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ABSTRACT

Hazard is a term associated with a substance that is likely to cause an injury in a given environment or situation.
Pharmaceutical hazards are major occupational health and safety (OHS) issue in Pharmaceutical manufacturing. In recent
years chemical safety and the sound management of chemicals have seen great progress at the global level. At the same time,
the rapid growth in production and dissemination of both natural and synthetic chemicals has led to concern about
their impact on the natural environment, and human health. In this way, the pharmaceutical industry has come to occupy a
unique position. Pharmaceutical hazards refer to the potential risks and adverse effects associated with the use of
medications, ranging from minor side effects to severe and potentially life-threatening outcomes. This field encompasses
various aspects including adverse drug reactions (ADRs), drug interactions, medication errors, and issues related to drug
manufacturing and regulation. ADRs can manifest as allergic reactions, toxicities, or idiosyncratic responses, necessitating
vigilant monitoring and effective management strategies. Drug interactions, whether pharmacokinetic or pharmacodynamic,
can significantly alter drug efficacy and safety, requiring careful consideration during prescribing. Medication errors, such as
misprescribing or incorrect dosing, pose serious risks and demand systematic prevention measures. Manufacturing issues,
including contamination and quality control failures, highlight the importance of stringent regulatory standards to ensure drug
safety. Additionally, pharmacovigilance systems play a crucial role in identifying and mitigating risks post-
marketing.Industrial safety is needed to check all the possible chances of accidents for preventing loss of life and permanent
disability of any industrial worker, any damage to machine and material leads to the loss of the whole establishment
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INTRODUCTION

Hazardous drugs that possess a potential health
risk to health care workers who maybe exposed can be in
the form of dust at time of weighing, shifting, granulating,
size reduction, and separation or physical contact during
drug manufacturing packing and storage. General health
hazard in the manufacture of pharma product include dust
and noise exposure repetitive motion disorders, exposure to
formaldehyde[ when formaldehyde is present in the air at
levels exceeding 0.1ppm, some individuals may experience
adverse effect such as watery eyes, burning sensation in the

eyes, nose and throat; coughing, wheezing ,nausea and skin
irritation ] and exposure to ultraviolet radiation.

Some general health hazards in manufacture of
pharmaceuticals include:

Dust and noise exposures

»  Exposure to UV radiation

»  Exposure to formaldehyde
»  Repetitive motion disorders
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Formaldehyde — may cause lung cancer, prostate
cancer. Acute exposure may cause pulmonary edema and
pneumonia leading to death. It also causes allergic
dermatitis
e Repetitive motion disorder — motion associated with

picking and filling could lead to carpel tunnel
syndrome or tendonitis’

Hazards from handling crude drugs and its
extracts. Eg: Ipecacunha
e Solvents Eg: Benzene
Alkaloids Eg: Scopolamine, Emetine
Toxic intermediates
Final product: Local anaesthetic
Miscellaneous Hazards: Radiant Energy, Bacteria and
Viruses

The pharmaceutical industry is a vital component
of health-care systems all over the world engaged in
discovery, development, manufacture, and marketing of
medicines for human as well as animal health.
Pharmaceutical industries also have many environmental
problems, like the other chemical industries. The
pharmaceutical industry is based primarily on the scientific
formulation, research, and development of drugs, that is,
helpful in the prevention or treatment of diseases and
disorders. The manufacturing of APIs and formulation
processes involves the use of various chemicals which
includes various corrosive and irritant agents such as acids,
bases, oxidizing and reducing agents, solvents, and many
more which can be found sometimes at very high
concentrations and are hazardous to health of persons
performing the various processes during manufacturing
and formulation of APl and medicines. The effective
management of the chemical risks linked to the handling of
these agents is mandatory for the safety of the workers in
the industry, ethically and also legally as per the rules and
guidelines of various acts regulating the functioning of the
pharma industry. [1]

Objectives of Industrial Safety

e Understand the harmful effects of industrial hazards.
Define the relationship between hazard and risk.
Explore the routes of exposure to industrial hazards.
Shed lights on type of toxicity by industrial hazards.
Know the most toxic environmental hazardous
substances. [2]

Types of Pharmaceutical Hazards

Pharmaceutical hazards can be broadly
categorized into several types, each with its own
implications for patient safety and drug efficacy. Here’s a
breakdown of the primary types of pharmaceutical hazards:

Adverse Drug Reactions (ADRS)
e Type A (Augmented): Dose-dependent and
predictable,  often related to the  drug’s

pharmacological action. Examples include nausea
from opioids or bleeding from anticoagulants.

e Type B (Bizarre): Dose-independent and
unpredictable, often immune-mediated or allergic.
Examples include anaphylaxis to penicillin or Stevens-
Johnson syndrome from certain anticonvulsants.

