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Abstract

Evaporation is a critical factor that can influence the accuracy and reliability of serum electrolyte
measurements. This systematic review aims to assess the impact of evaporation on serum electrolyte levels and
its implications for clinical and laboratory practices. We analyzed studies that investigated the effects of
evaporation on various electrolytes, including sodium, potassium, chloride, and bicarbonate. The review
highlights the mechanisms by which evaporation affects electrolyte concentrations, evaluates different
strategies to mitigate these effects, and provides recommendations for best practices in serum electrolyte
analysis.
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Introduction
Accurate measurement of serum electrolytes is essential for diagnosing and managing various medical
conditions. However, the reliability of these measurements can be compromised by factors such as evaporation,
which can alter electrolyte concentrations in serum samples. This systematic review examines the influence of
evaporation on serum electrolyte levels, evaluates existing evidence, and offers guidance for mitigating its
1mpact.

Methods
Search Strategy
A comprehensive literature search was conducted across multiple databases, including PubMed,
Scopus, Web of Science, and Google Scholar. The search terms included "evaporation," "serum electrolytes,"
"sodium," "potassium," "chloride," "bicarbonate," and "electrolyte measurement." The search was limited to
studies published in English between 2000 and 2023.

Inclusion Criteria

Studies were included if they:

Examined the effect of evaporation on serum electrolyte levels.

Provided quantitative data on electrolyte concentrations before and after evaporation.
Were peer-reviewed and published in reputable journals.

Exclusion Criteria

Studies were excluded if they:

Focused on other factors affecting electrolyte levels not related to evaporation.
Were not empirical or did not provide quantitative results.

Data Extraction and Quality Assessment

Data on study design, sample characteristics, methodology, and results were extracted. The quality of
included studies was assessed using the Newcastle-Ottawa Scale for observational studies and the Cochrane
Risk of Bias Tool for randomized controlled trials.

Results
Overview of Included Studies
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A total of 15 studies met the inclusion criteria. These studies varied in design, with some focusing on
experimental setups where serum samples were subjected to controlled evaporation conditions, while others
investigated natural evaporation effects in clinical settings.

Effects of Evaporation on Electrolyte Levels

* Sodium: Evaporation typically leads to an increase in sodium concentration in serum samples. Studies
consistently reported elevated sodium levels due to the loss of water, which concentrates sodium in the
remaining serum [1-3].

¢ Potassium: The effect of evaporation on potassium levels is less consistent. Some studies indicated a slight
increase in potassium concentration, while others found no significant change [4,5]. This variability may be
attributed to potassium’s interaction with cellular components and its lower tendency to accumulate compared
to sodium.

¢ Chloride: Chloride levels generally increase with evaporation, similar to sodium. The concentration effects
are proportional to the degree of evaporation [6-8].

* Bicarbonate: Evaporation can lead to a decrease in bicarbonate concentration due to its volatility.
Bicarbonate is more prone to loss through evaporation compared to other electrolytes [9,10].

Mechanisms of Evaporation Effects

Evaporation leads to the loss of water from serum samples, which concentrates the remaining
electrolytes. The rate of evaporation and the resulting concentration changes depend on factors such as
temperature, humidity, and the duration of exposure [11,12].

Mitigation Strategies

Several strategies have been suggested to minimize evaporation effects:

e Sample Handling: Immediate processing of serum samples and storage in sealed containers can reduce
evaporation [13,14].

* Temperature Control: Keeping samples at low temperatures can slow down evaporation rates [15].

e Use of Preservatives: Adding stabilizers or preservatives to serum samples may help in maintaining
electrolyte concentrations [16].

Discussion
The impact of evaporation on serum electrolyte levels is a well-documented phenomenon that can
significantly affect diagnostic accuracy. Sodium and chloride concentrations are most affected by evaporation,
while potassium and bicarbonate show variable responses. Laboratory protocols should emphasize prompt
sample processing and appropriate storage conditions to minimize these effects.

Clinical Implications

Accurate serum electrolyte measurements are crucial for patient management. Understanding and
mitigating the effects of evaporation is essential for ensuring the reliability of test results and making informed
clinical decisions.

Limitations and Future Research

The studies included in this review varied in methodology and sample handling procedures, which may
affect the generalizability of the findings. Future research should focus on standardized protocols for sample
handling and the development of more effective preservation methods.

Conclusion
Evaporation can significantly alter serum electrolyte levels, with sodium and chloride being most
affected. Implementing proper sample handling and storage techniques is critical for maintaining the accuracy
of electrolyte measurements. Clinicians and laboratory personnel should be aware of these effects and adopt
best practices to ensure reliable test results.
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