25

a) Half-life(ty,) can be calculated from ky:

t, = 0.693 = 0.693
Kd 0.465

15h (2sigfigs)
b) First calculate theinitial concentration (Cpg) using one other value (e.g.
25h = 32mg/L asCp;andt = 2.5 h) and the value for kg:

IN32 = InCpy - (0.465 x 2.5)
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3466 = InCpy - 1163

3466 + 1163 = 4.629

InCpo

Cpo antiloge 4.629 = 102 mg/L
The V4 isthen calculated from dose and Cpo:

V(L) = Dose (m = 6000 = 59L
Cpo (mg/L) 102

Q7(5
Thefirst order rate equation is.
InCpy = INCpp - kat
where Cpp = 200nmol/L; kg = 034h*

Caculation of t when Cp; = 100 nmol/L:

(2sigfigs)

InNI00 = In200 - 0.34t
4605 = 5298 - 0.34t
0.34t = 52908 - 4.605 = 0.693
t = 0.693 = 20h (2s€gfigs) i.e.10am
0.34

Cadculation of t when Cp; = 75 nmol/L

In75 = In200 - 0.34t
4.317 = 5298 - 034t
0.34. = 5208 - 4317 = 0981
t = 0981 = 29h (2dgfigs) i.e.1llam
0.34

Q7(6)
Assuming elimination follows first order kinetics:

INCpr = Cpo - kgt
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Where Cp

Cpo
t

concentrationattimet = 10%
initial concentration = 100 %
time when Cp; reaches 10 %

Calculate kg from tu,:

Kq = 0693 = 0693 = 0.347ht
ty, 2

Substitute these values into the rate equation and solve for t:

In10 = IN100 - 0.347t
2303 = 4605 - 0347t
0347t = 4605 - 2303 = 2302
t = 2302 = 6.6h (2sgfigs)
0.347
Q7(7) |
Loading dose (LD) = Vi X (Cprage - Cpinitia)
S x F
Where  Vy4 = volume of distribution = 0.5L/kg
Cpage = desired drug concentration = 12 mg/L
Cpinia =  Starting drug concentration = 4 mg/L
S =  sdtfactor = 0.8
F = bioavailability (not given so assume avalue of 1)
Patients Vq4 = Body weight (kg) x 0.5

= 80 x 05 = 40L

Substitute these values in order to obtain LD:

LD = 40 x (12 - 4)
0.8

= 40 x 8

0.8

= 400 mg
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Q7(8)
The following expression allows calculation of the maintenance dose:
Maintenance dose = Cpss X Cl X 1t
Sx F
Where:
Cps =  steady state plasmaconcentration = 75 mg/L
Cl = clearance = 10mL/h/kg
T = dosinginterval = 12h (i.e. twicedally)
S = stfactor = 0.85
F =  bioavailability = 0.7

First correct the clearance for the body weight and express it in litres (to be
compatible with the drug concentration which is given in mg/L):

Cl(L/hy = Cl(mL/h/kg) x Body wt (kq)
1000
= 10 x 55 = 055L/h
1000

Substitute these values into the expression for maintenance dose:

Maintenancedose(mg) = 75 x 055 x 12
085 x 0.7
= 832mg
Chapter 8
Q8(1)

Draw up atable of fluid gains and losses then calculate the total of each. Assume
avalue of 400 mL per day for net insensible |osses.

Fluid gains Fluid losses
Ora 750 mL Urine output 1250 mL
[V 2000 mL Lossviafistula 600 mL

Net insensibleloss 400 mL

Tota 2750 mL 2250 mL
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Fluid balance (mL) Net fluid intake (mL) - Net fluid loss (mL)

2750 - 2250

= 500 mL

I.e. thereisanet fluid gain of 500 mL.

Q8(9

The average adult male has a body water content of approximately 60%. If the
body water deficit isx L, then theinitial body water content can be cal cul ated:

Initial body water (L) = (85 + X) x 60
100

5100 + 60x
100

= 51 + 0.6x

Assuming a norma initial osmolality (say 285 mmol/kg) the total amount (in
mmol) of osmotically active species present in the body can be calculated:

Osmoldity (mmol/kg) = Tota solutes (mmol)
Initial body water (kg)

285 = Tota solutes (mmol)
51 + 0.6x
Total solutes (mmol) = 285 (51 + 0.6x)

= 14535 + 171x

On presentation his body weight is 85 kg. Assuming the total amount of solutes
in the body is unchanged, then the body water volume can be calculated from the
current osmolality:

Final osmolality (mmol/kg) = Total solutes (mmol)
Final body water (kg)

324 = 14535 + 171x
(51+0.6x) - x
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324

14535 + 171x
51 - 0.4x

324(51 - 0.4x) 14535 + 171x

16524 - 130x = 14535 + 171x
171x+130x = 16524 - 14535
301x = 1989
X = 1989
301
= 6.6 L

If it is assumed that the change in body wt is negligible (or that the initial body
water was the same as for an average 70 kg adult) then a simpler calculation
(using Eq 8.3) can be used and gives a dlightly different result which may be
adequate as arough guidein clinical practice:

Fluidloss(L) = 42 - [ 12000 ]
Osmolality (mmol/kg)
= 42 - [12000]
324
= 42 - 37
= 5L

Q8(3)
Making a number of assumptions:
e That it is plasma glucose which is measured rather than whole blood glucose.

e That asaresult of insulin deficiency there is no increase in glucose concentration
in the intracellular fluid (ICF)

e That the plasma glucose has equilibrated with interstitial fluid so that its
concentration in the extracellular fluid (ECF) is the same asin plasma.

e That thereis negligible change in the concentrations of solutes other than glucose,
sodium and chloride.
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e That theratio of ICF.ECF volumesis2 (i.e. ECF=14 L, ICF =28 L for average
adult male) and that the total body water isthat of an averagemalei.e. 42 L

The effect of an increase in plasma (and hence ECF) glucose is to raise plasma (and
ECF) osmolarity. The body will retain water (stimulation of thirst increases intake
and stimulation of ADH reduces renal loss) until osmotic equilibrium is restored. If
there is a plentiful supply of water then the plasma osmolarity is returned to normal
and since the plasma glucose has risen by 10 mmol/L the plasma sodium must have
fallen by 10/2 =5 mmol/L. However, this question states that there is no net loss or
gain of body water. Therefore, water will move, by osmosis, from the ICF
compartment (isoosmolar) to the ECF (now hyperosmolar) until osmotic equilibrium
Is established. Since movement of water from the ICF leads to an increase in ICF
osmolarity, the movement of water is restricted and at equilibrium the ECF will reach
a value somewhere in-between normality and the original value i.e. the osmotic load
is shared between the ECF and ICF compartments, both of which become
hyperosmolar.

The plasmaglucose hasrisenby 15 - 5 = 10 mmol/L
Risein amount of glucose in ECF =
Rise in plasma glucose concentration (mmol/L) x ECFvol (L)
= 10 x 14 = 140 mmol
(adlight underestimate since there has been a small expansion in ECF vol)
At equilibrium, the rise in osmolarity (which isthe samein the ECF and ICF) is

given by:

Increase in amount of glucose in body (mmol)
Total body fluid (ECF + ICF) volume (L)

= 140 = 3.33 mmol/L
42

Since the plasma osmolarity has risen by 3.33 mmol/L and the plasma glucose by
10 mmol/L then the concentration of NaCl which has been displaced by glucoseis

10 - 333 = 6.67mmol/L
and so thesodium hasfadlenby 6.67 = 3.34 mmol/L
2

i.e. the plasma sodium concentration has decreased by approximately 3 mmol/L .
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Q8(4)

Flame photometry measures sodium as concentration in plasma i.e. 140 mmol/L
of plasma.

A direct-reading ion-selective electrode measures sodium as activity i.e. 140
mmol/L of plasma water. Large molecules such as proteins occupy significant
space in solution i.e. displace plasma water. If plasma contains 70 g/L protein
then this is equivalent to 0.070 kg/L. Assuming that 1 kg of protein occupies a
volume of 1 L then the volume of plasma water in which the sodium is dissolved
IS (1.0- 0.07) = 0.93 L. Assuming that the activity is the same as concentration
for sodium in plasma water (i.e. the activity coefficient is one), for a plasma
sodium of 140 mmol/L of plasma, the true concentration of sodium in plasma
water is.

