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Summary: The director of a laboratory has to be sure to give out reliable results for routine tests on automatic
analysers regardless of the clinical context. However, he may find hyperbilirubinaemia in some circumstances,
parenteral nutrition causing turbidity in others, and haemolysis occurring if sampling is difficult. For this reason,
the Commission for Instrumentation of the Societe Frangaise de Biologie Clinique (SFBC) (president Alain Feuillu)
decided to look into "visible" interferences — bilirubin, haemolysis and turbidity — and their effect on 20 major
tests: 13 substrates/chemistries: albumin, calcium, cholesterol, creatinine, glucose, iron, magnesium, phosphorus,
total bilirubin, total proteins, triacylglycerols, uric acid, urea, and 7 enzymatic activities: alkaline phosphatase,
alanine aminotransferase, -amylase, aspartate aminotransferase, creatine kinase, -glutamyl transferase and lactate
dehydrogenase measured on 15 automatic analysers representative of those found on the French market (Astra 8,
AU 510, AU 5010, AU 5000, Chem 1, CX 7, Dax 72, Dimension, Ektachem, Hitachi 717, Hitachi 737, Hitachi 747,
Monarch, Open 30, Paramax, Wako 30 R) and to see how much they affect the accuracy of results under routine
conditions in the laboratory.

The study was carried out following the SFBC protocol for the validation of techniques using spiked plasma pools
with bilirubin, ditauro-bilirubin, haemoglobin (from haemolysate) and Intralipid™ (turbidity).

Overall, the following results were obtained: haemolysis affects tests the most often (34.5% of cases); total bilirubin
interferes in 21.7% of cases; direct bilirubin and turbidity seem to interfere less at around 17%. The different tests
are not affected to the same extent; enzyme activity is hardly affected at all; on the other hand certain major tests
are extremely sensitive, increasingly so as we go through the following: creatinine (interference of bilirubin),
triacylglycerols (interference of bilirubin and haemoglobin), glucose (interference of bilirubin), cholesterol (interfer-
ence of bilirubin), phosphorus (interference of bilirubin and haemoglobin), uric acid (interference of turbidity), iron
(interference of haemoglobin and turbidity), total proteins (interference of bilirubin, haemoglobin and turbidity) and
bilirubin (interference of haemoglobin and turbidity). Three categories of interferences can be found: interference
by addition, chemical interference and spectral interference, and the results show that not only the choice of a
method is important on the analyser, but also how this has been adapted.

By looking into these conditions carefully, it is sometimes possible to find a reason for the problem and thereby a
simple solution to correct it. If the different factors are defined with care in terms of the reaction, use of a sample
blank or not, choice of secondary wavelength etc., the influence of the interferences can be better kept under
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Tab. 17 Uric acid

Method group

Uncase/
catalase/
dehydrogenase

Uncase/
peroxidase

Uncase 293 nm

Uncase/
reflectometry

measurement.

Instrument

AU 5000 (2)
AU510(2)
Chem 1 (1)
Chem 1 (2)
CX 7 (1)·+***·* ι ν /

CX 7 (2)
Open 30 (1)
Open 30 (2)

AU 5010(1)
AU 510(1)
Dax72
Hitachi 717 (1)
Hitachi 717 (2)
Hitachi 737
Hitachi 747
Monarch (1)
Monarch (2)
Paramax (1)
Paramax (2)
Wako 30 R

Dimension (1)
Dimension (2)

Ektachem (1)
Ektachem (2)

