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Clinical chemistry departments in developing countries are disadvantaged on ~ccount of 
the high cost or non-availability of commercial quality control sera. This publication 
offers guidelines on the preparation of general purpose control sera containing most of the 
analytes required in routine practice and is intended to encourage local production of quality 
control materials. 13oviile serum is recommended as the matrix for these preparations. 

1. INTRODUCTIOi> 

The function of a routine biochemistry department is to provide the clinician with analytical 
data obtained from examination of specimens submitted from his patients and to interpret these 
results in order to assist in diagnosis and control of therapy. Quality control is one means 
of ensuring that the results being issued from a hospital laboratory are dependable and 
sufficiently accurate to allow decisions to be taken with confidence. 

The introduction and continuation of schemes of INTERNAL quality control and EXTERNAL 
assessment are therefore essential in clinical chemistry in relation to preventative, 
diagnostic, curative and rehabilitative medicine and are particularly important if results 
are to be used in comparative population or environmental studies. 

Good quality control ensures efficient-use of laboratory facilities, can reduce the 
duration of hospitalization for patients and reflects credit upon the staff of a department. 

Following the recommendations of the Twenty-seventh World Health Assembly (resolution 
WHA27 .62 (1974)) WHO strengthened its co-operation with Member States on quality control in 
laboratory medicine by organizing training courses in different parts of the world. Later, 
several documents were published by WHO and served as a basis for training in both internal 
and external aspects of quality control in clinical chemistry: 

"Principles of Quality Control"- Professor T. P. Whitehead (LAB/76.1) 

·~anual on Routine Methods in Clinical Chemistry for Use at Intermediate Laboratories" -
P. Wilding and J. Kennedy (LAB/78 .1) 

Despite the fact that the benefits of proficiency testing are widely accepted, many 
developing countrtes find difficulty in implementing such programmes on account of the high 
cost of quality control materials (Stevens, 1978). In a survey of clinical chemistry 
laboratories participating in the UK National Quality Control Scheme (Whitehead et al., 1973), 
it has been shown that departments which spend more on the purchase of control sera and 
calibration serum per patient sample analysed, perform better in terms of precision of 
analytical results (Maclagan et al., 1980). 

The purpose of these guidelines is to encourage local production of general purpose 
control sera for use in clinical chemistry. 

Each country Hill require to adapt the recommendations to local conditions by selecting 
the most suitable matrix, human or animal serum, deciding upon the list of analytes to be 
surveyed and Hhether the final preparation should be stored in deep frozen liquid form or 
as lyophilized (freeze dried) material. The information and techniques described are 
concerned with a limited list of analytes (including certain enzymes) contained in blood 
serum and have been prepared for adoption by a single department, a group of up to 10 
laboratories, or a major national centre Hhich '\VOuld produce control sera for issue to a 
large number of hospital laboratories. 

Most countries have centres Hith expertise in filtration and freeze drying and where large 
scale production is contemplated such centres should be used as the base for production or 
their expert advice sought. 
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2. CHOICE OF STARTING MATERIAL (MATRIX) 

Clinical chemists debate the relative merits of human and animal serum as the matrix for 
the preparation of control sera. In the past, residues from patient samples were collected 
and bulked to provide stocks of serum for internal control purposes but there is the risk 
of incorporating infected sera, e.g. serum hepatitis (HBsAg) into such pools. Despite 
careful selection and storage, preparations were often turbid and/or haemolysed and of 
limited value. 

For ethical reasons and on the grounds of expense it is difficult to justify the use of 
human donors to supply large quantities of general purpose control serum for clinical chemistry 
purposes. There are occasions when only human serum should be employed, e.g. for specific 
protein measurements and certain isoenzyme studies, but the product under consideration in 
this report is not intended for such special purposes but primarily for those basic tests 
listed in WHO publication, LAB/78.1. 

In order that laboratories may be liberal in their use of this general purpose quality 
control sera, it is recommended that where practicable suitable animal serum be utilized as 
the matrix. A list of serum analyte concentrations for human, bovine and equine serum is shown 
in Table 1 (Douglas, 1975). 

It is recognized that certain countries have not yet adopted the MOLE (Conference General 
des Poids etMesures, 1971) as the unit of quantity. Tables 1, 2a, 2b and 2c have therefore 
been prepared in duplicate using the older conventional units as well as SI units. The 
KATAL, mole of substrate transformed per second, has not been widely accepted as the unit of 

catalytic activity of an enzyme. The International unit (U) which corresponds to the 
transformation of one pmol per minute has been used in this publication: 

1 U per litre~ 16.67 nkats per litre (Dybkaer, 1979). 

Bovine serum is the best source in most countries and its use is recommended. Serum 
can be collected from special herds by venepuncture, under asceptic conditions, but this will 
add very considerably to the cost. Under such conditions it is possible however to elevate 
cholesterol and triglyceride concentrations using in vivo manipulation (Moinuddin et al., 1972). 

In the procedure described below blood is collected from oxen being slaughtered at the 
local abattoir. Where possible it is desirable that the carcasses be inspected by a 
veterinary officer and certified as normal. Certain tests, e.g. brucellosis titre in bovine 
serum, should be undertaken where facilities are available and positive reacting sera discarded. 

A competent member of staff should undertake/supervise every stage of the process from 
the collection of the blood to the final labelling of the finished preparation. 

3. LEVELS OF PRODUCTION 

Although the preparation and distribution of control sera for regional or national 
EXTERNAL assessment programmes should be the responsibility of central laboratories, some 
individual or groups of laboratories may need to prepare their own materials for INTERNAL 
quality control purposes. Taking into account the purpose and amount of sera to be prepared, 
three levels can be considered. 

Level I is intended for individual laboratories which wish to prepare sera either in the 
liquid or lyophilized form for INTERNAL control purposes. On the assumption that each main 
hospital will require a minimum of 20 ml control serum per day, six litres will be required to 
be produced each year. The cost of the starting material is minimal, adjustment requires the 
same effort whether large or small volumes are prepared and if n1aterial is to be lyophilized 
the percentage error 0f dispensing and reconstitution is less the larger the vial volume employed. 
There will be a higher initial cost for the purchase of glass vials but with care these can be 
cleaned after use and recycled. It is therefore recommended that two litre batches 
(lOO x 20 ml vials) be prepared and three such batches would provide the laboratory with "MID" 
value stocks for one year. 



,--

Analyte 

Sodium 

Potassium 

Chloride 

Bicarbonate 

LT rea 

Creatinine 

T. Protein 

---
Albumin 

Glucose 
(fasting) 

Calcium 

Magnesium 

Phosphorus 

Bilirubin 

Uric Acid 

Cholesterol 

Iron 

IBC 

Cortisol 

Thyroxine 

* ALP 

Asr* 

ALT* 

* CK 

* A. 'IS 

* GGT 

* 

TABLE l 
SERL:M A~ALYTE CONCENTRATIONS OF VARIOUS SPECIES 

In conventional units 

l:nit Human Bovine 

141 142 
rneq,/litre 

(136 - 149) (136 - lSl) 

meq/litre 
4.3 4.3 

(3. 7 - 5.2) ( J. 2 - 5.8) 

meq/litre 
102 102 

(98 - 107) (96 - 111) 

meg/litre 
2S -

I (22 - 29) 

28 26 
mg/loo ml (lS - 40) (0 - SO) 

mg,/100 ml 
0.9 1.1 

(0,6 - 1. 2) (0.6 - 1.5) 

g,/100 ml 
7.0 6.8 

(6.0- 8.0) (5.2 - 8.4) 

g,/100 ml 
4.3 

(3.6 - 5.0) -

mg,/100 ml 
90 so 

(65 - 105) (35 - 60) 

mg,/100 ml 
10.0 10.7 

(8.S - lO.S) (9.2 - 12.3) 

mg,/100 ml 
2.1 2.5 

' 
( 1. 7 - 2.4) (1.6 - 3.4) 

mg,/100 ml 
3.5 6.4 

(2.S - 4.3) (3.5 - 8. 8) 

mg,/100 ml 
0.4 0.15 

(O.l- 1.0) (0 - 0. 50) 

mg,/100 ml 
4.0 < 1.0 

(3 .0 - 7 .0) 

mghoo ml 
200 lOO 

(140 - 260) (40 - 160) 

pg,/100 ml 
120 17S 

(78 - 180) (llS - 229) 

330 
pg,/100 ml ( 250 - 405) -

17 2.S 
pg,/100 ml (8 - 26) (1.5 - 6.S) 

pg,/100 ml 
9 .o 9. () 

(4. 9 - 12.0) 

55 56 
u/litre (20 - 90) (4 - 12 7) 

26 85 
u/litre (12 - 40) (0 - 140) 

u/litre 
28 26 

(8 - 4 7) (0 - 40) 

u/litre 
so 

75 
(0 - lOO) 

u/litre 
180 0 

(70 - 300) 

u/litre 

I 
20 20 

(0 40) -

Values are dependent upon methods employed. See Table 3. 