Plasmasodium = 140 = 150.5 mmol/L water
0.93

There are two ways in which the ISE reading can be converted to the same as that
obtained by flame photometry (140 mmol/L):

e Subtraction of 10.5 mmol/L from the result
e Multiplication of the result by the factor 140/150.5 i.e. 0.930

At a protein concentration of 90 g/L (occupying 0.090 L plasma), the
concentration of sodium in plasma water will be:

140 = 140 = 153.8 mmol/L plasmawater
(1.00 - 0.09) 0.91

Carrying out the two adjustments by the instrument:
e Subtraction of 10.5 gives 153.8 - 10.5 = 143.3 mmol/L.
e Multiplication by 0.930 gives 153.8 x 0.930 = 143.0 mmol/L

Therefore expected ISE reading = 143 mmol/L
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Chapter 9

Q9(1)

One international unit of activity is the amount of enzyme present in 1 L of serum
which catalyses the conversion of 1 umol substrate per min under the conditions
of the assay.

First calcul ate the absorbance change per min:

AAmMin = AA/BmMin = 0.150 AA/min
5 5

Convert the absorbance change to concentration change per min:

AA = ab.Ac
Where AA/min = 0.150
S
a = molar absorptivity = 6.30 x 10° L.mol™.cm™
b = light pathlength = 0.5cm
Ac = changein concentration (mol/min)

Substitute these values then rearrange to give an expression for Ac/min:

0150 =  6.30 x10® x 0.5 x Ac/min
5
Ac/min = 0.150 mol/min/L reaction mixture

5 x 6.30x10° x 0.5

Multiply by 1000000 to convert the concentration units from mol to umol (1 mol
= 1000000 pmol):

Ac/min = 0.150 x 1000000  umol/min/L reaction mixture
5 x 6.30x 10° x 0.5

The final step isto convert the activity to umol/min/L serum. In the assay 100 pL
of serum was mixed with 2.7 mL buffer and 100 ul of substrate.

Total assay volume = 27 + 01 + 0.1 = 29mL
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Q9(2

Ac/min/L serum = Ac/min/L assay mixture x Total assay vol (mL)

Serum vol (mL)

0.150 x 1000000 x 2.9
5x 6.30 x 10° x 05 x 0.1

276 IU/L serum

One international, unit is the amount of enzyme which liberates one umol
of product per minute. Therefore to calculate the alk phos activity in IU/L
serum the following steps are invol ved:

Determine the rate of absorbance changein AA/min.

AA/mMin = AA/5min = 0.180
5 5

Convert to the rate of change in concentration using the molar absorptivity
and pathlength:

AA = ab.Ac
AA = rateof absorbance change = 0.180 A/min
5
a = molar absorptivity of 4-nitrophenol = 1.88x 10* L.molt.cm™
b = pathlength of cuvette = 1cm
Ac =  rateof change of concentration in mol/L/min = ?

Substitute these values and re-arrange to give an expression for Ac/min:

0.180 = 188 x10* x 1 x Ac/min
5
Ac/min = 0.180 mol/L/min

5x 1.88 x 10*x 1

Multiply by 1000000 to convert units from mol/L/min to wmol/L/min (1
mol = 1000000 pumol):

Ac/min = 0.180 x 1000000 umol/min/L reaction mixture
5x 188 x 10* x 1
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To convert to activity per L serum multiply by the total volume of reaction
mixture and divide by the sample volume — using the same units:

Serum = 0.05 mL
Buffer = 2.70mL
Substrate = 0.20 mL
Total = 2.95mL

Alk phos activity 0.180 x 1000000 x 2.95 umol/min/L serum

5x 1.88x 10* x 1 x 0.05

= 113 IU/L

b) One Katal is the amount of enzyme that catalyses the reaction of 1
mol substrate per second

Alk phosactivity = 113 [U/L (umol/min/L)

Divide by 1000000 to convert from pmol to mol, then by 60 to
convert from min to seconds.

113 1U/L

113 Katalg/L
1000000 x 60

1.88 x 10° K at/L

Q9(3)
Somogyi units = mg glucose/30 min/100 mL serum
International units = pmol/min/L serum
Consider a sample with activity of x Somogyi units

First convert from mg glucose to umol glucose:

Glucose formula = CgH1206

AW C =12 theefore C¢ = 6x 12 = 72
AW H = 1 theefore Hp, = 12x 1 = 12
AW O = 16 therefore O = 6 x 16 = 96

MW = 180

Activity (Somogyi units) = x mg/30 min/100 mL
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Activity (mmol/30 min/100 mL) = X
180

Multiply by 1000 to convert from mmol to umol:

Activity (umol/30 min/100mL) = x x 1000
180

Divide by 30 to obtain the rate per minute:

Activity (umol/min/100 mL) = x x 1000
180 x 30

Multiply by 10 to obtain the activity per litre:

Activity (umol/min/L) = x x 1000 x 10
180 x 30
= Xxx 185
IU/L = 1.85 x Somogyi Units

Q9(4)
International units = pmol/min/L serum
Wroblewski-LaDue (W-L-D units) = 0.001 AA/min/mL serum (total volume 3 mL)

Multiply by 3 to obtain absorbance change obtained with 1 mL of undiluted serum,
then by 1000 to obtain the absorbance change dueto 1 L serum:

1W-L-Dunit = 0.001 x 3 x 1000 AA/min/L serum

Next convert AA/min to Ac (i.e. mol/L/min):

AA = ab.Ac
AA = absorbancechange = 0.001 x 3 x 1000 A/min
a = molar absorptivity of NADH = 6.3x 10° L.mol™*.cm™
b = cuvette pathlength = not given so assume 1 cm
Ac = rateof change of concentration in mol/L/min

Substitute these values and rearrange to give an expression for Ac:



WORKED ANSWERS TO FURTHER QUESTIONS

0001 x 3 x 1000 = 63 x 10® x 1 x Ac

AC = 0.001 x 3 x 1000 mol/min/L serum

6.3 x 10° x 1

Multiply by 1000000 to convert from mol to umol:

1 W-L-D unit

0.001 x 1000 x 3 x 1000000 pmol/min/L reaction mixture
6.3 x 10° x 1

1 W-L-D unit

476 pmol/min/L serum

i.e. 1W-L-Dunit = 4761U/L

Therefore activity (IU/L) = 476 x Wroblewski-LaDue Units

Q9(9

The Michaglis-Menten equationis:

Vv = Vinex [9]
Km+ [I]
Where v = initia velocity
Vmax = maximal velocity
[S] = substrate concentration = 10 mmol/L
Km = Michadlisconstant = 2.5 mmol/L
Substitute and solve for v:
v = 10 Virex = 10 Vi = 0.8 Vmax
25 + 10 125
Q9(6)

a) When /v = 0, thevauefor /[9] is-1/Kn

Therefore -1 = -12.5x 10° L/mol
Km

Which can be rearranged to give the value of K.

Ky = -1 = 008x101° = 8.0x10%mol/L
-125x 10°
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b)

When U[S] =0, IV = 1NV

Therefore 1 = 5.2 x 10° min/mol
Vimex

Rearrange and solve for Vix:

Viex = 1 = 0.19x10° = 1.9x10" mol/min
5.2 x 10°

When U[S] = 0, IV = UV

Therefore 1 = 6.5x 10° min/mol
Vimex

Rearrange and solve for Vix:

Viex = 1 = 015x10° = 1.5x107" mol/min
6.5 x 10°

The slope of the line gives K/Vimax

Therefore K, = 100min/L
Vimex

Substitute Vi = 15X 10" mol/min and solve for Km:
Km = 100
1.5x 107

Knm = 100 x 1.5x107 = 1.5x10°mol/L

Q9(7)
a If[S = mmol/L = 10°mol/L

If

1 = 1 = 10%L/moal
[S] 10" mol/L

= umol/min = 10°mol/min

1 = 1 = 10°mol/min
Vv 10 mol/min
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by [ = mmollL = 10° mol/L = 10°min/L
v pmol/min 10°® mol/min
[S| = mmol/L = 10°mol/L
0) v = pumol/min = 10°mol/min
v = pumol/min = 210°mol/min = 10°L/min
[S] mmol/L 10" mol/L
Q9(8
Substrate Reaction velocity
Concentration
(mmol/L) No inhibitor Mucic acid
0.5 33 9
10 50 17
2.0 67 29
4.0 80 44
10 91 67

The first step is to plot the data. Any linear transformation of the Michaelis-
Menten equation can be used but the double-reciprocal plot is probably the
simplest. Calculated reciprocals are:

U9 v

L/mmol No inhibitor Mucic acid
2.0 0.030 0.111
1.0 0.020 0.059
0.5 0.015 0.034
0.25 0.0125 0.023
0.10 0.011 0.015
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01

1iv + 1.0 x 10~ mol/L mucic acid

No inhibitor

-1.5 -1 0.5 0 0.5 1 15 2
1/[S1 Limmol

Without inhibitor, when /v=0, U[S§] = -1UKj

Intercept on 1/[S] without inhibitor = - 0.947 L/mmol

Therefore Ky, = -1 = 1.06mmol/L = 1.06x 10° mol/L
-0.947

Since the lines cross on the 1/v axis the type of inhibition is competitive.

