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Abstract

Mothballs, commonly used for household pest control, contain toxic substances that
pose significant health risks, particularly among vulnerable populations such as children,
the elderly with dementia, and pets. The primary chemicals in mothballs —naphthalene,
paradichlorobenzene, and camphor are volatile compounds capable of causing a range
of toxic effects, from mild gastrointestinal disturbances to severe hemolytic anemia, liver
damage, and seizures.

Despite their widespread use, awareness regarding the investigation, diagnosis,
and management of mothball poisoning remains insufficient. This article presents a
comprehensive guide for healthcare professionals on a structured investigative and
management approach for suspected mothball poisoning. It outlines key diagnostic tools,
including physical tests (such as the floating test), chemical analytical methods (GC-MS,
HPLC), and the use of specific flowcharts for investigation. Furthermore, it addresses the
toxicokinetic of naphthalene, highlighting its metabolic transformation into toxic metabolites
that lead to hemolysis, particularly in individuals with G6PD deficiency.

The article also discusses forensic considerations, such as differentiating between
mothball types (naphthalene, paradichlorobenzene, and camphor) to ensure appropriate
treatment. Emphasis is placed on preventive measures, particularly in households with
young children and pets. By integrating physical, chemical, and clinical assessments,
healthcare professionals can optimize care and outcomes for individuals affected by
mothball poisoning, while raising awareness of the potential hazards of these common
household products.

Background: Mothballs, widely used as household pest repellents, contain toxic substances
that pose risks of poisoning, especially among children, elderly individuals with dementia,
and pets due to accidental ingestion or exposure. Naphthalene and paradichlorobenzene,
the primary constituents, are volatile and can cause systemic toxicity with varied symptoms
ranging from gastrointestinal distress to severe hemolytic anemia and hepatic damage.
Despite widespread use, awareness and guidelines for the investigation, diagnosis, and
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management of mothball poisoning remain limited. This article seeks to outline a structured
approach for healthcare professionals, combining physical, chemical, and clinical aspects to
ensure comprehensive care and prevention.

Aim: To develop a comprehensive algorithm for the investigation, diagnosis, and
management of suspected mothball poisoning, integrating physical and chemical analysis,
emergency intervention, and preventive measures.

Objective: To outline a structured approach for healthcare professionals in investigating,
diagnosing, and managing mothball poisoning, with an emphasis on identifying toxic
substances (naphthalene, paradichlorobenzene, camphor) and providing effective
treatment, while promoting preventive strategies.

Conclusion: The proposed algorithm provides a systematic approach for investigating
and managing suspected mothball poisoning cases. By integrating physical examination,
chemical analysis, and emergency management protocols, it serves as a valuable tool for
clinicians. Additionally, recommended preventive measures can significantly reduce
accidental exposures. Future studies should validate this algorithm in clinical settings to
enhance its effectiveness and adaptability.

Keywords: Mothball poisoning, Naphthalene toxicity, Paradichlorobenzene, Toxicology
algorithm, Emergency management, Preventive measures

INTRODUCTION !

Mothballs, commonly composed of naphthalene,
paradichlorobenzene, and camphor, are used to
repel moths and other pests. However, accidental
ingestion or inhalation, particularly by children
and pets, leads to toxic exposures that can be fatal.
Naphthalene and paradichlorobenzene are known
for their potential to cause hemolytic anemia and
liver damage, while camphor ingestion can result in
seizures. This paper aims to establish a systematic
investigative algorithm to identify and manage
cases of suspected mothball poisoning effectively.
We explore a range of tests, from preliminary
physical analysis to advanced chemical testing, and
provide an overview of first aid, emergency rescue,
and long-term preventive strategies.

LITERATURE REVIEW |

e Search Strategy: A comprehensive search
of scientific databases (PubMed, Google
Scholar, Scopus, and Web of Science) will
be conducted. Keywords like “mothball
poisoning,” “naphthalene toxicity,”
“paradichlorobenzene toxicity,” “camphor
ingestion,” “pesticide poisoning children,”
and  “clinical ~management  mothball
poisoning” will be used.

e Inclusion Criteria: Peer-reviewed articles,

case reports, clinical trials, and review articles
published between 1990 and 2024. Studies
involving human subjects with acute or
chronic exposure to mothballs (naphthalene,
paradichlorobenzene, = camphor)  were
prioritized.

* Exclusion Criteria: Articles focused on
non-human subjects, studies not involving
mothball poisoning, or those with insufficient
clinical data.

Comparative Analysis of Toxic Substances:

* Chemical Composition and Toxicity Profiles:
A comparative analysis of naphthalene,
paradichlorobenzene, and camphor will be
carried out based on the following parameters:

¢ Chemical Properties: Molecular
structure, appearance, odor, solubility,
melting and boiling points.

