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Measuring Cleanliness

In order to improve processes, a system of measurement is needed.
The author details several tools and technigues to measure cleaning

and restoration effectiveness.
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W h we make changes in cleaning

e n products, equipment or systems,
our decisions should be defendable. Just because
something is “new and improved,” doesn’t mean
it is better. A guestionable cleaning-related
purchase can have far-reaching consequences
through lowered customer satisfaction and poorer
cleaning outcomes, not to mention the poten-
tial of increased cost and decreased manpower
efficiency. In this day and age, when we have
to watch every penny, and when an error can
result in serious litigation, we need to be able to
justify our actions. For these reasons, we need to
compare what we have and already do to what we
intend to change. We need to ask the questions:
Are we doing a reasonable job with what we have?
Is there a real benefit in what we propose? Part of
the answer lies in comparing cleaning outcomes
through inspection and a simple series of experi-
ments using measurements.
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The concept of using measurement tools
to validate our decisions is the core of
Integrated Cleaning and Measurement
(ICM). ICM uses measurement to give us
unbiased comparisons of one product or
system to another. The measurement por-
tion of ICM provides us with objectivity
rather than a subjective opinion. It Jets
us compare new to old, before and after.
Most important, good measurement
helps ensure good decisions. As a bonus,
measuring cleaning outcomes can answer
the question: How clean is clean?

Basics of measurement

‘When we consider measuring anything, we
need to first determine several basic issues:
Why are we measuring? What are we mea-
suring? How do we eliminate bias when we
measure? What will we do with the mea-
surements once we have them? How do we
minimize measurement errors?

Why we measure
We measure to make comparisons. A
good measurement strategy helps us
make an informed judgment in choosing
the better of two alternatives. For exam-
ple, we use measurements to compare the
performance of one cleaning chemical to
another, or to measure the effectiveness
of using microfiber versus cotton towels.
When we use measurements for com-
parative analysis, we need to clearly
establish a single objective. We cannot
compare apples to oranges. For instance,
no current measuring tool can com-
pare biological cleanliness to aesthetic
(appearance) cleanliness. The biological
cleanliness of one system or product can
only be compared to the biological clean-
liness of another. Aesthetic cleanliness of
one can only be compared to aesthetic
cleanliness of another.

Sampling and interpretation
Once our measurement objective is
defined, we must consider how to set
up our sampling plan, select and use
the measuring tools, and interpret
the outcomes.
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Good measurement begins with sam-
pling to establish a baseline. To do this,
we develop a plan that accomplishes
three important goals. The first is to
match the sampling methods and tools
to the questions we want answered.
While this may seem intuitive, often
we measure one thing when we should
measure something different. For
instance, we sample for mold when
we should look for the source of wet-
ness. Second, we need to eliminate bias.
Sampling should be neutral. We should
never predict the outcome before we
take the measurements. Finally, we
need to develop a sampling strategy that
is repeatable, so that we can verify our
findings. Repeatability is credibility.

Before leaving this topic, two impor-
tant things to remember: First, encour-
age data sharing with peers. The more
information we share, the better the
feedback. By sharing your findings, you
may get some excellent suggestions.
Second, always use these data construc-
tively to change methods, materials and
behaviors for the better.

Measuring objectives, tools
and systems to measure
cleanliness
With that brief introduction to sampling,
here are some practical tips on measur-
ing objectives and tools. Following are
four measurement objectives routinely
used in the field of environmental health
and safety. While the selection of equip-
ment can get a bit extensive, there are
inspection and measurement tools that
we can use all the time. These items
make up a basic cleaning inspection
and measurement tool kit and enable
us to gather the data necessary to make
informed decisions and select the best
products and processes.

o Visible cleanliness. This is aesthetic
cleanliness, or “clean to sight and
touch.” The tools we use to measure
do not necessarily provide us with
numbers, but they provide us with
“before-and-after” comparisons.
Most important is our eyesight. The
tools we use to judge visible cleanli-
ness enhance what see.

o Biological cleanliness. The goal of
biological soil removal is to control
the microbes in our environment.
We want to prevent their spread and

ensure that the immediate environ-
ment is not a risk of disease trans-
mission. Most tools used to measure
biological cleanliness do not actually
give us microbe counts, but they pro-
vide us with numbers that include
the biological burden. These tools are
excellent for making before-and-after
cleaning comparisons and planning
quality improvements. Other tools in
this category measure the concentra-
tion of disinfectants and sanitizers.

o DProcess cleanliness. This measures the
act of cleaning. The measuring tools
tell us if we create a risk of disease or
injury as a direct result of the clean-
ing process. These tools measure
aerosols resulting from the use of
equipment such as vacuums, buffers
and extractors.

o Safety cleanliness. The tools we use
to measure safety, for example, mea-
sure slip resistance to prevent slips
and falls. These tools evaluate the slip
resistance of a flooring system before
it is installed. Additionally, the tools
that measure slip resistance are used
to compare the slip resistance of floor
finishes and evaluate floor cleaning
systems. They also determine the
cause of slip-and-fall injuries.