With inhibitor, when 1/v=0, 1/[]] = - UK, *P

Intercept on 1/[S] with inhibitor = - 0.193 L/mmoal

25

Therefore K = -1 = 518mmol/L = 5.18x 10° mol/L

-0.193
For competitive inhibition: Kit® = Kmn(1 + [1]/Ki)

Substitute K™ = 5.18x 10°mol/L, Ky, = 1.06x 10° mol/L,
[1] =1.0x 10 mol/L then solvefor K;:

518x 10° = 1.06x 10°3{1 + (1.0 x 10%/K;)}
518x10° = 1+ 10x10*
1.06 x 107 Ki
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Ki

Q9(9
L actate
concentration
mmol/L

N =
oo-bl\)l—‘

WORKED ANSWERS TO FURTHER QUESTIONS

1.0x 10
Ki
1.0x10% = 26x10°mol/L
3.89
Reaction velocity
pH 7.4 pH 5.5
12 33
21 50
35 67
57 83
73 o1

Calculate reciprocals then plot 1/v versus 1/[S] at each pH:

v[S] v
L/mmol pH 7.4 pH 5.5
1 0.083 0.030
0.5 0.048 0.020
0.25 0.029 0.015
0.1 0.018 0.012
0.05 0.014 0.011
0.09
0.08
v
0.07
0.06
005 pH 7.4
0.04
0.03
0.02 pH 5.5
]
=" 7.
1 0.5 0 0.5 1

1/[S]1 L/mmol

AtpH 7.4, when /v=0, 1[S] = -0.162 L/mmoal
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ThereforeKym, = -1 = 62mmol/L = 6.2x10°mol/L
-0.162

AtpH 5.5 when /v=0, 1/[F] = -0.545L/mmol

ThereforeKm, = -1 = 184immol/L = 1.84x10°mol/L
- 0.545

Assuming that equilibrium conditions apply (i.e. that k+1>>K.,) then the K, isthe
dissociation constant of the enzyme-substrate complex and is inversely
proportional to the affinity of the enzyme for the substrate. The K,,islower at pH
5.5than at pH 7.4. Thereforethe enzyme has greatest affinity for its substrate
at pH 5.5. The same conclusion could also be reached simply by inspecting
the double-reciprocal plots. The intercept on the 1/[s] axis is greatest (and
therefore K, lower) at pH 5.5.

Q 9(10)
Inhibitor Apparent value
concentration Km V max
(mmol/L) (mmol/L) (umol/min)
5 10 7.5
10 7 5
15 5 4
20 4 3

A competitive inhibitor causes an increase in the apparent K. As the K, is
actually decreasing as inhibitor concentration increases this mode of inhibition
can be ruled out. The apparent Vmux iS decreasing as inhibitor concentration is
increased; this behaviour is seen both with non-competitive and uncompetitive
inhibition. However, in non competitive inhibition the K, is unaffected by the
inhibitor whereas in uncompetitive inhibition the apparent K, decreases with
increasing inhibitor concentration. Therefore these data are consistent with
uncompetitive inhibition.

The value for K; can be obtained from secondary plots of either /K, or
1/Vimax versus[1].

The relationship between K2 and [1] for an uncompetitive inhibitor is:

Kmapp = Km
@ + [II/K)
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Inversion of this expression gives:

1 = (A+[I/KY)
Kt Kin

Which can also be written:

1 = 1 x [1] + 1

Therefore aplot of /K versus[l] islinear.

When /K™ = 0:

0 = A x [l + 1
[KiKm J Km

Which can be rearranged to give:

-1 = 01
Km Ki Km

Multiplying both sides by K K; and changing the signs gives:

KnKi = - [

Cancelling Kpy:
Ki = -[I]
Therefore the intercept on the [1] axisis - K;

[1] (mmol/L) 5 10 15 20
/K (L/mmol) 01 014 02 025
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0.3
0.25 {
1/K,2PP Limmol
0.2 1
0.15 {
0.1 1
/7
005 {1/
/

>

‘ —_— .

10 5 0 5 10 15 20 25

[1] mmoliL

When UK =0, [I] = -K;
From graph, when K.2* =0, [I] = - 3.67 mmol/L
Therefore Ki = -(-367) = 3.67mmol/L = 3.7x 10°mol/L (2 sigfigs)

The relationship between V™ and K; for an uncompetitive inhibitor is:

meapp - \_/m
(1 +[1]/Ki)
Inversion gives:
1 = 1+ [1]/Kj)
VP Virax
Which can also be written:
1 = 1 x [l + 1
When UVm™® = 0:
0 = 1 x [1 + 1
KiVmax Vmax
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Which can be rearranged to:

-1 = [
- KV = [1]
Virex

Cancelling Vimax and changing the sign on both sides gives:
Ki = -l

Therefore the intercept on the [1] axisis - K;.

Caculating 1/Vpax:

[I] mmol/L: 5 10 15 20
UVia P 0.13 0.20 0.25 0.33

Then plotting 1/Vpax versus[1]:

0.35
0.3
0.25 (=
11{Um.ﬂﬂop
0.2
0.15
0.1 - -
/
P
008
~
/
= o
5 1] 5 10 15 20 25
[T mmoliL

When Lymed™ = 0, [I] = - K.
From graph, when 1/V 5, = 0, [I] = - 4.59 mmol/L

Therefore Ki = 459mmol/lL = 4.6x10°mol/L (2sigfigs)
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The K; s from the two plots do not agree exactly but the value is approximately 4 x
10° mol/L. Thisis due to errors inherent in manually constructing the plots and
reading off the values of the intercepts.

Chapter10

Q10(1)

Construct a table with columns for protein result (x) and >, then obtain the sum of
the results in each column:

Result (X) X2
70 4900
68 4624
71 5041
65 4225
68 4624
70 4900
73 5329
69 4761
75 5625
74 5476
69 4761
1 5041
Total: ¥x = 843 ¥X* = 59307

Number of values of x (n) = 12

Mean(m) = x = 843 = 70.25¢g/L
n 12

Variance (s = > (x - m)?®

n-1

Asashort cut use the identity:

Tx-m? o= ¢ - ()P

n

= 59307 - 843
12

59307 - 59221
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= 8glL
Therefore, variance(s) = 8 = 86 = 7.82¢gL
(12- 1) 11
Standard deviation(s) = V¢ =+17.82 = 280¢gL
Coefficient of variation(CV) = sx 100 = 280 x 100 = 40%

m 70.25
The confidence limits of the mean are:
Mean - (zxs) to mean + (zx )
For 95 % confidence limits z= 1.96 so that this expression becomes:
Mean - (1.96x s) to mean + (1.96 X 9)
Substituting mean
limits:

70.25 - (1.96x 2.80) to 70.25 + (1.96 x 2.80)
70.25 - 5.49 to 70.25 + 5.49

70.25 g/L and s = 2.80 g/L gives the 95 % confidence

= 64.8 to 75.7¢g/L  (3sigfigs

Q10(2)
Assume that the normal range is the mean * 2 standard deviations.

The mean will be the mean of the upper and lower limits:

m = (50+150) = 200 = 100 nmol/L
2 2

The upper and lower reference limits will span 4 standard deviations:

s = (150-50) = 100 = 25nmol/L
4 4

Next calculate the z value for a result of 165 nmol/L:

Z = Xx-m = (165-1000 = 65 = 26
S 25 25
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From tables of z, the value of P when zis equal to 2.6 is 0.002. Therefore, 0.002
of results fall outside the range: mean = 65 nmol/L and a half of these (0.001)
will be greater than 165 nmol/L.