I 

(Douglas, 197) 

-
Equine 

139 
(130 - 150) 

4.0 
(2.6 - 5.2) 

104 
(94 - 113) 

-

28 
(0 - 40) 

1.1 
(0.7 - 1. 5) 

6.8 
(6 .0 - 8.3) 

-

73 
(49 - lOO) 

12.3 
( 11.1 - l3. s) 

2.3 
(1.7-3.1) 

4.4 
(2.8 - 6.0) 

0.60 
(0 - 1. 5) 

-

120 
(81 - 174) 
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I 

I 

I 

I 

I 

--

-

~ 
-

-

I 
- _J 

60 
(4 - 127) 

170 
(90 - 350) 

10 
(0 - 23) 

I 

(10 - 350) 
I 

0 

-
----
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Analyte 

Sodium 

Potassium 

Chloride 

Bicarbonate 

Urea 

Creatinine 

T. Protein 

Albumin 

Glucose 
(fasting) 

Calcium 

Magnesium 

Phosphorus 

Bilirubin 

Uric Acid 

Choles tero1 

Iron 

IBC 

Cortisol 

Thyroxine 

* ALP 

* AST 

* ALT 

* CK 

* AMS 

* GGT 

TABLE 1 

SERUM ANALYTE CONCENTRATIONS OF VARIOUS SPECIES 
In S. I. Units 

Unit Human Bovine 

141 142 nnnol/litre 
(136 - 149) (136 - 151) 

4.3 4.3 rranol/litre 
(3. 7 - 5.2) (3.2 - 5.8) 

102 102 nnnol/litre 
(98 - 107) (96 - 111) 

mmol/litre 
25 -(22 - 29) 

4. 7 4.3 nunol/litre 
(2.5 - 6.7) (0 - 8.3) 

80 97 
JliDO 1/ litre 

(53 - 106) (53 - 133) 

70 68 g./litre 
(60 - 80) (52 - 84) 

g./litre 
43 

(36 - 50) -
5.0 2.8 nnnol/litre 

(3 .6 - 5.8) (1.9 - 3.3) 

2.50 2.68 nnnolhitre 
(2. 13 - 2. 63) (2.30 - 3.08) 

0.86 1.02 mmolhitre 
(0.69 - 0.99) (0,65 - 1.39) 

1.13 2.06 mmolhitre 
(0. 81 - 1. 39) (1. 13 - 2. 84) 

7 3 
pmo1hitre 

(2 - 17) (0 - 9) 

mmolhitre 
o. 24 < 0.1 

(0. 18 - 0.42) 

mmo1hitre 5.2 2.6 
(3.6 - 6.7) (1.0- 4.1) 

21.5 31.3 
ymol/ritre (14.0 - 32.2) (20.6 - 41.0) 

59.0 -umolllitre 
(44. 7 72. 5) I -

470 69 
nmolllitre 

(221 - 718) (41 - 180) 

116 116 
nmol/ritre (63 - 154) 

55 56 
ulritre 

(20 - 90) (4 - 127) 

26 85 
uhitre 

(12 - 40) (0 - 140) 

28 26 
U hit re 

(8 - 47) (0 - 40) 

uhitre 50 75 
(0 - lOO) 

180 0 
uhitre (70 - 300) 

20 20 
ullitre 

(0 - 40) 

* Values are dependent upon methods employed. See Table 3. 

(Douglas, 1975) 

Equine 

139 
(130 - 150) 

4.0 
(2.6 - 5. 2) 

104 
(94 - 113) 

-

4.7 
(0 - 6. 7) 

97 
(62 - 133) 

--
68 

(60 - 83) 

-
4.1 

(2.7- 5.6) 

3.08 
(2. 78 - 3.38) 

0. 94 
(0.69- 1. 27) 

1.42 
(0. 90 - 1.94) 

10 
(0 - 26) 

-

3.1 

I (2.1 - 4.5) 

-

-

-

-

60 

(4 - 127) 

170 
(90 - 350) 

10 
(0 - 23) 

(10 - 350) 

0 

-
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Level II is intended for groups of up to 10 laboratories. Again assuming that each 
laboratory will require 20 ml control serum per day up to 60 litres would be required per 
annum. A monthly production of five litres would allow whole or part batches to be allocated 
to each laboratory in turn. 

Level Ill is intended for large regional or national centres which would produce upwards 
of 25 litres per batch or 300 litres (15 000 x 20 ml vials) per annum if only one batch were 
to be produced each month. 

The main requirement is for "MID" value sera but smaller consignments of "LOW" and "HIGH" 
value sera could be produced over a 12-month period. In order to ensure the stability of 
components freeze dried preparations are to be preferred. 

The processes employed at all three levels are similar involving: 

(1) Collection of blood and separation of serum 
(2) Adjustment of analytes 
(3) Filtration 
(4) (a) Dispensing and storage in liquid form, or 

(b) Dispensing and freeze drying and storage in dried form 

and differ only in batch size and consequently in the capacity of equipment needed. Appendix I 
contains a flow diagram and list of equipment for a production process based upon a two litre 
batch. 

When production at levels II and Ill is contemplated an institution which already has 
some or all of the facilities required should be appointed as the centre for the operation, 
otherwise health departments should cooperate to make best use of available equipment and 
storage space. 

4. COLLECTION OF OX BLOOD AT ABATTOIR AND SEPARATION OF SERUM 

Blood is collected from the animals (preferably steers) at the time of slaughter, the 
great vessels of the neck being severed in such a manner that the escaping blood can be 
collected into clean plastic buckets. Only the first rush of blood should be collected and 
any contamination with saliva or gastric contents must be avoided. A small sample of clotted 
blood is set aside for the assay of brucellosis titre and any positive reacting sera 

>1:80 dilution in direct agglutination test) should be discarded. 

The blood is allowed to coagulate under active agitation until clotting commences, when 
blood is extruded manually from the clots and the fibrin removed and discarded. This results 
in most of the cells and serum being freed thereby allowing quick separation by centrifugation. 
Only that amount of agitation necessary to defibrinate the blood should be employed in order 
to keep haemolysis to a minimum and prevent significant elevation of serum potassium level. 
The blood is thereafter centrifuged preferably in a refrigerated centrifuge (4°C) and the serum 
removed by a convenient suction device (Fig. 1). A second centrifugation is undertaken to 
remove the last traces of red cells. After the pool has been thoroughly stirred, a sample is 
set aside for preliminary analysis, and the bulk stored in a clean container at -20°C. 

FIG. 1 

.. 
To Suction 

SUCTION DEVICE FOR REMOVAL OF SERUM 
FROM RED CELLS AFTER CENTRIFUGATION. 
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Clotted blood can also be used provided it is collected in bottles or plastic bags of 
less than 500 ml capacity and the serum removed within six hours of collection. The yield of 
serum is however low. Heparinized plasma has also been used successfully, 25 000 units of 
heparin being added per litre of blood, but again this adds to the cost and the presence of 
fibrinogen complicates simple electrophoretic studies. Citrated plasma cannot be used without 
expensive dialysis. The same collection procedures are employed whether it is intended to 
store the distributed serum: 

(1) in the deep frozen state, or 
(2) as lyophilized material. 

5. ADJUSTMENT OF ANALYTES 

In order to bring the concentrations of the various analytes to clinically useful 
(discriminatory) levels it is necessary to undertake adjustments. For example the average 
normal bilirubin concentration in ox serum of 0.2 mg per lOO ml (3.4 pmol/1) is of little value 
in controlling a laboratory's performance for this test and a value near 2 mg per lOO ml 
(34 pmol/1) will prove more useful when sera from patients suspected of having liver disease 
are being examined. Similarly a urea concentration of around 60 mg/loo ml (10.0 mmol/1) could 
be more useful than the average 24 mg/100 ml (4.0 mmol/1) found in ox serum. Bovine serum 
contains no measurable level of uric acid and only by graded additions can useful concentrations 
be achieved. 

