





Validating the sterilization
process

uality is a basic tool for improving processes and services. The ISO

9001 (general quality) and EN ISO 13485 (quality of the installation

and maintenance of health products) standards make it possible for us
to evaluate our system and guide the steps to improve the system.

In the case of sterilization, an adequate level of sterilization (SAL: Sterilization
assurance level) should be ensured so that the specific process generates a
product or service according to its predetermined specification and in keeping
with established quality characteristics.

The European Standard, 1994, defines that: a medical device that is
determined to be “sterile” should reach a SAL of 10® when it undergoes a
validation process.

A common requirement of ISO 13485, Correct Manufacturing Standards
(CMS) from Europe, Good Manufacturing Practice (GMP) and the FDA is the use
of validated processes.

Validating a process consists of systematically carrying out the process in a
specific manner in order to improve it, using the following phases:

Planning: Establish temporary programs and checklists, validation protocols
with criteria for acceptance/rejection, needs for resources, risk analysis.

Installation qualification (1Q): This phase is associated with installation by
the service provider and includes the calibration of measurement and control
elements, documentation, plans, and work instructions.

Operational qualification (OQ): This is the crucial phase of fine-tuning the
process, during which its robustness and reliability when facing the worst cases
should be demonstrated.

Provisional or functional qualification (PQ): This final phase examines the
replicability of the process, including the precise formation and qualifications for
its operations and work instructions that are definitive and put into action.
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Validation of the sterilization process

Validation

Installation qualification

Qualification of the

) Operational qualification
equipment

Provisional or functional qualification

Parameter tests

Qualification of the load | Microbiological tests
Others

The validation process consists of verifying in a certified and sufficiently

documented manner that a process meets the requirements for which it was
designed.
In the case of sterilization, labeling a health product with the word “sterile” is

only permissible when a validated sterilization process has been used.
As a result, validation should consist of the following points:

Installation qualification
Operational qualification
Process qualification
Documentation

Case-fatality calculation
Validation report and certificates

In this way, the SP can demonstrate in a sufficiently documented manner that

the parameters of temperature and pressure reached throughout the sterilization

process of a load were within the criteria defined by the standards, and for
repeated loads.

The validation of a process is the documented procedure of

evidence with regard to the equipment and its operation.

Validation of loads

It is important to validate the process at all points: washing, loading/unloading of
the material, and the sterilization process itself. In the case of loading/unloading
of the material, the validation of this procedure consists of meeting the minimum

stages and evaluation criteria that the user should handle.
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Technique and material
Documented evidence contributes a high degree of safety to this process, during
which the following aspects should be taken into account:

* Position of the articles within the load.
* Packaging of the load.
* Cycle selected.

* How to unload.
* Repeat three times.

Components of sterilization validation

Audit

This process demonstrates, documents and confirms that the equipment meets
the performance specifications as they were designed following their installation
in the place of use.

Certification to operate

This process demonstrates that the equipment, following review, will produce
acceptable products when it is operated according to the specifications of the
process. The following will have to be demonstrated:

* Certification of the equipment.

* Test of the effectiveness of the equipment.

* Monitoring of the equipment’s operational routine.
* Validation if an alteration in the routine is identified.

Validation of the sterilization process by dry heat
Ensure that sterilization by dry heat is adequate, safe and effective.
The validation process to demonstrate evidence of sterilization by dry heat
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will guarantee that this is always carried out in the same way and with the same
quality.

The purpose is to guarantee the pre-established parameters for sterilization
by means of dry heat.

Technique and material
The validation of this process consists of meeting the minimum stages and
evaluation criteria that the user should handle.

Furthermore, documented evidence contributes a high degree of safety to
this process, during which the following aspects should be taken into account:

* Equipment quality: The electric installations (voltage), structure, dimen-
sions and ventilation should be confirmed.

* Operational quality: This should confirm that all of the components of the
equipment function according to the Operation Manual and maintenance
instructions. Similarly, a report of the most common parts replaced and the
technical service carried out will be generated.

* Performance quality: This should verify the established physical param-
eters, types of packaging, types of loads and their registries, types of ma-
terials (quantity and volume), the arrangement of the materials within the
chamber and its capacity, and the adequate use of registries for chemical
indicators.

Validation of the sterilization process by steam
Sterilization by moist heat should be validated in order to guarantee the safety,
adaptation and effectiveness of the process.

The validation process to demonstrate evidence of sterilization by moist heat
will guarantee that this is always carried out in the same way and with the same
quality.

The purpose is to guarantee the pre-established parameters for sterilization
by means of moist heat.

All of these verifications can be defined with the terms: IQ (installation qual-
ity), OQ (operational quality) and finally, PQ (process quality). ).

* 1Q Installation quality: This consists of verifying that the equipment has
been adequately installed and is safe to operate, following manufacturer
specifications and the standards applied in each country. Following steps
should be taken:
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— Verify the correct installation of connections: water, steam, electricity,
compressed air, ventilation, etc. This process verifies that the different
parameters meet manufacturer specifications as well as the regulations
that apply.

— Verify the correct operation of the equipment’s different security func-
tions, according to standards.

— Confirm that the machine is equipped with the adequate technical doc-
umentation: installation plans, technical/operational user manual, etc.
OQ Operational quality: This consists of verifying that the sterilizer's diffe-
rent measure and control elements function correctly and within the ranges
specified by the manufacturer. Furthermore, it aims to verify that the tem-
perature distribution in the chamber is uniform and within the parameters
designated by the standards. To achieve this, the following steps should be

taken:

— Calibration of the regulation and control elements.

— Carry out a cycle with the Vacuum test.

— Carry out a cycle with the Bowie Dick test.