Drug Interactions

e Pharmacokinetic Interactions: Affect the absorption,
distribution, metabolism, or excretion of a drug. For
example, some drugs can inhibit liver enzymes that
metabolize other drugs, leading to increased toxicity.

e Pharmacodynamic Interactions: Occur when drugs
with similar or opposing effects are used together,
potentially leading to enhanced or diminished effects.
For instance, combining two sedatives may lead to
excessive drowsiness.

Drug Misuse and Abuse

e Misuse: Using a drug for a purpose other than
prescribed or in a manner other than intended, often
unintentionally. For example, taking a higher dose
than prescribed due to misunderstanding.

e Abuse: Intentional misuse of a drug for non-medical
purposes, often to achieve a desired effect, such as
recreational drug use or addiction.

Overdose

e Acute Overdose: Taking a significantly higher dose
of a drug than prescribed, either accidentally or
intentionally, leading to toxicity or overdose
symptoms. For example, an overdose of
acetaminophen can lead to liver failure.

e Chronic Overdose: Long-term accumulation of a
drug in the body leading to toxicity, often due to
improper dosing or impaired elimination.

Pharmaceutical Contamination

e Microbial Contamination: Presence of harmful
microorganisms in pharmaceuticals, often due to poor
manufacturing practices. Examples include
contaminated intravenous solutions.

e Chemical Contamination: Presence of unintended
chemical substances in drugs, which can occur during
manufacturing  or  packaging. This includes
contaminants like heavy metals or solvents.

Quality Control Issues

e Manufacturing Defects: Issues in drug production,
such as improper formulation, incorrect labeling, or
defective packaging. This can lead to incorrect
dosages or ineffective treatments.

e Stability Problems: Degradation of drugs over time
due to improper storage conditions or formulation
issues, leading to reduced efficacy or safety.
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Medication Errors

e Prescribing Errors: Incorrect medication choice or
dosage prescribed by a healthcare provider, often due
to miscommunication or lack of information.

e Dispensing Errors: Mistakes made by pharmacists or
other dispensers, such as giving the wrong drug or
dosage.

e Administration Errors: Errors in how a medication is
given to a patient, such as incorrect route (oral vs.
intravenous) or timing.

Drug-Induced Diseases

e Organ Toxicity: Damage to organs such as the liver
(hepatotoxicity), kidneys (nephrotoxicity), or heart
(cardiotoxicity) caused by drugs.

e Systemic Toxicity: Broad, systemic effects like bone
marrow suppression or immune system damage due to
certain medications.

Pharmacogenetic Hazards

e Genetic Variability: Differences in genetic makeup
among individuals can lead to varied responses to
drugs. For instance, some people may metabolize a
drug too quickly or too slowly due to genetic
variations, leading to adverse effects or reduced
efficacy.[10]

Drug-Induced Allergies

e Type | (Immediate Hypersensitivity): Allergic
reactions such as anaphylaxis that occur shortly after
drug exposure.

e Type Il (Cytotoxic Reactions): Reactions that
involve antibodies against drug-induced antigens on
cells, leading to cell destruction.

e Type Il (Immune Complex Reactions): Reactions
caused by immune complexes that deposit in tissues,
leading to inflammation and damage.

e Type IV (Delayed-Type  Hypersensitivity):
Reactions mediated by T cells, which can cause
delayed allergic responses, such as rashes or contact
dermatitis.

Understanding these types of pharmaceutical hazards helps

in managing risks associated with drug use and improving

overall patient safety. Pl

DUST EXPLOSION

e The term dust is used if maximum particle size of the
solids in the mixture is 500nm.

e Dust explosion is a rapid combustion of a dust cold.

e Drying, Milling and Blending operations generate
atmosphere and fugitive dust emissions.

e During wet granulation, compounding, and tablet
coating hazardous air pollutants may be released to the
atmosphere or in the workplace as process or fugitive
emissions.