It is advantageous to have stocks of quality control sera available which have been set at 
different levels. With the results of a preliminary analysis of the serum pool to hand it is 
possible to adjust analyte levels and offer a range of ''LoW", "MID" and ''HIGH" values for the 
common constituents as indicated below. The actual settings of these values can be altered to 
suit local needs within the constraints imposed by the processes of preparation. 

5.1 Final product -choice of frozen or lyophilized serum 

Where the material is to be used strictly for internal quality control purposes the 
advantage of frozen liquid serum, distributed in suitable vials, is that accurate dispensing is 
not required and any error of reconstitution is obviated. In hot climates where sera have to 
be dispatched by post or other means it is essential to use a lyophilized preparation. 

5.2 Formulation - preparation of work sheets 

"LOW", "MID" and "HIGH" preparations. 

Protocols similar to those shown in Tables 2a, 2b, 2c (Appendix II) should be prepared 
but ONLY those analytes of immediate interest in local circumstances should be listed. 

"LOW" preparations can be made by a simple dilution of the serum with water to bring a 
major constituent, e.g. total protein, to the desired level and other values adjusted where 
necessary by calculated additions of water soluble additives, or in the form of concentrated 
solutions. 

"MID" levels are prepared without any preliminary dilution of the serum. 

"HIGH" levels can easily be achieved by reconstituting the dried serum to a lesser volume 
than that originally dispensed. Cryo-concentration techniques have also been successfully 
employed to remove a water rich fraction from a serum which has been frozen and thawed under 
controlled conditions and results in a more concentrated serum preparation (Davies, 1979). 
Such a preparation can be used as starting material for "HIGH" preparations which are to be 
stored in a deep frozen liquid state (Appendix VI). 

It should be noted that when a freeze dried serum is reconstituted by the addition of the 
same volume of distilled water as serum originally dispensed, there is a dilution effect which 
results from the solution of the dry serum powder already in the vial and this effect must be 
taken into consideration and calculated additions are multiplied by a factor of 1.07 (Table 2, 
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column 6), the latter having been determined by an isotope dilution method on a bovine serum of 
normal protein content. 

The "MID" value serum quoted in this paper is intended for day to day use for control 
purposes. 

5.2.1 Additives -water soluble analytes 

The calculated quantities of inorganic salts and water soluble organic compounds are 
weighed out and simply dissolved in a sample of the serum before being mixed with the main 
bulk. Calcium and iron are best added from stock solutions of suitable salts (Appendix II, 
Tables 2a, 2b, and 2c, Column 11). 

Bilirubin powder (Molar Absorbance: 54 000 in chloroform at 454 nm), is weighed out on 
aluminium foil or a micro watch glass, the whole transferred to a 10 x 2.5 cm glass stoppered 
test tube and dissolved within one minute by brisk shaking in O.lM sodium hydroxide, (0.2 ml 
per mg bilirubin) and immediately mixed with a sample of serum before being added to the main 
bulk. 

For uric acid additions, each lOO mg is suspended in 10 ml warm water (60°C) and 0.7 ml M 
sodium hydroxide is added (or pr~_sata) with vigorous agitation and the dissolved urate 
solution immediately mixed into the main bulk of the serum. 

Dilute acetic acid is subsequently added to the serum pool to bring the pH to 8.0. For 
more sophisticated preparations cortisol is added in the form of an ethanolic solution, 
thyroxine as a solution of the appropriate sodium salt and digoxin as a suitable pharmaceutical 
preparation. 

5.2.2 Additives -enzymes 

Since the levels of enzyme activity in bovine serum are usually low it is often necessary 
to raise the levels by adding concentrates with high enzyme activities. Enzymes are available 
from commercial sources where they are derived from a variety of starting materials. Even if 
the source is acceptable the cost of such enzymes may be prohibitive because the preparations 
are often more highly purified than is required for quality control purposes. As several 
enzymes are usually being added, a preparation containing a lower activity of a second enzyme 
may be acceptable. 

Methods for the preparation of concentrates of certain enzymes for use in fortifying 
control sera are detailed in Appendix III. 

5.3 Preservatives and wetting agents 

Addition of preservatives or wetting agents to aid solution is not recommended. 
possible reliance should be placed upon a clean product stored below -20°C, 

Whenever 

Experiments have been conducted using sodium fluoride, sodium borate, sodium azide, 
gentamicin and thiomersal (sodium 2-carboxyphenylthio ethyl mercury) as antimicrobial agents. 
Fluoride, borate and azide invalidated enzyme assays and gentamicin has no effect in 
controlling the growth of the commoner moulds. 

Thiomersal proved to be the most satisfactory preservative for general purpose control 
sera but its use should be restricted to laboratories which have a refrigerator but do not 
possess deep freeze facilities. The following analytes have been found to be stable for a 
period of at least 10 weeks in serum containing 200 mg thiomersal per litre, when stored in a 
refrigerator at 2oC and protected from light: 

Sodium 
Potassium 
Chloride 
Bicarbonate 
Urea 
Creatinine 

Total protein 
Albumin 
Calcium 
Inorganic phosphate 
Bilirubin 
Uric acid 

Cholesterol 
Iron 
Alkaline phosphatase 
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In order to stabilize glucose, it is necessary to add 10 mg sodium fluoride per lOO ml 
of the above serum and distribute into separate it into separate small vials before storing. 

6. FILTRATION AND DISPENSING 

After the various additions have been made it is necessary to filter the final 
preparation before dispensing. The less contaminated the product, the better will be its 
keeping qualities. Complete sterility is difficult to achieve and adds considerably to the 
expense of production and the best level of purity which can be achieved locally should be 
applied. 

6.1 Filtration 

A variety of filtration systems are available. The serum is best forced from a vessel 
with an oval interilally fitted lid, pressurized with nitrogen gas, 10 to 25 lbs per in2 (70 to 
l4o kN/m2) through a supported pad, cartridge or membrane filter either directly or employing 
a cascade system, the latter reducing particle size by stages. A diagram of a typical 
filtration system is shown in Fig. 2. 

FIG. 2. DIAGRAM OF A FILTRATION 
SYSTEM SHOWING COMPONENTS AND PRESSURE 

CONNECTING HOSES AND COUPLINGS 

Cognisance must be taken of the total volume of serum to be filtered per batch and the 
fact that serum is more difficult to filter than simple aqueous solutions. Certain losses 
occur during this stage e.g. absorption of bilirubin on filter material, but losses are not 
great. 

Where the facilities are strictly limited the serum may simply be centrifuged and 
filtered through sterile cotton wool supported on surgical gauze or lint. 

6.2 Dispensing 

A collection of suitable vials and rubber caps must be assembled. Discarded penicillin 
vials or other containers with their caps can be used after they have been thoroughly washed, 
rinsed with distilled water and dried. For larger scale production (levels II and Ill) it 
will be necessary to purchase supplies of vials, stoppers and aluminium closure rings. If 
sera have to be freeze dried the container should have a total volume 2.5 times that of the 
serum dispensed, e.g. 25 ml vials to contain 10 ml serum and SO ml vials when 20 ml are 
measured. When there is an option, amber glass vials are preferred to clear glass. Each 
completed batch should be thoroughly mixed before dispensing starts. 
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If sera are to be stored in a deep frozen state (below -2o•c) accurate dispensing is not 
important. The adjusted serum is measured or poured into suitable vials, immediately capped 
(see 6.2.4) and stored in a dark refrigerated cabinet. 

6.2.2. Lyophilized preparation 

If sera are to be lyophilized, precise dispensing throughout a batch is essential. 

Careful pipetting can give the desired level of accuracy. 

For repetitive deliveries an automatic dispenser capable of a consistent prec~s~on of 
0.2% or better of the volume dispensed should be employed, (Kenny et al., 1978). Because of 
the proteinaceous nature and dissolved gases in serum, difficulty is experienced with certain 
syringe type automatic dispensers and it is essential to check the volume delivered throughout 
a run by labelling at least one tenth of the vials and weighing before and after delivery. 

A temperature probe (thermistor) is placed in one of the vials to monitor the drying 
process on a meter and this vial is placed at the core of each batch. The tray carrying the 
vials containing the dispensed serum is placed in a deep freeze and the serum frozen for a 
period of several hours after which it is placed in the freeze drier and the operation started 
with a MINIMUM of delay. 

The principle and operation of a typical freeze drier is described in Appendix IV. 