— Implement three thermometric tests in an empty chamber in order to
obtain the temperature profile at all points of the chamber.

PQ Process quality: This procedure documents that the parameters of

temperature, pressure and case-fatality reached within the load throughout

the sterilization process and in repeated cases are within the criteria defi-
ned by the country's standards.

— The quality of the process is demonstrated by carrying out three thermo-
metric tests for each type of load and obtaining the temperature profile
at all points for each one. This verification ensures that the parameters
of temperature, pressure and case-fatality are within the parameters de-
signated by the country’s standards.

Technique and material
This validation should be carried out by confirming the quality of the following

elements:

Environment: The installations should be verified. The physical area in-
cludes: the structure itself, climate control dimensions, and installed net-
works of steam and compressed air. With regard to the hydraulic installa-
tion, the water hardness should be observed. With regard to the electric
installations, the voltage, protective devices, installation to the source it-
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self, and quality of the steam should be observed.

* Equipment: The structure for the installation of the autoclave should be
confirmed, including its physical adaptation, harmony, ventilation near the
doors of the autoclave, and minimum distances between walls and the
equipment in order to facilitate maintenance.

* Operation: The existence of an Operational Manual should be confirmed,
as should the registry of the most commonly replaced parts, the informa-
tion registered by the technical service, and a voucher that certifies the
operation of the equipment.

* Performance: Performance should be evaluated by assessing effective-
ness and efficiency. Established physical parameters, types of packaging,
types of loads and their registries, types of materials (quantity and volume),
the arrangement of the materials within the chamber and its capacity, and
the adequate use of registries for chemical and biological indicators should
all be confirmed.

In pre-vacuum autoclaves, three cycles should be checked with the Bowie
Dick test, followed by three complete cycles with chemical and biological controls,
during three consecutive days and with loads.

In gravitational autoclaves the test should be carried out with an empty chamber.

A frequent problem is that preventive maintenance is not carried out on
machines, since what is most common is to wait until the machine fails.

Validation of sterilization by ethylene oxide
Validation should be determined and provided by the manufacturer of EtO
autoclaves.

Technique and material
This validation should be carried out by confirming the quality of the following
elements:

* Environment: The installations should be verified. The physical area in-
cludes: the structure itself, climate control dimensions, and the need for
an installation to extract environmental gas toward the exterior. Further-
more, the electric installations, voltage and protective devices should be
observed.

* Equipment: The structure for the installation of the autoclave should be
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confirmed, including its physical adaptation, harmony, ventilation, and mini-
mum distances in order to facilitate maintenance. The existence of a device
to measure the quantity of residual EtO in the environment should also be
confirmed.

Operation: The existence of an Operational Manual should be confirmed,
as should the registry of the most commonly replaced parts, the informa-
tion registered by the technical service, and a voucher that certifies the
operation of the equipment.

Performance: Performance should be evaluated by assessing effective-
ness and efficiency. Established physical parameters, types of packaging,
types of loads and their registries, types of materials (quantity and volume),
the arrangement of the materials within the chamber and its capacity, and
the adequate use of registries for chemical and biological indicators should
all be confirmed.

Three complete cycles should be confirmed with chemical and biological

controls, during three consecutive days and with loads.

Validation of hydrogen peroxide plasma

Technique and material

This validation should be carried out by confirming the quality of the following
elements:

Environment: The installations should be verified. The physical area in-
cludes: the structure itself, climate control dimensions, and the need for
an installation for extraction toward the exterior. Furthermore, the electric
installations, voltage and protective devices should be observed.
Equipment: The structure for the installation of the autoclave should be
confirmed, including its physical adaptation, harmony, ventilation, and mini-
mum distances in order to facilitate maintenance.

Operation: The existence of an Operational Manual should be confirmed,
as should the registry of the most commonly replaced parts, the informa-
tion registered by the technical service, and a voucher that certifies the
operation of the equipment.

Performance: A microprocessor should be used to evaluate the physical
parameters. Additionally, there are specific chemical indicators and a biolo-
gical indicator test package that consists of a plastic tray with a restricted
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dissemination opening that ends in a closed compartment that contains a
chemical indicator and a biological indicator. The chemical indicator indica-
tes that hydrogen peroxide, an essential part of the sterilization cycle, has
been introduced into the sterilization chamber. The biological indicator con-
sists of a paper strip containing 10° spores of Bacillus subtilis var. Niger in
a Tyvek® bag.

The physical parameters should be confirmed with a test package, followed

by three complete cycles with chemical and biological controls, during three

consecutive days and with loads.

Validation of low temperature steam formaldehyde (LTSF)
Technique and material

This validation should be carried out by confirming the quality of the following
elements:

Environment: The installations should be verified. The physical area in-
cludes: the structure itself, climate control dimensions, and the need for
an installation for extraction toward the exterior. Furthermore, the electric
installations, voltage and protective devices should be observed.
Equipment: The structure for the installation of the autoclave should be
confirmed, including its physical adaptation, harmony, ventilation, and mi-
nimum distances in order to facilitate maintenance.

Operation: The existence of an Operational Manual should be confirmed,
as should the registry of the most commonly replaced parts, the informa-
tion registered by the technical service, and a voucher that certifies the
operation of the equipment.

Performance: A microprocessor should be used to evaluate the physical
parameters. There are also specific chemical indicators (the strips should
be introduced within the test package). The parameters that these chemical
indicators measure in different sterilization methods are: presence of formal-
dehyde, concentration of formaldehyde, temperature and climate. The bio-
logical indicator consists of a vial with a paper strip containing 10° spores
of Geobacillus stearothermophilus, which should be placed within the test
package.

