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Introduction

Any modern food manufacturing
facility employs compressed

air extensively in the plant. As
common as it is, the potential
hazards associated with this
powerful utility are not obvious
and apparent. Food hygiene
legislation to protect the
consumer places the duty of care
on the food manufacturer. For
this reason, many companies
often devise their own internal
air quality standards based

upon what they think or have
been told are “best practices.”
This is no wonder, as the
published collections of Good
Manufacturing Practices (GMPs)
that relate to compressed air are
nebulous and difficult to wade
through (Figure 1).

Understandably this has led

to a significant difference in

the quality of compressed air
used throughout the food and
beverage industry, with major
differences even existing in
plants owned by the same
company. The goal of this

paper is to help make sense

of it all. First, we outline the
potential risks and hazards that
compressed air systems can
introduce to food products.

We then benchmark published
Good Manufacturing Practices
as they relate to compressed air
use in a food processing facility
under a Global Food Safety
Initiative (SQF, BRC, FSSC22000)
environment. Finally, we provide
several compressed air quality
GMPs based on those published
standards.



Understanding the Potential Risks

of Untreated Compressed Air

Compressed air is not as clean Introducing this type of microbial =~ Without adequate hurdles and

as it appears to be. Untreated contamination to food products physical barriers in place, the
compressed air contains many is very risky and would be microbial, particulate, and (in
potentially harmful or dangerous considered a lack of control by some cases) compressor oil
contaminants that must be the facility. Understanding how contamination is left behind after
removed or reduced to acceptable  to integrate the treatment of the air dissipates.

levels in order to protect the compressed air in a facility will

Some example applications that
present direct and indirect contact
points are:

consumer and provide a safe and help ward off that risk.

cost-effective production facility. Where does compressed air

Along with moisture and contact food? .
particulate matter, inlet air to a . . * Bagging
. Sometimes it is not apparent
compressor generally carries 5 * Sparging/Mixing

where the compressed air is

contacting the food. Working * Drying

surfaces like count.ers and * Air Knives (Blow-Off)
conveyors are obvious and

to 50 bacteria per cfm. A 75-hp
compressor with a capacity of 300
scfm therefore takes in 100,000
to 1 million bacteria each hour.

These bacteria get compressed manageable contact points. ° Pngumatic Exhaust (e.g.,
along with the air and begin their ~ Compressed air is invisible. It cylinder exhaust)
journey through the compressed leaves no visible trace where it

air system. contacts the food, other food

contact surfaces, or the packaging.

Fig. 1. Published compressed air good manufacturing practices.

Good Manufacturing Practices - Compressed Air in Particulate Removal Location of
Food Plant Dew Point 0il Removal {includ icrobiological particles) Efficdency Filtration
FDA Code of Federal Regulations Compressed air or other gases mechanically introduced into food or used to clean food-contact surfaces or equipment shall be treated in
Title 21CFR, Part 110.40 (g)' such a way that food is not contaminated with unlawful indirect food additives.
FDA Guidance Document Draft: .
Control of Listeria monocytogenes in Ready-To-Eat dEatvr 0.3 Micron 99 97% - 99 99%1°
ration

Foods'?
FDA and the FSMA™ The FSMA does not introduce any specific regulations related to compressed air. It primarily requires companies under FDA
(Food Safety Modernization Act) jurisdiction to employ a risk-based (HACCP-like) food safety management scheme.
3-A Standard 604-05-3A° Point of Use-Contact (sterile air): 99.999%"®
Section: D6.6.1 All other: 99%'°
British Compressed Air Society (BCAS) Food and -40° F/C <0.01 mg/m? 0.1 - 0.5 Micron
Beverage Grade Compressed Air Best Practice Class 2 Class 1 Class 2
Glikteline 162 5e¢:7 For direct contact with food: Class 2.2.1

BCAS Referencing S08573-1:2010 For Indirect contact with food: Class 2.4.2
British Retail Consortium (BRC) Global Standard Air and other gases used as an ingredient or that are in direct contact with products shall be monitored to ensure this does not represent
lssue 8° a contamination risk. Compressed air that is in direct contact with the product shall be filtered at point of use.

11.5.5.1: Compressed air that contacts food or food contact surfaces shall be clean and present no risk to food safety.
Safe Quality Foods (SQF) 8.0 edition®. 11.5.5.2: Compressed air systems, and systems used to store or dispense other gasses used in the manufacturing process that come into
contact with food or food contact surfaces shall be maintained and regularly monitored for quality and applicable food safety hazards.

SQF Guidance Document Edition 8, 01N oo, e
icron oint of use

Module 11, Nov. 2017*%

International Featured Standards (IFS) version 6.1 ° The quality of compressed air that comes in direct contact with food or primary packaging material shall be monitored based on hazard

. Section 49.10.1 & 2 analysis and assessment of associated risks. Compressed air shall not pose a risk of contamination

Global Red Meat Standard (GRMS)” Hazards relevant to food safety shall be controlled in critical control points (CCP) and/or by GMP measures.

