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Summary: A study is described on the calibration of the Technicon SMAC for the determination of total
protein. Various results of external quality control programmes showed a bias between our value and the
mean mentioned in the survey report.
A difference of 4 g/I was found to exist between our calibration vsalue and the value mentioned by the manu-
facturer.
The question arises äs to which methodology should be chosen in solving the problems described in this
article.

Anwendung der Referenz-Methodologie: Bestimmung von Gesamt-Protein im Serum
Zusammenfassung: Eine Untersuchung über die Kalibrierung des Technicon SMAC für die Bestimmung von
Gesamt-Protein wird beschrieben. Verschiedene Ergebnisse externer Qualitätskontrollprogramme zeigten
eine Abweichung unseres Wertes vom im Ringversuchsbericht angegebenen Mittelwert.

Eine Differenz von 4 g/l bestand zwischen unserem Kalibrationswert und dem vom Hersteller angegebenen
Wert.
Es stellt sich die Frage, welche Methodologie zur Lösung der in diesem Beitrag beschriebenen Probleme
gewählt werden sollte.

Introduction

The use of quality cöiitfol Systems has become im-
portant in the performance öf elinical chemical ana-
lyses. This is the case in our labpratory where we
meet a daily workload in the, chemistry section of
about 500 blood specimeiis with an average request
of five tests per sample. Our quality control scheme
consists mainly of three parts.
1. The analyses of commercial control sera at two

levels a number of times per day depending on
the length of the series.

2. A retrospective System based on calcul'ations with
patient results (the average of normal methods)
(1)
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3. The participation in quality assurance programs
like the national external program (2), the
coupled external/internal program (3) and the
Technicon ILCS program (ILCS Stands for Inter-
national Laboratory Comparison Service).

All items are discussed regularly in the laboratory,
and very often results obtained recently are com-
pared with those found in preceding years.
A frequently recurring subject is the determination
of total proteins in serum. The precision of this de-
termination has improved since the introduction of
our quality control System described above. In the
first year (1973) we used a home-made analyser,
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then for seven years a Technicon SMA 12/60 system
and for the last two years a Technicon SMAC Sys-
tem.
In our experience this method is easy to control. Ne-
vertheless, most of the external program results
showed a high total protein value during the last two
years, the bias over the "grand value" ranging from
0 to about 8 g/l. We therefore decided to study this
discrepancy.

Two questions are of major importance:
1. What value should be used for the calibration of

our Technicon SMAC?
2. What is the use of external programs with regard

to our determination of total proteins in serum?

As a basis of this study we decided to apply the well
described method of Doumas et al, which is now
proposed äs candidate reference method. (4, 5).

Materials and Methods
The practical section can be divided into two parts i.e. Instrumen-
tation checks and chemical work.

With respect to the checks we used a SMAC, an Auto Analyzer II
and a Beckman spectrophotometer model 25 äs measuring devi-
ces. The instructions for achieving acceptable performance were
followed for each Instrument.

Extra attention was paid to the spectrophotometric readings. Fol-
lowing the recommendations of Rand (9) and Zijlstra (10) we
checked the wavelength setting with a holmium oxide filter and
the absorbance measurements with glass filters from the National
Bureau of Standards (SRM 930C) and with haemiglobin cyanide
solution (Dutch Institute of Public Health) for accuracy. Cobal-
tous ammonium sulphate hexahydrate Solutions were used (Brit-
ish Drug Houses) for linearity.

For the Technicon Instruments we used the reagents of the manu-
facturer äs described in the Product Labeling Technicon SMAC
System and in the Reference Methods book (AA II).

The manual reference method was performed äs described by
Doumas (4). In accordance with the instruction given in this
article we used a human albumin Standard. This Standard was
checked three times on three different days with the bovine al-
bumin solution from the National Bureau of Standards (SRM
927).

In all measurements done with the manual reference method we
checked the analytical work with two control serum specimens
(horse basis) obtained from the Dutch Institute of Public Health.
These sera also functioned äs a kind of secondary Standard, be-
cause they were analysed according to a fixed protocol by the
Dutch Standardization Committee. The methodology of all par-
ticipating laboratories (12 in total) is the same äs described above
(4).
A sample blank was determined in all samples and all methods.

