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Background: Although it is known that bilirubin is photo-sensitive, detailed effects of both temperature and
artificial light exposure on bilirubin stability in plasma have not been well investigated. We determined
the impact of temperature and artificial light on bilirubin stability in plasma.
Methods: Plasma total and direct bilirubin were analyzed using a diazo method. The aliquots of 38 samples
were stored at 3 °C and 22 °C with light protection for 2, 4, 8, and 24 h respectively before analysis. The
aliquots of 20 samples with normal bilirubin and additional 20 with elevated bilirubin were exposed to
artificial light for 2, 4, 8, 24, and 48 h at 22 °C, and total and direct bilirubin were measured. The differences
between the baselines and subsequent measurements were analyzed with analysis of variance.
Results: The baseline total bilirubin was 9.6±8.1 mg/dl (mean±SD) and the concentrations were 9.6±8.2,
9.0±7.4, 9.0±7.5, and 8.8±7.5 mg/dl at 3 °C and 9.5±8.1, 9.0±7.4, 9.6±8.1, and 9.5±8.0 mg/dl at

22 °C after 2, 4, 8, and 24 h (p>0.05, n=38). The baseline direct bilirubin was 1.3±1.2 mg/dl and the con-
centrations after 2, 4, 8, and 24 h were 1.4±1.2, 1.4±1.2, 1.5±1.2, and 1.3±1.1 mg/dl at 3 °C and 1.4±1.1,
1.3±1.1, 1.3±1.1, and 1.3±1.0 mg/dl at 22 °C (p>0.05, n=19). In samples with elevated bilirubin exposed
to light at 22 °C, the baseline total and direct bilirubin concentrations were 10.2±1.7 mg/dl and 5.0±
1.9 mg/dl, respectively. After 2, 4, 8, 24, and 48 h, total bilirubin concentrations were 10.1±1.8, 10.0±1.8,
10.0±1.8, 9.3±2.0 (p>0.05, n=20), and 8.4±2.3 (pb0.01, n=20) mg/dl and direct bilirubin concentra-
tions were 4.9±1.8, 4.9±1.9, 4.8±1.8, 4.2±1.6 (p>0.05, n=20), and 3.5±1.5 (pb0.01, n=20) mg/dl.
For samples with normal bilirubin levels under the same conditions, the average baseline total and direct
bilirubin concentrations were 0.7±0.1 mg/dl and below the lower limit of quantification (LLOQ), respec-
tively. After 2, 4, 8, 24, and 48 h, the average total bilirubin concentrations were 0.7±0.1, 0.6±0.1, 0.6±
0.1 (p>0.05, n=20), 0.5±0.1, and 0.4±0.1 mg/dl (pb0.01, n=20) and direct bilirubin concentrations
were still below LLOQ.
Conclusions: Bilirubin in plasma is stable in refrigerator or at room temperature without light exposure for
at least 24 h. In normal laboratory environment, a delay of up to 8 h in the measurement of bilirubin left
unprotected from light at room temperature does not significantly affect the results. Under these condi-
tions, the changes in bilirubin concentration are not clinically significant until 24 h (direct bilirubin) and
after 48 h (total bilirubin).
© 2011 Elsevier B.V. All rights reserved.
1. Introduction

Bilirubin is a metabolite of heme-containing proteins. Most of it
(80–85%) results from the degradation of heme within hemoglobin
molecules due to the breakdown of senescent erythrocytes, but it
can also come from the destruction of erythrocyte precursors in the
bone marrow, as well as from the metabolism of myoglobin and
some cytochromes [1]. Heme is metabolized by heme oxygenase
system to biliverdin and further processed by biliverdin reductase
to bilirubin. Unconjugated bilirubin is insoluble in water, and once
released in the vascular space, it will bind to plasma albumin with
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high affinity. The albumin-bound bilirubin is transported to the
hepatocytes, where it is mono- (15%) or di-esterified (~85%) with
glucuronic acid. The resulted conjugated bilirubin is water-soluble
and secreted through the biliary system.

Approximately 250–350 mg bilirubin is produced daily in normal
adults and the level of bilirubin is a reflection of hepatic and biliary
system functions, hemolytic disease, transfusion reaction as well as
inherited bilirubin metabolism disorders. Considering these clinical
implications of abnormal level of bilirubin, an accurate assessment
of bilirubin concentrations in blood is clinically important. Currently,
most clinical laboratories measure conjugated (direct) and total bili-
rubin using a spectrophotometric method based on the endpoint
diazo reaction. Other methods include enzymatic assay using biliru-
bin oxidase [2] and vanadate oxidation assay [3].