Number of results > 165 nmol/L = 0.001 x 10000

= 10results

Q10(3
First calcul ate the total variation in terms of CV%:

CViota = V (CVanaytica® + CVintaindividua)

V(242 + 479

V (5.76 + 22.09)

\27.85

5.28 %
For a change to be significant the overall difference must be at least 2.8 CVs:

Least significant change = 2.8 x 5.28 = 14.8 mmol/L
Calculate the actual percentage change in the patient’ s result:
Actual % change = (6.9 - 59) x 100
6.9

1.0 x 100
6.9

14.5%

Since this percentage change is not greater than 14.8 %, the change is not quite
statistically significant at the 5 % level of probability.

Q10 (4)
The probability of achannel failing QC is1% = 0.01
There are only two possible outcomes - passor fail.

Therefore the probability of achannel passingQC is 1- 0.01 = 0.99
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This problem is analogous to flipping a coin. The joint probability of two
independent events is the product of their individual probabilities.

Thus if a coin is tossed once the probability of ‘heads is 0.5. If the coin is tossed
again then the probability of it landing ‘heads on both occasionsis 0.5 x 0.5 =
0.25. Similarly if the probability of one channel passing QC is 0.99, then the
probability of two channels passing is 0.99 x 0.99 = 0.98. The chance of three
different channels passing is givenby 0.99x 0.99x 0.99 = 0.97 i.e (0.99)°.

The genera ruleis:
Probability of event occurring on noccasions =
(probability of event occurring on asingle occasion)”

Therefore the probability of 30 channelspassingQC = (0.99® = 0.74

If your calculator does not have the facility to calculate x” then the result can be
easily calculated using logs:
Logio (probability of 30 channelspassing) = 30 x Logio 0.99

= 30 x (- 0.00436)
= -0131

Probability of 30 channelspassing = antilog(-0.131) = 0.74

Q10(5)
There are two problems with this set of data:

1. Theindividual results are not given, only the number of results falling into each
classinterval. The easiest way to deal with thisis to assume that the resultsfall in
the middle of the range i.e. there are 5 results within the range 0.5 to 1.49 so
assume there are 5 results of the mid-point value (1.0 mU/L), similarly thereare 3
samples with a value of 2 mU/L. Using this approach 10 individual results are
produced which can be processed in the usual way.

2. The data are obviously skewed and do not form a Gaussian distribution. This can
be overcome to some extent by taking logarithms (to the base 10) of the results
then calculating the mean, SD and 95% confidence limits in the usual way.Taking
antilogarithms of the confidence limits then gives the reference range.
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A table can be completed in the following way:

TSH result X = logio TSH result X
1.0 0 0
1.0 0 0
1.0 0 0
1.0 0 0
1.0 0 0
2.0 0.301 0.0906
2.0 0.301 0.0906
2.0 0.301 0.0906
4.0 0.602 0.3624
5.0 0.699 0.4886
n = 10 YX = 2204 ¥ = 1123
Mean = Yx = 22 = 0220
n 10
¢ = X - (x°%/n = 1123 - 2204%/10 = 0.0708
n-1 10 -1
s = V0.0708 = 0.266

Alternatively the mean and s can be calculated directly on most modern pocket
calculators. The 95% confidence are given by mean- 1.96 s to mean+ 1.96 s

0.220- (1.96 x 0.266) to 0.220 + (1.96 x 0.266)

-0.301 to 0.741 (thesevalues arelogs and so do NOT have units)

Taking antilogs (to the base 10) gives the 95% confidence limitsin mU TSH/L:
0.50 to 5.51 muU/L

Although the original data may have been expressed to one or two decimal places,

this information has been lost by grouping the data into classintervals. Therefore
it would be more correct to quote areference range of lessthen 6 mU/L.
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Q 10(6)
Assume that the error is required as 95 % confidence limitsi.e. £ 2 s.
a) Using the graduated pipette:

Caculate swhenmean = 9mL and CV = 2%:

CV (%) = s x 100 =
m
Thereforee s = CV (%) x m
100
S = 2x9 = 18 = 018mL
100 100

Therefore 95 % limits = +2s = +2 x 0.18 = £0.36 mL
Error = plugminus 0.36 mL
b) Similarly calculate the error for each of the bulb pipettes:

For 5 mL bulb with CV =1%

s = 1 x5 = 5 = 0.05mL
100 100
For 2 mL bulb with CV = 1 %:
s = 1x2 = 2 = 0.02mL
100 100

To pipette 9 mL the 5ml bulb is used once and the 2 mL bulb
twice. Calculate the overdl s

Stota = \/(&quz + S2mL2 + S'ZmLZ)

7 (0.05% + 0.02° + 0.029)

YV (0.0025 + 0.0004 + 0.0004)

= +0.0033
=  0.0574mL

Thereforetotal error (2s) = 2 x 0.0574 = 0.11 mL (2sigfigs)
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Error = plugminus 0.11 mL

Q10(7)
The relationship between the overall variation, analytical variation and biological
variation is:
CVrota” = CVanaytica- + CVBiologica”

Both the analytical and biological CV' s share the same mean.
When the analytical variation is one half of the biological variation:
CVanalytica = 0.5 CVsiglogica

Substitute this value for the analytical CV so asto obtain the total CV expressed in
terms of the biological CV:

CVioa = V[ (0.5 CVaioogica)* + CVsiological’]

V[ (0.25 X CVaigiogica’) + CVaiological” ]

\/ (1.25 X CVBioIogicalz)
1.118 CVaiologica

The reference range encompasses aspan of 4 CV's

Therefore biological reference range spans 4 CV's and the total reference range
spans 4x1.118 CVBioIogicaI = 447 CVBioIogicaI ‘s

Therefore the percentage expansion is:

(4.47 CVgioiogica = 4CVpiologica) X 100

4CVsiological
CVBioIogicaI (4.47 - 4) x 100
4'CVBi ological
(447- 4) x 100 = 047 x 100 = 11.8% (3sigfigs)
4 4
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Chapter 11
Q11(1)

Construct a table with columns for result (X) and X%, then obtain the sum of the
results in each column:

2

X X
109 11881
91 8281
105 11025
112 12544
90 8100
115 13225
89 7921
113 12769
93 8649
94 8836

Total: yx =1011 yx* = 103231

n = 10
Mean(m) = Yx = 1011 = 101 (3sigfigs)
n 10
Variance (s9) = Y (X - m)?
n-1
T (x-m? = > - ()P
n
= 103231 - 10112
10
= 103231 - 102212
= 1019
& =y (x-m)?® = 1019 = 1019 = 1132
n-1 (10-1) 9
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Standard deviation (s)

Standard error of the mean (SEn)

Q11(2
Firstlab: my
2" | ab: my

= \ & = V1132
= s = 1064 = 10.64
\n V10 3.16

145 mmol/L; s

3 mmol/L

147 mmol/L; s

2 mmol/L

n = 10for eachlab

To check for bias

t =

carry out at-test:

m - Ny
V(sZn+ s°n)

145 - 147
V(3410 + 2910)

-2
V(0.9 + 0.4)

= -2 = -175

-2
V1.3 14

—

Next calculate degrees of freedom (DF):

DF =

(5% + s%ny)?

(&%) (- 1]+ [(&7n2)(nz - )]

(0.9 + 0.4)
0979 + 0.4%9

1.3
0.09 + 0.018

0.108

15.6
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From tables when t = 1.75 with 16 degrees of freedom, P = 0.10. Therefore
there is no significant difference between the means of the two set of resultsi.e.
no evidence of bias.

To compare imprecision perform an F ratio test:

F = §_|_2 = 32 =
S 2

9 = 225
4

From tables when F = 3.18 (with 9 degrees of freedom for both variances), P =
0.05. Therefore there is no significant difference between the two variances i.e.
no evidence of differencein imprecision.

Q11(3)
Assume that the normal range isthe mean = 2s.