Results

In a pilot study with ten patient samples a compari-
son was made between the manual reference method
and the SMAC calibrated at various levels between

66 and 74 g/l. In this comparison 72 g/l was found to
be probably a better value than 68 g/l äs quoted by
Technicon. We therefore started a larger correlation
study with more samples, extending over four days.

Figure l shows the data graphically.

30 40 50 60 70 80 90 100
Total protein (manual reference method) [g/l]

Fig. l. Split sample comparison between the SMAC (y^axis) and
the manual reference technique (x-axis). The straight line
represents the "ideal" correlatiori.

Linear regression equation:
y = 0.982 + 2.20
r = 0.99
n = 73

= 67 g/l, y = 67 g/l

Our value (72 g/l) assigned to the Technicon refer-
ence serum seemed to be the correct one äs judged
from this correlation study. At this point we were
anxious to know how other SMAC users in the Ne-
therlands worked with their Instrument. We there-
fore organized a survey with human serum samples
äs well äs commercial sera. Nine laboratories partici-
pated. In table l the results of this comparison are
given (single measurements).

From the results it is clear that the Variation ariiong
the participating laboratories is rather high. This
holds true for both the human and the commercial
serum samples. The Variation in the Technicon refer-
ence serum is interesting to note because it reflects
to a certain extent calibration elsewhere. This was
also confirmed in the attached questionnaife where
some colleagues mentioned the use of calibration da-
ta different from those which the Technicon Com-
pany had recommended. So the praetieal imforma-
tion from this survey for the solution öf our problem
was Jimited. Therefore we deeided to evaluate our
figure in more detail. We adopted two approaches:

J. Clin. Chem. Clin. Biochem. / Vol. 21, 1983 / No. 10



Blijenberg and Leijnse: Application of the reference method for serum total protein 603

Tab. 1. SMAC-survey total protein (9 participants)
AU results are expressed in g/l

Sample1)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

Reference
method2)

40
58
68
73
67
46
51
58
63
68
74
79
82
86
97

Highest
value

43
61
73
80
74
47
54
60
64
69
74
81
87
92

105

Lowest
value

38
56
68
74
67
43
49
55
59
64
69
74
78
79
92

Average3)

41
59
70
76
70
45
51
56
62
67
71
76
81
85
99

Tab. 2. Validations of some calibrators.

I. Methods
a. SMAC calibrated with human serum
b. AA II calibrated with human albumin
c. manual reference method (assigned values)

II. Calibrators
1. Technicon reference serum (bovine)
2. Serum A Dutch Institute of Public Health (equine)
3. Serum B Dutch Institute of Public Health (equine)
4. SRM-927 National Bureau of Standards (bovine)

Calibrator Method

a b c

1 72 71,5 68 (67)
2 71 70 68.3(68.6)
3 77 76 74.2(74.3)
4 76 74 70.5

') samples l—5 = commercial serum samples.
sample 5 = Technicon reference serum under study
samples 6—15 = patient serum samples

2) reference method = manual reference method (see Doumas)
3) average = average SMAC results

1. use of the SMAC with home-made calibrating
materials;

2. application of the "reference method" used by
Technicon to an Auto Analyzer II System (6).

For the SMAC procedure we used a pool of several
patient samples. This pool was divided into ten ali-
quots. Five aliquots were used for the estimation of
our own reference method value. This was done on
five consecutive days in duplicate by applying the
manual reference method.

The other five aliquots were used for cälibrating the
SMAC (results shown above). This was also döne in
duplicate during five consecutive days. The values
found for the Technicon calibration seram äs well
äs for the Public Health sera äre given in table 2.

The second calibration approach requires an album-
in Standard. We followed the instruction described
by Doumas. The Standard albumin solution prepared
was checked with the Standard Reference Material
927 frprri the National Bureau of Standards (bovine
albumin solution).
At the same time the spectrophotometer was
checked carefully äs described under Materials and
Methods. The Instrument was found to meet all re-
quirements. From all these measurements it was
clear that OUT own Standard human albumin solution
was correct so we were able to use it in the AAII
reference method. We followed the sarne protocol äs
with the SMAC measurements. The results are also
described in table 2.