One of the factors that affect the accuracy of the test is the stability
of bilirubin in blood samples. It is well known that bilirubin is a
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Table 1
Effect of light exposure on bilirubin in specimens with normal bilirubin.

Light exposure time Total bilirubin

Mean±SD (mg/dl) Mean recovery±SD (%)

Baseline 0.7±0.1 100
2 h 0.7±0.1 95±13
4 h 0.6±0.1 90±13
8 h 0.6±0.1 86±13
24 h 0.5±0.1a 73±11
48 h 0.4±0.1a 61±9

a pb0.01.
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photosensitive substance, undergoing both photoisomerization and
photooxidation and the latter is much slower than the former [4].
To prevent these reactions, clinical laboratories generally protect
specimens for bilirubin tests from light exposure. However, the stabil-
ity of bilirubin in serum or plasma exposed to light was only partly
tested [5–10]. The influence of pre-centrifugation time and the influ-
ence of the storage temperature of whole blood, serum, and plasma
on the stability of different analytes, including bilirubin were assessed
[11,12]. Tanner et al. found that bilirubin was stable when stored at
15, 25 or 35 °C for up to 24 h prior to centrifugation [11]. Similarly,
the study of Boyanton et al. showed that both direct and total biliru-
bin were stable when plasma and serum samples were maintained in
the contact with blood cells at room temperature for up to 56 h [12].
However, present literature still offers limited information regarding
the stability of bilirubin in plasma samples with artificial light expo-
sure at room temperature in modern clinical laboratory environment.
It is recommended that serum or plasma be physically separated from
contact with cells within 2 h from the time of collection. Separated
serum or plasma should not remain at room temperature longer
than 8 h. If assays are not completed within 8 h, serum or plasma
should be stored at +2 °C to +8 °C [13]. Blood samples collected in
remote areas are sometimes assessed in central laboratories with
delay and exposed to light at various temperatures for different
periods of time during shipping and storage. In some laboratories,
samples for bilirubin measurement may be left on the bench without
light protection for some time before analysis. The aim of this study
is to determine the bilirubin stability in plasma samples exposed to
(i) room temperature at 22 °C and fridge temperature at 3 °C and
(ii) artificial light at room temperature for different periods of time
before the measurement takes place.

2. Materials and methods

2.1. Specimen collection and processing

Heparinized plasma samples obtained by venipuncture were used
for the study. The samples were selected from a pool of plasma spec-
imens that have been analyzed within 2 h after collection and then
the specimens were stored in a refrigerator at 3 °C without light ex-
posure for no more than 24 h. Thirty-eight plasma samples were
used to determine the influence of temperature on the stability of
bilirubin. After the measurement of the baseline, each sample was ali-
quoted into eight plastic tubes (250 μl each) and four of them were
stored at 3 °C, while the other four at 22 °C, all protected from light
exposure. Bilirubin was analyzed after 2, 4, 8, and 24 h respectively.
To study the impact of light exposure on the stability of bilirubin,
additional 20 samples with normal total bilirubin concentrations
and 20 samples with elevated total bilirubin levels were selected
from a pool of specimens already tested in the lab within 24 h. The
specimens were left in their original labeled tubes (BD Vacutainer,
PST Gel with lithium heparin (65 units), 3.5 ml, 13×100 mm, cat
#367961) (Franklin Lakes, NJ, USA), placed in a tube rack on a labora-
tory bench, equally and continuously exposed to the artificial light
normally permanently present in laboratory (mean lumens: 2660 lm;
color temperature: 4100 K; cool white plus, Product #: 272484, Philips)
for 2, 4, 8, 24, and 48 h at room temperature (22 °C) on the bench that
is 5 ft 5 in. below a light fixture, and total and direct bilirubin were
measured at specific intervals of time. They were tested in the manner
similar to the study of bilirubin stability stored at different tempera-
tures aforementioned.

2.2. Total and direct bilirubin measurement

Direct bilirubin in plasma was measured on a UniCel DxC 800
Chemistry Analyzer using a timed endpoint diazo method (Beckman
Coulter, Inc., Fullerton, CA). Total bilirubin was measured using the
same method in the presence of caffeine, benzoate, and acetate as
accelerators to form azobilirubin.

