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Preface

Nebulization is a common method of medicinal aerosol generation and
it is largely used by adults and children all over the world, both for
emergency treatment of acute respiratory illness and for long-term
home treatment of airway diseases such as asthma, chronic
obstructive pulmonary disease (COPD) and cystic fibrosis. Nebulizers
effectively deliver the medicine directly into the respiratory tract so
that it can reach the lungs quickly.

Nebulization involves the process of transforming liquid medications
into inhaled mists. This aerosolization is accomplished by a nebulizer
machine equipped with a mouthpiece or face mask through which the
patient breathes in the drug mist. Patients simply breathe normally
until all the medicine has been inhaled. This method of drug
administration is easy to use and requires little coordination.
Nebulization therapy is particularly well suited for the treatment of
airway diseases in children and the elderly.

Nebulizers are widely used to deliver all types of medications including
corticosteroids, mucolytics, beta,-agonists, anticholinergic drugs and
antibiotics. The efficacy of nebulizer therapy is influenced by a great
number of factors, including the design of the device and the
characteristics of the drug.

The history of nebulization therapy in India dates back to the
introduction of Asthalin Respules/ Respiratory Solution in the early
90’s. Since then, Cipla has steadily extended the range to encompass
the entire spectrum of nebulized drugs.

The intent of this concise booklet is to serve as a guide to the
fundamentals of nebulization therapy. This is yet another expression
of Cipla’s ongoing commitment to respiratory medicine.

November 2010
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A practical guide to
nebulization therapy

Introduction to

nebulization

What is nebulization?

Nebulization is the process by which a
liquid medication is converted into a fine
mist that can be inhaled. The device that
is used to convert the liquid drug into
aerosol droplets suitable for patients to
inhale is known as a “Nebulizer”.

What is the method of inhalation with
a nebulizer?

The patient should be instructed to sit
upright, take steady breaths (tidal
breathing), and to not talk during the
nebulization. Steady normal breathing
interspersed with occasional deep
breaths is likely to be optimal. It should
be noted that the nasal passages
effectively filter droplets delivered from
the nebulizer. Hence, oral breathing is
preferred over nasal breathing.

What are the advantages of nebulizer
therapy?

It does not require coordination
between inspiration and actuation as
it uses normal tidal breathing

It is the most convenient way of
delivering high doses of inhaled
medication.

In acute severe asthma, oxygen can
be used to nebulize the drug.

Only 2% of the aerosol from the
nebulizer is deposited in the
mouth, compared to 60-80%

oral deposition from metered dose
inhaler (MDI) (when not using a
spacer device).

It can be used by any age group

What are the clinical indications for
the use of nebulizer therapy?

In acute attacks of asthma or
COPD exacerbations, nebulized
treatment is usually employed

Patients not able to or too sick or
incapable of managing handheld
inhalers

Drugs not available in handheld
inhaler (eg: arformoterol,
N-acetylcysteine)

Need for a large drug dose

Patient preference: Many patients
may prefer nebulizer therapy over
other inhaler devices.

Practical convenience
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nebulization therapy

Types of %

nebulizers

How does the nebulizer work?

Nebulizers used in aerosol drug delivery produce a polydisperse aerosol where most of
the drug is released in the form of particles, which are 1 to 5 microns in diameter.

The nebulizer works by using the compressor to pump the atmospheric air at high
pressure through the liquid medicine, thus converting it into a mist, which can then be
easily inhaled.

What are the different types of nebulizers available?

Nebulizers exist in many different forms. Based on the method of aerosol generation,
they may be broadly divided into jet and ultrasonic nebulizers. Of these, the jet
nebulizers are widely used. Newer nebulizer designs available are mesh nebulizers,
breath-enhanced nebulizers, and breath-actuated nebulizers; some also have aerosol
storage bags to minimize aerosol loss during exhalation.

How does a jet nebulizer work?

In a jet nebulizer, the compressor pumps atmospheric air at high pressure through a very
narrow hole, known as a venturi. In the venturi, the pressure falls and the air velocity
increases greatly, thereby creating a cone-shaped air flow. This air flow projects at high
velocity out of the ends of a narrow liquid feed tube or concentric feeding system,
creating a negative pressure at this point. As a result of this fall in pressure, the liquid in
the nebulization chamber is sucked up (a process known as the Bernoulli Effect) and is
drawn out into fine ligaments. The ligaments then collapse into droplets under the
influence of the surface tension. This primary generation is known as atomisation.

