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ABSTRACT

Environmental engineering models extensively rely on algebraic ratio-based formulations to describe
pollutant concentration, transport, partitioning, persistence, and exposure. These formulations implicitly
assume that denominators such as environmental volume, concentration, reaction rate constants, or
exposure duration remain strictly non-zero. However, many environmentally relevant boundary conditions
involve zero or near-zero values, including non-detect concentrations, zero-emission states, vanishing
reaction rates, and disappearing environmental compartments. Under classical arithmetic, such conditions
generate undefined expressions that are frequently interpreted as physically meaningful infinities.
This paper introduces a Zero-Centric Arithmetic framework for modeling environmental pollutant behavior
at zero boundaries. Within this framework, expressions involving division by zero are reinterpreted as non-
operations, representing collapse points of mathematical models rather than extreme or infinite
environmental states. By applying this reinterpretation to concentration equations, partition coefficients,
atmospheric lifetime models, and exposure formulations, the proposed approach restores mathematical
consistency and aligns environmental equations with physically observable behavior. The framework
establishes clear operational domains for environmental models and provides a robust mathematical
foundation for environmental simulation, risk assessment, and engineering decision-making.
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1. Introduction

Environmental engineering depends fundamentally on mathematical models to describe the behavior of
pollutants in air, water, soil, and biological systems. These models are used to quantify contaminant
concentration, predict transport between environmental compartments, estimate atmospheric persistence,
and evaluate human and ecological exposure. In most cases, the governing equations take the general

algebraic form

_A
f_El (M

where the denominator Brepresents an environmental quantity such as volume, concentration, reaction rate
constant, exposure time, or partial pressure.

Conventional environmental modeling implicitly assumes that B # 0.However, real environmental systems
frequently encounter boundary conditions where B — Oor B = 0. Common examples include zero-
volume compartments, non-detect pollutant concentrations, zero emission or depletion states, vanishing
reaction rate constants, and zero exposure durations. When these conditions occur, classical arithmetic
renders the governing expressions undefined.

Despite this mathematical indeterminacy, environmental literature and modeling practice often interpret such
undefined expressions as physically meaningful extremes, using descriptions such as “infinite concentration,”
“infinite solubility,” “infinite partitioning,” or “infinite atmospheric lifetime.” These interpretations implicitly
suggest the existence of unbounded environmental quantities, even though no physical environmental system
exhibits infinite concentration, infinite persistence, or infinite exposure.

This mismatch between mathematical formulation and physical reality arises from extending algebraic
expressions beyond their domains of validity. When a denominator reaches zero, the mathematical operation
itself ceases to be meaningful. The resulting undefined expression does not indicate a divergence in
environmental behavior but rather a collapse of the mathematical model.

Zero-Centric Arithmetic provides a rigorous framework for resolving this contradiction. In this framework, any

expression of the form
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is classified as a non-operation rather than an extreme numerical value. Such expressions mark boundaries at
which environmental equations lose operational meaning and should not be interpreted as representing
physical states. Applying this perspective to environmental engineering models allows zero-boundary
conditions to be treated consistently, without invoking non-physical infinities.

The objective of this paper is to establish a Zero-Centric mathematical framework for environmental pollutant
modeling at zero boundaries. By reinterpreting division-by-zero expressions as model collapse points, the
study clarifies the valid domains of commonly used environmental equations and provides a more coherent

and physically consistent foundation for environmental modeling, simulation, and risk assessment.

2. Background

2.1 Classical Mathematical Structure of Environmental Models

Environmental engineering and environmental chemistry rely fundamentally on algebraic models to quantify
pollutant concentration, transport, partitioning, persistence, and exposure across environmental
compartments. These models are typically expressed as ratios in which the denominator represents a physical
or chemical quantity assumed to be strictly non-zero, such as environmental volume, concentration, reaction
rate constant, exposure duration, or partial pressure [4—8].