¢ Toxicity and Mechanism of Action:
Systemic effects, organ toxicity (liver,
kidneys, blood), and potential for causing
hemolytic anemia or seizures.

¢ Clinical Presentation: Symptoms
and severity in different age groups,
particularly ~ vulnerable  populations

(children, elderly with dementia, pets).

¢ Environmental Impact and Safety
Considerations: Biodegradability, aquatic
toxicity, and environmental persistence.
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Table Comparison: A detailed comparative
table of the key characteristics of naphthalene,
paradichlorobenzene, and camphor,
including toxicity levels, common uses, and
hazards.

Physiological Pathways and Toxicokinetics:

Toxicokinetic Flowchart for Naphthalene:
Develop a flowchart illustrating the steps of
absorption, distribution, metabolism, and
excretion of naphthalene, focusing on its
conversion into toxic metabolites (alpha-
naphthol, beta-naphthol, naphthoquinone)
and the resulting hemolytic anemia, especially
in G6PD-deficient individuals.

Discussion: Describe the metabolism of
naphthalene in the liver, emphasizing
the cytochrome P450 enzymes and how
metabolic products cause oxidative damage,
particularly to red blood cells.

Vulnerable Populations: Highlight the
increased risk for G6PD-deficient individuals
and the clinical implications for treatment.

Investigative Approach for Diagnosis:

Initial Assessment: Outline a structured
approach for healthcare professionals to
assess suspected cases of mothball poisoning:

¢ Physical Examination: Look for common
symptoms (vomiting, abdominal pain,
seizures) and history of exposure.

¢ Risk Factors: Age, pre-existing conditions

(e.g., dementia), and environment
(children and pets).
¢ First Aid: Steps for immediate

intervention, including decontamination,
oral administration of activated charcoal
(if applicable), and supportive care.

Flowchart 1: Initial Assessment: Present a
flowchart to guide initial steps in assessment
and management.

Chemical Analysis and Confirmatory Tests:

Physical Tests: Use of the floating test
to distinguish between different types of
mothballs. Discuss the limitations and the
need for further chemical analysis.

Chemical Testing: The role of advanced
chemical tests (GC-MS, HPLC, IR
spectroscopy) in identifying the exact toxic
compound:

¢ GC-MS: For volatile compounds like

naphthalene and paradichlorobenzene.

¢ HPLC: For non-volatile compounds like
camphor.

¢ IR Spectroscopy: As a supplementary
method for confirming the chemical
identity.

Flowchart 2: Analytical Methods for

Confirmation: Present a flowchart outlining

the steps of sample collection, testing
methods, and result interpretation.
Management Strategies:
* Acute Management: Discuss first aid

measures, emergency department protocols,
and pharmacological interventions (e.g.,
blood transfusion for hemolytic anemia,
anticonvulsants for camphor toxicity).

Long-Term Management: Preventive care,
patient education on mothball safety, and
follow-up care.

Supportive Therapy: Address the importance
of fluid management, liver function
monitoring, and hemolysis treatment in
severe cases.

Forensic Aspects:

Differentiation of Mothball Types:
Techniques  to  distinguish  between
mothballs containing naphthalene,

paradichlorobenzene, and camphor using
physical properties, solubility tests, and
chemical tests.

Legal Implications: Discuss the potential for
forensic investigations in cases of accidental
or intentional poisoning, especially in homes
with young children, elderly individuals with
dementia, and pets.

Prevention and Public Awareness:

Preventive Measures: Provide
recommendations  for  households to
prevent mothball exposure, including safer
alternatives (e.g., cedar, lavender), proper
ventilation, and storage guidelines.

Educational Campaigns: Importance of
public education regarding the dangers
of mothballs, especially in homes with
vulnerable populations.

The algorithm emphasizes a structured pathway
from identification to intervention, aiming to
improve diagnosis accuracy and clinical outcomes
in suspected cases of mothball poisoning.
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Flowchart: Investigative Approach for Suspected
Mothball Poisoning

Flowchart 1: Initial Assessment

* Suspected ingestion/inhalation — Signs and
symptoms check (e.g., vomiting, abdominal
pain, seizures) — Physical examination —
Immediate firstaid — Emergency department
transfer if severe.

Flowchart 2: Analytical Methods for Confirmation

e Collection of sample (suspected mothball)
— Physical test (floating test) — Chemical
analytical methods (GC-MS, HPLC) — Result
interpretation — Diagnosis confirmation.