Determining visible cleanliness
The best tool to evaluate the visible
effectiveness of cleaning is the eyes.
Much of what we do is remove visible
soil. However, to really see how well we
clean, we need to see the soil left behind.
A camera is an essential tool to capture
what we see. Photos serve as excellent
documentation and training aids.

LED flashlight: Dust, dirt, streaking,
film deposits or any residual soiling is
often best observed using a pure white
light. To do this, consider using a LED
flashlight with a focused beam. They are
inexpensive and readily available. The
flashlight should have a light output of
atleast 60 lumens.When the light is held
at an acute angle (almost parallel with
the surface being inspected), you can
really see the dirt.

To eliminate bias, consider delineat-
ing several smaller areas by placing
an 8"x 10" picture frame, without its
glass, on the surface to be inspected
and examine the area inside the frame.
Repeat this process several times in ran-
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domly selected sites in order to evalu-
ate the effectiveness of your cleaning
efforts. The small inspection areas allow
for easier identification of the type of
soiling and gauging the cleaning effec-
tiveness. By plotting the number of
observations when placing the frame on
the surface, and scoring each observa-
tion numerically according to a written
standard, the observations can be easily
repeated. This allows for easier docu-
mentation and evaluation.

UV flashlight: To see body fluids such
as urine, as well as mold growth, use an
LED Ultra Violet (UV) flashlight in the
365 to 400 nanometer range. To best
expose blood spills and spatter, use the
UV light with orange-tinted goggles or
dark shooting glasses. The blood spat-
ter will stand out from any other con-
taminants. Orange-tinted goggles and
shooting glasses are available in most
sporting-goods stores, or online from
businesses selling forensic supplies.

UV flashlights do not have the light
intensity of the white light LED flash-
lights. When using the UV flashlight as
an inspection tool, it is best to have the
area as dark as possible. The target con-
taminants fluoresce, and are easier to
see with the UV flashlight under low-
light conditions. LED UV flashlights are
available in many specialty and home
improvement stores.

Inspection mirror: Another essential
tool for inspecting visual cleanliness
is an inspection mirror with an exten-
sion handle. These are sold in hardware
stores. Inspection mirrors help us safely
see where the hard-to-reach dirt is.
Other essential tools: A piece of clear
cellophane tape and a magnifying glass
or access to a binocular microscope is
ideal for looking at soil on carpets or
other textile surfaces. Press the tape on
a carpet or fabric surface and count the
contaminants such as hair, dander, dirt
and dust on the tape when viewed under
magnification. This is probably the easi-
est way to compare the effectiveness of
cleaning methods or determine cleaning
frequency when soiling is not obvious.

No inspection tool kit is complete with-
out wood-stick cotton or other swabs
and small prep-pad alcohol wipes. These
are ideal for finding dirt in inaccessible
areas and for evaluating the cleanliness
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of high-touch surfaces. The wood-stick
swabs are rigid and therefore easier to
use when looking for soiling around
toilets, faucets, drinking fountains, wall-
floor junctions, sill plates or any hard-to-
access area that is subject to occasional
wetness. The prep-pad alcohol wipes or
swabs routinely used in clinics are ideal
for wiping common-touch surfaces such
as flush handles, faucets, push plates,
public telephones, elevator buttons and
hand rails. When using these tools,
maintain a constant pressure on the
surface being assessed and the number
of passes across the surface consistent.
The alcohol in the pad removes oils and
impregnated soils that are deposited by
hands. Because both the cotton and alco-
hol swabs are white, soil is easily seen.
The amount of soil can be estimated by
giving numeric values to the varying
shades of white to grey to black.

Measuring biological
(organic) cleanliness

Two strategies are used to mea-
sure biological cleanliness. The first
and least expensive detects ATP
(adenosine triphosphate) on surfaces.
ATP is a constituent in all cells, both
plant and animal. The ATP measuring
system will detect ATP from microbes
(living and dead), mold and fungal
spores, skin cells, hair, dander, food
particles, plant debris, insect parts, and
more. A common misconception is that
ATP monitoring is a “bug test” when
it is a “dirt test” It doesn't distinguish
between different types of biological
soiling. A detailed introduction to ATP
monitoring is found below.