A generic form of these models can be written as

_A
f_EI (3)

where Arepresents a pollutant mass, flux, or state variable, and Brepresents an environmental parameter.
Classical environmental modeling implicitly assumes that B >0, ensuring that the mathematical operation
remains well-defined.

This assumption underlies a wide range of standard formulations, including pollutant concentration
definitions, partition coefficients, Henry’s law expressions, atmospheric lifetime equations, and exposure
metrics [4—10]. While this assumption is generally valid under typical environmental conditions, it becomes

problematic at boundary cases that are increasingly relevantin modern environmental assessment.

2.2 Zero and Near-Zero Conditions in Environmental Systems
Real environmental systems frequently encounter zero or near-zero conditions that violate the non-zero

denominator assumption. Examples include non-detect concentrations in environmental monitoring, zero-
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emission or depletion states, vanishing reaction rate constants for inert compounds, and boundary conditions
involving disappearing environmental compartments [4—6].

For instance, pollutant concentration is defined as
m
C= v’ 4

where Mis pollutant mass and Vis the environmental volume. While small values of Vmay correspond to

high concentrations, the case V= Oproduces

==, ()

m
which is mathematically undefined. Nevertheless, environmental interpretations sometimes describe such
situations as representing “extreme” or “infinite” concentrations, despite the absence of any physical system
with zero environmental volume [4,5].

Similar contradictions arise in air—water partitioning. Henry’s law is commonly written as

H—P
_EI (6)

where Pis the partial pressure of a compound in air and Cis its aqueous concentration. When P=0,

Equation (6) becomes undefined, yet this condition is sometimes loosely interpreted as implying unbounded

solubility, even though Henry's law is explicitly defined only for positive pressures [9].

2.3 Division by Zero in Environmental Kinetics and Exposure Models

Atmospheric persistence is typically described using a first-order lifetime expression

T= PR )
where Kis the reaction rate constant. For very small values of k, compounds are described as long-lived.

However, when k = 0, Equation (7) yields

which is undefined. Despite this, the literature occasionally refers to such species as having “infinite lifetime,”
even though infinite persistence is not physically realizable in atmospheric systems [6].

Human exposure and risk models exhibit similar behavior. Exposure dose is often expressed as
It
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where [is intake rate, tis exposure time, and Mis body mass. While t = Ocorrectly yields zero dose,
normalized exposure or risk metrics frequently introduce ratios in which zero exposure duration or zero intake
produces undefined expressions. Regulatory guidelines explicitly caution against evaluating such models

under zero-exposure conditions, recognizing the mathematical breakdown involved [7,10].

2.4 Beyond Division: Zero in Multiplication, Addition, and Subtraction

The mathematical difficulties observed in environmental models are not limited to division by zero. Zero-
valued quantities also appear implicitly in multiplication, addition, and subtraction operations within
environmental balance equations.

For example, mass balance equations often include additive terms of the form

M,,=M +M,+M

total out react’

(10)

where zero terms are commonly treated as neutral contributors. However, when zero represents the absence
of a physical pathway rather than a numerical quantity, the operation itself becomes non-representative of
environmental reality. Similar issues arise in multiplicative transport or reaction terms when coefficients or
state variables vanish entirely.

Traditional environmental modeling does not explicitly distinguish between zero as a numerical value and
zero as an indicator of non-existence of a physical process. As a result, algebraic operations may be formally

applied even when the underlying physical meaning has collapsed.

2.5 Zero-Centric Arithmetic as a Foundational Framework

Zero-Centric Arithmetic provides a unified mathematical framework for addressing these inconsistencies by
redefining the role of zero across all fundamental arithmetic operations [1—3]. Within this framework,
expressions involving division by zero are classified as non-operations rather than extreme numerical
outcomes. More broadly, zero is interpreted as signaling the absence of an operational domain, not as a value
that can always participate in algebraic manipulation.