6.2.3 Capping and sealing 

Vials containing liquid sera which are to be frozen are capped immediately. 
With freeze dried sera where facilities allow, it is desirable to cap the vials under vacuum 
or under an atmosphere of nitrogen while still in the chamber in order to minimize problems 
due to oxidation. Otherwise on removal from the chamber at the conclusion of the drying 
process caps are inserted immediately and aluminium closure rings are placed above the rubber 
stoppers and compressed by a hand crimper. 

7. LABELLING AND STORAGE 

7.1 Preparation of labels 

Labels are prepared which carry explicit information upon the name of the manufacturing 
laboratory, date of manufacture, batch number, the type of matrix employed, the recommended 
storage conditions and where appropriate the volume of distilled water (or other reconstitution 
fluid) to be added, together with any other relevant information. Labels can be hand written, 
printed or a teletype used for their production. Employing the latter process, information 
is punched on paper tape which is spliced into a continuous ribbon and adhesive labels mounted 
on a perforated backing paper are fed through a sprocket fed machine. 

7.2 Storage 

Frozen sera should be stored in a dark deep freeze cabinet at or 
freeze facilities are not available, 200 mg thiomersal should be added 
serum and the vials stored in an ordinary refrigerator (section 5.3). 

If deep 
per litre of adjusted 

Lyophilized sera should be stored in a refrigerator within the temperature range 2-8•c 
though storage at -2o•c improves long term stability. 

7.3 Distribution 

Unless absolutely sterile, liquid sera cannot be transported other than short distances 
in hot countries. 



LAB;81.4 
page 12 

Lyophilized material can be transported throughout the world if carried expeditiously by 
air freight and immediately stored under refrigerated conditions on arrival at its destination, 
Where ambient temperature is high, delay can result in lowering of certain assigned values 
particularly glucose and alanine aminotransferase. 

8. UTILIZATION 

8.1 Instructions to users 

When stocks of quality control material are transferred from one centre to another, 
detailed instruction on reconstitution and use should be issued in addition to the information 
on the label. Where reliable consensus values have been obtained (section 9) and are being 
circulated, confidence limits of the values listed should be stated together with a record of 
analytical methods employed. 

8.2 Reconstitution 

Prior to each new batch being introduced, a "ME~' value should be established for each 
analyte by replicate analyses (n=20) within the laboratory or "CONSENSUS" values obtained after 
distribution to a group of independent laboratories. 

8.2.1 Frozen liquid sera 

Frozen liquid control sera are intended primarily for INTERNAL control purposes within a 
laboratory. 

Each working day one or more vials should be removed from the refrigerator, thawed fairly 
rapidly by immersing in a water bath at 25-37°C, removing the vial immediately all the ice has 
melted after which it should be well mixed by gentle inversion and samples distributed to the 
various work benches in the laboratory so that they may be analysed in exactly the same way as 
patient samples. The value found for each analyte each day should be plotted on charts and 
statistics compiled according to the instructions (WHO, LAB/76.1). 

8.2.2 Lyophilized sera 

Lyophilized sera are intended for INTERNAL quality control purposes or use in EXTERNAL 
assessment schemes. 

The volume of distilled water or reconstitution fluid used is critical. The exact volume 
should be stated on the label and a special Grade 1 calibrated bulb pipette kept exclusively 
for this purpose. The cap should be removed slowly and carefully because particles of dried 
serum often adhere to the cap and must not be lost. The prescribed diluent or high quality 
distilled water is pipetted in, the cap replaced and the vial inverted three or four times and 
placed in a dark cupboard for five minutes when it is taken out and again slowly inverted to 
aid solution. Vigorous shaking must be avoided. After 15 to 30 minutes solution should be 
complete and distribution of the material begun. It is known that the activity of alkaline 
phosphatase increases over several hours when dried serum is reconstituted (Czarnetzy et al., 
1970) and it is best to FIX a convenient time after reconstitution when the various samples for 
enzyme assays are withdrawn and analysis commenced. 

9. CONSENSUS VALUES 

When results which have been obtained independently by a group of laboratories achieve 
accord for a particular analyte, after outliers have been eliminated (+ 3 SD), the mean or 
"CONSENSUS VALUE" can be taken as the best available value for that co;stituent. 

10. CONCLUSIONS 

Centres should be encouraged to embark upon production of experimental batches of serum 
using the best compromise in terms of cost and sterility obtainable in order to gain experience 
in the various manipulations. The process as described is not difficult to undertake once 
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stocks of separated serum have been established and the necessary equipment and vials assembled. 
A measure of planning is necessary as can be deduced from Appendix I. 

The range of analytes considered should be restricted to those tests being undertaken in 
quantity by the laboratory or group and the range extended once the quality and usefulness of 
the preparations has been established. 

It has been found advantageous for centres embarking upon such projects to collaborate 
with a reference laboratory in order to obtain confirmation of consensus values. 

The main requirements and attributes of good quality control sera are: 

(1) All important analytes should be stable for the life of the batch when stored 
according to instructions; 

(2) Batch size should be such as to give continuity for a period of at least 10 weeks 
and there must be regular and uninterrupted supplies; 

(3) Lyophilized sera must be dispensed with a precision of not less than 0.2% of the 
volu~e. The same high precision is required during the reconstitution process; 

(4) Volatile material in the dried preparation should not exceed 4% when the contents 
of a vial are heated at 105°C for two hours. 

(5) Lyophilized sera should be readily and completely soluble to give a solution showing 
a minimum of opalescence. 

The International Federation of Clinical Chemistry has published since 1975 a series of 
reports prepared by its Expert Panels on Nomenclature and Principles of Quality Control in 
Clinical Chemistry and these should be studied by all quality control advisers and Regional or 
National organizers. The latest report available is Quality Control in Clinical Chemistry, 
Part 4. Internal Quality Control (Buttner et al., 1980) 
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At abattoir 

In laboratory 

1. 
2. 

3. 
4. 

5. 
6. 
7. 

8. 

9. 
10. 
11. 
12 

(A ) LIQUID SAMPLES 

PROCESS FLOW DIAGRAM (TWO LITRE BATCH OF SERUM) 

Stage 

Initial preparation 
Collection and defibrination 
of blood 
Transport 
Cleaning of soiled containers 

Centrifugation 
Separation 
Preliminary analysis 
(Circulated through laboratory 
routine sections) 
Storage of clear serum at 
-20°C 

Adjustment of analytes 
Preparation of vials 
Filtration 
Disp,ensing 

(B) 

Operational 
time 

(1 hour) 

1 hour 
1 hour 

(1 hour) 

2 hours 
15 min 

(Indefinite period) 

1-1/2 hours 
l hour 
2 hours 
l hour 

Yield 

5000 ml 

2000 ml 

Stage 

2. 

5. 

6. 

7. 

8. 

9. 

10' 12 '13' 19. 

11. 

lOO x 20 ml (25 ml vials) lOO x 20 ml (50 ml vials) 

13. 
14. 
15. 
16. 

Capping 
Labelling 
Freezing -20,C 

Storage -20°C 

END 

1 hour 
15 min 

(3 hours) 

17. 

18. 
19. 
20. 
21. 
22. 

Freezing -20oC 

Lyophilization 
Capping 
Labelling 
Storage -20°C 
Distribution and again 
storage -20°C 

END 

(3 hours+) 

(36/38 hours) 
1 hour 
15 min 

12. 

18. 

14,20. 

Equipment 

Protective clothing, plastic bucket, 
whisk, funnel, plastic containers, 
small specimen bottle. 

Large centrifuge (preferably 
refrigerated). 4 x 500 ml buckets. 

Separation system (see Fig. l). 
Clean plastic containers for storage. 

Specimen bottle for preliminary 
analysis. 

Deep freeze cabinet -20°C or lower. 

Small beakers or plastic cups and 
analytical balance. Chemicals (see 
Tables 2a,b,c). 

Supply of glass vials and caps. 

Filter and filter pads. 
Pressure vessel and connecting lines. 
Cylinder compressed nitrogen with 
regulating valve. 
Receiving vessel (see Fig. 2). 

Grade I pipette or automatic 
dispenser. Stock of glass vials. 
Top pan balance to check deliveries 
(accuracy 0.01 g). Rubber caps, 
aluminium rings and hand crimper. 

Freeze drier. Carrier basket or 
tray. Temperature probe. 

Supply of labels. 
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APPENDIX II 

This section gives examples of the worksheets used to record adjustments and additions to 
serum pools in order to produce batches of "LOW", "MID", and "HIGH" quality control material. 