Physical Analysis by Floating Test

The floating test is a preliminary method to
determine the type of mothball:

1. Procedure:
¢ DPlace the mothball in a container filled
with water.
¢ Observe whether it sinks or floats.

2. Interpretation:
¢ Naphthalene mothballs tend to float,
while paradichlorobenzene mothballs
typically sink.

3. Limitations:

¢ This test provides a rapid preliminary
indication but lacks specificity. Further
chemical tests are recommended for
definitive identification.

Chemical Analytical Methods

For a precise diagnosis, chemical tests are
essential to differentiate between naphthalene,
paradichlorobenzene, and camphor. Recommended
methods include:

1. Gas Chromatography-Mass
(GC-MS):
¢ Highly sensitive method for identifying
chemical constituents in a sample.

Spectrometry

¢ Especially effective for detecting volatile
organic compounds like naphthalene and
dichlorobenzene.

2. High-Performance Liquid Chromatography
(HPLC):
¢ Effective for analyzing non-volatile
components like camphor.

¢ Provides detailed profiling for complex
mixtures and contaminants.

3. Infrared Spectroscopy (IR):

¢ Can assist in characterizing functional
groups within the chemical structure.

¢ Useful as a supplemental method for
confirmation.

Here is a comparative table on Naphthalene,
Dichlorobenzene, and Camphor based on key
characteristics:

Table 2: Toxicologist’'s Poem for investigating Mothball
toxicity

In my lab, where chemicals lie,
I delve into mothballs, a task I must try.
Each type brings hazards, so I proceed with care,
For the fumes they release can linger in air.

First, there’s PDB, paradichlorobenzene,
A crystal-white compound with a toxic sheen.
It keeps pests at bay, no larvae survive,
But inhaling its vapor’s no boon to our lives.

Then, naphthalene calls with a camphor-like scent,
But it's flammable, too —it’s best kept contained.
Linked to blood woes, this compound’s no game,

Exposure too long, and cells aren’t the same.

Last, the camphor —less common in this scene,
Yet some still add it for odor, unseen.
A natural repellent with roots from the East,
But for liver and lungs, it's no gentle feast.

So here I compare, with gloves and my mask,
To see which mothball suits each specific task.
With knowledge in hand, I handle each case,
A scientist’s journey, in chemical spac

First Aid and Emergency Rescue

Immediate Actions

1. For ingestion:
¢ Avoid inducing vomiting as this may
exacerbate esophageal irritation.

¢ If within the first hour, activated charcoal
can be considered under medical
supervision.
2. For inhalation:
¢ Move the patient to a well-ventilated area.
¢ Provide oxygen support if there are signs
of respiratory distress.
3. For skin exposure:
¢ Wash the affected area with soap and
water.

¢ Seek immediate medical evaluation if
irritation persists.
Emergency Department Management

1. Supportive care:

¢ Monitor vitals, administer intravenous
fluids.
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¢ Observe  for  complications  like
methemoglobinemia (with naphthalene).?
2. Specific treatments:

¢ Consider methylene blue for

methemoglobinemia.

¢ For camphor toxicity, benzodiazepines
may be used to control seizures.

Investigations and Management

1. Laboratory Investigations:
¢ Routine Blood teststo evaluate liver and
renal function.

¢ Complete blood count to check for
hemolytic anemia.

¢ Urine analysis for presence of
hemoglobinuria in naphthalene exposure.
2. Imaging:
¢ X-ray or ultrasound to assess for residual
foreign bodies if ingestion involved intact
mothballs.
3. Long-term Monitoring;:
¢ Follow-up on renal and liver function
periodically.

¢ Neurodevelopmental assessment
in pediatric cases due to camphor’s
neurotoxic potential.

Prevention of Mothball Exposure in Children and
Pets
1. Storage Recommendations:
¢ Keep mothballs out of reach in child-
proof and pet-proof containers.

¢ Avoid using mothballs in open areas or
accessible closets.
2. Labeling and Awareness:

¢ Clearly label mothball containers and
educate household members on the risks.

¢ Provide community education about safe
alternatives to mothballs.

3. Safe Alternatives:

¢ Consider cedar chips, lavender, or
essential oils as pest deterrents.

DISCUSSION |

Mothballs, widely used as household pest
repellents, contain toxic substances that pose
risks of poisoning, especially among children,
elderly individuals with dementia, and pets due to
accidental ingestion or exposure. Naphthalene and
paradichlorobenzene, the primary constituents, are
volatile and can cause systemic toxicity with varied
symptoms ranging from gastrointestinal distress
to severe hemolytic anemia and hepatic damage.
Despite widespread use, awareness and guidelines
for the investigation, diagnosis, and management
of mothball poisoning remain limited. This article
seeks to outline a structured approach for healthcare
professionals, combining physical, chemical, and
clinical aspects to ensure comprehensive care and
prevention.!

