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Section: Chemistry

BIOLOGICAL FUNCTIONS AND HEALTH
IMPLICATIONS OF CHLORINE

Oslam Yelyzaveta

Higher Education Applicant

Kozub Svetlana

PhD (Technical Sciences), Associate Professor
Kharkiv National Medical University, Ukraine

Chlorine is a vital biogenic element that plays an essential role in the maintenance
of life processes in the human body and other organisms. Although it is required in
relatively small amounts, its physiological functions are fundamental to health and
survival. Primarily found in the form of chloride ions (C17), chlorine contributes to a
variety of critical biological processes, including fluid and electrolyte balance, nerve
transmission, digestion, and pH regulation. Understanding the biogenic role of chlorine
not only highlights its importance in maintaining homeostasis but also emphasizes the
need for adequate intake and regulation to prevent physiological disorders.

The purpose of this work is to examine the biogenic role of chlorine in the human
body by analyzing its chemical properties, physiological functions, dietary sources, and
the consequences of its deficiency or excess. This research aims to highlight the
essential nature of chlorine in maintaining homeostasis and supporting vital biological
processes such as digestion, nerve function, and electrolyte balance.

The study of chlorine’s biogenic role is highly relevant due to its fundamental
contribution to essential physiological functions in the human body. In an era where
imbalances in diet, environmental factors, and lifestyle can lead to electrolyte
disturbances, understanding the importance of chlorine helps in the prevention and
management of health issues related to dehydration, acid-base imbalance, and digestive
disorders. Furthermore, the widespread use of chlorine in various industries and water
treatment raises concerns about both its benefits and potential risks, making this topic
significant for both medical and environmental sciences.

Chlorine (Cl) is a chemical element with atomic number 17, classified within the
halogen group of the periodic table. It exhibits high chemical reactivity, particularly
with metals and organic substances. In its elemental state, chlorine is a diatomic,
yellow-green gas with a pungent and irritating odor. However, within biological
systems, chlorine is predominantly present in the form of the chloride ion (CI"), a
chemically stable and physiologically non-toxic species at normal concentrations.
Chloride is the principal extracellular anion in the human body and plays an essential
role in maintaining osmotic balance, propagating nerve impulses, and regulating acid-
base homeostasis. In nature, chlorine is widespread, occurring chiefly in seawater,
evaporite mineral deposits, and various geological formations. Human intake of
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chlorine primarily occurs through dietary consumption of sodium chloride (NaCl) and
other chloride-containing compounds, ensuring its availability for vital physiological
and biochemical functions.

In its ionic form as chloride (CI"), chlorine is integral to multiple physiological
mechanisms critical for sustaining homeostasis in the human body. A key role of
chloride ions involves the regulation of electrolyte distribution and osmotic gradients
across cellular membranes, thereby ensuring optimal cellular hydration and function.
Chloride also plays a central role in maintaining acid-base equilibrium by participating
in the bicarbonate buffering system, particularly within erythrocytes, where it
contributes to the fine regulation of systemic pH levels. Furthermore, chloride is
essential for proper neuromuscular activity; it stabilizes the resting membrane potential
and enables the conduction of electrical impulses in both nerve and muscle tissues.
Insufficient chloride availability can impair these fundamental physiological functions,
potentially resulting in significant clinical disturbances.

Chlorine plays an indispensable role in gastrointestinal physiology, chiefly
through its participation in the synthesis of hydrochloric acid (HCl) within the stomach.
Parietal cells of the gastric mucosa secrete chloride and hydrogen ions, which combine
to generate the highly acidic gastric environment required for effective digestion.
Hydrochloric acid facilitates the mechanical and chemical breakdown of food,
denatures dietary proteins, and promotes nutrient bioavailability for intestinal
absorption. Additionally, HCI is essential for the activation of pepsinogen into pepsin,
a proteolytic enzyme vital for protein catabolism. Beyond its digestive function,
hydrochloric acid serves as an innate immune barrier, neutralizing ingested pathogens
and thereby contributing to the protection of the gastrointestinal tract and the
maintenance of mucosal immunity.

Chlorine is fundamental to numerous cellular and hematological functions.
Within erythrocytes, chloride is a key component of the bicarbonate exchange
mechanism (the chloride shift), which is critical for systemic acid-base homeostasis. It
also plays a pivotal role in regulating the distribution of fluids across intracellular and
extracellular compartments, thereby maintaining osmotic equilibrium and optimal cell
hydration. Furthermore, chloride ions are essential for sustaining membrane potential
and are actively involved in signal transduction pathways, thereby facilitating
intercellular communication and supporting a wide range of physiological cellular
processes.

Chlorine is predominantly acquired through dietary intake, with sodium chloride
(NaCl) being the principal source. Additional contributors include processed foods,
cheeses, olives, and various marine-derived products such as seaweed. The
recommended daily allowance (RDA) for chloride in adults is approximately 2,300
mg, although individual requirements may vary based on age, physiological condition,
and activity level. While chloride deficiency is uncommon, it can manifest through
clinical symptoms such as muscular weakness, dehydration, and disturbances in acid-
base balance, particularly metabolic alkalosis. Conversely, chronic excessive intake —

47



Proceedings of the 1st International Scientific and Practical Conference
"Innovations in Science: From Theoretical Foundations to Practical Impact”
May 12-14, 2025

é% SoENCE P! Antwerp, Belgium
- — |

typically associated with elevated dietary salt consumption — as been linked to
hypertension and an increased risk of cardiovascular morbidity.

Thus, chlorine, primarily in the form of chloride ions, is a vital electrolyte that
contributes to the regulation of fluid distribution, acid-base balance, and critical
cellular processes, including membrane potential maintenance and signal transmission.
It is mainly acquired through dietary sources such as table salt, making adequate
nutrition essential for sustaining physiological stability. Both insufficient and
excessive chloride levels can lead to significant health disturbances, ranging from
muscle weakness and metabolic alkalosis to hypertension and increased cardiovascular
risk. Therefore, maintaining an appropriate chloride intake through a balanced diet is
fundamental to overall health and homeostatic regulation.
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BIOXIMIYHI BJJACTHUBOCTI 30JI0TA TA
NEPCHEKTUBU MOI'O MEJUYHOI'O 3ACTOCYBAHHS

IITonaa Anapii

3100yBay BUIIO1 OCBITH OaKaIaBPCHKOTO PiBHS

Ko3y0 CgiTi1ana

K.T€XH.H., TOTICHT

XapkiBcbkuit HarionansHuit Menuunuii YHiBepcUTeT, YKpaiHna

Beryn. I3 gaBHIX 4aciB 30JI0TO MPUBEPTAIO yBary siKk MaTepiall 3 YHIKaJIbHUMHU

BJIACTUBOCTSIMHU, 1 B HOBITHIN 4Yac cTajgo 00’€KTOM JOCHIIKEHb B Tady3l MEIUIIMHHU.
ITorpu mMpOKMI 1HTEpEC JIOACTBA JO 30JI0TA, HOro Ol0JIOTiYHA Jis 3aTHIIAETHCS
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