Tables 2a, 2b, and 2c have been duplicated in order to illustrate calculations in older 
conventional units and in SI units. Minor discrepancies in the quantities finally added can 
be attributed to rounding up in the different units. Laboratories should design their own 
worksheets employing the units appropriate to their departments. 

The instructions for the different preparations are given below: 

Enter results of initial analysis in Column (2) of the appropriate worksheet. 

"LOW" preparations: Take five volumes of serum and add one volume of distilled water. 
Calculate adjusted value (i.e. s/6 x initial value) and enter in Column (4) then proceed. 
No correction is required in Column (8). 

"MID" preparations: No entry is required in Column (4) or Column (8). 

"HIGH" preparations: Dispense, for example, 23.6 ml serum after additions and 
reconstitute with 20 ml distilled water. Enter "adjusted values" (i.e. 23.6/20.0 x 
initial value) in Column (4). Correct additions in Column (7) by multiplying these 
values by 2o.o/23.6 and enter in Column (8). 

If sera are to be stored in the frozen state, the corrections in Column (6) are not 
applied. 

Laboratories embarking upon these preparations for the first time may choose simply to 
add "net additions" shown in Column (11) without involving themselves in calculations. 



J 
LOW/MID/HIGH PREPARATION 

TABLE 2a. CLINICAL CHEMISTRY QUALITY CONTROL SERA 

Proximate adjustments in conventional units DATE DISPENSED: 

(l) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

Req'd 
Corrected 

Initial Adjusted Req'd Addition addition Addition Mol. Value 
Analyte Units 107 

/litre /2 litres 
Net addition 

value value value x-- 20 wt. found 
lOO 

X 23.6 

~ 
"0 r 
(U ~ 

CJQ t:P ro ~, 

oo' 
t-' ,.... 

0" • 

I; L' 

Sodium 142 meq(litre 118 125 134 16 - 32 58.5 1.9 g NaCl 
Potassium 5.3 mecil,litre 4.4 3.0 3.2 - - - 74.5 - g KCl 

l Chloride lOO meq/ litre - - - - - - - -

Bicarb. - m~ litre - - - - - - - -
Urea 24 m lOO ml 20 36 39 190 - 380 60 0.38 g Urea 
Creatinine 1.1 mgj lOO ml 0.91 1.0 1.1 1.9 - 3.8 113 0.004 g Creatinine 

T. protein 7.0 !!) lOO ml 5.8 5.2 5.6 - - - - -
Albumin - - - - - - - - - -
Glucose 36 m!!/loo ml 30 90 96 660 - 1320 180 1.32 g Glucose 

Calcium 10.4 mg/100 ml 8.7 8.0 8.6 - - - 147 - g CaCl2.2H20 
Magnesium 2.4 m;}loo ml 2 .o 0.97 1.0 - - - 246 - g MgS04. 7H20 
Phosphorus 6.7 m"i/loo ml 5.6 3.0 3.2 - - - 156 - g NaH2P04.2H20 

Bilirubin 0.3 mg/100 ml 0.25 1.5 1.6 14 - 28 585 0.028 g Bilirubin 
Uric acid <1.0 mgjloo ml <1.0 3.5 3.7 37 - 74 168 0.074 g Uric acid 
Cholesterol 143 m"i/loo ml 119 - - - - - - -
Iron 89 ).lg/100 ml 74 60 64 - - - 404 - mg Fe(N03)3.9H20 
IBC 486 J.l;j10o ml 405 - - - - - - -
Lithium 0 m;}loo ml 0 0.27 0.29 2.9 - 5.8 128 0.054 g Li2S04.H20 

Cortisol 0.11 ).lgjloo ml 0.092 10.0 10.7 106 - 212 362 0.21 mg Cortisol 
Thyroxine 7.8 J.l;jloo ml 6.5 - - - - - 889 - mg NaT4.SH20 
Digoxin 0 J.l;j lOO ml 0 0.078 0.083 0.83 - 1. 66 781 0.0017 mg "Lanoxin" 

ALP 60 u/litre 50 80 86 36 - 72 
J AST 80 u/li tre 67 60 64 - - -

ALT 40 u/litre 33 60 64 31 - 62 AS PREPARED 

AMS 65 u/ritre 54 200 214 160 - 320 
LDH 2000 u/litre 1670 - - - - - l GGT 17 u/li tre 14 -



I v. 
LOHbliD/HlGH PREPARATION 

(l) (2) (3) 

Initial 
Analyte 

value 
Units 

Sodium 142 meg/litre 
Potassium 5.3 mecL/ litre 
Chloride lOO mecV litre 

Bicarb. - militre 
Urea 24 m lOO ml 
Creatinine 1.1 mi/lOo ml 

T. protein 7 .o g/'100 ml 
Albumin - -
Glucose 36 mg/' lOO ml 

Calcium 10.4 mg/loo ml 
Magnesium 2.4 m;}lOo rnl 
Phosphorus 6.7 mi/loo ml 

Bilirubin 0.3 mg/loo ml 
Uric acid ~1.0 m&/lOo ml 
Cholesterol 143 mi/ lOO ml 

Iron 89 pg/100 ml 
IBC 486 pgjloo ml 
Lithium 0 mgj lOO rnl 

Cortisol 0.11 )lg/loo ml 
Thyroxine 7.8 pijlOo ml 
Digoxin 0 pgj lOO ml 

ALP 60 u/litre 
AST 80 u/li tre 
ALT 40 u/ litre 

AMS 65 u/litre 
LDH 2000 u/litre 
GGT 17 u/litre 

_l __ .. --·-- -- ----

TABLE 2b. CLINiCAL CHEMISTRY QUALITY CONTROL SERA 

Proximate adjustments in conventional units DATE DISPENSED: 

(4) (5) (6) (7) (8) (9) (10) 
( ll) ~---- -- ~- (12) --

I Corrected 
Adjusted I Req'd 

Req'd 
Addition addition Addition Mol. Value 

107 
/litre 20 /2 litres 

Net addition 
found value value x- wt. 

lOO 
X 23,6 

- 142 152 10 - 20 58.5 1.17 g NaCl 
- 5.3 5.7 0.4 - 0.8 74.5 0.06 g KCl 
- lOO - - - - - -

- 1. - - - - - - -
- 70 75 510 - 1020 60 1.02 g Urea 
-

j 
2.5 2.7 16 - 32 113 0.032 g Creatinine 

- 7 .o 7.5 - - - - -
- - - - - - - -
- 180 193 1570 - 3140 180 3.14 g Glucose 

- 10,0 10.7 3 - 6 147 0.022 g CaCl2.2H20 
- 2.0 2.14 - - - 246 - g Mgso4 • 7H20 
- 5,0 5.4 - - - 156 - g NaH2P04.2H20 

- 3.0 3.2 29 - 58 585 0.058 g Bilirubin 
- 6.5 7 .o 70 - 140 168 0.140 g Uric acid 
- 200 214 - - - - -

- 120 129 400 - 800 404 5.8 mg Fe(N03)3.9H20 
- - - - - - - - • 
- 0.55 0.59 5.9 - 11.8 128 0.109 g Li2so4 .H20 

- 20 21 210 - 420 362 0.42 mg Cortisol 
- 8 9 12 - 24 889 0.027 mg NaT4.5H20 
- 0.16 0.17 1.7 - 3.4 781 0.0034 mg "Lanoxin" 

- 150 160 lOO - 200 
- lOO 107 27 - 54 
- lOO 107 67 - 134 AS PREPARED 

- 300 321 256 - 512 
- - l - - I 

! 
"' r !lJ :P 
OQ l:d 
rt>~ 

0.. I-' I-' 

~ '-" ~ 
H 



J 
LOW/MID/HIGH PREPARATION 

(1) (2) (3) 

Initial 
Analyte Units 

value 

Sodium 142 meq/litre 
Potassium 5.3 mecflitre 
Chloride lOO mecl/litre 

Bicarb. - militre 
Urea 24 m lOO ml 
Creatinine 1.1 m?/loo ml 

T. protein 7 .o g/100 ml 
Albumin - -
Glucose 36 mg/100 ml 

Calcium 10.4 mg/100 ml 
Magnesium 2.4 m;iflOo ml 
Phosphorus 6.7 m&/100 ml 

Bilirubin 0.3 mg/100 ml 
Uric acid <l.O m;ifloo ml 
Cholesterol 143 m?/10o ml 

Iron 89 pg/10o ml 
IBC 486 pgj lOO ml 
Lithium 0 m?/loo ml 

Cortisol 0.11 )lg/_ lOO ml 
Thyroxine 7.8 )li/loo ml 
Digoxin 0 Jl;j lOO ml 

ALP 60 u/litre 
AST 80 u/litre 
ALT 40 u/li tre 

AMS 65 u/ litre 
LDH 2000 u/litre 
GGT 17 u/litre 
--~------~ 

L__ ______ _j_ __________ 

TABLE 2c. CLINICAL CHEMISTRY QUALITY CONTROL SERA 

Proximate adjustments in conventional units 

(4) (5) (6) en (8) (9) (10) 