Control of Dust Explosion
e  Use of filters

Using filters to control dust explosions involves
incorporating filtration systems designed to capture and
contain dust particles that could pose an explosion hazard.

e Use of Cyclone Separator
A cyclone separator is a type of dust collection device
that uses centrifugal force to separate particulates from
a gas stream. It is commonly used in various industrial
applications to remove dust, chips, and other
contaminants from air or other gases.

e  Use of Electrostatic Separator
An electrostatic separator is a type of equipment used
to separate particles based on their electrical charge. It
leverages electrostatic forces to achieve separation,
which is particularly useful for separating materials
that have similar physical properties but different
electrical conductivities or charges.

e In all places of employment; passage ways, store
rooms, and source rooms shall be kept clean, dry
condition.

e Floor hole into which persons can accidentally walk
shall be protected by a cover that leaves no opening
more than one inch wide.

e Treads on all stairs shall be reasonably slip resistant.

e This picture illustrates adequate slip resistance in place

e Employees must be able to open exit door from inside
at all times without keys or special knowledge even in
the dark

e Asan industry, pharmaceutical manufacturing exposes
workers to a variety of unique hazards ranging from
hazardous biological pathogens, poisonous fumes and
flammable materials.[l"

Criteria for defining hazardous drugs:
e Carcinogenicity

e Teratogenicity

e Reproductive toxicity

e Organ toxicity at lower doses

Routes of exposure to Hazardous drugs:
e Dermal exposure

e Ingestion

e Injection

Types of Hazardous Toxicity
e Acute poisoning
e  Chronic poisoning

Acute Poisoning

Poisons are substances that cause disturbances to
organisms usually by chemical reaction or other activity on
the molecular scale when a sufficient quantity is absorbed
by an organism. Acute poisoning is exposure to a poison
on one occasion or during a short period of time.
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Chronic poisoning

Chronic toxicity is the development of adverse
effects as the result of long-term exposure to a toxicant or
other stressor. It can manifest as direct lethality but more
commonly refers to sublethal endpoints such as decreased
growth, reduced reproduction, or behavioural changes such
as impacted swimming performance. ¥

Classification of Signs According to use:
1. Danger signs

The danger header is used when there is a hazard
situation which has a high probability of death. It should
not be considered for property damage unless personal
injury risk is present.

2.Caution Signs

The caution header is used to indicate a hazardous
situation which may result in minor or moderate injury.
However, caution should not be used when there is a
possibility of death or serious injury.

3. Safety instructions signs

General safety signs [safety first, be careful,
think] should indicate general instructions relative to safe
work practices remainders of proper safety procedures and
the location of safety equipment.

4. Biological hazard signs
The biological hazard warning shall be used to

signify actual or potential presence of bio hazard and to
identify equipment, containers, rooms, materials,
experimental animals or combinations thereof which
contain or are contaminated with viable hazardous agents.
Various slogans used to motivate safety at working place:
e Safety does not come instantly; you should implement

it consistently.
e Say no to carelessness!

Talk less, do your job safely.

A safety message could save thousands of life.[!

Formaldehyde

Formaldehyde is an extremely toxic, flammable,
and colourless gas at room temperature and is a little
denser than air. Some studies of industrial workers exposed
to formaldehyde were found with increased risks of
leukaemia. It has a very irritating pungent odour that can
only be identified in lower concentrations but does not give
adequate warning of hazardous concentrations for sensitive
individuals. Breathing, skin irritation, or eye irritation can
occur mostly on the site exposed to formaldehyde.
Formaldehyde enters the lungs, gastrointestinal tract, and,
to some extent, the human body through the skin. In this
chapter, we evaluate the association between formaldehyde
environmental divestment, hostile reproduction,
physiochemical properties, toxicity, and treatment.

Exposure to formaldehyde in the home can irritate eyes,

nose, throat and skin.

It can also increase breathing problems for people
with health conditions like

e Asthma

o Chronic Obstructive Pulmonary Disease!*Il*?

e Methanolis a natural byproduct of normal
metabolism, and a major ingredient in the synthesis of
organic chemicals, paints, varnish removers, plastics,
and coated fabrics.

e Methanol has also been considered as a major
automotive fuel. Acute methanol neurotoxicity in
adults has been documented since the early 1900s in
people exposed to relatively large doses of methanol
(i.e., wood alcohol) through either accidental or
intentional ingestion, or inhalation.

e Acute human exposure results in blindness, CNS
depression, weakness, headache, vomiting, and
profound metabolic acidosis in adults. Accumulation
of formate, a major toxic metabolite of methanol,
contributes significantly to the metabolic acidosis and
blindness in sensitive species (e.g., adult primates)

e Adult rodents are relatively insensitive to methanol
neurotoxicity, because their detoxification enzymes
function more rapidly than those of primates in
removing the agent. Rodents in which these metabolic
pathways have been inhibited become sensitive to the
neurotoxic effects of methanol.

