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Effect of High Atmospheric Carbon Dioxide Concentrations
on the Serum Total Carbon Dioxide Measurement

Jirapa Kerdmongkol, BSc?, Pornpen Srisawasdi, PhD?, Nalinee Kumproa, BSc?, Sirirat Promnuch, BSc?,
Somlak Vanavanan, MSc', Apirom Vongsakulyanon, MD*

! Department of Pathology, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

Background: Serum total carbon dioxide (TCO;) measurements are easily affected by numerous factors. Whether an irregularly
high atmospheric CO, concentration affects the TCO, measurement remains unclear.

Materials and Methods: In Somdech Phra Debaratana Medical Center laboratory (SDMC) and the main building laboratory
(Building 1) located within Ramathibodi Hospital, Mahidol University, Bangkok, Thailand, the repeated TCO, measurements
using an enzymatic assay in three levels of human based control material were performed every two hours, over a one-day
period. TCO; in a total of 150 patient sera were measured. Simultaneously, atmospheric CO, levels were determined.

Results: Atmospheric CO; levels in SDMC and Building 1, ranged from 763 to 1,560 ppm and 602 to 787 ppm, respectively.
Repeated TCO, measurements for SDMC, the measured TCO, concentrations of all control materials clearly increased between
10:00 a.m. and 4:00 p.m., with the peak at 2:00 p.m., which was related to an increase in the atmospheric CO, concentration. By
contrast, in Building 1, the measurements were considerably stable. Moreover, considering patient data (n=12,042), the estimate
median TCO, concentration in SDMC was likely to increase between 10:00 a.m. to 4:00 p.m. as well. The association between
the bias (y), difference TCO, concentration obtained between the SDMC and the Building 1, and the increasing atmospheric
CO, (x) was y = 0.0038x - 0.016, R?=0.6813. Using regression equations, TCO, level increased by approximately 0.4 mmol/L
for every 100 ppm of CO, increase in atmosphere.

Conclusion: High atmospheric CO, concentrations can result in falsely high TCO, values, which may lead to markedly wrong
interpretations, especially in patients with a tendency to have low TCO, concentrations.
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In clinical practice, serum total carbon dioxide
(TCO3) is used as a marker to detect respiratory
acidosis, respiratory alkalosis, metabolic acidosis,
and metabolic alkalosis, especially, the acid-
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base derangement in chronic kidney disease!!.
Serum TCO: measurements are easily affected by
numerous factors, including instrument, reagents,
and environment variables®. Typically, falsely low
levels of TCO- can be found in routine analysis when
a sample is exposed to air, because air causes the loss
of CO2. Exposure to air can result in a loss of TCO2
of up to 4 to 6 mmol/L in an hour™>.

Because of human activities, the atmospheric
concentration of CO:, a greenhouse gas, have been
rising extensively since the Industrial Revolution®.
Although living things emit CO: when they breathe,
CO: is widely considered to be a pollutant when
associated with cars, planes, power plants, and other
human activities that involve the burning of fossil
fuels, such as gasoline and natural gas. However,
little is known regarding whether an irregularly high
CO2 concentration in the atmosphere can affect the
TCO: measurement.
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Materials and Methods
Core laboratories in university hospital

In the Faculty of Medicine, Ramathibodi
Hospital, Mahidol University, Bangkok, Thailand,
there are two main laboratories, Somdech Phra
Debaratana Medical Center (SDMC) laboratory and
the main building laboratory (Building 1), which are
approximately 600 meters apart. To assure the same
quality, the testing process used in the SDMC was the
same as that used in Building 1, including the use of
instrumentation, reagents and supplies, middleware,
and quality management system. Both laboratories
comply with the regulatory requirements of the
International Organization for Standardization (ISO)
15189. Eventually, in 2016 to 2017, both laboratories
implemented the Six Sigma technique for evaluating
the quality of laboratory results by participating in the
Westgard Sigma Verification of Performance Program®.