Req'd 
Corrected 

Adjusted Req'd Addition addition Addition Mol. 
107 

/litre /2 litres value value x- 20 wt. 
lOO 

X 23.6 

168 156 169 - - - 58.5 
6.3 6.6 7.1 0.8 0.68 1.36 74.5 
118 125 134 16 13.6 - -
- - - - - - -

28 150 160 1320 1120 2240 60 
1.3 8.0 8.6 73 62 124 113 

8.3 8.2 8.8 - - - -
- - - - - - -

42 360 385 3430 2907 5814 180 

12.3 12.5 13.4 11 9.3 18.6 147 
2.8 5.0 5.4 26 22 44 246 
7.9 7.4 7.9 - - - 156 

0.4 6.0 6.4 60 51 102 585 
<1.0 10.0 10,7 107 91 182 168 

169 - - - - - -
105 200 214 1090 924 1828 404 
574 - - - - - -
0 1.1 1.2 12 10.2 20.4 128 

0.13 28 30 300 254 508 362 
9.2 12 .o 12.8 36 31 62 889 

0 0.23 0.25 2.5 2.1 4.2 781 

71 250 267 196 166 332 
94 200 214 120 102 204 
47 200 214 167 142 284 

77 800 856 I 779 660 1320 
2.360 - - I - - - I 

20 I 

1-------~------ '-------- ------ I -------

DATE DISPENSED: 

(11) 

Net addition 

- g NaCl 
0.10 g KCl 

-
" -

2.24 g Urea 
0.12 g Creatinine 

-
-

5.8 g Glucose 

0.068 g CaCl2.2H20 
0.43 g MgS04. 7H20 

- g NaH2P04.2H20 

0.10 g Bilirubin 
0.18 g Uric acid 

-
13.2 mg Fe(N03)3,9H20 

-
0.19 g Li2so4 .H20 

0.51 mg Cortisol 
0.071 mg NaT4.SH20 
0.0042 mg "Lanoxin" 

AS PREPARED 

(12) 

Value 
found 

I 

I I 

! 
'1j r-< 
OJ ~ 

()Q t;:l 
(1)'---._ 
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J TABLE 2a. CLINICAL CHEMISTRY QUALITY CONTROL SERA 

LOW/MID/HIGH PREPARATION 

(1) 

Analyte 

Sodium 
Potassium 
Chloride 

Bicarb. 
Urea 
Creatinine 

T-. protein 
Albumin 
Glucose 

Calcium 
Magnesium 
Phosphorus 

, Bilirubin 

I 
Uric acid 
Cholesterol 

Iron 
IBC 
Lithium 

Cortisol 
Thyroxine 
Digoxin 

ALP 
AST 
ALT 

_ill 

Initial 
value 

142 
5.3 
lOO 

4.0 
97 

70 

2.0 

2.6 
0.99 
2.2 

5.1 
<0.06 

3.7 

16 
87 
Cl 

3.0 
lOO 

0 

60 
80 
40 

Jll 

Units 

mmol/li tre 
I 

mmoljlitre 
mmol/ litre 

mmol/litre 
mmol/litre 
}!mol/ litre 

&flitre 
i/ litre 

mmol/ litre 

mmol/litre 
mmol/litre 
mmoi/ litre 

}lmo 1/li tre 
mmol/litre 
rmno 1/1 it re 

,umol/litre 
,umol/li tre 
mmo1/litre 

nmol/litre 
nmol/litre 
nmol/ litre 

( 4) 

Adjusted 
value 

118 
4.4 

3.3 
81 

5.8 

1.7 

2.2 
0.82 
1.8 

4,2. 
<0.05 

3.1 

13 
72 
0 

2..5 
83 
0 

u/1itre I so 
u/litre 67 
u/litre 33 

Proximate adjustments in SI units 

( 5) 

Req'd 
value 

125 
3.0 

6.0 
88 

5.2 

5.0 

2.0 
0.40 
1.0 

' 26 

I o._2l 

10.1 

0.39 

276 
70 
l.O 

80 
60 
60 

200 

(6) 

Req'd 
107 x-
100 

134 
3.2 

6.4 
95 

5.6 

5.3 

2.1 
0.43 
1.1 

28 
0.22 

10.8 

0.42 

295 
75 

1.1 

86 
64 
64 

214 

(7) 

Addition 
/litre 

16 

3.1 
14 

3.6 

24 
0.22 

Cl. 42 

293 

l.l 

36 

31 

160 

(8) 

Corrected 
addition 

20 
X 23.6 

(9) 

Addition 
/2 litres 

32 

6.2 
28 

7.2 

48 
0.44 

Cl .84 

586 

2.2 

72 

62 

320 

DATE DISPENSED: 

(10) _1U~ 

Mol. 
wt. 

Net addition 

58.5 
74.5 

1.9 g NaC1 
g KCl 

f) 

60 
113 

180 

147 
246 
156 

585 
168 

0.37 
0.003 

1.30 

0.028 
0.074 

g Urea 
g Creatinine 

g Glucose 

g CaC12.2H20 
g Mgso4 .7H2o 
g NaH2P04.2H20 

g Bilirubin 
g Uric acid 

404 I - mg Fe(NOJ)J.9H20 

128 1 o.os4 g Li 2so4.H2o 

362 I 0.21 mg Cortisol 
889 - mg NaT4. SH2CJ 
781 0.0017 mg "Lanoxin" 

AS PREPARED 

j_].2_2 

Value 
found 

~
MS _ _l 65 u/litre I 54 

LDH 2000 u/li tre 16 7 () I - I - I - I - I - ~ I ' I 

LGCT . 17 U/litre ' 14 j - I - , - - - _____ _j_ ____ _j ! 
'"d r 
ll> ~ 

()Q to 
(l> (1)~ 

(:L 1-' ...... 
>-· '4:) • 
;< +:-
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j 
LOW/MID/HIGH PREPARATION 

TABLE 2b. CLINICAL CHEMISTRY QUALITY CONTROL SERA 

DATE DISPENSED: Proximate adjustments in SI units 

(1) (2) (3) ( 4) (5) (6) {7) (8) (9) (10) (11) --T-(i2) 

Corrected ! 
Initial Adjusted Req'd 

Req'd 
Addition addition Addition Mol. I Value 

Analyte Units 107 
/litre /2 litres 

Net addition 
value value value x- 20 wt. found 

lOO 
X 23,6 

! 
'V r 
Ill J> 

()(/ t;t:1 
(D '~ 

aJ 
rv >-' .... 0 

~ .p.. 

H 
H 

Sodium 142 mmol/li tre - 142 152 10 - 20 58.5 1.17 g NaCl 
Potassium 5.3 mmol/litre - 5.3 5.7 0.4 - 0.8 74.5 0.06 g KCl 
Chloride lOO mmol/ litre - lOO - - - - - - -

Bicarb. - mmol/li tre - - - - - - - - -
Urea 4.0 mmol/litre - 11.6 12.4 8.4 - 16.8 60 1.01 g Urea 
Creatinine 97 )Jmol/litre - 221 236 139 - 2 78 113 0.031 g Creatinine 

T. protein 70 g/litre - 70 75 - - - - - -
Albumin - g/ litre - - - - - - - - -
Glucose 2.0 mmol/litre - 10.0 10.7 8.7 - 17.4 180 3.13 g Glucose 

Calcium 2.6 mmol/li tre - 2.50 2. 67 0.07 - 0.14 147 0.021 g CaCl2.2H20 
Magnesium 0.99 mmol/litre - 0.82 0.88 - - - 246 - g MgS04.1H20 
Phosphorus 2.2 mmol/litre - 1.6 1.7 - - - 156 - g NaH2P04.2H20 