Atomisation typically produces droplets of 15-500 microns in diameter. A nebulizer may
be distinguished from a simple atomizer by the incorporation of baffles, which selectively
remove large droplets from an outgoing spray. Coarse droplets impact on the baffles
while smaller droplets are inhaled or may land on the internal walls, returning to the
chamber for re-nebulization. Baffle design, therefore, has a critical effect on the droplet size.

Inspiration Expiration

Air from Air from
compressor compressor

Fig 2 (a) Working of a Jet nebulizer



Types of nebulizers

How does an ultrasonic nebulizer work?

The ultrasonic nebulizer uses a rapidly
vibrating piezoelectric crystal to produce
aerosol particles. Ultrasonic vibrations from
the crystal are transmitted to the surface of

the drug solution, thereby creating upright

wave patterns in the solution. Droplets

break free from the crests of these waves . )

and are released as aerosol. The size of the o (o= = ¥
droplets produced is inversely proportional oo e “a';.e."

to two-thirds of the power of the acoustic ° A\ . "N
frequency. As in jet nebulizers, baffles / \ _ 1 N
within the ultrasonic nebulizer break the 7 \P‘y:.
large droplets and much of the aerosol [ === - v
produced also impacts on the baffles, High f@g&,ﬁ?@g»@

falling back into the drug reservoir. '

What are the differences between Fig 2 (b) Working of an ultrasonic nebulizer
ultrasonic and jet nebulizers?

Ultrasonic nebulizers are generally smaller, quieter and take lesser time to use.

Jet nebulizers are by far the most common type of nebulizers used worldwide. Advances
in design have improved their efficiency such that the higher mass output and shorter
nebulization times seen with ultrasonic nebulizers may no longer be important
discriminating factors.

What are the new nebulizer designs available that enhance nebulizer
performance?

In recent years, several new nebulizer designs have become available, which decrease
the amount of aerosol lost during the expiratory phase. These include reservoir bags to
collect the aerosol during the expiratory phase, the use of a vented design to increase
the nebulizer output during the inspiratory phase (breath-enhanced nebulizers), and
nebulizers that only generate aerosol during the inspiratory phase (breath-actuated
nebulizers). Because these designs improve drug delivery to the patient, they have the
potential to reduce treatment time, which should thereby improve patient compliance
with nebulizer therapy. Although, several new designs show improved nebulization
performance, their cost-effectiveness remains to be determined.

What is a mesh nebulizer?

Several manufacturers have developed aerosol devices

that use a mesh or plate that has multiple apertures to

produce an aerosol. These devices use a vibrating mesh
or a vibrating horn.

Nebulization with a mesh nebulizer is dependent on the
characteristics of the liquid drug used; these nebulizers
may be unsuitable for viscous liquids, which suggest that
matching the formulation to the device may be important
for these aerosol generators.

Fig 2 (c) Mesh nebulizer
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Assembly &
Drug Administration
through nebulizers

What are the parts of a nebulizer container into which the liquid drug to be
system? nebulized is put and through which air is
A nebulizer system consists of different blown to make a mist. The tubing
parts such as a compressor, tubing, connects the compressor to the
nebulization chamber, and a mouthpiece nebulizing chamber. The mist produced
(or) a face mask. can be inhaled via either a mouthpiece or
a face mask. Sometimes, the mouthpiece
The compressor is a portable pump that is made available in a T shape and is
powers the nebulizer. The nebulization called a T-piece.

chamber is a small, specially designed

Jl%“ f"

l— Compressor Attach mask H_ =1

~or mouthpiece 9
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Fig 3 (a) — Parts of a nebulizer system



Assembly & Drug Administration through nebulizers

Where is the drug placed in the
nebulizer system?

The liquid drug to be nebulized is put in
the nebulization chamber, which is then
attached to the compressor with the help
of a connecting tube. A mask or a
mouthpiece is then attached to the
chamber to aid inhalation.

What are the different types of liquid
drugs used in nebulization?

Most liquid drugs for nebulization fall into
two physiochemical categories, i.e.,
solutions and suspensions.