The study protocol was approved by the Ethics
Committee of the Faculty of Medicine, Ramathibodi
Hospital, Mahidol University, Bangkok, Thailand
(MURA2018/969).

Determination of CO,

In both Building 1 and SDMC laboratories, TCO-
was measured using an enzymatic assay (Abbott
Laboratories, IL, USA). Atmospheric CO:2 was
measured using a TSI Quest™ EVM Environmental
Monitor (TSI Incorporated, Minnesota USA). The
within-laboratory imprecision for TCO: determination
was determined according to the Clinical and
Laboratory Standards Institute EPOSA3: Evaluation of
Precision of Quantitative Measurement Procedures®.

The present study was performed between
February 2019 and April 2019. The researchers used
two types of samples to study the effects of atmospheric
CO:2 concentration on the TCO. measurement,
the quality control materials from human serum
(Technopath Clinical Diagnostics, Tipperary, Ireland)
and the individual patient specimens. One hundred
fifty patients’ sera (TCO: ranging from 12.8 to 32.0
mmol/L) with a usual mix of diseases and without
any consideration to diagnosis were collected from
the SDMC laboratory. Each aliquoted sample was
transferred directly to Building 1 laboratory via the
Tempus 600 tube transport system (TimedicoA/S,
Bording, Denmark), which sent sample tubes to the
Building 1 laboratory (600 meters from the SDMC
laboratory) within 60 seconds. Immediately after the
sample arrived to Building 1 laboratory, the TCO:
concentration and the atmospheric CO: level were
measured in parallel between both laboratories.
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Statistical analysis

Correlation between the difference of TCO:
concentration and the atmospheric CO: concentration
was analyzed using simple linear regression analysis.
Outcome was considered statistically significant when
the p-value was less than 0.05. Statistical analysis was
carried out using the SPSS Statistics for Windows,
version 15.0 (SPSS Inc., Chicago, IL, USA).

Results

Atmospheric CO: concentrations in the SDMC
and the Building 1 laboratories ranged from 763
to 1,560 ppm and 602 to 787 ppm, respectively.
The coefficient of variation for within-laboratory
imprecision of TCO- determination in the SDMC
(ranging from 5.33% to 5.70%) was higher than that
in Building 1 (ranging from 3.14% to 4.35%).

To investigate the effect of atmospheric CO: on
the TCO: measurement, the researchers conducted
repeated measurements of TCO-, with five replicates
per run, every two hours over a one-day period, in
three different levels of quality control materials from
human serum. Simultaneously, in both the SDMC
and Building 1, the levels of atmospheric CO- were
determined. Figure 1 shows the observed TCO:
concentration over a one-day period in the SDMC
(Figure 1A) and in Building 1 (Figure 1B). In the
SDMC, the measured TCO: concentrations of all
quality control materials clearly increased between
10:00 a.m. and 4:00 p.m., with the peak at 2:00 p.m.,
which was related to an increase in the atmospheric
CO: concentration. The researchers observed that
the overall effect of atmospheric CO2 on TCO: was
not dependent on the analyte concentration. By
contrast, in Building 1, not only the measured TCO-
concentration of each control material but also the
atmospheric CO: concentration at any time was
considerably stable.

In addition, the researchers assessed the actual
patient results of TCO2 measured by SDMC
(n=12,042) during March 2019 as tabulated in
Table 1. It was found that a shift in median of TCO2
concentrations also occurred between 10 a.m. and
6 p.m.