The physical parameters should be confirmed with a test package, followed
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by three complete cycles with chemical and biological controls, during three
consecutive days and with loads.

Management areas and critical points

Direct observation can be used to determine the type of mistakes made and the
critical points (risk areas). A multidisciplinary team with knowledge about the field
of sterilization should be created to implement this. There are eight critical points
(work areas), which can be divided into five areas (Criado Alvarez, 2006):

Management areas Critical points
Preparation Prepare protocols and work procedures
Provide training for personnel
Management of the process Ensure correct selection and allocation of resources

Ensure adequate working conditions
Safeguard the safety of the user and the environment

Supervision system Guarantee correct execution and control and continuous surveillance
Organization of resources Carry out operational, efficient planning
Verification of the process Ensure documented validation and accreditation

Summary of validation activities
* Create a multifunctional validation team
* Plan the approach and define the requirements
¢ Identify and describe the processes
* Specify the parameters of the process and the desired outcome
e Create a master validation plan
* Select the validation methods and tools
* Create validation protocols
e Carry out IQ, OQ and PQ and document the results
* Determine continuous process controls
* Prepare the final report and ensure administrative approval
* Provide continuous control of the process

When should sterilization validation be carried out?
 Sterilization validation should be initial and periodic.
* Once the equipment is installed, a test should be carried out jointly by the
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center’s personnel and the manufacturing company’s technical service.
* This test confirms that the apparatus works correctly in that environment.

This test should be repeated whenever:
* Damages are repaired
* Maintenance operations are carried out
* The packaging material is modified
* The composition of the load is modified substantially
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Quality indicators for the
sterilization plant

Criteria for verifying the effectiveness of the sterilization
process

The sterilization process should be effective and neutralize any life form that is
present. It has to be confirmed through a correct result on the physical, chemical
or biological indicators.

Indicators

No. of loads per autoclave, with a verification sheet,
with the correct sterilization indicators per week.

x 100
Total No. of loads per autoclave during the week.
Quality standard: 99%
No. of loads with EtO, with a verification sheet,
with the correct sterilization indicators per week.
x 100

Total No. of loads with ethylene oxide during the week.

Quality standard: 100%
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No. of loads with gas plasma, with a verification sheet,
with the correct sterilization indicators per week
x 100

Total No. of loads with gas plasma during the week.

Quality standard: 99%

Criteria for sterilization expiration time
Every sterilized product needs a printed label that shows the expiration time of
the sterilization.

Material that needs to be re-sterilized due to an expired time should be kept
to a minimum.

Indicator

No. of re-sterilized products that passed the expiration time.
x 100

Total No. of sterilized products.

Quallity standard: less than 1%

Criteria for adequate packaging of material to be sterilized

Indicator

No. of errors or defects in the packaging of materials to be sterilized per
week.

x 100

No. of sterilization loads during the week.

Quality standard: 0%
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Criteria for safety in the sterilization plant
The sterilization plant needs to work with standardized, safe procedures in order
to guarantee a minimum frequency of work-related accidents.

Accident indicator

No. of accidents that take place in the sterilization plant in a month.
x 100

No. People / day working during the month.

Quality standard: 0%

Incident indicators

No. of incidents that take place with the autoclave in a month.
x 100

No. of loads by autoclave carried out during the month.

Quality standard: less than 1%

No. of accidents that take place with ethylene oxide in a month.
x 100

No. of loads by ethylene oxide carried out during the month.

Quality standard: 0%

No. of accidents that take place with gas plasma in a month.
x 100

No. of loads by gas plasma carried out during the month.

Quality standard: less than 2%
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Criterion for the satisfaction of the internal client
Indicator

N° of claims or complaints due to delays, deterioration or losses
received by the SP per month.

x 100

No. of sterilization loads carried out during the month.

Quality standard: less than 1%
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Re-use of a single use
medical device

e-used is currently understood as: the repeated use of any medical
device, including those that are reusable or labeled as single use, with
the corresponding reprocessing between uses.

Reprocessing is understood as: all the operations necessary for reusing con-
taminated single-use or reusable materials. The steps include: cleaning, func-
tional testing, packaging, labeling and sterilization.

The reuse of single-use medical devices (MD) should be authorited by
specific national regulation. Despite this, the practice of re-use in many health
centers is indiscriminate and disobeys regulations, in the majority of cases due
to ignorance. The situation that countries experience suggests the need to
implement a re-use program that is sustainable over time.

When intending to re-use a single-use MD, one should first demonstrate that
there will be savings. This should be done while also evaluating operational issues
such as the functionality and integrity of the MD, the risk of infections, the risk of
endotoxic reactions, personnel safety, and legal and ethical responsibility.

Manufacturers of MD that are labeled as single-use maintain the position TO
NOT RE-USE, alleging that the products have not been designed or validated by
clinical data that support multiple re-uses. They consider that re-use goes against
the recommendation of the label and implies risks to the parties involved, primarily
the patient.

The first devices to be analyzed are usually costly MD, which in general turn
out to be critical or high-risk. The evaluation of low-cost, high-consumption MD,
which are usually medium- or low-risk, is often overlooked.

According to the FDA, single-use MD are classified as:

* CLASS | or low-risk: These devices are considered to pose a low risk for
patients. These require “general controls.”

* CLASS Il or medium-risk: These devices can have some risk for patients,
which means that they need “special controls.”

* CLASS Ill or high-risk: These products are considered to pose a high risk
for patients. These require “rigorous controls.”
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Although the washing, packaging and sterilization of “reusable” medical
devices are normal functions of the SP, the reprocessing of devices labeled as
single-use is not.

Therefore the methodology or protocol that should be used to DEVELOP
AND MAINTAIN A PROGRAM FOR RE-USE should simulate the practices of
the industry. It should establish the procedures step by step through quantifiable,
documented and replicable results.