2.3. Statistical analysis

The differences between the baselines and all subsequent mea-
surements were analyzed with analysis of variance (ANOVA) with
a post hoc Dunnett's test and pb0.05 was considered statistically sig-
nificant. The allowable total error for bilirubin was b0.4 mg/dl or 20%
according to Clinical Laboratory Improvement Act criteria.

3. Results

3.1. Influence of temperature

The average baseline total bilirubin concentration was 9.6±
8.1 mg/dl (mean±SD) and the average concentrations after 2, 4, 8,
and 24 h were 9.6±8.2, 9.0±7.4, 9.0±7.5, and 8.8±7.5 mg/dl
with recoveries of 100±2, 100±3, 100±3, and 95±5% at 3 °C and
9.5±8.1, 9.0±7.4, 9.6±8.1, and 9.5±8.0 mg/dl with recoveries of
100±3, 100±3, 101±3, and 102±6% at 22 °C. There was no statis-
tically significant difference between any of the study groups and the
baseline (p>0.05, n=38) and the differences were within allowable
total error of bilirubin.

To determine the stability of direct bilirubin in plasma, we selected
19 samples and stored them at 3 °C and 22 °C. The average baseline di-
rect bilirubin concentration was 1.3±1.2 mg/dl (mean±SD) and the
average concentrations after 2, 4, 8, and 24 h were 1.4±1.2, 1.4±1.2,
1.5±1.2, and 1.3±1.1 mg/dl with recoveries of 105±15, 101±17,
102±18, and 98±17% at 3 °C and 1.4±1.1, 1.3±1.1, 1.3±1.1, and
1.3±1.0 mg/dl with recoveries of 103±14, 98±13, 103±13 and
100±23% at 22 °C. Similar to total bilirubin, there was no statistically
significant difference in direct bilirubin concentrations between any of
the study groups and the baseline (p>0.05, n=19) and the differences
were within allowable total error of bilirubin.

3.2. Influence of the light

Effects of the light on bilirubin in samples with normal and in-
creased bilirubin concentrations at room temperature (22 °C) were
shown in Tables 1 and 2. Statistical analysis showed that in the case
of samples with normal bilirubin levels exposed to the artificial light
in the laboratory, there were not significant changes in the total bili-
rubin concentration for at least 8 h (p>0.05, n=20). However, total
bilirubin levels decreased after 24 h of exposure (pb0.01), and there
was a further decrease when exposed to light for 48 h (Table 1).
Since direct bilirubin levels in majority of these samples were
b0.1 mg/dl, which is the lower limit of quantification of the assay,
they were not included in the statistical analysis. Samples with ele-
vated bilirubin showed a decrease in both total and direct bilirubin
levels only after 48 h exposure to light with a pb0.01 for both total
bilirubin and direct bilirubin. However, the average change in total
bilirubin was still within the allowable total error (20%) (Table 2).
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Table 2
Effect of light exposure on bilirubin in specimens with elevated bilirubin.

Light
exposure time

Total bilirubin Direct bilirubin

Mean±SD
(mg/dl)

Mean
recovery±SD (%)

Mean±SD
(mg/dl)

Mean
recovery±SD (%)

Baseline 10.2±1.7 100 5.0±1.9 100
2 h 10.1±1.8 99±2 4.9±1.8 98±2
4 h 10.0±1.8 98±3 4.9±1.9 98±2
8 h 10.0±1.8 99±2 4.8±1.8 96±2
24 h 9.3±2.0 91±7 4.2±1.6 83±6
48 h 8.4±2.3a 82±15 3.5±1.5a 69±11

a pb0.01.
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4. Discussion

The present study confirms previous findings that bilirubin in
blood sample without light exposure is relatively stable at various
temperatures. Tanner et al. found that bilirubin in whole blood was
stable at up to 35 °C for at least 24 h with a variation between
−1.0% and +6.8% [11]. Boyanton et al. reported that total and direct
bilirubin in serum and plasma were stable even over the 56-h period
at room temperature (25 °C) [12].