Mothballs, commonly composed of naphthalene,
paradichlorobenzene, and camphor, are used to
repel moths and other pests. However, accidental
ingestion or inhalation, particularly by children
and pets, leads to toxic exposures that can be fatal.
Naphthalene and paradichlorobenzene are known
for their potential to cause hemolytic anemia and
liver damage, while camphor ingestion can result in
seizures.? This paper aims to establish a systematic
investigative algorithm to identify and manage
cases of suspected mothball poisoning effectively.
We explore a range of tests, from preliminary
physical analysis to advanced chemical testing, and
provide an overview of first aid, emergency rescue,
and long-term preventive strategies.’

Table 1: Comparative Table on Mothballs: Naphthalene, Dichlorobenzene, and Camphor Based on Key Characteristics

Property Naphthalene Dichlorobenzene Camphor
Chemical Formula C,oHg C,H,Cl, C,,H;,O
Molecular Weight 128.17 g/mol 147.00 g/mol 152.23 g/mol
Appearance White crystalline solid (ggs(c):ili?;s dteoplzzilc(ieh}i lec?r‘:visli)(};l;f) White crystalline solid
Odor Characteristic mothball smell Strong chlorinated odor Strong, penetrating, and minty
Melting Point 80°C 53.1°C (1,4-dichlorobenzene) 178°C
Boiling Point 218°C 174°C (1,4-dichlorobenzene) Sublimates at 204°C
Solubility in Water Insoluble Slightly soluble Slightly soluble

table cont....
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Property

Naphthalene

Dichlorobenzene

Camphor

Common Uses

Toxicity

Hazards

Mode of Action

Moth repellent, deodorizer,
dye manufacturing

Moderate to high toxicity;
harmful if ingested or
inhaled; carcinogenic

potential

Flammable, potential
carcinogen, toxic fumes when
burned

Acts as a pesticide by
disrupting cellular function
in insects

Moth repellent, deodorizer, pesticide

Moderate toxicity; irritant and

potential carcinogen

Flammable, environmental hazard,

potential carcinogen

Interferes with insects” central
nervous system

Pharmaceuticals, flavoring, plastics

Low to moderate toxicity; irritant if

inhaled or ingested

Flammable, irritating fumes when

burned

Has mild anesthetic and

antibacterial properties.”!!

Flowchart: Investigative Approach for Suspected Mothball Poisoning

Flowchart 1: Initial Assessment

Identifying Unknown Mothball ingested by kids: Toxic Algorithm Mind-maps by Toxic Detective of IST
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Fig. 1: Algorithm for Investigating Suspected Mothball Poisoning: A Comprehensive Approach Including Physical and
Chemical Analysis, Emergency Management
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* Suspected ingestion/inhalation — Signs
and symptoms check (e.g., vomiting,
abdominal pain, seizures) — Physical
examination — Immediate first aid
— Emergency department transfer if
severe.*

Flowchart 2: Analytical Methods for Confirmation

e Collection of sample (suspected mothball)
— Physical test (floating test) — Chemical
analytical methods (GC-MS, HPLC) — Result
interpretation — Diagnosis confirmation.’

Physical Analysis by Floating Test The floating
test is a preliminary method to determine the type
of mothball:

1. Procedure:

¢ Place the mothball in a container filled
with water.

¢ Observe whether it sinks or floats.

2. Interpretation:

¢ Naphthalene mothballs tend to float,
while paradichlorobenzene mothballs
typically sink.

3. Limitations:

¢ This test provides a rapid preliminary
indication but lacks specificity. Further
chemical tests are recommended for
definitive identification.®

Chemical Analytical Methods For a precise
diagnosis, chemical tests are essential to differentiate
between naphthalene, paradichlorobenzene, and
camphor. Recommended methods include:

1. Gas Chromatography-Mass Spectrometry
(GC-MS):
¢ Highly sensitive method for identifying
chemical constituents in a sample.

¢ Especially effective for detecting volatile
organic compounds like naphthalene and
dichlorobenzene.

2. High-Performance Liquid Chromatography
(HPLC):
¢ Effective for analyzing non-volatile
components like camphor.

¢ Provides detailed profiling for complex
mixtures and contaminants.
3. Infrared Spectroscopy (IR):
¢ Can assist in characterizing functional
groups within the chemical structure.

¢ Useful as a supplemental method for
confirmation.”