Bilirubin

-22%
0
0
0
0
0
0
0

-11%
0

-34%
-41%
-29%
-20%
-30%

0
0

-17%
-12%

0

0
0

0
0

Ditauro-
bilirubin

0
0
0
0
0
/
0
0

-19%
-43%
-32%
-23%
-23%
-17%

1
-20%
-11%

0
0
/

/
0

0
0

Haemolysis

0
0

+13%
0

-11%
0
0

-11%

+42%
+47%
+31%
+15%

0
+36%
+18%
+58%
+27%
+16%
+29%

+215%

0
0

0
0

Turbidity

+72%
+22%
-61%?
-50%?
-15%?
-10%

0
0

0
0

+50%
0
0
0
0
0

-50%
+ 19%
+20%

0

/
0

0
0

Sample
blank

yes
yes'
yes
yes
yes
yes
yes
yes

yes
no
no
yes
no
yes
yes
no
no
no
no
no

yes
yes

/
/

Wavelength

main

340
340
340
340
340
340
340
340

570
570
524
505
505
570
505
550
550
525
525
546

293
293

/
/

side

380
380
/
/

380
380
/
/

750
800
604
700
/

660
/

690
690
630
630
700

700
700

/•*~
/

Italic numbers = significant interference (according to the norms) at the highest level of interference

Tab. 18 Oxidase/peroxidase methods — choice of main and side wavelengths.

Instrument

AU 5000 (2)
AU 5010(1)
AU 510(1)
AU510(2)
Chem 1 (1)
Chem 1 (2)
CX 7 (2)
Dax72
Hitachi 717 (1)
Hitachi 717 (2)
Hitachi 737
Hitachi 747
Monarch (1)
Monarch (2)
Open 30 (1)
Open 30 (2)
Paramax (1)
Paramax (2)
Wako 30 R

Glucose
wavelengths
(nm)

540/600
1
1

520
1
1
1

500/548
505/700
505
505/700
505
520
520/690

I
1
1
1

500/660

Cholesterol
wavelengths
(nm)

/
540/600
540/600
540/600
500
500
520/600
524/604

/
505
505/700
505
500/690
500/690
510
510
525/630
525/630
548/700

Triacylglycerols
wavelengths
(nm)

/
520/600
520/600
520/600

1
1

520/600
524/604

/
505
505/700
505
550/690
550/690

/
510

1
I

604/700

Uric acid
wavelengths
(nm)

/
570/750
570/800

/
/
/
/

524/604
505/700
505
570/660
505
550/690
550/690

//
/

525/630
525/030
546/700

Italic numbers ' significant interference (according to the norms) at the highest level of interference

4.3.2 The bilirubin case

In our study, this test was the most sensitive to interfer-
ence (tab. 19); the assay suffered interference in 50% of
cases (haemolysis: 68% - turbidity: 32%). Bilirubin is

apparently difficult to measure in a haemolysed speci-
men ... oThus blanking is needed (and is effective) to
prevent lipaemic interference but does not influence
haemolysis: using a blank producps a negative effect (bi-
lirubin degradation?) and without one, the interference
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Tab. 19 Bilirubin measurement.

Method group

Jendrassik
(benzoate caffeine)
neutral pH

as above alkaline pH

Jendrassik
(DMSO) neutral pH

Diphenyl diazonium

other diazo reagents

Reflectometry

Instrument

AU 5000 (2)
CX7(1)
CX 7 (2)
Dimension (1)
Dimension (2)
Hitachi 717 (2)
Hitachi 717(3)
Hitachi 737

Open 30(1)
Open 30 (2)

A 510(1)
AU 510 (2)
AU 5010(1)
Hitachi 717(1)
Hitachi 747

Chem 1 (1)
Chem 1 (2)
Dax72
Monarch (1)
Monarch (2)
Paramax (1)
Paramax (2)
Wako 30 R

Ektachem (1)
Ektachem (2)