It is therefore important to initiate contact with the manufacturer in order
to ask, for example: what polymers does the device contain?, does it have
lubricants?, can certain disinfectants, contrast media, drugs, etc. be aggressive
and incapacitate reprocessing?

As a result, the requirements that should be met in order to reuse single-use
medical devices are:

Cleaning: The design and manufacture of a device should permit the cleaning
of all surfaces. Cleaning is defined as the total removal of all visible dirt from the
surfaces, crevices, joints and lumens of the device. For the cleaning procedu-
re, enzymatic cleaners, brushes and/or automatic cleaning equipment should be
used, in order to remove the dirt from all contaminated surfaces without leaving
toxic residues or causing damage to the device.

Inspection: Following cleaning, tests of functionality and physical integrity
should be carried out in order to confirm that the device is safe to be reused.
The level of inspection will depend on the complexity of the device and its later
use. The inspection process can be by a simple visual check in order to ensure
that all visible dirt has been eliminated and/or by a complex process that requires
adequate equipment.

Packaging: The same quality of packaging that was used for the original
product should be used at this stage, taking into account that the device will ex-
perience a subsequent sterilization process.

Sterilization: The sterilization process should demonstrate a sterility safety
coefficient (CSE) of 10, the coefficient that is accepted for devices that will
have contact with tissue. Ethylene oxide is the most commonly used sterilizer for
thermosensitive products, although all possible alternatives should be evaluated.
s, de todas formas deberian evaluarse todas las alternativas que se poseen.

140



Reuso de dispositivos médicos de un solo uso

Validation of the processes to reuse materials
The validation of the processes for reusing MD should be carried out through:

* Verification of the effectiveness of the cleaning.
* \Verification of the effectiveness of the sterilization processes.
* Verification of the absence of toxic waste.

Verification of the absence of toxic waste is not simple to carry out in health
centers. More complex centers should carry out the primary development work
and then give this information to centers of lower complexity.

The development costs of the protocols can be reduced if hospitals collaborate
on the creation of each section.

The results can then be applied to devices from the same manufacturer,
duplicating the procedures and using the same sterilizer equipment, as long as
they operate according to manufacturer specifications.

Evaluation of the cleaning
The initial analysis for the development of the protocol should include a test for
each level of re-use since waste and biofilms can go unnoticed and accumulate in
a device with each subsequent use.

Sample size
The sample size or number of MD that need to be tested should be sufficiently
large to ensure that the process can be duplicated successfully. In a previously
published study (Reichert 1985), industrial practices were emulated and thirty
devices, in three samples of ten, were tested.

For example, if the MD will be reused twice, a sample of thirty MD should
be tested after each level of use, for a total of sixty tests. This test is focused on
cleaning and the sterilization process.

Analysis of the sterilization process

The effectiveness of the cleaning procedure can be demonstrated with MD after
they are used in clinical procedures. These stained devices should be cleaned
using the procedure developed.
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The first phase of analysis at each level of re-use is a visual inspection of
the device after cleaning it. This inspection is carried out to verify that all visible
dirt has been removed. Small lumen devices like catheters should be cut and
opened in order to examine the internal lumen. If the device is not visibly clean, the
cleaning procedure should be repeated until acceptable results are obtained.

The second phase of analysis, once the effectiveness of the cleaning
procedure has been verified, is the test of the sterilization process. At each level
of re-use, the devices are cleaned, prepared and sterilized. After sterilization, the
MD is sent to the microbiology laboratory where bacterial sterility is confirmed
by culture. The sterile culture medium should be placed in contact with all of the
surfaces of the MD. Devices that are lumens, such as catheters, have to be cut
and opened to make sure that the culture medium is in contact with all surfaces.

Results. If there is no growth, the test confirms that the cleaning procedure
was sufficiently effective for reduce the microbial charge to a level that can be
destroyed during the sterilization process. If there is growth, the procedure should
be repeated and the MD reexamined.

Frequency of the analysis. The test should be carried out: initially, when the
product changes (e.g.: another manufacturer), when the process equipment is
modified or changed, or when the cleaning agents are changed.

Analysis of pyrogens
The test of pyrogens should be used for any product that comes into contact
with blood and bodily fluids and as a result could contain bacterial endotoxins
that cause a pyrogenic response. Products like catheters can be visibly clean and
sterile and still be hazardous to the patient due to high pyrogen levels.

Limulus amebocyte lysate (LAL) analysis is used to determine the endotoxin
level and is available in a commercial kit.

Sample size
A sample size of 10 MD for each level of re-use should be carried out in order to
test for the presence of pyrogens when developing the preliminary protocol.

Waste analysis
Although there are no standards for waste levels, the standards published by the
FDA have been used as acceptable standard levels for the industry.
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Recognized acceptable levels of waste for EtO and by-products

Wedical Device Ethylene oxide chfltlirlz:leyl:;in Ethylene glycol

Implant - - -
Small, 10 g 250 ppm 100 ppm 25 ppm
Environment, 10 g to 100 g 250 ppm 100 ppm 25 ppm
Large, >100 g 5,000 ppm 2,000 ppm 500 ppm
Intrauterine device 5 ppm 10 ppm 10 ppm
Intraocular glasses 25 ppm 25 ppm 500 ppm
Devices in contact with mucous membrane 250 ppm 250 ppm 5,000 ppm
Devices in contact with blood and tissues 25 ppm 25 ppm 250 ppm
Devices in contact with skin 250 ppm 250 ppm 5,000 ppm
Sponges for surgical washing 25 ppm 250 ppm 500 ppm

Source: Federal Registry 43, no. 122 (23 June 1978), United States.