Formally, for any non-zero quantity A,

(1)

is not interpreted as a limit or infinity, but as a boundary at which the governing model ceases to be valid [1].
This interpretation extends consistently to multiplication, addition, and subtraction when zero represents the

absence of a physical process rather than a measurable magnitude [2,3].
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Applying this framework to environmental engineering clarifies that undefined expressions in concentration,
partitioning, lifetime, and exposure models represent mathematical collapse points rather than physically
meaningful extremes. Zero-Centric Arithmetic thus provides a rigorous theoretical foundation for identifying

the operational limits of environmental models and avoiding misinterpretation of zero-boundary conditions.

2.6 Positioning of the Present Study

Building on the Zero-Centric Arithmetic framework [1—-3] and the classical environmental modeling literature
[4—10], the present study applies zero-centric reasoning to environmental pollutant modeling at zero
boundaries. Rather than modifying individual equations ad hoc, the study adopts a unified arithmetic
reinterpretation that spans division, multiplication, addition, and subtraction involving zero.

This approach establishes a consistent mathematical basis for environmental modeling under boundary
conditions, aligns algebraic formulations with physically observable systems, and resolves long-standing

contradictions associated with undefined expressions in environmental engineering.

3. Mathematical Framework of Zero-Centric Arithmetic in Environmental Pollutant Modeling

3.1 Definition of the Non-Operation Concept

In classical arithmetic, the four fundamental operations (addition, subtraction, multiplication, and division) are
defined over the real numbers under specific conditions. These conditions are violated when zero appears in
contexts where it represents physical absence rather than numerical magnitude. Zero-Centric Arithmetic
formalizes this distinction through the concept of a non-operation.

A non-operation is defined as follows:

If a mathematical operation depends on a quantity that represents a physical operational condition, and that
condition is equal to zero, then the operation itself is classified as a non-operation and does not yield a
numerical result.

In particular, for any real quantity A+ 0

and this expression is not interpreted as infinity, divergence, or a limiting value, but as an operational collapse

of the mathematical model.

3.2 Division by Zero as a Model Collapse Point in Environmental Systems
Division is widely used in environmental engineering models to relate physical quantities to volume, time, or

rate parameters. The general form
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implicitly assumes that B > 0. However, environmental boundary conditions frequently produce cases
where B = O,including:

e zero environmental volume,

e non-detect concentrations,

®  zeroreaction rate constants,

e zero partial pressures.

Under these conditions, the model reduces to

which does not represent an extreme environmental state. Instead, it indicates that the mathematical
relationship has lost its physical domain of validity. Within the Zero-Centric framework, Equation (14) is
classified as a non-operation, signaling the collapse of the environmental model rather than the emergence of

an infinite quantity.

3.3 Multiplication by Zero and the Absence of Physical Pathways
Multiplication is commonly used in environmental models to represent mass transfer, reaction rates, and

fluxes, such as

F=k-C, (15)

where Kis a transfer or reaction coefficient and Cis concentration.

In classical arithmetic, if Kk = 0, then

F =0. (16)

Zero-Centric Arithmetic distinguishes between two fundamentally different cases:

1.  k = Qas a measurable numerical value,

2.k = Oasanindicator of absence of a physical pathway.
In the second case, Equation (16) does not represent a zero-valued flux, but rather the non-existence of the
process itself. Consequently, the multiplication operation loses physical meaning and is reclassified as a non-

operation.

3.4 Addition and Subtraction with Zero in Mass Balance Equations
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Addition and subtraction are central to environmental mass balance formulations, such as

M(t+At)=M@t)+M,— M, —M, (17)

0ss/

where zero-valued terms are typically treated as neutral elements.
Zero-Centric Arithmetic distinguishes between:

e  zeroas a numerical quantity, and

e zeroas an indicator of absence of a physical source or sink.
If M, = Obecause no physical inflow exists, then its inclusion in the equation represents a formal algebraic
step without a corresponding physical operation. In such cases, the addition or subtraction is considered
operationally null, indicating that no physical process is occurring rather than that a numerical zero has been

added or removed.