Haemolysis

-60%
+47%
+33%

0
0

-49%
-50%
-19%

-19%
-30%

-43%
+55%

0
0

-78%

0
0

-36%
0
0

+ 75%
+20%

+543%

+37%
+34%

Turbidity

0
+31%
+ 19%

0
0
0
0
0
0
0
0
0
0

-30%
0
0
0

4-25%
+ 75%
+ 78%
+35%
+46%

+245%

0
0

Sample
Blank

yes?
no
no
yes?
yes?
yes
yes
yes
yes, 2 cuvettes
yes, 2 cuvettes

yes, 2 cuvettes
no
yes
yes
yes
yes
yes
yes, 2 cuvettes
no
no
no
no
?
/
/

No. of
reagents

2
2*
2*
2
2
2
2
2
1
1

1
1
2
2
2
2
2
1
2
2
1
1
2
/
/

Wavelengths
(nm)
main/side

540/600
560/600
560/600
540/700
540/700
546
546/660
546/660

550
550
540/600
540/600
540/600
570/660
546/660

550
550
548/628
550/620
550/620
550/630
550/630
604/700

/
/

DMSO = Dimethylsulphoxide
* the two reagents are added simultaneously
Values in italics = significant interference (according to the norms) at the highest level of interference

is positive; this is well illustrated by the results obtained
on the AU 510 working with single reagents: system (1)
uses a blank and has a negative interference; system (2)
has none and has a positive interference. The choice of
primary wavelength is also important: haemoglobin has
2 peaks at 540 and 575 nm, and 2 minimum absorbance
at 509 and 559 nm (fig. 5). This interference is also seen
on the Ektachem.

4.3.3 The case of iron measurement

Iron, in the present study, is very sensitive to interfer-
ence (tab. 20): results are affected in 23.4% of cases
overall (haemolysis: 64.6% - turbidity: 23.5%).

The interference caused by haemolysis is quite interest-
ing since one micromole of haemoglobin (monomer)
contains one micromole of iron. Thus, the final point of
addition at 240 μπιοΐ/ΐ of haemoglobin represents a large
increase in iron in the specimen which would appear to
make this test of no interest. However, for reasons we
are unable to understand, there is no interference ob-
served with certain reagents. In fact, this depends espe-
cially on the pH of the reaction medium and the de-

tergents used in the reagents: if the iron is not released
but interference still exists, this is probably optical, and
should not be seen if a sample blank is used; if the iron
is released, it would be "normal" to see an interference
of 1200%.

10.0 r

5.0

'S -5.0

I -10.0

-15.0
0.080 0.120 0.160 0.200 0.240

Turbidity,
0.000 0.040

Fig. 8 The interest of 2-cuvette blanking - e.g. interference of
turbidity on iron measurements on 2 AU 510 analysers using the
same method and the same reagents; the first one AU 510 (1)
works with a two cuvette blank, the second one AU 510 (2) with
a sequential addition of reagents.
-O- AU 510 (1); -o- AU 510 (2)
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Tab. 20 Iron measurement.

Method
0ΙΏ11Γ)glUU|J

Ferrozine

Ferene

Italic numbers :

Instrument

AU 510(1)
AU 510 (2)
CX 7 (2)
Hitachi 717(3)
Hitachi 747
Open 30 (2)
Paramax (1)
Paramax (2)
Wako 30 R

Chem 1 (1)
Chem 1 (2)
Dimension (1)
Dimension (2)
Hitachi 717 (2)
Hitachi 737
Monarch (1)

Bilirubin

0
0
0
0
0
0

+ 10%
+ 17%

0

0
+ 12%

0
0

+ 14%
0
0

Ditauro-
bilirubin

0
0
/
0
/
0
0

+ 14%
1

0
0
/
0
0
0
0

= significant interference (according to the norms)

Haemolysis

+81%
+64%
-50%
+94%
+ 13%

0
+62%
+49%

+295%

0
0

+ 187%
+ 750%
+ 740%
+77%

+737%

Turbidity

0
-100%?
-14%

0
>-100%

+ 17%
+9%

0
+ 73%

0
+ 75%

0
0

+ 74%
+ 73%

+247%

Sample
Blank

yes, 2 cuvettes
yes, sequential
yes
yes
yes
yes
yes
yes
yes

yes
yes
yes
yes
no
yes
no

Wavelengths
(nm)
main/side

570/660
570/660
560/700
570/700
570
550
550/630
550/630
572/700

600
600
600/700
600/700
600
580/600

at the highest level of interference

Tab. 21 Phosphorus measurement using phosphomolybdate methods, reading at
using a sample