As a final step in the design of the protocol, it should be demonstrated that the
reprocessed MD is functionally similar to the original MD.

The test should aim to confirm the specific characteristics of the MD. For
example, if a MD needs to have flexion during regular use, a demonstration that it

can be folded would be important.
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Environmental cleaning and
disinfection of the sterilization plant

he environmental cleaning and disinfection of the sterilization plant should
be carried out daily. Floors and horizontal work surfaces should be cleaned
at least once a day. Other surfaces (shelves, ceilings, windows, walls)
should be cleaned periodically, according to the regular program created by the
supervisor.
During the cleaning procedure, personnel should be very careful to not alter
the integrity of the containers and materials that have already been processed.
Cleaning should always be carried out from “clean” areas to “dirty” areas, in
order to avoid contaminant transfer.
ltis ideal to have cleaning utensils (rags, cloths, sponges) that are differentiated
by areas: dirty and clean.
Personnel should be trained to fulfill the standardized protocol, taking into
account the following aspects:

e Carry out the cleaning procedures exhaustively, placing greater emphasis
on floors and surfaces where the amount of dirt and microorganisms is
more concentrated.

*  Walls should be free from stains and splatters and should be cleaned com-
pletely when dirt or fungi are present.

* The utilization of water aspirators is recommended for improved disinfec-
tion of floors, although this equipment is not available in the majority of
health institutions.

* Cleaning materials should be placed in mobile carts in the corridors.

* Dry sweeping with a broom should never be done, since this induces the
movement of microorganisms from the floor into the air. There, they will
remain suspended for several minutes until being deposited once again on
the horizontal surfaces in the area.

* The use of air aspirators is not recommended for the same reason.

* Rags with dust should not be shaken out and surfaces should not be
cleaned with dry rags.
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Procedure
Cleaning and disinfection will be carried out from the green area (cleanest or

most sterile) to the blue area, in order to finish in the red area.

Floors

Dry method or static sweeping: This consists of passing a synthetic

barrier that is lightly impregnated with an electrically polarized substance

(magnetic effect) across the floor, so that it retains all types of particles that

are possible carriers of microbe particles. It represents a hygienic adapta-

tion of the broom that it replaces and is ideal for avoiding the dispersion of
dust in the environment. It will eliminate dirt that is not stuck to the floor, in
order to subsequently apply the moist method.

Moist method: This includes two techniques, the use of a double buc-

ket, or the use of a single bucket.

— Double bucket procedure: This is the most common method and the
method of choice. It is carried out using a two bucket system, one for
the disinfectant or detergent solution and the other with clean water for
rinsing. This method minimizes the recontamination of areas.

- Single bucket procedure: When this method is used, the solution
should be changed: 1) when it is dirty, even if the cleaning of the area is
not complete, and 2) before moving to another area.

Surfaces

All shelves should be cleaned weekly with a clean cloth and alcohol 70%
in order to remove dust. At that time, the expiration date and the integrity
of the packaging for sterile medical equipment should be reviewed.

A cloth or rag treated with disinfectant, which can be sodium hypochlorite
(1:100), should be used to clean the surfaces. A clean rag should be used
for each area.

Alternatively, surfaces can be sprayed with a sodium hypochlorite solution,
diluted at 1:100, and then rubbed vigorously with a clean rag saturated in
the solution.
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Hygienic and biosecure
In order for a SP to be a hygienic and biosecure place, the following recommenda-

tions should be followed:

Corresponding measures to avoid or minimize the generation of drops or
aerosols should be taken.

The use of liquid soaps is recommended in order to prevent contamination
and clogged plumbing.

Wash hands before and after each procedure.

Deposit the materials in completely dry places.

Avoid air currents or movements within the areas of the SP.

Fulfill the requirements of the institution’s de-infestation program.

Avoid all types of construction or un-programmed renovations in the area.
Personnel should use the complete uniform provided by the institution
(suit, cap, etc.) according to the standards of the SP.

The use of nail polish, cosmetics and jewelry is prohibited.

The use of feather dusters and brooms is prohibited.

Eat or drink only in designated areas.

Avoid the unnecessary handling of processed medical use products.
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Ocupational hazards

he health team that works in a hospital establishment is exposed to count-
less risks that are capable of inducing work-related alterations or patholo-
gies.

Sterilization services are not an exception to the occurrence of occupational
risks. On the contrary, the SP constitutes a work area with high occupational
risk.

The risks can be of a different nature or etiology, of which these are the most
common:

Physical hazards: These are hazards caused by equipment, whose use in-
volves risks such as noise and vibrations that can induce sound trauma and high
temperatures that can induce burns.

Chemical hazards: These are hazards caused by aerosols, gases, vapors
and organic dusts that can be natural or synthetic and inorganic. The chemical
sterilizing agents with the highest risk are: ethylene oxide, glutaraldehyde, perace-
tic acid, hydrogen peroxide and formaldehyde.

Biohazards: These hazards are induced by the presence of microorganisms
(fungi, viruses, bacteria, etc.).

Ergonomic hazards: These hazards are directly related to the design of the
equipment, stress, workload, fatigue, repetitive tasks, monotony, etc.

Adverse effects of some chemical compounds

Isopropyl alcohol: This is used to dry rubber and latex materials and material
with lumens. Isopropyl alcohol can irritate the eyes and mucous membranes. lts
permissible limit is 400 ppm.

Sodium hypochlorite: This is used to disinfect environments. The sodium
hypochlorite solution can irritate the eyes, nose and respiratory tract. Its permissi-
ble exposure limit is 0.5 ppm.