Solutions

Solutions contain a drug that is dissolved
in saline or, occasionally, in other liquids.
In solutions, the entire drug is
homogeneously dispersed throughout all
the droplets

Suspensions

Suspensions contain a drug that is not
soluble in water or other respirable
liquids; they exist as a mixture of small
drug particles suspended in liquid.
Currently 4 groups of drugs are available
for nebulization. These include
bronchodilators, steroids, antibiotics and
mucolytics.

What is the optimal volume of the
drug to be put in the nebulization
chamber?

The optimal volume of the drug (also
known as fill volume) to be put in the
nebulization chamber is approximately

2 ml-4 ml. Nebulizing chambers have
different maximum fill volumes; the
volume of drug solution must not exceed
the maximum fill volume.

What is a “Respule”?

N

A “respule” is an ampoule containing the
liquid drug to be nebulized. The drug is
already pre-diluted and, hence, can be
used directly. The respule should be
broken and the liquid drug should be
poured into the nebulization chamber for
nebulization.

What is a “Respirator Solution”? How
should it be diluted?

A “respirator solution” contains the drug
to be nebulized in concentrated form.
Before use, it is important to dilute this
drug with normal saline, depending on the
amount of drug required.

This concentrate should be diluted in a
ratio of 1 part of drug solution: 3 parts of
normal saline (0.9% sodium chloride
solution). Care should be taken that after
diluting, the fill volume should not exceed
the recommended volume of 2—-4 ml.

Can distilled water or tap water be
used to dilute the respirator solution?
No, it is not recommended to use any
other solution apart from normal saline,
as distilled water or tap water contains
certain elements that could irritate

the airways.

What is the optimal driving gas flow
rate for nebulization?

Most jet nebulizers are now designed to
work at a gas flow rate of 6-10 litres per
minute.
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Can the drug be nebulized with
oxygen instead of air?

The drug can also be nebulized with
oxygen (from an oxygen cylinder) at a
standard flow rate of 6-8 litres per minute
or a higher flow rate exceeding 8 litres
per minute.

What is the optimal time for
nebulization? When should it be
stopped?

The optimal nebulization time, i.e., from
nebulization start to nebulization end,
should not exceed 10 minutes.

Nebulizer therapy usually should be
continued until the liquid drug volume left
in the nebulizer is so low that the
nebulizer ceases to function continuously
and begins to "splutter". It is best to
nebulize for about a minute after the
“spluttering” sound occurs, which
indicates drying up of the drug solution.
Tapping the nebulization chamber when
the “spluttering” begins increases the
drug output.

In recent studies performed using
arformoterol inhalation solution in a
standard jet nebulizer, the total time for
nebulization was reported as 6 minutes.

What is residual volume?

This is the volume of liquid drug remaining
in the nebulization chamber when
nebulization has ceased. It will affect the
drug output from a given fill volume. If the
residual volume is less than 1 ml, a fill
volume of 2-2.5 ml may be adequate;
nebulizers with residual volumes of more
than 1ml generally require fill volumes

4 ml.

Is it preferable to use a face mask or
a mouthpiece?

Nebulizer generated aerosols can be
inhaled via either a mouthpiece or a face
mask. The use of a face mask with a
nebulizer or spacer device has been
shown to be an effective method of drug
delivery for children too young to use a

mouthpiece, or if the patient is sick or
uncooperative. Tight fitting masks are
thought to improve drug delivery. The
potential problems with face masks are
that some of the drug will land on the
face or in the eyes or may be inhaled
through the nose; also, sometimes, the
mask may not fit precisely, leading to
leakage of the drug.

A mouthpiece (in patients old enough to
use one reliably) will increase lung
deposition of the drug, compared to a
face mask. Thus, the available evidence
suggests that a mouthpiece is preferable
to a face mask for aerosol delivery. While
using the mouthpiece, the use of a nose
clip is not recommended because of
inconvenience and discomfort, and the
lack of strong evidence to support

its use.

There have been reports of ocular
complications with symptoms when
nebulized ipratropium has escaped into
the eyes. Nebulized steroids can cause
bruising, hoarseness and candidiasis

of the mouth and throat (thrush) in some
patients. Such patients may find it helpful
to wash their face and rinse out their
mouth with water after nebulization.

