iml

Research Article
ISSN 2077-5628

Evaluating Infection Prevention and Control (IPC) Response in
Medical Laboratory Wastewater Management
Ahmed A Algdar®! and Mahfoud M. Alwalid?

Department of Medical Laboratory. :Department of Public Health, Faculty of Health Science, Al Asmarya Islamic
University, Zliten, Libya.

Tripolitana Medical Journal; 2026, Vol. 15, No. 1, pp. 26-30

Received 10 March 2026/ Accepted 3rd April 2026; Published 16 April 2026

ABSTRACT

Assessment of Infection Prevention and Control (IPC) Response in the Management and Disinfection of Wastewater from
Medical Laboratories. This study aimed to evaluate the extent to which medical laboratories adhere to infection prevention stan-
dards in handling liquid waste and to identify gaps between operational procedures and adopted policies. The study employed
a descriptive-analytical approach, with a sample of 150 specialists (4 department heads, representing 2.7%, and 146 laboratory
specialists, representing 97.3%). A validated questionnaire was used as the primary data collection instrument. The results re-
vealed a sharp disparity in compliance levels; compliance with sewer network maintenance reached 100%, while compliance
(0%) was nonexistent in the areas of chemical disinfection, the existence of written policies, water classification, and annual staff
training. All participants (100%) agreed that the effectiveness of the current response is “very weak.” The study recommends
the development of mandatory policies for wastewater disinfection at the source, the implementation of specialized training
programs, and the integration of network maintenance with biological and chemical treatment protocols to ensure a safe and
hygienic environment
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INTRODUCTION
This is a comprehensive and well-structured overview

Effective treatment typically involves a multi-stage
approach:

of the critical challenges facing medical laboratory
wastewater management, particularly in the context
of Zliten. Your focus on the intersection of technical
“Best Available Technology” (BAT) and local ethical
responsibility is both timely and required.: Wastewater
management in medical laboratories is a critical challenge
for infection prevention. The problem lies in a significant
gap between the structural maintenance of the networks
and compliance with biological protocols, posing a threat
to public health and the environment.:

Medical laboratory wastewater is significantly more
complex than standard municipal sewage because
it combines biological hazards with aggressive
chemical profiles.

Biological Hazards: Pathogens, viral loads (HIV,
Hepatitis), and multi-drug resistant organisms (MDROSs).

Chemical Hazards: Formaldehyde, xylene, heavy metals
(from certain reagents), and high/low pH solutions.

Pharmaceutical Hazards: Residual antibiotics and
disinfectants that disrupt natural bacterial cycles.

Infection Prevention and Control standards requires more
than just pouring disinfectant down the drain.

1. Neutralization: Adjusting the pH of acidic or alkaline
reagent waste.

2. Disinfection: Using validated methods like Ozonation,
UV Irradiation, or Chemical Chlorination (ensuring
correct contact time).

3. Pre-treatment/Filtration: Removing solid particulates
before the liquid enters the municipal system. s

Infection Prevention response in the city, the following
Vulnerability Gap must be investigated:

- Infrastructure Age: Are the existing pipes and holding
tanks resistant to chemical corrosion?

- Monitoring Protocols: Is there a routine schedule for
testing the effluent before it leaves the facility?

- Training: Do laboratory personnel understand the
difference between disposal and treatment?.¢

Ethical Note: failure to manage this waste is not just
a technical error; it is a breach of the “Do No Harm”
principle in healthcare, shifting the burden of disease
from the patient to the community.

The Problem of the study:

1, Although international and national guidelines issued
by the World Health Organization (WHO) and national
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control centers on infection prevention and control (IPC)
and medical waste management exist, the focus is often
on solid waste, while the effective management and
disinfection of liquid waste may be overlooked.

2. The effectiveness of infection prevention responses in
this area depends heavily on the implementation of strict
policies, the availability of appropriate infrastructure, and
a continuous commitment to training and monitoring.
Therefore, the problem addressed by this study stems
from the need for a genuine and objective assessment of
the current response to infection prevention and control
in the treatment of wastewater from medical laboratories.

3. Does the procedure followed whether formal policies
or daily practices meet the required standards to ensure
that risks are minimized.

1. To determine the existence and updating of written and
approved policies for wastewater management and pre-
disinfection in medical laboratories.

2. To measure the actual adherence to Standard Operating
Procedures (SOPs) for disinfecting and separating
wastewater from high-risk sample handling areas.