Previous experiments have shown that bilirubin is very sensitive
to phototransformation including both photoisomerization and pho-
tooxidation and the latter is much slower than the former [4]. It
was recommended that bilirubin measurement should be performed
immediately on drawing the specimen, or after keeping in a refriger-
ator for up to 2 h before examination [5]. Since then, almost all clini-
cal laboratories have been following this recommendation. However,
the conditions of O'Hagan's bilirubin light exposure experiment do
not exist in modern clinical chemistry laboratories. In O'Hagan's
study, a serum sample containing 9.0 mg/dl was left exposed to direct
sunlight for 1 h (from 2:45 P.M. to 3:45 P.M.) on a bright spring day
in Australia. It was found that the bilirubin concentration dropped
to 4.8 mg/dl [5]. In clinical laboratories, samples are unlikely to be
left out of the building without any protection, but it is possible that
specimens may be exposed to artificial light at room temperature
for various periods of time on lab benches. Our study demonstrates
that in plasma samples with elevated total bilirubin concentrations,
bilirubin is stable for at least 24 h without light protection at room
temperature in the laboratory. O'Hagan et al. did put a serum sample
on a shaded bench for 24 h and they found that the bilirubin level
dropped from 0.8 mg/dl to 0.25 mg/dl. However, they tested only
one sample and the concentration of bilirubin in that sample was
within normal reference interval. To determine if the discrepancy
between our and O'Hagan's results is due to different concentrations
of bilirubin in the samples, we used 20 plasma samples with normal
bilirubin concentrations to study bilirubin stability when exposed to
artificial light again. Our experiment showed that both total and
direct bilirubin levels did not change significantly with an average
recovery of 86% for at least 8 h on the top of the bench at room tem-
perature. In opposition to the previous observation, total bilirubin
dropped only 0.2 mg/dl and 0.3 mg/dl, respectively from the baseline
after 24 and 48 h light exposure (Table 1), while the allowable total
error for total bilirubin is 0.4 mg/dl or 20% according to CLIA criteria.
The discrepancy could be due to different sample containers used
in our and O'Hagan's studies. In our study, we used labeled plastic
Vacutainer tubes with plasma separator gel.

A more recent study, published by Rehak et al., recommends that
exposure of specimens to light should be limited to b2 h, as the losses
of bilirubin are far greater that 20% [10]. In this study, however, the
selected serum specimens were individually aliquoted into plastic
tubes and exposed to fluorescent lighting at ambient temperature.
In the case of our study, the specimens were left in the capped origi-
nal plastic Vacutainer tubes with plasma separator gel and printed
identification label covering more than 2/3 area of the tube and
placed in a tube rack on the laboratory bench with exposure to nor-
mal laboratory lighting. This reflects the usual laboratory practice, as
in the case that the testing process is delayed and the specimens are
not aliquoted, but left in their original tube on the laboratory bench.
So the different bilirubin stability between our study and Rehak's
may be due to different specimen tubes, the process of sample han-
dling, and partial protection from light exposure provided by the
label and the cap. In addition, as pointed out by McDonagh, different
light sources with identical illuminances in footcandles but different
spectral emissions might have quite different effects on the photo-
chemistry of bilirubin. “Daylight” fluorescent light sources with high
illuminance in footcandles but low spectral irradiance in the region
of the bilirubin absorption band will degrade bilirubin much more
slowly than fluorescent lights with high output in the region of the
absorption band yet much lower illuminance in footcandles [4].
Therefore, possible difference in laboratory lighting between our
and Rehak's laboratories might also contribute to the discrepancy
between the present and Rehak's study. Clinical laboratories should
evaluate bilirubin stability based on their own unique specimen
tubes and laboratory lighting.

Previous studies have shown that direct bilirubin undergoes
isomerization and hydrolysis of glucuronic acid esters of bilirubin
which could artifactually inflate the proportion of unconjugated bili-
rubin present [4]. Indeed, we found that direct bilirubin was more
sensitive to light exposure at room temperature than total bilirubin
with differences in an average recovery of 8% at 24 h and 13% at
48 h (Table 2). On the other hand, prolonged exposure to light causes
photoisomerization, increasing direct-reacting bilirubin in bilirubin
[14]. Also, δ-bilirubin, which is covalently linked to albumin, can
directly react with diazo reagent. In addition, use of wetting agents or
incorrect pHbuffersmay increase the amount of unconjugated bilirubin
measured as direct bilirubin [15].

In conclusion, the present study demonstrates that bilirubin is
stable at room temperature or in refrigerator with light protection
for at least 24 h, which is consistent with previous observations. Our
data suggest that in normal laboratory conditions, a delay of up to
8 h in the assessment of bilirubin in plasma samples does not signifi-
cantly affect the accuracy of results, even if the samples are exposed
to artificial light at room temperature. Under these conditions, the
changes in bilirubin concentration are not clinically significant even
until 24 h (direct bilirubin) and after 48 h (total bilirubin), although
they are statistically different.
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