All results are expressed in g/l
Determinations performed during five days in duplicate
Between brackets: results found by authors

Using the SMAC and the AAII we also analysed the
SRM 927 in duplicate (tab. 2).

Finally we repeated the analysis of nine serum sam-
ples that had been distributed in recent surveys of
the national external quality control program. The
SMAC was calibrated with our own value for the
Technicon reference serum (72 g/l) and the AAII
results were measured against our human albumin
Standard. Table 3 shpws the comparison between the
results of the manual reference method, our SMAC,
our AAII, the country mean (about 180 partici-
pants) and all continuous flow methods (about 40
participants).

Tab. 3. Comparison of SMAC and AA II results with survey re-
sults.
All results are expressed in g/l

Survey Reference SMAC2) AAIP) Country4) CFS5)
method1)

1
2
3
4
5
6
7
89I

73
68
66
48
50
65
64
84
62

78
75
72
51
51
70
69
91
66

77
74
72
51
53
69
67
89
67

73.6
70.3
68.4
50.2
51.7
69.5
65.3
85.3
65.0

73.3
71.5
68.5
49.4
50.6
68.9
65.5
84.9
64.3

J) reference method = manual reference method (see Doumas)
2) SMAC calibrated at 72 g/l (see Results)
3) AA II calibrated with human albumin
4) country = mean of all participants (about 180)
s) CFS = mean of participants using a continuous flow system

(about 40)

J. CKn. Chem. Cljm Biochem. / Vol. 21, 1983 / No. 10



604 Blijenberg and Leijnse: Application of the reference method for serum total protein

Discussion

With the data mentioned under Results, both ques-
tions asked in the Introduction can be answered.
However, when the study was completed we re-
ceived Information from our Technicon representa-
tive concerning a change in the protocpl of establish-
ing their calibration serum values. Up till the begin-
ning of the practical work described here we were
told that the validation procedure was äs described
in their handbook. Because of our criticism with re-
spect to this we developed our own approach. There^
fore we were glad to see that the new Technicon ap-
proach closely resembles our method, at least with
respect to the determinastion of total proteins. How-
ever, despite this close resemblance, there is one im-

, portant difference. In the new Technicon procedure
the calibration material is validated with the manual
reference method while our starting point is human
serum. Applying this method directly to the calibra-
tion serum, we found indeed about the same value
i.e., 67 g/l.

It is very clear from our study that the human serum
calibrator (a pool of patient samples calibrated with
the manual reference method) differs from the Tech-
nicon calibrator (bovine material calibrated with the
manual reference method).

The same Situation is met with regard to the sera
issued by the Dutch Institute of Public Health.

Considering the second question i. e. the value of ex-
ternal quality control programs, we have some
doubt, at least with respect to the determination of
total proteins. No Information concerning the accu-
racy can be obtained from the Dutch program äs can
be seen from table 3. Sometimes our value agrees
well with the country mean, sometimes it differs to a

certain extent. An important cause of this is, in our
opinion, the matrix of the various control materials.
In every survey a different serum pool is üsed (in
most cases of animal origin). The behaviour of these
sera is different in the various techniques. In fact we
have the same Situation in this stüdyf äs can be seen
from table 2. Furthermore we can confirm this phe-
nomenon in our laboratory when we compare the
values of control sera measüred with öur Technicon
SMAC äs well äs with our DuPont ACA. A better
Situation is met in the Technicon ILCS program al-
though little is kriown about the reagents used in the
various SMAC Systems (about 400) and about the
calibration procedufes applied.

Despite these critical remarks, it was the exteriial
program which led us to conduct this work. Without
this program the study described above would prob-
ably not have been performed.

In conclusiori we can say that this study has shown
that there is a need for Information concerning com-
mercially obtainable calibrators and control sera and
the validation of these materials. This need has also
been made very clear by the wörk of Robertson et al.
(7) and Miller (8).
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