Airborne particle counters are
broader in scope than ATP systems.
They count all particles that pass their
sensors. Airborne particle counters pre-
cisely measure the quantity of airborne
particles and often provide particle size
distribution. One use for handheld par-
ticle counters is to check airborne par-
ticle levels during and after cleaning
activities, known to send surface soils
airborne. They are also used to locate
sources of particle emissions.

Microbial laboratory testing

To specifically measure microbiological
cleanliness, we often use a laboratory.
To measure microbiological cleanliness
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involves recovering living microbes
from the environment. Different mea-
suring devices are used to monitor
microbes in the air, water, and on sur-
faces. They are designed to measure the
presence of microbes or their byprod-
ucts, such as enzymes.

For surfaces, two microbial measur-
ing systems are relatively easy to use:
The first is direct-contact agar plates,
the second uses swabs to recover
microbes from a surface and transfers
the microbes to a medium that encour-
ages their growth. Measuring microbes
in the air requires rather sophisticated
equipment; but there are situations
where these assays are invaluable. The
equipment needed is available through
scientific instrument rental services.

As stated earlier, many microbiologi-
cal measuring tools require lab support.
Often an incubator and perhaps a col-
ony counter and binocular microscope
are required. Depending on the degree
of sophistication needed, a microbio-
logical assay can be quite expensive and
time-consuming. Microbiological mea-
suring tools are often used to determine
possible sources of disease outbreaks
such as Methicillin Resistant Staphylo-
coccus aureus (MRSA), Clostridium dif-
ficile (C.diff), Escherichia coli (E. coli).

The equipment manufacturers of the
microbiological measuring tools do an
exceptional job preparing instruction
manuals. The manuals contain informa-
tion on equipment operation as well as
information on sampling and interpre-
tation of results.

An introduction to ATP testing
ATP testing documents cleaning effec-
tiveness by using the principle that
if there is no biomass on critical sur-
faces after cleanup, there is not enough
medium for microbiological growth.
The advantage of ATP is the speed of
the analysis. Unlike quantitative micro-
biological monitoring that requires
several hours, ATP monitoring takes
only minutes.

The readout of an ATP monitoring
device is in relative light units (RLUs),
which means that the measurements
are in luminescent units (light), not
cells. Clean surfaces have low levels of
total ATP. On the low end of sensitiv-
ity, most ATP monitoring units will
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detect less than 0.5 picograms (0.5 pg)
of ATP from all cells on a surface; this
includes microbes. In using an ATP sys-
tem, some preliminary work is required
to establish the relevant pass/fail limits.
This is accomplished by collecting data
in accordance with a consistent sam-
pling plan both before and after normal
cleaning. The levels will depend on the
type and condition of the surface and
the cleaning methods used.

It is important to collect multiple
before-and-after samples in order to
establish baseline values prior to setting
your pass/fail parameters. Failure to col-
lect sufficient baseline samples increases
the chance that measurement errors or
abnormalities will skew the results of
your measurement program.

There is no regulatory limit on RLUs.
Nowhere are standard numbers given
or even suggested in the scientific lit-
erature to define cleanliness. This is
in part because devices from different
manufacturers measure outcomes dif-
ferently. The few numbers that have
been published were unique to the indi-
vidual study and device used. Surfaces,
the degree of soiling, and the cleaning
operations used vary greatly. Each sur-
face should be evaluated by establishing
baseline values (for clean surfaces) and
then comparing the results of cleaning
activities against those values.

Several companies sell ATP measuring
systems, but each is unique, with no uni-
form standards for detection limits or
sensitivity. Therefore, if you begin work-
ing with a particular system, stay with it.
If you change ATP measuring systems,
you will need to establish a new set of
baseline numbers. Regardless of the sys-
tem used, it is strongly recommended
that you familiarize yourself with the
manufacturers  instruction manual
before starting a measurement program.
Use the equipment in several “dry runs”
to become comfortable with it.

Because ATP systems are ideal for
ICM and provide before-and-after
numbers in monitoring routine clean-
ing processes, consistency is essential.
Sampling must be repeatable if it is to be
of value. The sampling technique used
should be the same whether doing the
first or the hundred-and-first test.