Face mask (Adult)

mouthpiece



Can a mixture of two different drugs
be used for nebulization? © 1

Based on Data on file, Cipla. Ltd

Clinicians and patients prefer to mix formulations to decrease the time
required for the treatment; however, care should be taken to see that the No:
formulations mixed are compatible. S s of arugs

so should not be mixed.
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Mucinac*
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* |t is strongly recommended that Mucinac respules when admixed with Ipravent, Asthalin, Levolin, Budecort or Flohale respules,
should be used immediately. Any unused mixture should be discarded.

# Foratec respules when admixed with Budecort, Flohale, Ipravent, Inhalex or Mucinac respules should be used within 30 minutes.
° Flohale respules when admixed with Ipravent, Asthalin, or Levolin respules should be used within 2 hours
x Budecort respules when admixed with Asthalin, Levolin or Ipravent respules should be used within 2 hours



Assembly & Drug Administration through nebulizers

How should the Nebulizer System be assembled?




Chapter 4

.. A practical guide to
 nebulization therapy

Qualitative aspects
OT nebulization

What are the characteristics of a
good nebulizer system?

The nebulizer system should deliver the
maximum amount of respirable aerosol
(droplets of 0.5 to 5 microns in diameter)
in the minimum amount of time, with a
minimum of inconvenience and wastage.
Therefore, the pre-requisites of a good
nebulizer system would be as below:

o Fast rate of nebulization, implying
that the maximum amount of
nebulized aerosol is potentially
available to the patient.

12/

Minimum wastage of drug aerosol,
implying that the maximum amount
of aerosol released is delivered to
the patient and not emitted into the
environment.

Low residual volume, implying that
more of the fill volume will be
delivered to the patient as aerosol.

13/

Well-defined droplet size
distribution.

What are the factors affecting
nebulizer performance?

Nebulizer performance depends on both
the technical design of the nebulizer and
on the patient using it.

TECHNICAL
FACTORS

The performance of the
nebulizer may vary as per the

design. It also depends upon
the following:

eDriving gas flow used
e Fill volume

eResidual volume

e Nebulization time

e Characteristics of the
liquid drug
(concentration, viscosity,
surface tension)

Other factors may include
composition of driving gas,
environmental conditions,
static charge, nebulizer
ageing, designs to enhance
nebulizer output, continuous
or breath- actuated

design, etc.

USAGE
FACTORS

eTidal volume (Nose versus
mouth breathing)

eFace mask or mouthpiece

e Artificial airway and
mechanical ventilation

10
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Qualitative aspects of nebulization

What are the factors affecting the
deposition of nebulized drugs in the
respiratory tract?

The three main factors that determine
the deposition of nebulized drug droplets
in the respiratory tract are droplet

size, pattern of breath inhalation and
age/condition of the lungs. The lung
deposition characteristics and efficacy of
an aerosol depend largely on the particle
or droplet size. Generally, the smaller the
particle, the greater is the possibility of
peripheral penetration and retention.

The velocity of air flow decreases
markedly as it travels down the
respiratory tract. The speed of the
inhaled aerosol-laden air and its
turbulent flow is greatest in the nose/
mouth, pharynx, trachea and larger
bronchi, and it is here that the larger
particles are deposited by impaction.
Within the smaller bronchi, bronchioles
and alveoli, the smaller particles are
removed by interception, sedimentation
and diffusion.

Drug particles generated by nebulizers
are often electrostatically charged. This
charge may induce an equal and opposite
charge on the airway wall, leading to
electrostatic deposition. This mechanism
is most apparent for particles less than

1 micron in diameter and for long, thin
fibre-like particles.

What are the clinically important
characteristics of nebulizer performance?
Clinically important characteristics

are nebulization time, cost, ease of

use, and requirements for cleaning and
sterilisation. Nebulization time is important
for patient compliance in the outpatient
setting and clinician supervision for
hospitalised patients. A short nebulization
time that delivers an effective dose is
desirable. Many nebulizers are low-cost,
mass-produced, single-patient-use devices.
This results in variability in performance
among the devices, which might not be
important for bronchodilator delivery, but
which could be important for delivery of
other inhaled medications.
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Care &

Maintenance of
nebulizers

How does one ensure good maintenance of a nebulizer?

Nebulizers must be cleaned regularly to avoid crystallization and the growth of
microorganisms in the residual liquid in the nebulizer leading to cross infections.

CARE OF NEBULIZER

Cleaning and disinfecting the equipment
is simple, yet very important. Cleaning
should be done in a dust- and smoke-free
area away from open windows.