3.5 Unified Zero-Centric Interpretation of the Four Operations
Zero-Centric Arithmetic provides a unified interpretation of zero across the four fundamental operations:
e Division by zero: operational collapse — non-operation
e Multiplication by physically absent zero: absence of process — non-operation
e Addition with physically absent zero: no state change — formal operation only
e Subtraction with physically absent zero: no removal process — formal operation only
In this framework, zero is interpreted as an indicator of absence of an operational domain, not as a

universally admissible numerical operand.

3.6 Application to Environmental Pollutant Modeling
When applied to environmental pollutant models, the Zero-Centric framework leads to several key
consequences:
1. Undefined expressions identify model breakdown, not extreme environmental behavior.
2. Infinite numerical outputs signal mathematical misuse rather than physical reality.
3. Zero-boundary conditions must be treated as domain limits, not computable values.
This approach enables the construction of environmental models that remain consistent with physical

observability and prevents the propagation of non-physical infinities in analytical and numerical simulations.

3.7 Section Summary
This section has established the mathematical foundation of Zero-Centric Arithmetic as a unified framework

for redefining the four fundamental operations in the presence of zero. By classifying division, multiplication,
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addition, and subtraction involving physically absent zero as non-operational cases, the framework provides a
rigorous basis for resolving recurring contradictions in environmental pollutant modeling.

This formulation prepares the ground for the next section, which will demonstrate environmental
engineering case studies illustrating the practical differences between classical and Zero-Centric

interpretations.

4. Environmental Engineering Case Studies
4.1 Pollutant Concentration at Zero Environmental Volume

In environmental engineering, pollutant concentration is defined as

m
C=—, (18)
vV
where Mis the pollutant mass and Vis the volume of the environmental compartment. For very small values
of V, Equation (18) predicts large concentration values. However, when the boundary condition V = 0is

reached, the expression becomes

m
C=— (19)

which is mathematically undefined.

Classical interpretations often describe this condition as an “infinite concentration.” Under the Zero-Centric
framework, Equation (19) is identified as a non-operation, indicating that the concept of concentration is
undefined in the absence of an environmental medium. The result does not describe an extreme pollution

event but rather the collapse of the concentration model itself.

4.2 Henry's Law at Zero Partial Pressure

Air—water partitioning is commonly described using Henry's law:

H—
) 20

where Pis the partial pressure in air and Cis the aqueous concentration. At zero partial pressure (P = 0),

Equation (20) reduces to

H = (21)

0
-

While Equation (21) evaluates to zero numerically, the inverse formulation used in solubility interpretations,

c P
=—, 22
7 (22)
(o]
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becomes undefined when both P = Qand His treated as constant. Zero-Centric Arithmetic classifies such
boundary evaluations as non-operational, clarifying that Henry’s law is not valid at zero-pressure conditions

rather than implying infinite or anomalous solubility.

4.3 Soil-Water Partitioning at Non-Detect Concentrations

Soil—water partitioning is often modeled using

(23)

where Cgis the concentration in soil and Cis the aqueous concentration. For hydrophobic compounds,

Cyymay fall below detection limits. Substituting C\,, = Oyields

Kq = (24)

Cs
Traditional interpretations may describe this as “extreme” or “infinite” sorption. In contrast, the Zero-Centric
framework recognizes Equation (24) as a non-operation, indicating that partitioning cannot be defined when

one phase contains no measurable contaminant.

4.4 Atmospheric Lifetime at Zero Reaction Rate

Atmospheric lifetime is defined by

where Kis the reaction rate constant. For very small k, pollutants are described as long-lived. However, when

k=0,

which is undefined.
Rather than interpreting Equation (26) as infinite lifetime, Zero-Centric Arithmetic identifies this condition as
the absence of a valid kinetic pathway. The lifetime model collapses because the physical process it describes

no longer exists.