The mean is the average of the upper and lower reference limit:

Mean(m) = (50 + 150) = 200 = 100 nmol/L
2 2

The reference limits span 4s units so that sis a quarter of the range:

Standard deviation(s) = (150 - 50) = 100 = 25nmol/L
4 4

Standard error of the mean (SEy,) for 9 results

= s = 25 = 25

\n Vo 3

8.33 nmol/L

Cdculate t for 9 results with m = 125 nmol/L, population mean (x) = 100 nmol/L
and SE;, = 8.33 nmol/L:

t = m-u = (125-1000 = 25 = 3.00 (DF=n-1 = 8)
S, 8.33 8.33

From tables, for t = 3.00 with 8 degrees of freedom P = approx 0.02. Therefore
0.02 of results fall outside of the range mean £ 25 nmol/L and a half of these
results, 0.01, will be greater than 125 nmol/L.
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Probability of mean of 9 results being greater than 125 nmol/L = 0.01.

Q11(4)

Since these are paired samples the results should be compared using the paired t-
test. Congtruct a table with the individual differences between each pair of results
(d=A - B), d the difference between each d and the overall mean (my) for all
the values of d (i.e. d - my) and their squaresi.e. (d - my)%

A B d o? d-mg  (d-mg)°
68 72 -04 0.16 -0.24 0.058
42 45 03 0.09 -0.14 0.020
50 48 02 0.04 0.36 0.130
56 59 -03 0.09 -0.14 0.120
85 87 -02 0.04 -0.04 0.002
29 28 01 0.01 0.26 0.070
48 49 -01 0.01 0.06 0.004
76 81 -05 0.25 -0.34 0.116
65 64 01 0.01 0.26 0.070
50 52 -02 0.04 -0.04 0.002
n=10 sd =-16 yd? =074 ¥ (d-my)® = 0.592
Mean difference(mg) = d = -16 = -0.16
n 10
Paired t = my
sy Vn
S = [z (d-my?(n-1)]

= [0.592/9]

= 0.0658

= 0.256

Use this sq to calculate the paired t:

Pairedt = my = -0.16
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sg /AN 0.256 / V10
= -0.16 = -016 = -1.098
0.256/3.16 0.081

From tables, for t = 1.98 (degrees of freedom=n- 1=9) Pisgreater than 0.05.
Therefore there is no significant bias between the two methods.

Q11 (5)
Cdculate n, ¥x, m, 37, (xX)?/n and 3¢ - (xx)?/n for each |ab:

Lab
A B C D
7.6 75 7.0 7.7
7.3 7.6 7.4 7.8
75 7.2 7.7 7.4
7.7 75 75 75
75 7.7 7.4 7.6
7.6 7.4 7.2 75
7.4 7.8 75 7.3
7.8 75 7.2 7.8
7.2 7.3 75 7.6
75 7.4 7.3 7.6
Totals
X 75.1 74.9 73.7 758 2995
n 10 10 10 10 40
m 7.51 7.49 7.37 7.58
X 564.29 561.29 543.53 574.8 224391
(>x)%n. 564.001 561.001 543.69  574.564 2242.735
X - (¥X)?/n 0.289 0.289 -0.16 0.236

Number of groups (u) = 4, number ineach group (v) = 10, uv = 40

Between groupssum of squares = Y.(3X)%n - (Z.32X)%uv
= 2242735 - 299.5%/40
= 2242735 - 2242.5063
= 0.2287

Within groupssum of squares = .3 -  Y.(3X)?n
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= 224391 - 2242.735
= 1175

Total sum of squares = 33X - (32X uv
= 224391 - 299.5%/40
= 224391 - 22425063
= 1.4037

Divide each sum of sguares by the degrees of freedom (DF) to give the
corresponding variance. The ratio of the between groups to the within groups
variance givesthe F value.

Source Sum of squares DF 53 F
Between groups 0.2287 3 0.0762 2.34
Within groups 1175 36 0.0326

Total 1.4037 39 0.0360

From tables the probability of obtaining an F value greater than 2.84 (for 3 and 40
degrees of freedom) is 0.05. Therefore the data is homogeneous and there is no
evidencefor bias between thefour laboratories.

Chapter 12
Q12(1)
a) Regression equation for new standards (y) upon old standards (x):

y = 110x + 10

Substitute old standard containing 15 mmol/L for x then solve for y:
y = (L10x 15 + 1.0

= 16.5 + 10

17.5 mmol/L
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b) Substitute old standard containing 150 mmol/L for x then solve for y:

y = (110 x 150) + 10
= 165 + 10
= 166 mmol/L

Q12(2

The first step is to check that there is a linear relationship between the two
methods. This is best done by plotting the results using the new method (y-axis)
against those obtained using the old method (x-axis):

1600
1400
1200
1000
800
600
400
200

Results for new versus old alk phoseme

*

Line of best fit
drawn by eye N

=]

0 300 1000 1500 2000 2500

New ALP (IUIL)

OIdALP (IUIL)

50 40 2500 1600 2000
350 190 122500 36100 66500
700 350 490000 122500 245000
100 90 10000 8100 9000

1500 750 2250000 562500 1125000
2000 1500 4000000 2250000 3000000
420 280 176400 78400 117600
1200 600 1440000 360000 720000

YX=6320 Yy= 3800 YX*=8491400 YV*=3419200  yxy = 5285100

Slope of regressionline(b) = ¥ (x-m)(y-m)
> (x- my?
= Xy - (3X3y/n)
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¢ - (297n

o
1

5285100 - (6320 x 3800/8)
8491400 - (63207/8)

5285100 - 3002000
8491400 - 4992800

= 2283100
3498600

= 0.653 (3sigfigs)
The value for the intercept (a) can be obtained by substituting the slope (b), the

mean of x for x and the mean of y for y into the linear expressiony = bx + a,
then solving for a

me = X = 6320 = 790 IU/L
n 8
m, = Y = 3800 = 4751U/L
n 8
475 = (0653 x 790) + a
a = 475 - (0.653 x 790)
= 475 - 516
= -41

Therefore regression equation of y (new results) upon x (old results):
New method = (Oldmethod x 0.65) - 41

Rearranging to enable easy conversion of new to old results:

Old method x 0.65 = New method + 41
Old method = New method + 41
0.65

Inspection of the plot suggests that the highest pair of values (x = 2000, y = 1500)
may be an outlier. If this point is omitted and the cal cul ations repeated then the
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slope becomes 0.508 and the intercept 13, giving an alternative conversion

formula:

Old method =

Q12(3)

Thefirst step isto plot the data with prolactin as the y-axis and drug dosage as the

X-axis:

2500 1

2000 1

Prolactin (1U/L)

Visual inspection suggests that there is no significant relationship between serum
prolactin concentration and drug dosage. Further evidence could be obtained by

1500 1

1000 1

500 +o

New method - 13

0.508

50

100 150

Drug dose (mg/Kg body wt)
Plot of prolactin concentration versus drug dosage

calculating the correlation coefficient:

X

50
100
150
200
250
300
350
400

X2

2500
10000
22500
40000
62500
90000

122500
160000

yX=1800 ¥ =510000

n=38

y

750
1500
350
400
2000
1250
500
1800

200

250

y2

562500
2250000
122500
160000
4000000
1562500
250000
3240000

300

350

Xy

37500
150000
52500
80000
500000
375000
175000
720000

yy=8550 yy?=12147500 Yxy = 2090000
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r = yXY - (Ex>y/n) ,
VAE - (20N] [3y - (2y)/n] }

= 2090000 - (1800 x 8550/8)
V { [510000 - 1800%8] [12147500 - 8550%/8] }

= 2090000 - 1923750
V {[510000 - 405000] [12147500 - 9137813] }

= 166250
\V {105000 x 3009687}

= 166250
562154

= 0.30 (2sigfigs)

From tables, for r = 0.30 with 7 degrees of freedom, P > 0.1. Therefore there is
no significant correlation between drug dosage and serum prolactin.

Q12(4)
No evidence is presented that the relationship between the two variablesis linear.
Correlation analysis is not the best approach to comparing two analytical methods
— as they both measure the same analyte it would be surprising if there were no
correlation. Analysis of difference plots would be more appropriate.

The standard error of the slope (1.05) isnot given.

The standard deviation of the residual (Ses Or Syx) is not given — this is the best
indicator of the goodness of fit of the data to the regression line.