Phenols: This is used as a surface disinfectant. It can irritate the eyes, mu-
cous membranes and skin. It can also affect pigmentation and generate skin ne-
crosis. Its permissible limit is 5 ppm.

Glutaraldehyde: This is a disinfecting agent that produces toxicity by inha-
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lation, causing cough, headache, difficult breathing and nausea. In the case of
cutaneous exposure, it can produce reddening and irritation.

Ethylene oxide: The routes of entry into the body are through breathing (more
frequent), the skin and digestion (less frequent). It is rapidly absorbed through the
respiratory tract and highly soluble in blood. It is distributed rapidly in the body and
%4 of it is eliminated through urine within 48 hours. It can produce acute and sub-
acute toxicity by inhalation of high concentrations in a short time (greater than 100
ppm). It produces irritation of the eyes and respiratory tract (with dyspnea, cyano-
sis and even pulmonary edema), digestive symptoms (nausea, vomiting, diarrhea),
and neurological symptoms (headache, somnolence, lack of coordination and in
exceptional cases, convulsions). In a liquid state and in solutions, its irritant effect is
greater and can trigger allergic dermatitis. Cases of carcinogenesis, mutagenesis
and teratogenesis have been demonstrated in animals in experimental studies. It is
for this reason that EtO is classified as a type C2 substance. According to OSHA,
the permissible exposure limit (PEL) is 0.8 ppm or 1.4 mg/m? in 8 work hours.

Hydrogen peroxide: This is a colorless liquid that is water miscible and can
be decomposed by numerous organic solvents. It can produce acute toxicity and
irritates the skin and mucous membranes at high concentrations. Contact with so-
lutions over 35% can produce phlyctenas on the skin. The inhalation of hydrogen
peroxide vapors or mist can induce severe inflammation of the upper respiratory
tract. If over-exposure continues, it could result in pulmonary edema.

Formaldehyde gas: The principal means of occupational exposure is through
the ocular mucous membrane, upper respiratory tract and cutaneous contact.
After being inhaled, it is absorbed in the upper part of the respiratory tract due to
its hydrosolubility. It is soluble in blood, distributed rapidly in the body — and more
commonly in highly vascularized organs — has rapid cellular renewal, and has
high protein synthesis. Its elimination is very variable. It can produce acute and
sub-acute toxicity. Its principal effect is to produce primary irritation in eyes, nose
and throat. Irritation increases when the environmental concentration surpasses
50 ppm. It can produce severe bronchiospasm. With regard to chronic exposure,
studies have demonstrated that exposed people present subjective signs of irrita-
tion of the ocular mucous membrane and respiratory tract that can cause chronic
respiratory pathology. Since its carcinogenic, mutagenic and teratogenic effects
have been demonstrated in in vitro cells, it has been recognized as a type C2
agent. According to OSHA, its permissible exposure limit (PEL) is 0.8 ppm or 0.9
mg/m?® in 8 work hours.
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Ocupational hazards

General recommendations
Physical hazards
In the case of physical hazards that can usually be modified and solved, it is

recommendable to take into account:

Internal training, communication and regulation as the main strategies to
prevent physical hazards.

Close monitoring of adequate temperature control and ventilation in envi-
ronments such as machine rooms and adequate use of personal protection
in high-risk areas (contaminated areas).

Train human resources in what to do in accidents such as burns, cuts and
injuries.

Have an emergency kit adequately set up for emergencies.

These should all be adapted to health and safety policies in the workplace
and current electric safety.

Transport carts should have rubber wheels.

Personnel should use footwear with rubber or anti-slip soles.

Fire distinguishers should be in a perfect state of use.

Personnel that work with steam sterilizers or stoves should use antithermic
gloves or mitts. Asbestos gloves should never be used.

Equipment to cut off electric currents should be available.

Gauze cutting machines should have a frontal safety switch.

Personnel that work with textile cutting machines should use protective
metal gloves.

The SP should have easily accessible emergency exits.

A water shower or bath should be available in the case of a spill with eth-
ylene oxide or other chemical substances.

Chemical hazards
With regard to the prevention and treatment of the chemical risks detailed above,

it is recommendable to take into account:

When glutaraldehyde, EtO, FO and hydrogen peroxide are used, we should
consider well-ventilated environments, personal protection according to
possible contact (gloves, goggles, mask), the use of chambers designed
to prevent exposure, and automated equipment.

In the case of sodium hypochlorite, it should never be mixed with ammonia
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(substance that is used to clean toilets).

* In the case of an EtO leak (some people are able to detect the leak if there
is a sweet odor), it can cause signs of eczema and pruritus. In this case,
the area should be evacuated and ventilated immediately and an expert
should be contacted. In addition, the gas should be eliminated with pulver-
ized water and the water jets should not be allowed to drip.

* When EtO, FO and glutaraldehyde are used, environmental control is im-
portant.

Biological hazards

Biological hazards occur when there is contact with contaminated materials and
when both infectious and noninfectious waste of human origin from isolation
areas is handled, such as tissues and bodily fluids, including blood and plasma.
Other hazards derive from handling the contents of contaminated sharp, pointed
instruments used in operating rooms, laboratories, etc. The recommended
measure is the application of the biosafety principles detailed below:

* Universality means that every material that has organic matter is handled
as highly infectious material. A label that says that the material is contami-
nated should not be necessary. The aforementioned clean-up and decon-
tamination protocols should be applied.

* The use of physical barriers for personal protection is very important when
contaminated materials and instruments are handled and when disinfec-
tion is carried out with chemical agents.

* The use of a mask for the preparation of textiles in the blue area is compul-
sory.

* For proper waste management, especially in the case of sharp, pointed
instruments, it is important to segregate the waste material. This process
should be carried out by the external user.