Instrument

AU510(2)
CX7(1)
CX7(2) ,
Hitachi 717 (1)
Monarch (1)
Open 30 (1)
Open 30 (2)
Paramax (1)
Paramax (2)

AU 510(1)
AU 5000 (2)
AU 5010(1)
Chem 1 (1)
Chem 1 (2)
Dax72
Dimension (1)
Dimension (2)
Hitachi 717 (2)
Hitachi 737
Hitachi 747
Waki 30 R

blank adds.

Bilirubin

+ 14%
0
0

-57%
0

+ 12%
+ 17%

0
0

0
0
0
0
0
0

+42%
+44%

0
0
nv/
π\j

Ditauro-
bilirubin

+41%
+ 17%

1
0

+20%
4-25%
+2P%

0
0

+ 15%
0
0

+ 72%
0

+28%
1
0
0
0
//
//

Haemolysis

+58%
+29%
+40%

??
+24%
+37%
+37%
-77%
-20%

+ 16%
+21%
-17%

0
0

+77%
-77%
-78%

0
0

340 nm: what

Turbidity

+ 727%
+48%
+ 74%
+53%
+61%

+772%
+ 7*%

0
0

0
0
0
0
0
0
0
0
0
0
0
0

2-Reagent
system

no
no
no
no
no
no
no
no
no

no, 2 cuvettes
yesj w

yes
yesj w

yesj
yes
yes (3)
yes (3)
yes
yes
yes
yes

Side -·*-
wavelength
(nm)

no
600
520
405
520
no
no
405
405

380
380
380
no
no
548
383
383
no
660
no
660

Italic numbers = significant interference (according to the norms) at the highest level of interference

Looking at the turbidity effect, the results on the AU
510 show how the different types of blanking can affect
results (fig. 8): system (1) uses a true blank with 2 cu-
vettes and the same and read times; the interference due
to turbidity is kept under control. System (2) blanks se-
quentially: a first reading is taken after a set time and
reagent (2) is added, the reaction incubated and a second
reading is made; the results are too low as the reaction
medium clarifies over time.

4.3.4 The case of phosphorus

This test was found to be the second most sensitive in
our study (tab. 21): results are affected in 34.1% of cases
(haemolysis: 56.5% -* total bilirubin: 13% - ditauro-
bilirubin: 36.8% - turbidity: 30.4%). On most systems,
the same0 method was used: measurement of the phos^
phomolybdate formed in an acid medium at 340 nm.
However, this disguises many variations which are seen
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in the operating conditions: results greatly vary when a
single reagent is used; on the Hitachi 717, which uses
405 nm as secondary wavelength, all the interferences
have an effect, whereas on the Paramax, which uses the
same secondary wavelength, there is hardly no effect!
The reagent composition (concentrations, surfactants
and additives) certainly has something to do with this.

We were surprised to find that in 10 out of the 19 cases
(52.6%) where bilirubin and ditauro-bilirubin were
tested, ditauro-bilirubin interfered more than bilirubin
(positive interference). Since the reaction takes place un-
der extremely acidic conditions (pH < 1), not only does
the accuracy suffer (hydrolysis of organic phosphoric
esters), but, at this pH, the absorption spectra of the 2
bilirubin is altered as well (fig. 7).

"On the whole, it seems better to work under the
following conditions: use a 2-reagent system with a
sample blank either using 2 cuvettes or with sequential
addition; avoid using a secondary wavelength, or one as
neutral as possible (> 600 nm).