Chapter 13

Q13(1)

a) It is easiest to work with proportions rather than percentages or absolute
numbers of results. The contingency tableto useis:

Positiveresult  Negative result Total

Patients with disease TP FN Prevaence
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Patients without disease FP TN 1 - prevalence

If the prevalence of diseaseis1lin2i.e. 0.5, then 1 - prevalenceisalso 0.5 so
this table becomes:

Positiveresult  Negativeresult Total
Patients with disease TP FN 0.5
Patients without disease FP TN 0.5

The next task is determine values for TP, FN, FP and TN using the stated
sensitivity and specificity:

Sensitivity = TP = 0.95
TP+FN

Substitute (TP + FN) = 0.5, then solve for TP:

TP = 095 sothat TP = 0.5x0.95 = 0475
0.5

and FN = 05 - TP = 05 - 0475 = 0.025

Similarly using specificity:

Specificity = TN = 095

TN + FP
TN = 095 sothat TN = 05x 095 = 0475
05

and FP = 05-TN = 05 - 0475 = 0.025

Inserting these values into the contingency table gives:

Positiveresult  Negative result Total
Patients with disease 0.475 0.025 0.5
Patients without disease 0.025 0.475 0.5

These values are then used to calculate positive and negative predictive values:
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PV(+) = TP = 0.475 = 0.95(95%)
TP+ FP 0.475 + 0.025
PV(-) = N = 0.475 = 0.95 (95%)
TN + FN 0.475 + 0.025
b) With aprevaence of 1in 5000 (= 0.0002) the contingency table becomes:
Positiveresult  Negativeresult Total
Patients with disease TP FN 0.0002
Patients without disease FP TN 0.9998
TP = 0.0002 x 095 = 0.00019
FN = 0.0002 - 0.00019 = 0.00001
TN = 0.9998x095 = 0.94981
FP = 0.9998 - 094981 = 0.04999
So the contingency table becomes:
Positiveresult  Negativeresult Total
Patients with disease 0.00019 0.00001 0.0002
Patients without disease 0.04999 0.94981 0.9998
Use these values to cal cul ate positive and negative predictive values:
PV# = TP = 0.00019 = 0.004 (0.4%)
TP+ FP 0.00019 + 0.04999
PV(-) = IN = 0.94981 = 100 (100%)
TN +FN 0.94981 + 0.00001
Q13(2
a) The number of patients with phaeochromocytoma missed by the VMA test

Is the number of false negatives using thistest.
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First calculate the proportion of false negatives i.e use the sensitivity
expressed as a proportion (0.967) rather than percentage (96.7%) and the
prevalence calculated as follows:

Prevalence = 0.5 = 0.005
100

Sensitivity = TP
TP+ FN

Substitute (TP + FN) = prevalence = 0.005, and sensitivity = 0.967 and solve
for TP:

Sengitivity = P = 0.967
0.005
TP = 0967 x 0.005 = 0.004835

Since TP+ FN = 0.005
FN = 0.005 - 0.004835 = 0.000165
Multiply this proportion by the total number screened to obtain the
number of false negatives (i.e. cases of phaeochromocytoma missed):
Patientsmissed = 0.000165 x 100000
= 165 (2sgfigs)
b) The proportion of patients incorrectly diagnosed with phaeochromocytoma

using the metanephrine test is the proportion of false positives which can
be calculated from the specificity and prevaence:

Specificity = N = 0.98
TN + FP
TN+FP = 1 - prevalence = 1 - 0.005 = 0.995
Specificity = TN = 0098
0.995

TN = 098 x 0995 = 0.9751
FP = (1-prevaence) - TN

FP = 0.995 - 09751 = 0.0199
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Multiply the proportion of false positives by the total number tested to
give the absolute number of false positives i.e. the number of patients
incorrectly diagnosed with phaeochromocytoma by the metanephrine test:

Number incorrectly diagnosed = 0.0199 x 100,000

= 1990

c) Probably the best way to decide which isthe best test isto calculate the
positive and negative predictive values for each test:

For VMA:
Positive result Negativeresult  Total
Patients with disease 0.004835 0.00165 0.005
Patients without disease 0.008955 0.986045 0.995
PV(+) = TP = 0.004835 = 0.004835 = 0.35
TP+ FP 0.004835 + 0.008955 0.01379
PV(-) = TN = 0.986045 = 0.986045 = 0.998

TN + FN 0.986045 + 0.00165 0.987695

For metanephrines:
Positive result Negative result Total

Patients with disease 0.005 0.000 0.005
Patients without disease 0.0199 0.9751 0.995
PV(+) = TP = 0.005 = 0.005 = 0.20
TP+ FP 0.005 + 0.0199 0.0249
PV(-) = TN = 0.9751 = 09751 = 1.00
TN+ FN 0.9751 + 0.000 0.9751

To summarize:

Test PV (+) PV(-)
VMA 0.35 0.998
Metanephrines 0.20 1.00
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Although the VMA test produces less false positives (i.e. higher PV+) thisis
achieved at the expense of missing approximately 1 in 3 (FN/prevaence =
0.33) patients with phaeochromocytoma. Although the metanephrine test
produces more false positives (i.e. lower PV+) this is achieved without
missing any cases of phaeochromocytoma (i.e. no fase negatives). On
balancetotal metanephrinesisthe better test.

Q13(3

Start by drawing up a contingency table:

Positive result Negative result Total
Patients with disease TP FN Prev
(Sens x prev) (Prev - TP) (TP+FN)
Patients without disease FP TN 1- prev

[(1- prev) - TN] [Spec x (1 - prev)] (FP+TN)
Total TP+ FP TN + FN 1

Using sensitivity and specificity expressed as proportions instead of percentages
i.e. sensitivity = 0.85 and specificity = 0.90 fill in the above table:

Positive result Negative result Total

Patients with disease 0.085 0.015 0.10
(Sens x prev) (Prev - TP) (TP + FN)

Patients without disease 0.09 0.81 0.90

[(1-prev) - TN] [Spec x (1 - prev)] (FP+TN)
Total 0.175 0.825

TP+ FP TN + FN 1
a) Predictive value of a positive resullt:
PV(+) = TP = 0.085 = 049 (2sigfigs)

TP+FP 0.175

b) Predictive value of anegative result:

PV() = TN = 081

TN 0.98 (2sigfigs)
TN + FN 0.825

95



CALCULATIONS IN LABORATORY MEDICINE —A DEACON

Q13(4)

The prevalence of disease amongst the population of 200 is 76, so that (1 -
prevalence) =200- 76 = 124

64 of these 76 gave apositive test result = true positives
10 were positive amongst those without celiac disease = false positives

Set up a2 x 2 contingency table for these results:

Positive result Negative result Total
Patients with disease TP FN Prev
(Sens x prev) (Prev - TP) (TP + FN)
Patients without disease FP TN 1-prev

[(1-prev) - TN] [Spec x (1 - prev)] (FP+TN)
Total TP+ FP TN+ FN 1

Fill in this table working with the data given in the question:

Positive result Negative result Total
Patients with disease 64 12 76
Patients without disease 10 114 124
Total 74 126 200

N.B. In aquestion like this when the sensitivity and specificity is not given and
actual numbers of results are supplied it is probably easiest to work with absolute
numbers rather than proportions.

Sensitivity = P = 64 = 0.84 (or 84%) 2sigfigs
TP+ FN 76

Specificity = TN = 114 = 0.92 (or 92%) 2sigfgs
TN + FP 124

PV(+) = TP = 64 = 0.86(or86%) 2sigfigs

TP+FP 74
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Q13(9)

Set up a 2 x 2 contingency table then fill in the gaps using a prevalence of 0.4,
sensitivity of 0.92 and specificity of 0.88:

Positive result Negative result Total
Patients with disease TP FN Prev
(Sens x prev) (Prev - TP) (TP + FN)
Patients without disease FP TN 1-prev
[(1-prev) - TN] [Spec x (1 - prev)] (FP+TN)
Total TP+ FP TN + FN 1
Positive result Negative result Total
Patients with disease 0.368 0.032 04
(Sens x prev) (Prev - TP) (TP + FN)
Patients without disease 0.072 0.528 0.6
[(1-prev) - TN] [Spec x (1 - prev)] (FP+TN)
Total 0.44 0.56 1
PV(+) = TP = 0368 = 0.840r84% (2sigfigs)
TP+FP 0.44

Recal cul ate the above table using a prevalence of 0.4 % (i.e. 0.004):

Positive result Negative result Total
Patients with disease 0.00368 0.00032 0.004
(Sens x prev) (Prev - TP) (TP+FN)
Patients without disease 0.12 0.876 0.996
[(1- prev) - TN] [Spec x (1 - prev)] (FP+TN)
Total 0.12368 0.87632 1
PV(+) = TP = 0.00368 = 0.0300r3.0% (2sigfigs)

TP+ FP 0.12368

Q13(6)

The 2 x 2 contingency table can be set up as follows:
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Positive result Negative result Total
Patients with disease TP FN Prev
(Sens x prev) (Prev - TP) (TP + FN)
Patients without disease FP TN 1-prev

[(1-prev) - TN] [Spec x (1 - prev)] (FP+TN)

Total TP+ FP TN + FN 1
Complete the table using a prevalence of 5% = 0.05 which with atotal of 400
individuals gives a prevalence in absolute numbers of 0.05 x 400 = 20.