4.5 Human Exposure Models at Zero Duration or Intake

Human exposure dose is often expressed as
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I-t
b= @
where [is intake rate, tis exposure duration, and Mis body mass. While t = Oyields D = 0, normalized
exposure or risk indices often involve ratios that become undefined at zero exposure.

Under the Zero-Centric framework, such expressions are treated as non-operations, emphasizing that risk

cannot be computed when exposure does not physically occur.

4.6 Engineering Implications
Across these case studies, Zero-Centric Arithmetic consistently reclassifies undefined expressions as indicators
of model collapse rather than extreme environmental behavior. This distinction:

1. Prevents misinterpretation of boundary conditions,

2. Improves numerical stability in simulations,

3. Clarifies the operational limits of environmental equations,

4. Aligns mathematical results with physical observability.

4.7 Section Summary
The case studies demonstrate that zero-boundary conditions arise naturally in environmental engineering
practice. Applying Zero-Centric Arithmetic ensures that such conditions are handled as non-operational limits,

restoring consistency between mathematical models and real environmental systems.

5. Discussion

5.1 Reinterpreting Zero-Boundary Results in Environmental Models

The case studies presented in Section 4 reveal a consistent structural issue across environmental engineering
models: whenever a zero-boundary condition is reached, the corresponding mathematical formulation loses
operational validity. Classical interpretations often attempt to preserve the equation by assigning physical
meaning to undefined expressions, typically in the form of infinite concentration, infinite lifetime, or infinite
partitioning.

Zero-Centric Arithmetic demonstrates that such interpretations are mathematically unjustified and physically

misleading. An expression of the form

(28)
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does not represent an extreme environmental state but instead signals that the governing equation has
exceeded its domain of applicability. Recognizing this distinction shifts the interpretation of zero-boundary

results from physical divergence to model collapse.

5.2 Implications for Numerical Simulation and Model Stability

In computational environmental modeling, division-by-zero conditions often lead to numerical instability,
overflow, or the propagation of non-physical infinite values. These artifacts can significantly distort simulation
outcomes, particularly in long-term fate and transport models or risk assessment tools.

By classifying zero-boundary expressions as non-operations, the Zero-Centric framework provides a
principled mechanism for handling such cases. Rather than forcing numerical evaluation, the model can
explicitly terminate or flag the computation at the collapse point. This approach enhances numerical

robustness and prevents misleading outputs from being interpreted as valid environmental predictions.

5.3 Domain Awareness and Model Validity

A central contribution of the Zero-Centric approach is the explicit enforcement of domain awareness in
environmental equations. Traditional models often rely on implicit assumptions regarding the positivity of
volumes, concentrations, and rates. When these assumptions fail, the equations continue to be applied
without formal acknowledgment of invalidity.

Zero-Centric Arithmetic makes these assumptions explicit by treating zero as a boundary marker rather than a
permissible operand. This perspective clarifies that environmental equations are valid only within specific

operational domains, and that extending them beyond those domains produces non-physical results.

5.4 Unified Treatment of the Four Operations

Unlike approaches that focus solely on division by zero, the Zero-Centric framework extends consistently to
multiplication, addition, and subtraction involving physically absent zero. This unified treatment is particularly
important in environmental engineering, where mass balance equations, transport terms, and kinetic
expressions often combine multiple operations within a single model.

By distinguishing between numerical zero and physical absence, Zero-Centric Arithmetic avoids the conflation
of mathematical formality with physical reality. This distinction improves conceptual clarity and ensures that

mathematical operations reflect actual environmental processes.

5.5 Regulatory and Engineering Relevance

(12]
Algalamalmoner J. Hum. App. Sci. Issue 1. Volum 2. Mar. 2026



Zero-Boundary Modeling of Environmental Pollutant Behavior Using Zero-
Centric  Arithmetic: A Mathematical Framework for Environmental

Engineering

Environmental regulations and engineering decision-making frequently rely on model outputs for compliance
assessment, risk evaluation, and remediation design. Misinterpreting undefined expressions as extreme values
may lead to overly conservative or physically unrealistic conclusions.