5 Conclusions

This study shows that results obtained from automated
systems may not always be accurate in the presence of
substances like haemoglobin or bilirubin or even when
the specimen is cloudy in sufficiently high concentra-
tions in the sample. We found that results were affected
in 22.5% of cases under these conditions. The risk of
interference is increased by the use of primary tubes
often covered by several labels preventing visual inspec-
tions of the serum or plasma.

These results confirm those of Click (5, 6) published in
the United States in 1986 on the automated systems on
the market at that time. It confirms the different publica-
tions and sessions at congresses, found in the literature,
which have discussed interference problems. They indi-
cate the same evolution that is seen in national and re-
gional control schemes for quality control (External
QC), whereby automation has improved precision con-
siderably, but not accuracy as can be seen in the disper-

,έίοη of the results obtained for the same test in all the
laboratories.
The instrument manufacturers do employ corrective de-
vices for interferences (blanking, bichromatic analysis).
Most of these systems suffer imperfections making these
corrections illusory. Available solutions however work.
A few automated systems use physical methods (diffu-
sion through a support material) to eliminate interfering
substances, which is satisfactory for both chemical and
spectral effects. On the other hand, progress in spectro-
photometric measurement should yield good results
even in the presence of coloured parasitic substances
through the use of diode arrays (which can read spectra
in a very short time) and computer software to treat the
data obtained. These could easily be incorporated into
the instruments (some already provide such equipment
but do not use all the wavelengths).
Results obtained for clinical chemistry analysers can be
improved in several ways: improve the preanalytic
phase, use sample blanks, get optical measurements (bi
or polychromatic procedures) under control. The
precision on the automated systems is good and well
mastered, much more so than the accuracy. This study
illustrates the problems involved in accuracy and correc-
tion of interferences, as the results are very hetero-
geneous. There is only one way to treat chemical inter-
ferences. Eliminate the interfering substance: e. g. biliru-
bin with bilirubin oxidase, vitamin C with ascorbic oxi-
dase.
Manufacturers try to satisfy their customers' needs, so
users of automated systems have an important role to
play. As soon as laboratory directors are convinced that
they need accurate results, which indeed can and should
improve, manufacturers will try to improve the auto-
mated systems. The choice of an automated system for
the laboratory is always a big investment and will affect
the quality of results. It should be as rigorous as possible
in terms of quality.
Without the collaboration of the laboratory directors to
carry out the tests along with the manufacturers' accep-
tance that their systems be tested, this study could not
have been attempted. Our thanks to all and everyone
concerned.

Bur J Clin Chem Clin Biochem 1995; 33 (No 1)



52 Grafmeyer et aL: Influence of bilirubin, haemolysis and turbidity

References
1. Vassault A, Grafmeyer D, and the members of the Commission 5. Click MR, Ryder KW, Jackson SA. Graphical comparisons of

"Validation de Techniques" of the SFBC. Protocole de valida- interferences in clinical chemistry instrumentation. Clin Chem
tion de techniques (document B). Ann Biol Clin 1986; 1986; 32:470-5.
44:716-8. 6. Glick MR, Ryder KW. Interferographs, a user's guide to inter^

2. Guder WG. Haemolysis as an influence and interference factor ferences in clinical chemistry instruments. Vol. 1. Indianapolis:
in clinical chemistry. J Clin Chem Clin Biochem 1986; Science Enterprises Inc., 1987. · »
24:125-6.

3. Sonntag O. Haemolysis as an interference factor in clinical D. Graftneyer
chemistry. J Clin Chem Clin Biochem 1986; 24:127-39. Höpital de la Croix-Rousse

4. Brady J, O'Leary N. Interference due to lipaemia in routine Laboratoire de Biochimie
photometric analysis - survey of an underrated problem. Ann F-69317 Lyon Cedex 04
Clin Biochem 1994; 31:281-8. France

Eur J Clin Chem Clin Biochem 1995; 33 (No 1)