After each treatment, rinse the
nebulizer cup with warm water,
shake off excess water and let it
air dry.

At the end of each day, the
nebulizer cup, mask, or mouthpiece
should be washed in warm, soapy
water using a mild detergent, rinsed
thoroughly, and allowed to air dry.

Note: There is no need to clean the
tubing that connects the nebulizer
to the air compressor.

Every third day, after washing the
equipment, disinfect the equipment
using a vinegar/water solution or
the disinfectant solution as
suggested by the manufacturer.

To use the vinegar solution, mix % cup
white vinegar with 1% cups of water.
Soak the equipment for 30 minutes and
rinse well under a steady stream of
water. Shake off the excess water and
allow to air dry on a paper towel. Always
allow the equipment to completely

dry before storing in a plastic, zipper
storage bag.

COMPRESSOR CARE

Cover the compressor with a clean
cloth when not in use. Keep it clean
by wiping it with a clean, damp
cloth as needed.

Do not put the air compressor on
the floor either for treatment or for
storage.

Check the air compressor’s filter as
directed. Replace or clean
according to the directions from
your equipment supplier.

Always have an extra nebulizer cup
and mask or mouthpiece in case
you need it.

Store medicines in a cool, dry place.
Check them often. If they have
changed color or formed crystals,
throw them away and replace them
with new ones.

All equipment for the nebulizer
therapy can be obtained through
your equipment supplier.

12
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Methods of

nebulization

What is home nebulization?

The place of nebulizer therapy in the
treatment of acute exacerbations of
airway diseases has been validated time
and again. While most patients can
manage their airway diseases with MDls
or DPIs, some patients may still require

regular therapy with nebulization at home.

This form of treatment may be termed as
“home nebulization”.

Indications for home nebulization would
include the following:

e Patients who cannot use other inhaler
devices like infants, children and very
elderly patients.

e Patients with chronic oral steroid
dependent asthma, where the aim is to
reduce the dose of oral steroids.

e COPD patients with co-morbidities like
rheumatoid arthritis or cognitive
disorders, who may be exhibiting a
lack of ability to operate other
handheld inhaler devices effectively.

e Severe airway disease patients
requiring high-dose medication, which
can be achieved via nebulizer therapy.

e After appropriate instruction and
demonstration, the patient is judged
incapable of performing the MDI
manoeuver.

e Spirometry showing

- Very less inspired vital capacity OR

- Inspired flow is less than 30 L/min, OR

- Breath hold capacity is less than 4
seconds

e MDI user demonstrating recurrent

episodes of acute airflow obstruction
that compromises his ability to use
the device.

What is continuous nebulization?

Fig. 6: Continuous nebulization

Continuous aerosolised bronchodilators
are occasionally used in the treatment of
acute asthma. A typical dose range for
continuous salbutamol is 5 to 15 mg/h.
The available evidence suggests that this
therapy is safe and at least as effective
as intermittent nebulization. Several
configurations have been described for
continuous nebulization, including
frequent refilling of the nebulizer, use of a
nebulizer and infusion pump, and use of a
large-volume nebulizer.

More consistent aerosol delivery can be
obtained with a small-volume nebulizer
attached to an infusion pump than with a
large-volume nebulizer. A commonly used
large-volume nebulizer for this therapy is
the High-Output Extended Aerosol
Respiratory Therapy (HEART) nebulizer.



Methods of nebulization

The large-volume HEART nebulizer

maintains consistent output up to 8 hours

and provides an acceptable method for

delivering continuous aerosol through an

infant ventilator circuit.

What is the optimal technique of

using a nebulizer in ventilated

patients?

e Suction endotracheal and airway
secretions.

e For patients with known intolerance or

chronic lung disease, consider
pretreating with bronchodilator like
salbutamol.

e Place the nebulizer in the inspiratory
line 46 cm from the patient Y

connector or 30 cms from the ET tube.

e Turn off flow-by or continuous flow
during nebulizer operation.

e Remove humidifier from circuit (do not

disconnect).

Use a ventilator if it meets the
nebulizer flow requirements and cycles
on inspiration or use continuous flow
from external source.

Adjust ventilator volume or pressure
limit to compensate for added flow.

Ensure that, fill volume of nebulizer,
time and gas flow rates are optimal.

After completion, remove nebulizer
from circuit, rinse with sterile water
and dry, store in safe place.