Consider using a template that is laid
on the surface to be sampled. The sam-
ple size is determined by the framed
opening of the template. Sampling
templates are available through labora-
tory supply houses. Alternately, simple
templates can be fashioned from any
rigid material. They do not have to be
sterile. Two different configurations
seem to work in most situations: a
2" x 2" square opening and a 1" x 4"
rectangular opening. The rectangular
template is more convenient for sam-
pling common-touch surfaces such as
light switches, buttons, levers, or door
handles. Decide on a sampling protocol
for each surface to be measured, and use
that protocol consistently.

Establish controls before doing base-
line sampling. For instance, water used
in cleaning may come from a surface
source or passed through some on-site
water treatment system. Both surface
waters and water treatment systems
may contain bacteria and other cellular
materials. The same holds true when
mops and other cleaning supplies are
reused without processing. It is also
advisable to test any liquid chemical
cleaners as they are not manufactured
under sterile conditions. If any bio-
contamination is suspected in or on
anything related to the experiment, it
is prudent to run suitable controls in
order to eliminate false data.

Microbiological assays
Microbiological air monitoring: Each
system is intended for a different pur-
pose. Individually they answer ques-
tions such as: What is the total number
of viable microbes in the air? What is the
airborne microbial particle size distribu-
tion? What activities liberate the most
microbes into the air? Where do the air-
borne microbes come from? These col-
lectors are used in active and dynamic
environments such as determining the
number of microbes liberated from vac-
uuming, buffing, extraction, drying or
any other vigorous cleaning, restoration
or remediation function that can send
particles into the air.

« Liquid-impinger samplers are collect-
ing devices that separate microbes
from the air that is drawn through
them. The air goes through a solution
that scrubs the microbial particles

out of the airstream. The solution can
subsequently be plated on, or mixed
in, a microbiological growth medium
for counting the number of microbes
per unit volume of air.

o Centrifugal samplers do the same
thing, except they deposit all
microbes captured on an agar strip.
They too are widely used to deter-
mine the total airborne bio-burden.

« Sieve samplers consist of a series of
perforated plates, through which air is
drawn. The perforations in the stacked
stages are of ever smaller sizes. The
air drawn through these holes causes
microbes wafting on different-sized
particles to impact onto agar plates.
The plates separate particle sizes from
dust to very small droplet nuclei. They
are often used to measure the microbi-
ological bio-burden in air deposited in
the lung. Sometimes they come with
a single plate that samples everything
below a certain size.

» Slit to agar samplers consist of an
agar plate on a clock mechanism that
turns at a predetermined rate. As the
plate turns, it exposes agar to con-
taminants drawn through a single
critically sized slot. The deposition
of the microbial contaminants on
the agar clock face shows levels of
activity and the subsequent genera-
tion of microbial aerosols as a func-
tion of time. These samplers are ideal
for determining the effect of human
activity on the environment.

o Settling plates are the simplest of the
microbiological air screening devices.
They are used to describe the origin
of biological contaminants in our
immediate environment, particularly
when the particles are large. While
the settling plate is not as exacting as
the samplers mentioned above, they
are an inexpensive screening tool.

Microbiological ~ surface  sampling:

Among the many techniques to detect

microbes on surfaces, only two are rela-

tively easy to perform and require only
basic micro-lab equipment — if identifi-
cation of the microbes is not required.
The easiest of the surface sampling
tools are Replicate Organism Detection
and Counting (RODAC) plates. These
are agar media-filled plates that have
a raised meniscus. They are used by
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directly touching the agar to the surface
being sampled. Microbes adhere to the
agar, and once incubated, their numbers
are counted. If further identification of
the organisms is needed, the colonies
are transferred to specialty media.

The second method uses a sterile
swab to wipe the surface. The swab is
then rolled on the media in a Petri plate
where organisms picked up on the swab
are transferred to the agar. The swab
technique allows for sampling where
RODAC plates cannot be used, such as
surfaces whose shapes are round, cylin-
drical, uneven or hard to reach.

Measuring chemical and
other processes

Essential to any product comparison is
determining the strength of the solu-
tion. The chemical’s use-dilution, its
corrosive potential and the amount
left on the surface after cleaning are all
important factors.

PpH: The measurement of acidity and
alkalinity using pH measuring devices
provides an indication of related
chemical changes to the cleaning solu-
tion and the surfaces before and after
cleaning. It is an excellent monitor to
determine if an appropriate cleaning
solution was used. The pH measuring
devices come as paper test strips and as
electronic pH pens.