Positive result Negative result Total
Patients with disease 15 5 20
(Prev - TP) (TP+FN)
Patients without disease 30 350 380
(1-prev)-FP  (FP+TN)
Total 45 355 400
a) PV(+) = TP = 15 = 033 or 33% (2sigfigs)
TP+FP 45
b) Pretestodds = Prevalence

1 - prevalence

= 20
380

0.053 (2sgfigs)

C) LR+ = probability of +vetest with disease =  sensitivity
probability of a+ve test without disease (1 - specificity)
Sengitivity = TP = 15 = 075
TP+ FN 20
Specificity = TN = 350 = 092 (2sgfigs)

TN + FP 380

LR+ = 0.75 = 0.5
(1-0.92) 0.08

d) Post-test odds = Pretestodds x LR+

98

9.4 (2sgfigs)



WORKED ANSWERS TO FURTHER QUESTIONS

0.053 X 94

= 0.50 (2sigfigs)

€) Post-test probability = Post-test odds
(1 + post-test odds)

0.50
(1+0.50)
0.50
1.50

= 0.33

Q13(7)
If the prevalence of disease is 0.0005 then the pre-test odds can be cal cul ated:
Pretestodds =  Prevalence =  0.0005 = 0.0005 = 0.000500
(1 - prevaence) (1 - 0.0005) 0.9995
LR+ = probability of +ve test with disease = sensitivity
probability of a-+ve test without disease (1 - specificity)
Fortheltest: LR+ = 098 = 098 = 196
(1-0.95) 0.05
Forthe2™test: LR+ = 095 = 095 = 95
(1-0.99) 0.01
Post test odds =
Pre-test odds x likelihood ratio (1% test) x likelihood ratio (2™ test)
Post test odds = 0.000500 x 196 x 95 = 0931
Post-test probability = Post-test odds
(1 + post test odds)
= 0.931
1.931

0.48 or 48% (2 sigfigs)
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Chapter 14
Q14(1)

The power can be calculated from the following expression:

z, + 7z = AVn
S
A = difference between the means of the two groups = 30-25 = 5¢g/L
n = number of subjectsinthestudy = 40

s = dandarddeviation = 10g/L
Substitute these values to obtain z, + z5

z,+zz = 5740 = 5x632 = 316
10 10

Since the probability (P) used as a decision level is 0.05, the corresponding z
value (obtainable from tables) is 1.96 (the question only requires detection of a
change — which could be either positive or negative — so both sides of the

distribution are being used). Therefore, « = 0.05and z, is 1.96. Substitute this
value for z, and solve for z:

zz = 316 - z, = 316-19% = 120

From tables of z the value for g (i.e. proportion of area under the curve)
corresponding to az of 1.20is 0.1151 (single sided probability).

Thereforepower = (1 - f) = (1 - 0.1151) = 0.88 or838% (2sigfigs)

Q14(2)
The expression for calculating sample sizeis:
n = [s(z« +29) /A7
s = standard deviation = 2.5 mmol/L

A = difference between the means

Fina cholesterol - Initial cholesterol

(90% x75) - 7.5 (since cholesteroal is required to be
lowered by 10%)
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= 6.75 - 7.5

= - 0.75 mmol/L
The required power is 90 %
Therefore (1 -4 = 09 and g = 1-09 = 01
From tables the corresponding z value (i.e. zp) is 1.28 (one sided value).
The decision level used is a probability of 0.05 («) with a corresponding z value
for one side of the distribution (since we are required to detect a decrease in
cholesteral) (z,) of 1.64.

Substitute these values and solve for n:

n = [25(1.64 + 1.28)/-0.75]?

[2.5 x 2.92/-0.75)

9.73

= 95 (2sigfigs)

Chapter 15

Q15(1

Recovery % = Increasein concentration upon adding standard x 100
Concentration of standard added

Allowance must be made for dilution of both the sample and standard when they
are mixed —since only 0.5 mL of the mixture is used for the assay.

Concentration of Y from urine in the mixture

= |nitial concentration x Volume of urine (mL)
Volume of mixture (mL)

Sinceinitial concentration = 320 nmol/L
Mixture = 0.5mL urine + 0.1 mL standard = 0.6 mL

Concentration of Y from urine = 320 x 0.5 = 266.7 nmol/L
0.6

146.7 nmol/L

Similarly concentration of standard in mixture = 880 x 0.1
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0.6
Recovery (%) = (Measured concn- concnfromurine) x 100
Standard added
= (405 - 266.7) x 100
146.7
= 138.3 x 100
146.7
= 94% (2sigfigs)
Q15(2
Calculate the expected concentrations in the mixture from the urine and the
standard separately:
Urine HCG in mixture = 8240 x 450 = 7416 IU/L
500
Standard HCG in mixture = 50000 x 50 = 5000 IU/L
500
%recovery =  HCGrecovered x 100
HCG added
= (Measured HCG in mixture - Expected HCG from urine) x 100
HCG added
= (12100 - 7416) x 100
5000
= 4684 x 100
5000

94% (2sigfigs)

Q15(3

Assuming the clearance of AFP follows first-order kinetics the rate equation is:

INCpr = InCpg - kgt
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Cpt = concentration of AFP after 21 days = Cpz
Cpo = initia concentration of AFP = 10200 U/L
t = timeperiod = 21days
ke = elimination rate constant which can be calculated from the half-life (t):
kg = 0693 = 0693 = 0126days®
ty, 55

Substitute these values and solve for Cpy;:

INCppy = In10200 - 0.126x 21
INCppy = 9230 - 2.646 = 6.584
Cpxn = antiloge6.584 = 723U/L
Q15(4)
The decay of aradioisotope follows first-order kinetics:
InNA: = InAy - kgt
Ar = activityattimet = 0.1(10% of theinitia value)
Ao = initid activity =1
t = timefor activity to fall to 10 % of initial value = ?
ke = decay constant which can be calculated from the given half-life (t.,):
ke = 0693 = 0693 = 0.033days”
ty, 21

Substitute these values and solve for t:

In0.1 = In1 - 0.033t

-2303 = 0 - 0.033t
0.033t = 2303
t = 2303
0.033

= 70days (2sigfigs)

An dternative approach is to use the expression:
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logiwAR = - 0.30.N
AR = ratioof final toinitial activity = 0.1
N = number of half-livesfor this change to occur
Therefore l0g100.1 = - 0.30.N
-1 = -0.30.N
N = 1 =  3.333 hdf-lives
0.30

Ast, = 2ldays, t=3333 x 21 = 70days

Q15(5)
Exponential growth obeys the first-order rate equation:
INCpy = InCpy + kgt

If we take 1 as the initial concentration then a 10-fold increase will result in a
concentration of 10.

= concentration after timet = 10
Cpo = initia concentration = 1

Kq specific growth rate, which can be calculated from the doubling time (tg):
ke = 0693 = 0.693 = 0.3465day*
tq 2

t = time taken for concentration to increase 10-fold = ?