By using patient sera (n=150), the bias (difference
TCO: concentration obtained between the SDMC and
the Building 1) versus the increasing atmospheric CO-
concentration is shown in Figure 2. The association
between the bias of the TCO: concentration (y) and
the increasing atmospheric CO: (x) was y = 0.0038x
— 0.016, R>=0.6813, p<0.001. Using regression
equations, the researchers estimated the TCO:
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Table 1. The actual patient results of TCO, obtained from SDMC laboratory during March 2019 (n=12,042)

Time interval

Number of samples

Serum total carbon dioxide (mmol/L)

Range Median
2:00 a.m. to 6:00 p.m. 510 10.7 to 33.2 22.0
6:00 a.m. to 10:00 a.m. 6,678 10.2 to 33.9 24.2
10:00 a.m. to 2:00 p.m. 3,473 11.1to0 36.8 25.8
2:00 p.m. to 6:00 p.m. 1,069 11.5 to 35.5 25.7
6:00 p.m. to 10:00 p.m. 244 12.5t032.8 23.7
10:00 p.m. to 2:00 a.m. 68 11.3to0 31.2 21.3
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Figure 1. Measuring TCO, concentrations in samples and
atmospheric CO, throughout the day from SDMC (A) and
Building 1 (B) laboratories.

concentration increased by approximately 0.4 mmol/L
for every 100 ppm of CO2 increase in the atmosphere.

Discussion

TCO: measurements are easily affected by
numerous factors. The exposure of a sample to air
causes loss of COz, thus, the measurement procedure
must be rapidly and carefully performed. However, the
present study results indicated that an irregular high
atmospheric CO: concentration can result in falsely
high values of TCO: in patient samples. Therefore,
atmospheric CO: is an important environmental
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Figure 2. Bias plot of TCO, concentration obtained be-

tween the SDMC and the Building 1 versus the increasing
atmospheric CO, concentration.

factor resulting in variability in the measurement
of total amount of CO: in serum. The present study
result was in line with the researchers’ previously
study®, which demonstrated that the irregular high
atmospheric CO-, especially in daytime, was not
only altering the systematic error or bias of the TCO2
measurement procedure, but also altering the random
error or imprecision of the measurement procedure.

The CO: in blood has three main components,
bicarbonate anion (HCOs-), gaseous dissolved
carbon dioxide (dCO-), and carbonic acid (H2CO:s).
It comprises of bicarbonate 95%, followed by 5% of
dCO: and H2CO:s. At equilibrium, the amount of dCO-
can be estimated by multiplying the partial pressure
of CO: (pCO2) by the solubility coefficient of CO2
(dCO: = pCO2xCO: solubility coefficient)'?. Since
arterial pCO:z and CO: solubility coefficient at pH
of 7.4 and body temperature are approximately 40
mmHg and 0.0308 mmol/L/mmHg, respectively, the
concentration of dCO: is around 1.2 mmol/L. This
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corresponds to 20-fold lower than the concentration
of HCO:s-, where the normal range in arterial blood as
21 to 27 mmol/L"?. Because the ambient air contains
less CO: than blood, there is a tendency for dCO: to
be lost from the specimen into the atmosphere.

The atmospheric pressure is 760 mmHg,
which is simply the sum of the partial pressures
of each constituent gas. The air comprises
approximately 0.03% of CO-, therefore, is the pCO-
is (0.03x760)/100=0.23 mmHg. In the SDMC,
atmospheric CO: increased almost to 1,600 ppm
(0.15%) in the afternoon, thereby, the pCO: in the air
was (0.15%760)/100=1.22 mmHg, which increases
5-times, approximately. Based on the limited
information available in the literature, the underling
mechanisms to explain the irregular atmosphere CO-
in the SDMC, which is more diffusion and solubility
in the plasma or serum samples, is not clear. However,
the researchers believe that it may be related to the
pCO: between air and sample and the dCO: level in the
sample as well as the environmental factors. Based on
several sources'?, the pCO: in venous blood ranging
from 40 to 50 mmHg is higher than in the arterial
blood (35 to 45 mmHg), but this pressure in plasma or
serum fraction is not known. In a pre-analytical phase,
the samples are not handled anaerobically during
processing of the centrifuged and aliquoted plasma or
serum fraction. Consequently, dissolved dCO:s is lost
to the atmosphere, which would result in a decrease
0of dCO: in the samples by a half compared to whole
blood (0.76 mmol/L vs. 1.4 mmol/L)'D. As known,
the solubility coefficient of COs: is not constant and
increases as the temperature falls'?. This coefficient
at room temperature would increase when compared
to that at body temperature. Due to the decrease in
dCO: and the increase in CO: solubility coefficient,
one can imply that the plasma or serum pCO: would
be much lower. In an analytical process, preservation
of anaerobic condition is not practical when the time
plasma is placed on an instrument and the time it
takes to sample. Taking together, it is possible that
the irregular atmosphere CO: in the SDMC may be
more diffusion and solubility in the plasma or serum
samples.