Sanitizer and disinfectant indicator
papers: Sanitizer and disinfectant indi-
cator papers are used to measure the
dilution of quaternary ammonium
chloride (QAC) and chlorine-based dis-
infectants and sanitizers. They are use-
ful to determine the accuracy of pro-
portioning devices and chemical pump
systems and are also used to detect
when a solution is no longer effective.
QAC papers come in several detection
ranges. For most applications, a level of
detection up to 400 ppm is adequate.
Chlorine test papers or strips should
have a detection level up to 200 ppm.
Urine and organic residue detectors:
These are chemically impregnated
papers that change color in the presence
of the target contaminant. They measure
the presence of, but not the quantity of a
contaminant. They are a rapid and inex-
pensive test to monitor adequacy of sur-
face hygiene efforts when ATP monitors
are not readily available.
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Determining effects from
cleaning
Airborne particulate monitors are help-
ful measuring instruments to assess the
effects of the act of cleaning. One of the
worst potential outcomes of cleaning, is
re-aerosolizing dirt that had deposited
on a surface. Allergens and asthma-
causing particles, pathogenic organisms
carried on skin cells, dander and hair
can be redistributed into the breathing
zones. To monitor the effect of cleaning
operations, airborne particle counters
provide excellent quantitative analyses.
They measure both physical and biolog-
ical particles of respirable size (gener-
ally between 0.3 and 10 microns).
Moisture meters measure the moisture
left behind from carpet and furniture
cleaning. The less moisture left in car-
pet or furniture the lower is the risk
of mold growth and malodors. Many
moisture meters are non-destructive
and use impedance to provide a mea-
surement of residual wetness. They are
handy devices for identifying chroni-
cally damp areas.

Measuring safety

Measuring safety largely involves the
prevention of slips and falls. Not all
floor types and finishes are the same.
Determining the relative slip coeffi-
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cient under wet and dry conditions can

enhance safety and help determine the

most suitable floor-care products and
methods to use. Several types of mea-
suring devices are available,

* Horizontal Drag Slip Meter: This unit
performs static coefficient of friction
(COF) testing. It is used to assess
the flooring material and can help
determine the best floor finishes and
cleaning methods for optimal safety.

* Portable Articulated Strut Machine
and Variable Incidence Tribometer
(English Slip Meter): This is used
where dynamic COF testing is needed,
such as in heavily trafficked areas. This
measuring device mimics our natural
gait on the surface being evaluated. It
is essential in determining probable
causes of slip-and-fall injuries.

* Binary Output Tribometer: Accord-
ing to safety consultant Ken Fisher,
“The Binary Output  Tribometer
(BOT-3000) is a portable device for
both laboratory and on-site testing of
dry and wet static and dynamic coef-
ficient of friction. Since the BOT is an
automated unit that can be calibrated
in the field, user error or variability is
minimized. The BOT meets ASTM’s
rigorous precision and bias require-
ments. It is also recommended by
the National Floor Safety Institute
(NFSI), at least one major insurance
carrier, and other expert groups.”

Some measuring devices can be fairly
expensive. Considering the potential
liability associated with slip-and-fall,
it may be advisable to seek out the
services of a NFSI Certified Walkway

Auditor (CWA): http://nfsi.org/train-

ing/certified-walkway-auditors/. How-

ever, if you want to make a quick-and-
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dirty comparison of floor resilience or
slip resistance between two floor types
or floor finishes, you can fashion a hori-
zontal drag slip meter for under $5.

Begin with an approximate eight-inch
square block of frame timber, On the
bottom, attach three heel protectors
(they come in a four-pack). Mount a
large one in the center of the front of the
block and two smaller ones at the rear of
the block. The heal protectors simulate
the sole and heel of a shoe. On the front
of the wood block, anchor an eye hook
about one inch up from the bottom,
When the completed wood block is
placed on the flooring surface, attach a
force gauge to the eye hook. To activate
the wood-block meter, gently pull on
the force gauge until the block moves,
The indicator on the gauge shows the
force needed to move it. Force gauges
are readily available,

Bottom line

Inspecting and measuring our immedi-
ate environment, along with good docu-
mentation of our findings, help us see
and interpret what is often not obvious.
The data generated helps us in our qual-
ity assurance, control, and improvement
efforts. These data provide a solid basis to
measure and improve our cleaning prac-
tices. Using the right tools constructively
demonstrates professionalism and pride
in doing our jobs the best way possible.&

Editor’s Note: This article has been
modified to reflect The Journal’s
cleaning, restoration, remediation
and inspection readership, and
republished with permission from
the author. The original article was
publishedonthelntegratedCleaning
and Measurement (ICM) website,
It can be found at htto/www,
integratedcleaningandmeasurement.org.
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