* It is important to take into account the classification of waste according to
the standards of the General Environmental Sanitation Bureau.
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Ergonomic hazards
With regard to ergonomic risks, it is recommendable to take into account:

* Maintain a direct relationship with the work team in order to rapidly identify
environmental factors (moisture, steam, heat) that affect the normal limits
of comfort.

* Train personnel on adequate positions for working and on the natural
movements that should be used when transferring loads, lifting weight,
etc. The use of aids such as transfer carts or adequate mechanical equip-
ment should be employed in order to prevent fatigue and musculoskeletal
disorders.

e Work furniture (chairs, tables, footstools and others) should be equipped
in such a way that they permit postural ergonomics.

» Establish a rotation of activities between personnel in order to avoid mo-
notony at work.

* Human resources should determine their own pace for producing activi-
ties. This should not be subject to a total dependency on machines or
other people.

* When the organization of teamwork, participation, the pace of work and
automation are maintained, problems of stress or psychosocial ergonom-
ics will be avoided.

* The personnel in charge of waste collection should wear waterproof, re-
sistant gloves and wash their hands whenever they take off the gloves. In
addition, they should be vaccinated against Hepatitis B and tetanus.
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Waste management

Classification
In a health institution waste is classified as: pathological or infectious; and
household, chemical and radioactive types.

* Infectious waste: This type of waste can transmit infectious diseases and
is also referred to as pathological waste. It includes primarily:

Laboratory materials, cultures, blood and derivatives.

Pathological anatomy material and material from operating rooms.
Sharp, pointed elements: all devices that have sharp rigid corners,
edges, or protuberances capable of cutting, including needles, scalpels,
and broken glass.

Patient elements with communicable diseases.

Waste from dialysis, including arterial tubes and dialysis membranes.
Waste with blood and/or bodily fluids and everything that is used with
the patient.

* Household waste: This type of waste does not carry organic matter from
patient treatment. It includes primarily:

Food scraps

Kitchen elements

Paper

Boxes

Cardboard

Packaging

Every disposable element that does not contain blood or biological
liquids

Administrative waste

* Chemical waste: This includes chemical products and anti-neoplastic
drugs, which should be discarded according to national laws.

* Radioactive waste: This includes radioactive products, which should meet
the federal regulations for their disposal.
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Disposal and final treatment

* Sharps: They should be placed in disposal containers that have been
approved by infection control at the time of their use. When these contai-
ners reach their maximum capacity (3/4 full), they should be closed and
placed in red bags with other pathological waste. The final treatment is
incineration.

¢ Contaminated liquids: These should be discarded in toilets, which drain
into the sewage system.

* Household type waste: Its final disposal is in containers for household
waste companies and will follow the same path as household waste.

The waste bags contained in the waste receptacles should be closed with a
safety seal to prevent accidents. They should then be placed in other receptacles
identified as pathological or common waste, for their transportation and circulation
through the institution.

All waste receptacles should be washed once a day and whenever they are
visibly dirty. This should be done in the sector designed for that purpose.

The waste receptacles located at the nursing stations should be used for
large quantities of pathological waste, for example major treatments.

No waste receptacle should exceed its content.

Waste storage

This is the place where waste will be placed temporarily. This location should be
adequate for this function and should guarantee its temporary isolation, personal
protection and environmental safety.

This sequence has three stages:

* Primary storage: This is carried out in baskets equipped with plastic
bags.

* Intermediate storage: This is carried out in larger size containers, where
the bags will be placed after removing them from primary storage and until
being transported for their final storage and treatment. These are restricted
access areas, in order to avoid contact with the general public.

* Final storage: This is the physical space where the waste generated in the
establishment’s different services is deposited until the time it is removed
for final treatment and disposal.
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Recommended standards and practices for infectious
waste management

All infectious waste should be discarded separately from other waste.
Infectious waste should be discarded as close as possible to the site
where it was generated.

Infectious waste should be contained in red plastic bags, common waste
in black plastic bags, and sharps in rigid containers.

The micronage of the bags should be: 40 to 60 microns for small bags, 60
to 80 microns for medium bags, and 100 to 120 microns for large bags.
The sizes should be analyzed and adapted to the quantity of waste that is
generated by the sector or service.

These bags should be closed, tied firmly and collected by housekeeping
personnel when they are 34 full.

The use of a double red bag is not routinely required.

Prior to contact with excretions, blood and bodily fluids, personnel should
put on gloves, as stipulated in the standard precautions.

Hands should be washed completely after removing the gloves.

Sharp elements should be discarded in rigid containers provided in the
nursing units. Needles should not be recapped, bent, or broken.

Patients should be encouraged to discard dirty paper tissues in bags or
receptacles located next to the bed.

Dressing changes should be carried out using aseptic techniques and dirty
dressings should be discarded in a red plastic bag that is closed prior to
discarding.

The infectious waste generated during the treatment of patients who re-
quire isolation precautions should be placed in receptacles with red plastic
bags.

Precautions not to mix other dangerous waste (e.g., cytotoxic drugs, mer-
cury, etc) with infectious waste should be maximized.

Liquid waste can normally be thrown in the toilet or similar object. This
can be used to eliminate blood, stools, vomit, urine, sputum, secretions
and other body fluids. Personnel should wear resistant gloves or mitts in
order to handle liquid residue, avoid spattering their clothes and wash their
hands. They should be particularly careful when pouring liquids not to stain
the walls, toilets, furniture, floor, etc.

Disposable containers should be closed hermetically in order to avoid spill-
age.
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Do not place explosive material (alcohol, solvent, aerosols) or glass in
bags being sent for incineration. They should be treated as special waste,
placed in rigid boxes and labeled.