3. To assess the level of training and awareness among
laboratory staff regarding safe procedures for handling
and disposing of wastewater.

4. To evaluate the quality of the monitoring system, the
documentation of treatment records, and the extent to
which periodic microbiological testing of wastewater is
conducted.

5. To explore the main obstacles and challenges faced by
staff in implementing infection prevention standards for
wastewater.

MATERIALS AND METHODS

This section aims to describe the methodological
framework used in this study to collect and analyze data
related to evaluating infection prevention and control
(IPC) response in the management and disinfection of
wastewater in medical laboratories.

Study Design:

This study adopted a descriptive analytical approach,
using a cross-sectional survey. This design was chosen
to collect data on the opinions, practices, and policies
implemented in medical laboratories at a specific time,
with the goal of assessing the current situation and
wastewater management.

Study Population and Sample:

The study population comprises all medical laboratories
(government and private) operating in Zliten city.

Study Sample:
A convenience or purpose sample of 13 laboratories

was selected, privet,
laboratories.

independent, and government

Participants: The questionnaire targeted individuals
directly responsible for implementing or supervising
infection prevention and control policies and biological
waste management within the laboratories. This included
(as stated in the survey):

a) Laboratory managers or department heads.
b) Infection Prevention and Control (IPC) officers.

C) Technicians and specialists responsible for handling
liquid waste.

Data Collection:

A self-designed questionnaire was used as the main data
collection instrument, and it was built based on local
and international guidelines relating to biosafety and
laboratory wastewater management.

Ethical Considerations:

Written approval was obtained for the research from
College, and privet laboratories in Zliten city. All
participants were informed of the study’s objectives
and their right to withdraw at any time. Participation
was emphasized as voluntary, and all collected data was
to be treated with strict confidentiality and used solely
for scientific research purposes, without disclosing the
identity of any participants or laboratories.

Study related:

This study essentially proves that discharging laboratory
waste into sewers is not just a germ problem, but an
ecosystem disaster. While general hospital wastewater
is difficult to treat, medical laboratory wastewater is far
more toxic. It is so toxic that even at just 10% of the mix,
it kills the beneficial bacteria (nitrifying bacteria) that
purify our water. Analysis: Laboratory waste is toxic:
At 10%, laboratory waste Killed 72% of the purifying
bacteria in standard systems, while general hospital waste
killed only 39%. Beneficial bacteria die: The bacteria
responsible for removing nitrogen (nitrifying bacteria) are
extremely sensitive. When they die, the entire treatment
plant stops working, resulting in contaminated water
leaking into the environment. Comparison of Membrane
Bioreactor (MBR) and Conventional Systems: The study
found that MBRs which are advanced filters handle toxic
shocks better than conventional activated sludge systems.
This is because MBRs cultivate a more diverse and robust
bacterial community.

What does this mean for us?

We can’t simply treat laboratory waste like regular
sewage. If a laboratory doesn’t pre-treat its wastewater
before it enters the public sewer system, it could cause a
complete biological meltdown at the treatment plant. The
goal of any laboratory should be to separate and neutralize
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chemicals on-site so that we never reach the “10% danger
zone,” where the cleaning bacteria begin to die.

Statistical Analysis:

The results showed a sharp disparity in compliance
levels as follows:

Structural Compliance (100% Yes): Participants agreed
that there is regular inspection and maintenance of the
sewer system to detect leaks.

Procedural and Policy Compliance (0% Yes):
Participants agreed that there are no written policies,
no classification of wastewater, and no pre-treatment
with chemicals.

Awareness and Training (0% Yes): There is a complete
absence of annual training, informational posters, and
periodic meetings to discuss exposure incidents.

Overall Assessment: All participants (100%) rated the
effectiveness of the current response as “very weak.”

Sample Size:

The Statistics table shows that the number of
participants is 150 (Valid = 150). Missing Values: 0 in
all columns, which is an excellent indicator, meaning
that all participants answered all questions and there
are no missing data.

Participant Profile (Job Title):

The Frequency Table shows the distribution of job titles
as follows: Specialists: Represent the vast majority
at 97.3% (146 participants). Heads of Departments
(HOD): Represent a very small percentage at 2.7%
(only 4 participants). Analytical Note: Since most of the
sample consists of “Specialists,” the results primarily
reflect the perspective of the operational and technical
staff who work directly with the laboratory, and not
necessarily the perspective of senior management.