Bilirubin 5.1 )Jmol/litre - 51 ss so - lOO 585 0.058 g Bilirubin 
Uric acid <0.06 mmol/litre - 0.39 0.41 0.41 - 0.82 168 0.14 g Uric acid 
Cholesterol 3.7 mmol/litre - 5.2 5.6 - - - - - -
Iron 16 .umol/li tre - 21.5 23.0 7 - 14 404 5.7 mg Fe(N03)3.9H20 
IBC 87 )Jmol/li tre - - - - - - - - -
Lithium 0 mmol/litre - 0.79 0.85 0.85 - 1. 70 128 0.109 g Li2S04.H20 

Cortisol 3.0 nmol/litre - 552 591 588 - 1176 362 0.43 mg Cortisol 
Thyroxine lOO nmol/litre - 103 110 10 - 20 889 0,022 mg NaT4 .sH20 
Digoxin 0 nmol/li tre - 2.0 2.14 2.14 - 4.3 781 0.0033 mg "Lanoxin" 

ALP 60 u/litre - 150 160 lOO -
) AST 80 u/litre - lOO 107 27 -

ALT 40 u/ litre - lOO 107 67 - AS PREPARED 

AMS 65 u/litre - 300 321 256 -
LDH 2000 u/litre - - - - - ) 
GGT 17 u/li tre - - - - -

-~ 



J 
LOW/MID/HIGH PREPARATION 

(I) (2) (3) 

Initial 
Analyte 

value 
Units 

Sodium 142 mmol/li tre 
Potassium 5.3 mmol/litre 
Chloride lOO mmol/ litre 

Bicarb. - mmol/litre 
Urea 4.0 mmol/litre 
Creatinine 97 )Jmo i/ litre 

T. protein 70 g/litre 
Albumin - i/ litre 
Glucose 2.0 mmor/ litre 

Calcium 2.6 mmol/litre 
Magnesium 0.99 mmol/litre 
Phosphorus 2.2 mmoi/ litre 

Bilirubin 5.1 pmol/li tre 
Uric acid <..0.06 mmol/litre 
Cholesterol 3.7 mmol/litre 

Iron 16 pmol/litre 
IBC 87 pmol/litre 
Lithium 0 mmol/litre 

Cortisol 3.0 nmol/litre 
Thyroxine lOO nmol/litre 
Digoxin 0 nmol/ litre 

ALP 60 u/li tre 
AST 80 u/litre 
ALT 40 u/litre 

AMS 

I 

65 u/litre 
LDH 2000 u/ litre 
GGT 17 u/ litre 

TABLE 2c. CLINICAL CHEMISTRY QUALITY CONTROL SERA 

Proximate adjustments in SI units 

( 4) (5) ( 6) (7) (8) (9) (10) 

Req'd Corrected 
Adjusted Req'd Addition addition Addition Mol. 

value value 107 
/litre 20 /2 litres x- wt. 

lOO 
X 23,6 

168 156 167 - - - 58.5 
6.3 6.6 7.1 0.8 0.68 l. 36 74.5 
118 - - - - - I -

- - - - - - -
4.7 25 27 22 19 38 60 
114 707 757 643 545 1090 113 

8.3 8.2 8.8 - - - -
- - - - - - -

2.4 20 21.4 19 16 32 180 

3.07 3.12 3.34 0.27 0.23 0.46 147 
1.17 2.05 2.19 1.02 0.86 l. 73 246 
2.6 2.4 2.6 - - - -

6.8 103 110 103 87 174 585 
<0.07 0.60 0.64 0.64 0.54 1.08 168 

- - - - - - -

19 36 39 20 17 34 404 
- - - - - - -
0 1.6 1.7 1.7 1.4 2.8 128 

3.6 773 825 821 696 1392 362 
118 154 165 47 40 80 889 

0 2.9 3.1 3.1 2.6 5.2 781 

71 250 267 196 166 332 
) 94 200 214 120 102 204 

47 zoo 214 167 142 286 

77 800 856 779 660 1320 
) 2.360 - - - - -

20 - - - - -

DATE DISPENSED: 

( ll) 

Net addition 

- g NaCl 
0.10 g KCl 

- -

- -
2.28 g Urea 
0.12 g Creatinine 

- -
- -

5.8 g Glucose 

0.068 g CaClz .2H2o 
0.43 g MgS04. 7Hz0 

- g NaH2P04.ZH20 

0.10 g Bilirubin 
0.18 g Uric acid 

- -

13.7 mg Fe(N03)3.9H20 
- -

0.18 g Li2S04.H20 

0.50 mg Cortisol 
0.071 mg NaT4.5H20 
0.0041 mg "Lanoxin" 

AS PREPARED 

( 12 2 

Value 
found 

I 
I 

I 

I 

-·- ! 
'1:l r 
~ 6; 
(D~ 

P: ::: ; 
-1>-

-i 
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APPENDIX Ill 

PREPARATION OF ENZYME CONCENTRATES 

This section gives a detailed description of the preparation of a number of enzyme 
concentrates from tissue sources which can be used to fortify batches of control serum. 

(i) ALKALINE PHOSPHATASE, ALP (EC 3.1.3.1) 

ALP is prepared from human placenta using a method based on the extraction procedure of 
Morton (1950). The placenta is homogenized using 2 ml water per g tissue, then n-butanol is 
added 1 ml per g tissue and stirred for about one hour. After centrifugation the aqueous 
layer is fractionated with acetone at 4oC, the precipitate formed between 33 and SO% (v/v) 
acetone is retained, dissolved in O.OlM tris-HCl buffer, pH 7.7 and dialysed overnight against 
the same buffer. The average yield is 52 units per g tissue and the ALP:AST ratio is greater 
than 57:1 and ALT activity is undetectable. 

This enzyme and all other enzyme preparations described below are distributed in small 
vials and stored at -20°C until required. The activity of each is measured by the difference 
before and after addition using a suitable dilution in serum (Table 3). Alkaline phosphatase 
prepared from bovine liver has an ALP:AST ratio of about 1:7. The tris-HCl buffer solution 
can be fractionated on a Sephadex G200 column (Fig. 3), but the yield is poor and the method 
time consuming. Human liver also contains an unacceptably high AST activity which 
necessitates a gel-filtration step. 

(ii) ALANINE AMINOTRANSFERASE, ALT (EC 2.6.2.2) 

ALT is prepared from human liver using a procedure based on the method published by 
Owen et al. (1974) for the extraction of ALT from dolphin muscle. Human liver, classified as 
normal by the pathologist, is homogenized in O.OSM tris-HCl buffer, pH 7.0 containing 10 mM 
2-mercaptoethanol and 10 mM EDTA, 3 ml buffer being used per g of tissue. After centrifuga
tion, the supernatant is placed in a water-bath at 60°C, brought to 52oC, then rapidly cooled 
in an ice-bath. The heat-treated sample is fractionated with ammonium sulfate at 4°C. The 
precipitate formed when 18 g ammonium sulfate are added per lOO ml extract is discarded. The 
next precipitate formed when a further 16 g ammonium sulfate per lOO ml are added contains most 
of the ALT activity and should be separated, dissolved in and dialysed overnight against 
O.OlSM tris-HCl buffer, pH 7.25, containing 2 mM EDTA and 10 mM 2-mercaptoethanol. The 
supernatant from this latter step is retained for AST preparation. The average yield is 
14 units per g tissue and the ALT:AST ratio 4.5:1. The ALP activity in this preparation is 
negligible. 

Ox, pig and horse livers do not yield satisfactory ALT preparations, the ratio of AST:ALT 
activity in the initial extract being very much greater, about 10:1 compared with 2:1 in human 
liver. 

(iii) ASPARTATE AMINOTRANSFERASE, AST (EC 2.6.1.1) 

AST may also be extracted from human liver by the above procedure. A further 14 g 
ammonium sulfate per lOO ml are added to the supernatant from the ALT preparation. The 
precipitate formed contains most of the AST activity. This precipitate is dissolved in and 
dialysed against O.OlSM tris buffer (ii) above, to remove ammonium sulfate and is then 
suitable for addition to quality control material. The average yield is 25 units per g 
tissue and the AST:ALT ratio 25:1. 

(iv) CREATINE KINASE, CK (EC 2.7.3.2) 

Fresh beef muscle is homogenized in O.OSM tris-HCl buffer, pH 7.0, containing 10 mM EDTA 
and 10 mM 2-mercaptoethanol, using 3 ml buffer per g tissue. The supernatant after centrifu
gation can be used without further purification to fortify quality control sera. The average 
yield is 270 units per g tissue and the CK:AST ratio is 8:1. 