The CO: continues to pile up in the atmosphere,
which is a global environmental problem. According
to the data from the National Oceanic and Atmospheric
Administration (Earth System Research Laboratory,
US Department of Commerce), the atmospheric CO:
concentration globally averaged over the marine
surface sites was 395 ppm in 2015 and will be 410
ppm in 2019%%. Bangkok, Thailand is one of the
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largest and dense cities in the world. Traffic is heavy
throughout the day and usually heavier around a
few roads and intersections. The SDMC building is
located at a busy intersection, which is one of the
areas with heavy traffic. Moreover, many patients,
approximately 5,000 outpatients per day, are present
in the building, resulting in the release of more CO2
into the building’s atmosphere. Any irregularly high
CO:2 in the atmosphere may dissolve in the sample,
leading to falsely high values. The present study
results demonstrated that the TCO: concentration
increases by approximately 0.4 mmol/L for every
100 ppm of CO:2 increase in the atmosphere. Falsely
elevating serum bicarbonate and producing a spurious
reduction in serum anion gap may lead to wrong
interpretations, especially in patients with a tendency
to have low TCOx: concentrations, such as those with
kidney disease!'¥, diabetes ketoacidosis!'?, respiratory
alkalosis®, and metabolic acidosis'”. Because
pollutants in the air are not always visible and the
source of pollutants can be different®, laboratory
buildings near busy roads in large and dense cities
worldwide should be concerned about the effect of
unexpected high atmospheric CO: concentrations on
test measurements.

The environment of a large building structure
cannot be easily corrected. An irregularly high
atmospheric CO: concentration, especially in daytime,
can alter both systematic and random errors of the
measurement procedure. To prevent erroneous results
from being reported, a more stringent quality control
strategy should be applied to this measurement
procedure. Thus, the more likely the result can
cause severe harm to the patient, the more frequent
the quality control events should be scheduled”'®.
Because of the considerable effect of atmospheric
CO:2 on the bias of the measurement procedure,
standardization curves should be frequently checked.

Conclusion

A high atmospheric CO: concentration can result
in falsely high TCO: values. The TCO: concentration
increases by approximately 0.4 mmol/L for every
100 ppm of CO2 increase in the atmosphere. The
falsely high TCO: values lead to markedly wrong
interpretations, especially in patients with a tendency
to have low TCO: concentrations. Because CO:
continues to build-up in the atmosphere and the
air pollutants are not always visible, laboratory
buildings in large and dense cities worldwide
should be concerned about the effect of unexpected
high atmospheric CO: concentrations on test
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measurements.

What is already known on this topic?

Serum TCO: measurements are easily affected
by numerous factors such as environment variables.
Greenhouse gases have been rising extensively
since the Industrial Revolution. Little is known
regarding whether an irregularly high atmospheric
CO: concentration can affect the TCO2 measurement.

What this study adds?

Any irregularly high CO: in the atmosphere may
dissolve in the blood sample, leading to falsely high
levels of TCO:. For every 100 ppm of CO: increase in
the atmosphere, the TCO: concentration increases by
approximately 0.4 mmol/L, which may lead to wrong
interpretations, especially in patients with a tendency
to have low TCO- values, such as those with kidney
disease, diabetes ketoacidosis, respiratory alkalosis,
and metabolic acidosis.
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