e Methanol is a rodent teratogen, inducing
malformations at multiple sites. Neural tube defects,
chiefly exencephaly, occur in mice and rats exposed to
methanol during neurulation.

e The exact mechanisms responsible for the structural
anomalies are not known, but one possible explanation
includes alterations in the number and proliferative
capacity of progenitor (mesodermal and neural crest)
cells.

e  Some mesodermal cells undergo degeneration, while
certain cell populations (e.g., neural crest) have
decreased migration. Other toxic causes of neural tube
defects include the mycotoxin fumonisin B, FIMIe]

Safety Aspects in Pharmaceutical Hazards

e Disposable gowns made of fabric that has low
permeability to the agents use with closed fonts and
cuffs intended for single use.

e  Powders for gloves, labeled and tested for drugs used in

chemotherapy, made of latex, nitrile or neoprenes.

e  Substitution of more harmful material by on which is

less danger to health.

e To prevent or reduce dangerous expose to toxic

materials. Exhausts and ventilations should be provided
to remove emissions.
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Identifying Hazard Control Options
The Hierarchy of Controls

The hierarchy of controls is a method of
identifying and ranking safeguards to protect workers from
hazards. They are arranged from the most to least effective
and include elimination, substitution, engineering controls,
administrative controls and personal protective equipment.
The hazard controls in the hierarchy are, in order of
decreasing priority:
e Elimination

Remove the hazard entirely from the
workplace.Discontinuing the use of a harmful chemical by
substituting it with a safer alternative or redesigning a
process to eliminate the need for hazardous materials.
e  Substitution
Replace the hazard with something less dangerous. Using
water-based paints instead of solvent-based paints to
reduce exposure to volatile organic compounds (VOCs).

e  Engineering controls

Implement  physical modifications to equipment,

processes, or the work environment to isolate workers

from the hazard.

e Administrative controls
Change work practices or procedures to reduce
exposure to the hazard.For example, Rotating workers
to limit their exposure to hazardous tasks. Providing
training to workers on safe handling procedures and
emergency response.

e  Personal protective equipment
Use protective gear to shield workers from hazards
when other controls are not feasible or fully effective.
Wearing appropriate gloves to protect against
chemical exposures. Using respirators to protect
against airborne contaminants.[16, 17]

Figure 1: Industrial Filter

Figure 2: Cyclone separator

Idustrial Fiters For Pharmaceutical Industris

I
Il

PRE FILTER HEPA FILTER

Particles striking
the vessel wall

Conical base

Discharge for
solid particles

Figure 3: Electrostatic Separator

Figure 4: Danger Signs

A\ AN\ Lo\

Warning Warning warning

Beware of step mm Fragile roof

A\ A\ LN\

Warning Dangerous Warning
Very hot water chemicals Mind your head
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Figure 5: Caution sign

Figure 6: Safety signs
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Figure 7:Biological hazard sign

Figure 8: Formaldehyde caution sign
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Figure 9: Methanol caution sign

Figure 10: Hierarchy of Hazard Controls
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CONCLUSION

In conclusion, the review of pharmaceutical
hazards underscores the critical need for a comprehensive
and proactive approach to managing risks associated with
pharmaceutical manufacturing and handling. The
pharmaceutical  industry  operates under  stringent
regulations to ensure product safety and efficacy, yet the
inherent risks associated with drug production from
chemical exposures and cross-contamination to mechanical
failures and human error demand continuous vigilance and
improvement. Key findings from this review highlight the
importance of implementing robust hazard identification

and risk assessment practices. Effective control measures,
including advanced engineering controls, rigorous personal
protective equipment protocols, and stringent operational
procedures, are essential in mitigating risks and ensuring
the safety of both workers and patients. Additionally, the
integration of safety management systems and regular
training can significantly enhance the industry's ability to
preemptively address potential hazards.

The review also emphasizes the role of emerging
technologies and innovations in enhancing pharmaceutical
safety. Advances in automation, real-time monitoring, and
predictive analytics offer promising avenues for reducing
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risks and improving hazard management. However, these
technologies must be carefully evaluated and integrated
into existing frameworks to ensure their efficacy and
reliability. Ultimately, the pharmaceutical industry must
remain committed to a culture of safety and continuous
improvement. By  fostering  collaboration among
stakeholders, investing in research and development, and
adhering to best practices, the industry can advance its
safety standards and better protect the health and well-

being of both its workforce and the global patient
community.
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