Note:   The pages 23 and 24 are missing from the original document. 
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APPENDIX IV 

The principal features of a typical chamber freeze drier (capacity two litres of ice) are 
shown diagrammatically in Fig. 4. The main drying chamber has a heavy clear plastic dome lid 
into which is fitted a threaded compression rod controlled by an external handle. The samples 
are located in special carrier trays fitted with three pairs of springs arranged in such a way 
that the upper trays can be forced down by the compression rod at the completion of a run in 
order to force the slotted stoppers into position in the neck of the vial, thus allowing 
vacuum sealing or nitrogen filling of dried vials. 

During the actual drying process, water vapour passes from the main chamber and is 
condensed and frozen on the refrigerated coils of the cooling chamber. At the end of the 
primary drying, the vapours are channelled through the phosphorus pentoxide secondary drying 
chamber. On completion of the primary drying, a defrost switch "reverses" the refrigerator, 
heating the cooling coils and thawing the ice which was condensed, Eighty per cent. of the 
water from the samples is recovered at this stage through the drain cock from the cooling 
chamber. On the completion of each run a ballasting operation is performed to dry off the 
vacuum oil in the pump and improve its efficiency for the next run. 

Fig. 5 shows the vapour pressure of ice at low temperature and Fig. 6 a typical tempera
ture chart of the drying process. The vacuum pump, aided by the refrigeration process, must 
produce a pressure of less than 0.75 mrnHg (lOO Pascals) before evaporation and loss of latent 
heat will chill and maintain the samples in a frozen state. Fig. 6 shows the initial rise in 
temperature of the samples before this pressure has been attained, Only when a pressure of 
about 0.5 mrnHg (65 Pascals) has been established in the main chamber can the samples be safely 
left to dry. 

It has been found useful to prime the refrigeration system for five minutes prior to 
inserting the load, Failure to achieve the above conditions will result in thawing of the 
specimens with frothing and loss of the complete batch. 

It has been calculated that 2.5 x 106 joules of heat will require to be supplied from the 
atmosphere or other sources during the evaporation of one litre of water. The main chamber 
has a heating tape wound round it, which supplies 3 x 104 joules/hour and therefore accelerates 
the drying process. lOO x 50 ml vials or 160 x 10 ml vials can be processed per batch if 
vacuum sealing or nitrogen filling is not required. If special sealing is required, the load 
is reduced by 30%. Drying time depends upon the load and takes about 24 hours per litre. 

When drying is nearing completion, the temperature of the probe rises to room temperature, 
the vacuum falling to less than 0.3 mrnHg (40 Pascals). At this point secondary drying is 
instituted by arranging the valves as shown in Fig. 4 and continued until a vacuum of less 
than 0.04 mrnHg (5 Pascals) is achieved. 

A dark dust cover is placed over the plastic dome throughout the drying process to 
protect light-sensitive constituents. Cabinet-type driers operate on a similar principle. 

Some machines do not have facilities for secondary drying or vacuum sealing in which case 
the rubber caps are inserted into the vials immediately after the tray-load is removed from 
the drier. 
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FIG. 4 

DIAGRAM OF FREEZE DRIER 

I. Main drying chamber 
2. Plastic dome 
3. Compression rod 
4. Carrier trays with spnng loading 
5. Slotted rubber st~per 

6. Refrigerator 
7. Cooling coils 
8. Drain from cooling chamber 
o. Secondary dry1ng chamber 

10. Vacuum pumo 

Valve Control· 

Primary dryinq 
Secondary dryinq· 

A. Band D as sho.·m connected to pump. 
A, C anr D connectel1 to pump and B ooen 
to r1ralf" r1tmno 'r1efrosl' ooerat1on. 

Nitr<>Jen filling E. C af"''d A connected to drytnq chamber. 



FIG. 5. VAPOUR PRESSURE OF ICE 
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FIG. 6. TIME/ TEMPERATURE CHART AFTER INSERTION 
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SPECIAL PREPARATIONS 

In addition to the general purpose materials described above, special batches may be 
prepared to meet particular requirements. 

(i) Serum bicarbonate adjustment 

Bicarbonate levels in lyophilized sera are always low. Normal and elevated values can 
be obtained by reconstituting the serum in a solution of ammonium hydrogen carbonate or sodium 
bicarbonate. Ammonium salts can interfere with urea methods which employ urease. If sodium 
bicarbonate is used, allowance must be made in the calculations for the additional sodium 
which will be introduced. 

(ii) Cholesterol and triglyceride 

Lipoprotein concentrates can be prepared from ox serum by treatment with dextran sulfate 
and calcium chloride solution (Proksch et al., 1976) and used to fortify cholesterol and 
triglyceride levels of serum. 

(iii) Bilirubin standard sera: 10 mg per lOO ml (117 llmol per litre) 

Control sera with high assigned values of bilirubin are expensive. 
according to the following instructions. 

Sera can be prepared 

The bilirubin content of the serum pool is first measured. A volumetric flask is used to 
measure 500 ml of filtered serum. About half the serum is poured into a clean dry beaker from 
which 20 ml exactly is discarded. 

Fifty milligrams bilirubin, less the small correction for that already in the serum pool, 
are accurately weighed (section 5.2.1), rapidly dissolved in 10 ml O.lM sodium hydroxide and 
immediately mixed into the serum in the volumetric flask. The serum in the beaker is used to 
complete the transfer and 10 ml O.lM hydrochloric acid added to restore the pH of the serum to 
its original value. The sera are dispensed without further filtration. 

If it is intended to lyophilize these preparations, the calculated weight is multiplied 
by 1.07 to correct for the reconstitution dilution effect. 

In the lyophilized state these sera keep for several months when stored in the dark in a 
refrigerator. After reconstitution the serum can be diluted with saline to give a suitable 
range of values for calibration purposes. 

All sera intended for bilirubin estimation must be protected from light. 
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When serum is to be dispensed and stored in liquid form it is possible to increase the 
concentration of analytes by selective freezing and thawing (section 6.1). 

The process is illustrated in the following experiment. 

One litre of bovine serum in a plastic bottle was frozen solid, removed from the freezer 
and the bottle inverted over a funnel and measuring cylinder at room temperature (l8°C). 

One hundred millilitre aliquots of the effluent were collected over a period of 10 hours 
as the bulk of the frozen serum thawed and each aliquot was analysed on a Technicon SMA 12/60 
using appropriate dilutions in water to bring the concentration of each analyte within the 
working range of the instrument. 

Typical results for four analytes are shown in Table 4. The concentrations of sodium 
and total protein in aliquots Nos, 1-10 are graphed in Fig. 7. 

The fact that aliquot No. 1 is lower than No. 2 could be attributed to the "dew point" 
effect on removal of the container from the freezer and exposing it to the relatively humid 
atmosphere. 

By pooling aliquots Nos. 1-5 (500 ml) and mlxlng this with 2000 ml of the original serum, 
it can be shown by calculation and confirmed in practice that a sodium concentration of 
158 mmol/litre and a total protein concentration of 89 g per litre can be achieved, Such a 
composite mixture can serve as a base for "HIGH" preparations which are to be stored in a deep 
frozen state. 

After performing an analysis on the mixture (section 5) and entering these initial values 
in Appendix II, Table 2c, Column (2), the calculated additions are weighed out and added to the 
pool prior to filtration and dispensing, In this instance no corrections are applied in 
Column (6) or Column (8). 
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Sodium 
rruno 1/ litre 

Total protein 
gj litre 

Creatinine 
pmol/litre 

Iron 
pmol/ 1 i tre 

Average change 
in concentration 
over initial 
value 

TABLE 4. CONCENTRATION OF ANALYTES IN EFFLUENT 
DURING THAWING IN CRYOCENTRATION PROCEDURE 

Aliquot No. 

l 2 3 4 5 6 7 8 9 

242 254 244 202 170 144 88 42 26 

I 

136 144 142 116 96 84 56 32 20 

234 255 242 208 172 144 118 68 50 

I 

42 47 44 37 30 27 18 8 I 4 

l. 70 1.83 l. 7 5 1.46 1.21 1.05 0. 73 0.38 0.24 

Fig. 7 
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CONCENTRATION OF SODIUM AND TOTAL PROTEIN IN EFFLUENT 
DURING SELECTIVE THAWING OF FROZEN SERUM 

Initial 

10 
value 

4 142 

I I 
4 I 80 

I 
I i 

26 136 
' 

2 25 

0.09 l.OO 
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