The Zero-Centric framework supports more defensible regulatory interpretation by clearly identifying when a
model result reflects mathematical breakdown rather than environmental hazard. This distinction can improve

transparency in environmental reporting and reduce misinterpretation of boundaly-condition scenarios.

5.6 Limitations and Scope of the Present Framework

While Zero-Centric Arithmetic resolves fundamental inconsistencies at zero boundaries, it does not replace
classical environmental models within their valid domains. Instead, it complements existing formulations by
defining their operational limits.

The framework is not intended to eliminate uncertainty or measurement limitations, nor to redefine physical
laws. Its role is strictly mathematical and interpretive: to prevent invalid operations from being misrepresented

as physical phenomena.

5.7 Discussion Summary

The discussion demonstrates that zero-boundary contradictions in environmental engineering arise from
extending algebraic models beyond their domains of validity. Zero-Centric Arithmetic provides a coherent and
unified reinterpretation of these cases, reclassifying undefined expressions as non-operations rather than
extreme environmental states.

This shift has significant implications for model interpretation, numerical stability, regulatory application, and
theoretical clarity. By aligning mathematical operations with physical observability, the Zero-Centric

framework strengthens the logical foundation of environmental engineering models.

6. Conclusion and Future Work

6.1 Conclusion

This study has demonstrated that zero-boundary conditions in environmental engineering models do not
represent extreme or unbounded physical phenomena, but rather indicate points at which mathematical
formulations lose their operational validity. Classical interpretations that describe such conditions as infinite
concentration, infinite solubility, infinite partitioning, or infinite atmospheric lifetime arise from extending
algebraic expressions beyond their domains of applicability.

By introducing and applying the Zero-Centric Arithmetic framework, the paper reclassifies expressions
involving zero—across division, multiplication, addition, and subtraction—as non-operations when zero

represents physical absence rather than numerical magnitude. This reinterpretation resolves long-standing
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conceptual contradictions in environmental pollutant modeling and restores consistency between
mathematical expressions and physically observable environmental systems.

The case studies presented illustrate that undefined expressions are not environmental extremes, but model
collapse points that must be explicitly recognized. Treating these points correctly improves numerical stability,
prevents the propagation of non-physical infinities, and clarifies the valid operational domains of
environmental equations. As a result, the Zero-Centric framework strengthens the theoretical foundations of
environmental engineering models and enhances their interpretability in both scientific and regulatory

contexts.

6.2 Future Work

Future research may extend the Zero-Centric framework in several important directions. One area of
development involves integrating zero-centric logic into numerical solvers and environmental simulation
software, allowing models to explicitly detect and manage non-operational states rather than forcing
numerical evaluation. Such integration could significantly improve the robustness of long-term fate and
transport simulations.

Another promising direction lies in the application of Zero-Centric Arithmetic to coupled multi-media models,
including fugacity-based systems, watershed-scale transport models, and atmospheric—soil—water interaction
frameworks. These models frequently encounter near-zero or zero-valued parameters, making them natural
candidates for zero-centric domain enforcement.

Further work may also explore the implications of zero-centric reasoning in regulatory risk assessment,
particularly in handling non-detect data, zero-exposure scenarios, and boundary-condition reporting.
Developing standardized guidelines for identifying and reporting non-operational model states could improve
transparency and consistency in environmental decision-making.

Finally, the conceptual scope of Zero-Centric Arithmetic may be extended beyond environmental engineering
to other applied fields—such as chemical kinetics, energy systems, and computational modeling—where
zero-boundary conditions produce similar mathematical and interpretive challenges. These extensions would
further establish zero-centric reasoning as a general mathematical framework for managing operational

boundaries in real-world systems.
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