Reconnect humidifier, return ventilator
settings and alarms to previous values.

Use a closed circuit ventilation system
with additional expiratory filter.

Monitor patient for adverse response,
if any.

14
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for maximum benefit
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Place the compressor where it can safely be plugged to a power source
and where one can reach the ON/OFF switch.

Wash hands prior to each treatment.

Use a clean and dry nebulizer.

Fill volume is usually 2 to 4 ml.

Most jet nebulizers work at a flow rate of 6 to 8 L/min.
Oxygen can be used if a compressor is not available.

Holding the nebulizer in an upright position prevents spillage and
promotes better nebulization.

Occasionally tapping the side of the nebulizer is beneficial.
Nebulization time for bronchodilators is generally <10 minutes.

A pattern of steady normal breathing, combined with occasional deep
breathing is beneficial.

Respules contain liquid drugs, which are pre-diluted; hence, they can be
used directly.

The respirator solution should be diluted in a ratio of 1:3 i.e. 1 part of
drug concentrate to 3 parts of normal saline (0.9% sodium chloride
solution).

Care should be taken that after diluting, the fill volume should not be in
excess of 2 to 4 ml. Do not use distilled water or tap water for dilution.

Use of combination products is preferable over mixing drugs.

Always follow the manufacturer’'s recommendations for cleaning.
The nebulizer should be run empty for sometime, before the next use,
after cleaning.

Any scratches, damage, or discolouration indicates that the nebulizer
and the tubing should be changed.



Glossary

Aerosol: A two-phase system made up
of a gaseous continuous phase
(usually air) and a discontinuous phase
of individual liquid or solid particles

Aerosol output: Mass per minute of
particles in aerosol form produced by
the nebulizer.

Heterodisperse aerosol/Polydisperse
aerosol: Aerosol made up of particles
of many different sizes

Inspiratory flow rate: Rate or velocity
of air at which it is inhaled.

Microns (mu): Measure of geometric
diameter of aerosol particle.

Monodisperse aerosol: Aerosol
particles are all the same or very
nearly the same.

Rate of nebulization: (Mass of drug
added mass of drug remaining)
Nebulization time

Residual volume: Volume of liquid
remaining in the nebulizer reservoir
when nebulization has ceased

Respirable particles: Particles <5b
microns in aerodynamic diameter.

Respirable fraction: Proportion of

respirable particles in the aerosol
output expressed as a percentage.

Respirable output: Mass of respirable
particles produced per minute (aerosol
output X respirable fraction)

Tidal  breathing:
breathing.

Normal  steady

Tidal volume: Volume of air that enters
and leaves the lungs during normal
breathing (500 ml).

Ultrasonic: Pertaining to sound
frequencies so high (greater than 20

kilohertz), the human ear cannot
perceive them.
Venturi: A short tube with a

constricted throat used to determine
liquid pressures and velocities by
measurement of differential pressures
generated at the throat as a liquid
traverses the tube.

Viscosity: The material property that
measures a liquid’s resistance to
flowing.

16
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Nebulized drugs

avallable in India

Product Name

Bronchodilators

B, agonists
Asthalin

Levolin

Foratec

Anticholinergics
Ipravent

Corticosteroids

Flohale
Budecort

Combination

Budesal
Duolin

Mucolytics

Inhalex
Mucinac

Antibiotics

Tobamist
Xylistin

Drug

Salbutamol

Levosalbutamol
Arformoterol

lpratropium

Fluticasone propionate
Budesonide

Salbutamol + Budesonide
Levosalbutamol + Ipratropium

Ambroxol
N-Acetylcysteine

Tobramycin
Colistimethate sodium

Available As

Respules
Respirator Solution*

Respules
Respules

Respules
Respirator Solution*

Respules
Respules

Respules
Respules

Respules
Respules

Respules

Powder to be
reconstituted®

* Respirator solution is to be diluted with normal saline to increase the fill volume in the nebulizer to 2 to 4 ml.

Respules are ready-to-use.

# Powder should be dissolved in 2 to 4 mL of sterile water for injections or 0.9% sodium chloride intravenous
infusion for use in a nebulizer attached to an air/oxygen supply. The solution will be slightly hazy and may froth
if shaken. The solution is for single use only and any remaining solution should be discarded. If this is not

possible, solutions should not be stored for longer than 24 hours in a refrigerator.
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