Standard Deviation Analysis:

An interesting point in the table above concerns the
standard deviation values: Complete Consensus:
For questions such as Existence of a written policy,
Water classification, and Chemical disinfection, the
standard deviation is 0.00000. All 150 participants
agreed on the same answer, indicating a lack of
written policies, training programs, and attention to
wastewater discharged from medical laboratories,
leading to an increased risk of infection transmission in
the community. Variability in Responses: The highest
variation is found in the question approximate estimate
of daily wastewater discharge, where the standard
deviation is 0.96537. This suggests that the discharged
quantities, or their estimated amounts, vary from one
laboratory to another

Table 1: The respondent of job title

The respondent>s job title is
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HOD 4 2.7 2.7 2.7

Valid | Specialist| 146 | 97.3 | 97.3 100.0

Total 150 | 100.0 | 100.0

The data indicates that the sample consists almost entirely
of specialists. This means that the survey indicators
focus on real-world laboratory collaboration, with 146
participants, or 97.3%.

The respondent’s job title is

Frequency

HoD Spacialist
The respondent’s job title is

Figure 1: The respondent of job title
Table 2: Laboratory type
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Private 27 18.0 18.0 80.7
Valid [ jngependent | 20 | 193 | 193 | 1000

Total 150 | 100.0 [ 100.0

The data shows that the study focuses primarily on
government, and it was 62.7% of the sample.
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Laboratory type :
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Frequency
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Laboratory type :

Figure 2: Laboratory type
Table 3: Amount of water discharged from the laboratory daily

Approximate estimate of the amount of water discharged from the
laboratory daily?
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50-200 letter | 1 7 7 373
Valid
Morethan200 | g | 627 | 627 | 1000
letter
Total 150 | 1000 | 1000

This table is crucial for understanding the scale of the
environmental impact of laboratories: More than 200
liters: This is the largest category, with 94 participants
(62.7%) reporting that their laboratories use more than
200 liters daily Less than 50 liters: This category comes
in second with 55 participants (36.7%). Between 50 and
200 liters: This category is very rare in the study sample,
with only one participant (0.7%) selecting it.

Approximate estimate of the amount of water discharged from the laboratory daily?

100

Frequency

Less than 50 letter

50-200 letter

More than 200 letter

Approximate estimate of the amount of water discharged from the laboratory daily?

Figure 3: Amount of water discharged from the laboratory daily
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DISCUSION

The study’s central problem revolves around a serious
operational gap. While laboratories adhere to the
engineering aspect (network maintenance 100%), they
completely lack specialized preventative measures
(disinfection and policies 0%). The dimensions of this
discussion can be summarized as follows. The illusion
of structural integrity: Maintaining networks without
chemical disinfection means the laboratory is effectively
transferring contamination to the outside, rather than
eliminating it, thus transforming wastewater into a silent
environmental hazard. The absence of administrative
oversight: The lack of written policies (0%) has
marginalized the issue of wastewater, resulting in a very
weak response, according to staff consensus, due to the
absence of binding guidelines. Knowledge stagnation: The
lack of annual training (0%) prevents staff from keeping
up with water classification and treatment standards,
limiting the specialist’s role to conducting tests without
addressing the resulting contaminated outputs. The public
health risk: The participants’ unanimous agreement
(100%) on the weak response raises serious concerns
about the potential leakage of chemical and biological
pollutants into the surrounding environment, threatening
occupational and public safety. In short: the problem isn’t
“pipe failure, but rather the absence of a protocol. The real
challenge lies in transforming wastewater management
from a mechanical drainage process to a comprehensive,

biological treatment process.

CONCLUSION

The study concludes that the infection prevention system
in wastewater management requires a complete overhaul.
Simply ensuring pipe integrity and preventing leaks is
insufficient; chemical disinfection protocols must be
enforced at the source, personnel must receive intensive
training, and clear policy guidelines and signage must
be provided in the workplace. Moving from structural
maintenance to comprehensive biological treatment is the
only way to guarantee that medical laboratories do not
become a silent source of environmental pollution and
health hazards.

RECOMMENDATIONS

1. Adopt a unified and binding policy for wastewater
management and treatment.

2. Mandate that laboratories perform initial chemical
disinfection before discharging into the public network.

3. Implement mandatory annual training programs and
include wastewater treatment in external audit programs.
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