Naphthalene itself does not directly cause toxic
effects. Rather, its metabolites —alpha-naphthol,
beta-naphthol, and naphthoquinone —act as potent
hemolytic agents, leading to toxicity."? Let’s discuss
comprehensively addressing suspected mothball
poisoning cases. The combination of physical and
chemical analysis, alongside a structured approach
to emergency management, can optimize outcomes
for affected patients. Awareness and preventive
measures remain critical, particularly in homes
with young children and pets."

The toxicokinetic pathway highlights the crucial
role of metabolic transformation in the toxicity
of naphthalene, particularly for susceptible
populations. In cases of mothball toxicity involving
naphthalene, a toxicokinetic flowchart should
represent the following key steps:

1. Absorption:
¢ Ingestion or Inhalation of Naphthalene:
Mothball exposure primarily occurs
via ingestion or inhalation, allowing
naphthalene to enter the bloodstream.

2. Distribution:

¢ Systemic  Distribution: ~ Naphthalene
disperses  throughout the  body,
particularly affecting organs like the liver,
where it undergoes metabolism.

3. Metabolism:

¢ Formation of Metabolites: Naphthalene
is metabolized in the liver through
cytochrome P450 enzymes. It is converted
into toxic metabolites, including:

o Alpha-naphthol
o Beta-naphthol
o Naphthoquinone

4. Toxic Action of Metabolites:
¢ Hemolysis  Induction: ~ Alpha-naphthol,
beta-naphthol, and naphthoquinone act

as potent hemolytic agents, damaging red
blood cells.

¢ Increased Vulnerability in G6PD Deficiency:
Individuals with glucose-6-phosphate
dehydrogenase (G6PD) deficiency are
particularly susceptible, as their red
blood cells have reduced protection
against oxidative stress induced by these
metabolites.

5. Excretion:

¢ Urinary and Fecal Excretion: The body
eventually excretes naphthalene and
its metabolites through urine and feces,
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although toxicity may continue due to
persistent oxidative damage.™

Forensic Aspects of Mothball Toxicity
* The majority of exposure cases are accidental.

e A small number are cases of intentional self-
harm.

* In instances of mothball ingestion, whether
intentional or accidental, there can often be
confusion regarding the active ingredient,
which may be naphthalene, camphor, or
paradichlorobenzene.'

In analyzing mothball toxicity, it's crucial
to differentiate between mothballs containing
paradichlorobenzene (PDB), naphthalene, and
camphor. These chemicals differ in several key
physical and chemical properties. Physically,
naphthalene appears dry, whereas PDB has a wet
and oily texture. Their specific gravities also vary,
allowing them to be distinguished by a simple
floating test in a saturated salt solution (prepared
with 4 ounces of tepid water and 3 tablespoons
of table salt, stirred until no more salt dissolves).
Camphor mothballs float in both plain water and
salt solution, naphthalene mothballs sink in water
but float in salt solution, and PDB mothballs sink
in both.

Mnemonic for easy recall:

To help remember the key points from the
detailed description of mothball toxicity, we can
use a mnemonic that covers the critical aspects
such as the composition, toxic effects, methods of
analysis, and prevention. Here’s a mnemonic based
on the key elements:

Nasty Pests Cause Harm, So Always Test

Breaking it down:

1. Nasty - Naphthalene: The primary toxic agent
in mothballs, causes hemolytic anemia and
liver damage.

2. Pests - Paradichlorobenzene: Another
common chemical in mothballs, potentially
toxic, causing liver /kidney damage.

3. Cause - Camphor: Less toxic, but can lead to
seizures in high doses.

4. Harm - Refers to Toxic Effects such as
gastrointestinal distress, hemolytic anemia,
and hepatic damage.

5. So - Signs and Symptoms (e.g., vomiting,
seizures) and the importance of early diagnosis.

6. Always - Analysis: The use of the floating test
and chemical tests like GC-MS and HPLC

to identify which mothball chemical was
ingested.

7. Test - The importance of chemical testing to
confirm diagnosis and treatment (e.g., Gas
Chromatography-Mass Spectrometry (GC-
MS)).

This mnemonic will help recall both the

chemicals involved, their effects, and the approach
to diagnosis and treatment.

CONCLUSION |

Moth repellents, commonly found in the form
of mothballs, are effective in protecting fabrics and
stored items from moths and other insects. These
repellents typically contain active ingredients like
naphthalene, camphor, or paradichlorobenzene,
each of which works to keep pests at bay. Health
professionals, caregivers, and pet owners must
remain vigilant to minimize accidental poisonings
from these household chemicals. A structured
investigative and management protocol, combined
with preventive education, can help manage the
risks associated with mothball exposure. As the
Prevention of mothball exposure is better than
curing its toxicity.
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