Substitute these values and solve for t:

In10 = Inl + 0.3465t
2303 = 0 + 0.3465.t
0.3465t = 2303
t = 2303 = 6.6days (2sigfigs)
0.3465

Alternatively the following expression can be used:

logwCR = 030N
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where CRisthe concentration ratio = 10:1

N = number of doubling times required to achieve thisratio

Substitute CR = 10 and solve for N:

logp10 = 030 N
1 = 030N
N = 1 = 3333
0.30
Thereforetimetaken = N X ty
= 3333 x 2
=  6.7days
Q 15(6)
Nitrogen excretion (g/24h) = Ureaexcretion (mmol/24h) x 28
1000
= 580 x 28
1000
= 16.24 g/24g

Nitrogen balance (g/24h) = Nitrogen intake (g/24h) - Nitrogen excretion (g/24h)

11.8 - 16.24

- 4.44 g/24h

If 20% is added to the urinary excretion to allow for other urinary losses and a
further 2 g/day added to allow for losses by other routes then the nitrogen

excretion becomes:

Corrected nitrogen excretion = [Ureanitrogen excretion (g/24h) x 1.2] + 2.0

(1624 x 1.2) + 20

19.49 + 20

21.49 g/24h
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and the corrected nitrogen balance becomes:

Corrected nitrogen balance (g/24h) =  11.8 - 21.49

= - 9.7 9 (Negative balance)

Q15(7)
Mi XV, = My X VW
M: = molar concentration of HCl in gastric flud = ?
V1 = volume of gastric fluid used in titration = 5mL
M, = molar concentrationof NaOH = 0.1 M
V, = titre of NaOH = 25mL
My x5 = 01 x 25
M; = 01 x 25
5
= 0.05M
Since the answer is required in mmol multiply by 1000:
HCI concentration = 0.05 x 1000 = 50 mmol HCI/L gastric fluid

Divide by 1000 to give the acid output per mL of gastric fluid then mutiply by the
total volume of gastric fluid collected (27 mL) to obtain the total output of acid:
Total HCl output = 50 x 27 = 1.35mol HCl /27 mL gastric fluid

1000

Since the gastric fluid was collected over 30 min, multiply this result by 2 to

obtain the amount of HCl secreted in 1 h:
Rate of HCI excretion = 135 x 2
= 2.7 mmol/h
Q15(8)
First calcul ate the fatty acid concentration in the homogenate:

Mi1 X Vg = Mz X V»
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M1 = molar concentration of fatty acids in homogenate = ?
V1 = volume of homogenatetitrated = 10 mL
M, = molar concentration of NaOH used in titration = 0.05 M
V, = titreof 0.05M NaOH = 48 mL
M; x 10 = 0.05 x 48
M; = 0.05 x 48 = 0.24 mol/L
10

Multiply by 1000 to convert this concentration to mmol/L:

Fatty acid concentration 0.24 x 1000
= 240 mmol fatty acid/L homogenate

Multiply by the total volume (in litres) of the homogenate to obtain the total fatty
acid output over the 5-day collection period:

Fatty acidoutput = 240 x 150 = 360 mmol fatty acid/5 days
Division by 5 gives the daily fatty acid outpuit:
Daily fatty acid output = 360 = 72 mmol fatty acid/24h
5

Assuming that all the fatty acids were liberated from triglyceride then division by
3 givesthetotal fat output:

Fatoutput = 72 = 24mmolfat/24h (astriglyceride)
3

Q15(9)

Divide the drug peak area by the internal standard peak area to give the peak
height ratio (PHR) for both standard and patient:

Sample Peak area
Internal standard Drug PHR
Standard (200 nmol/L) 50000 200000 4.00
Patient 40000 150000 3.75

Assuming that the PHR is directly proportional to concentration then
concentration of the drug in the patient sample can be caculated from the
relationship:
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%Pati ent %Standard
Concentrati ONpaient Concentrati ONsandard

Substitute the PHR vaues and standard concentration to obtain the drug
concentration in the patient sample:

3.75 = 4.00
Concentrati ONpzient 200
Concentrati ONpzient = 3.75 x 200

4.00

188 nmol/L  (3sigfigs)

Q 15 (10)
Frequency of alleleA = p = 0.65
Frequency of alleleB = q = 0.35
The possible combinationsare AA, AB and BB.

If the conditions for the Hardy-Weinberg equilibrium are met then the frequencies
of the three genotypes are:

AA = p* = 0.65° = 04225

AB = 2pq = 2x065x035 = 0455

BB = ¢ = 0.35° = 01225
Therefore % heterozygotes (AB) = 0.455 x 100 = 455%
and % homozygotes (AA and BB) = (0.4225 + 0.1225) x 100 = 54.5%

(or simply subtract 45.5 from 100)

Q 15 (11)

Let the dominant gene be A and the recessive gene a. As the inheritance of the

disease is autosomal recessive only the homozygous recessive genotype (aa)
expresses the disease.
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Theincidence of therecessivedisorder (aa) = 1in2500 = 1 = 0.00040
2500

Incidence of carriers(Aa) = 1in50 = 1 = 0.020
50

Since the total of all frequencies must equal 1, the frequency of the remaining
homozygous dominant genotype, AA (which does not express disease nor have
carrier status) can be calculated by difference:

Incidenceof AA = 1 - (0.00040 + 0.020)

1 - 0.0204

0.9796
To summarize the observed frequencies of the three genotypes are:

Genotype AA Aa aa
Observed frequency 0.9796 0.020 0.00040

Next calculate the expected frequencies if the Hardy-Weinberg equilibrium is
operating starting with the frequency of aa which is the frequency of the disorder
i.e. 1in 2500.

Frequency of affected individuals (aa) = 0.00040 = ¢f

Therefore q = Vg&@ = V0.00040 = 0.020
Since p+qg = 1

p = 1- g = 1 - 002 = 098

Using these values for p and g the frequencies of the other two genotypes can be
calcul ated:

Frequencyof Aa = 2pgq = 2 x 098 x 0.020 = 0.0392
Frequency of AA = p°> = 0.98° = 0.9604
Tabulate this data then calculate X*:
X? = y(0- E))E
Genotype Frequency (O - E) (O - E)? (O - E)YE
Observed  Expected
AA 0.9796 0.9604  0.0192 0.00036864 0.000383840
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Aa 0.02 0.0392  -0.0192 0.00036864 0.009404082
aa 0.0004 0.0004 0 0 0
Total: 1.0000 1.0000 0 0.0007372  0.0097878

X? isthe sum of all thevaluesin thefina column = 0.010 (2 sig figs)
Normally the degrees of freedom would be 3 - 1 = 2. However, since one of
the observations (frequency of disease) was used to estimate the expected values,
afurther degree of freedom islost leaving only one.

From tables, the value for P when X* = 0.010 is somewhere between 0.95 and
0.90. Therefore there is no significant difference between the observed and
expected frequencies so that the data fit the Hardy-Weinber g equilibrium.

Q 15(12)
Sample Duplicate cpm
1 2
TC 15100 15900
NSB 320 380
B 11350 11650
0.2 nmol/L standard 10320 10980
04 - “ 9250 8340
08 * “ 6782 6630
12 - “ 5104 5890
24 “ 3700 3430
48 “ 1350 1650
Patient serum 4350 5000
Mean NSB = (320 + 380)/2 = 350 cpm
MeanTB = (11350 + 11650)/2 = 11500 cpm
Bo = MeanTB - MeanNSB = 11500 - 350 = 11150 cpm

Cal culate the mean for each pair of duplicates then B/By (%) using the formula:

B/By (%) = (Meancpm standard/sample - Mean NSB) x 100
Bo

These calculations are performed in the following table:
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WORKED ANSWERS TO FURTHER QUESTIONS

Sample Conc logioconc Duplicatecpm Meancpm  Mean -NSB  B/Bg
(%)

NSB - - 320 380 350
B 0 - 11350 11650 11500 1150 100
Standard 0.2  -0.70 10320 10980 10650 10300 92.3
: 04 -040 9250 8340 8795 8445 75.7
: 0.8 -0.10 6782 6630 6706 6356 57.0
: 12 0.08 5104 5890 5497 5147 46.2
: 2.4 0.38 3700 3430 3565 3215 28.8
: 4.8 0.68 1350 1650 1500 1150 10.3
Serum ? ? 4350 5000 4675 4325 38.8

Digoxin calibration curve

50
40 3 =

30

BIB, (%)

20

10

o

0.8 0.6 0.4 0.2 0 0.2 04 0.6 0.8
log conc

From calibration curve logio conc when serum B/By (%) = 0.21

Serum digoxin (nmol/L) =antilog;p0.21 = 1.6 nmol/L
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