Human pathological waste (breasts, uterus, placenta, amputations, etc.)
should be placed in well-closed bags and if necessary a double bag in
order to avoid spillage. They should be placed in closed rigid boxes and
labeled: BIOHAZARD.

In the case of long lower limbs, they should be placed in a double bag,
closed and labeled: BIOHAZARD.

Pay attention when discarding pathological waste to not mix it with the rest
of the waste, even when everything is headed to the incinerator. Label and
discard it without delay.

The circulation and transport of waste should be programmed. The fre-
quency of the collection should be according to the need for the services.
Waste transport should not be carried out when meals, medical visits, pub-
lic visits, or patient transfer are scheduled.

The closed bags should be placed in primary containers located in each
sector. These will be removed by designated personnel, if necessary twice
per shift.

All waste should be transported to the designated storage areas in closed
carts.

Personnel that handle and collect waste should use adequate clothing and
elements. They should use gloves made of a resistant material, a plastic
apron (washable) and adequate footwear (rubber boots or similar).

At the conclusion of the task, personnel should wash the carts used with
water and detergent, rinse with running water and then disinfect with so-
dium hypochlorite 0.05% (dil. 1:100 of commercial bleach).

Finally, personnel should take off the protective elements, wash and disin-
fect them. Then, they should take off their gloves and wash their hands and
forearms.



Terms related to sterilization

Antisepsis: process that destroys the majority of pathogens located on
moving surfaces.

Antiseptic: chemical agent that inhibits the development of microorga-
nisms, or destroys them, and that is used on live tissue.

Area for preparation and packaging where clean, dry elements are ins-
pected, arranged in sets or boxes, and adequately wrapped or packaged
for the selected sterilization process.

Area for raw material deposit: an environment to store inputs such as
textiles, packaging material and other clean products.

Area for reception and cleaning: where reusable elements (instruments,
equipment, etc.) are received, registered and undergo a cleaning process.
Area for support: bath, showers, office and other facilities for personnel.
Area for sterilization: where steam autoclaves, ethylene oxide (EtO) auto-
claves, dry heat stoves and any other sterilizing equipment such as formal-
dehyde or hydrogen peroxide plasma are located. This includes the space
for loading and unloading the carts.

Area for storage of sterilized material: where the already sterilized mate-
rials are placed prior to their distribution.

Area for textile preparation: where clean reusable textiles (surgical linen)
and different hydrophilous materials (gauzes, bandages, etc.) are inspec-
ted, arranged and packed in their process packaging.

Bactericide: chemical method or agent that is capable of killing or des-
troying bacteria.

Bacteriostatic: chemical method or agent that is capable of inhibiting bac-
terial growth, but not necessarily killing bacteria.

Biological control: method that determines the presence of pathogenic
bacteria in objects subject to a sterilization process.

Broad-spectrum disinfectant: disinfectant that has activity against a wide
range of microorganisms.

Cavitation: process by which air bubbles implode (break inwards), libera-
ting dirt particles or tissue remains.

Cleaning: process that eliminates organic and inorganic dirt or any other
foreign material.
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* Contaminated: this refers to every surface, moving or unmoving, that it is
known to house microorganisms.

* Decontamination: this is the process for the removal of pathogenic mi-
croorganisms from objects and equipment in order to make them safe for
handling.

* Disinfection: this is the process by which the majority of pathogenic mi-
croorganisms, with the exception of bacterial spores, are killed or destro-
yed. Disinfectants are used on inanimate objects.

* High-level disinfection: disinfection process that kills vegetative bacteria,
tubercle bacilli, fungi and viruses, but not necessarily a high number of
bacterial spores.

* Intermediate-level disinfection: disinfection process that kills vegetative
bacteria, the majority of fungi, tubercle bacilli and the majority of viruses,
but does not kill resistant bacterial spores.

* Low-level disinfection: process that kills the majority of vegetative bacte-
ria, some fungi and some viruses, but does not kill Mycobacteria or bacte-
rial spores.

* Terminal disinfection: process through which an area or object is disin-
fected after some type of contamination has occurred.

* Ethylene oxide gas: highly inflammable toxic gas capable of sterilizing an
object.

* Fungicide: chemical agent capable of killing fungi.

* Germicide: chemical agent that destroys microorganisms. It may destroy
pathogenic microorganisms, but not necessarily resistant bacterial spores.
It can be used on live tissues (antiseptics) or inanimate objects (disinfec-
tants).

* Glutaraldehyde: chemical agent capable of sterilizing objects.

* Inanimate: non-living.

* Peracetic acid: chemical agent capable of sterilizing objects.

* Sanitation: process that results in a reduction in the microbial population
on an inanimate surface at a safe or relatively safe level.

* Shelf life: time period that a packaged object will remain sterile after un-
dergoing a sterilization process.

* Sporicide: chemical agent capable of killing spores, especially bacterial
spores.

* Sterilization: process by which all types of microorganisms are destro-
yed.
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Terms related to sterilization

High vacuum sterilizer: type of steam sterilizer that mobilizes the air in the
vacuum chamber.

Steam sterilizer: sterilizer that exposes the objects to steam at high pres-
sure.

Gravitational displacement sterilizer: type of sterilizer that mobilizes air
using gravity.

Sterilization control verifier: method that determines whether a process
has been completed. It does not indicate if the objects subject to this me-
thod are sterile.

Tuberculocide: chemical agent capable of killing Mycobacterium tubercu-
losis.

Ultrasonic cleaner: equipment for cleaning instruments using cavitation.
Virucide: chemical agent capable of killing viruses.

Washer-disinfector: equipment that washes and sterilizes surgical instru-
ments after an operation.
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