FSSC 22000

150 22000° 15022000:2005 := Prerequisite Programs should be in place to address supplies of air (Section 7.2.3.C)

BS5| PAS 220:2008 Section 6.5 := (Summarized) Compressed air systems shall be constructed and maintained so as to prevent contamination.

t Requirements for filtration, microbiology, and humidity (RH%) shall be specified. Filtration of the air should be as close to the point of use as is practicable.

BSI PAS 220:2008"

Most demanding purification levels: -40°FfC <0.01 mg/m* 0.01 Micron Point of Use-Contact: 99.999% Point of use

[ | = Not Specified
| = Most critical standard 3




Managing Contamination Risks

of Compressed Air in a Food Processing Facility

Almaspheric contamination
entaring the compressor

- Atmospheric Dirt
- 0il Vapor
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Fig. 2. Compressed air sources of contamination. Without proper compressed air treatment, contaminants
can travel from ambient air through the entire system.

Compressor room drying and
filtration are good, but they are
not enough for a food processing
plant. System filtration can do a
good job reducing the amount

of contaminants introduced into
the downstream distribution
system. However, that alone does
not meet the requirements of the
published GMPs that address
compressed air — nor is it fully
effective. In this scenario, the

risk of food adulteration is still
quite high. The warm, oxygen-
rich environment inside the
downstream air reservoirs, piping,
fittings, and controls are ideal
harborage sites for microbial
biofilm growth — especially when
fed with food-grade compressor
oils that inevitably migrate
downstream (Figure 2). For this
reason, a number of the published
GMPs call for point-of-use
filtration that should be in place
for all points where compressed
air either directly or indirectly
contacts food.

The first line of defense to ward off
potential microbial contamination
of the food product from
compressed air is to use point-
of-use sterile air filtration (Figure
3, 4). With a properly designed
compressed air system employing

the benchmarked GMPs (outlined
later in this paper), along with

well-designed Sanitation Standard

Operating Procedure (SSOP)
maintenance and monitoring
programs, the risk associated with

compressed air at points of contact

can be mitigated significantly.

A system design employing
sterile air filtration at point-of-use
puts a physical barrier in the air
stream guarding against microbial
contamination of the food.
Combining this system design
with an HACCP Prerequisite
Program (PRP) formalizing these
GMPs and SSOPs makes a cost-
effective, efficient, and defensible
risk management plan.

Ready-to-eat foods: A higher
risk?

RTE foods are at high risk of
contamination from compressed
air. Any microbial contamination
introduced in the later stages of
RTE food processing can stay
with the food all the way to the
consumer, as few hurdles or
barriers are generally in place to
eliminate the hazards. Point-of-
use sterile air filtration is critical
to ensuring RTE food safety at any
point where compressed air can
contact the food or food contact
surfaces.

Fig. 3. Parker Balston 3-Stage
point-of-use filtration modules will
remove contaminants at a very high
efficiency — up to0 99.99% for 0.01
micron particles and droplets.

Fig. 4. The final stage of filtration,
in 304 stainless steel, removes all
viable organisms with an efficiency
rating of 99.9999+% at 0.01 mi-
cron (5 log reduction).



How to Prevent Microbe Growth
the Role of Clean, Dry Air

The warm, dark, moist environ-
ment inside a compressed air
system is the perfect condition

for microbes to flourish and grow.
Drying the air to alow dew point
is an effective way to inhibit this
microbial growth. Inhibit — not
kill. Microbes need food, water,
and the right temperature to grow.
Take one or two of those nutrients
away, and the growth stops —
temporarily. Some of the microbial
pathogens that are hazards to
food safety form spores and/or
protect themselves by moving into
a dormant stage when nutrients
in the surrounding environment
are depleted. These dormant
spores resume propagation as
soon as the missing nutrients
(moisture) become available again
through contact with the food.

A best practice for food safety is

to first dry the air, and — more
importantly — use point-of-use
filtration to capture the microbes
and spores, so they never come in
contact the food.

Monitoring compressed air
for purity

Whether it is specified or implied
by the food safety scheme being
employed in a plant, regularly
testing the purity of compressed
air coming in contact with

food is a best practice. A single
test at one point in time is

not enough. Compressed air
systems are dynamic and the
compressor intake is subject

to microbial, particulate, and
moisture variations throughout
the year — as well as buildup of
contamination in the system.

www.parker.com/igfg

In addition to testing at the
compressed air’s point-of-food
contact for pathogenic/allergenic
contamination, it is also advisable
to test the compressed air for
yeast and mold spores where

the product is packaged. Many
companies find that yeast and
mold spores from compressed air
introduced in their final packaging
operations can be one of the
culprits impacting shelf life. Potato
dextrose agar is best for testing for
the presence of yeast and mold
spores in the compressed air.

Testing

The Parker Balston Compressed
Air Microbial Test Unit (CAMTU)
(Figure 5) is a lightweight, easy to
use device capable of sampling
compressed air systems for
microbes. The unit requires

no electricity and has a quick
sampling time of 20 seconds.
The CAMTU is an ideal device

to incorporate into your Good
Manufacturing Practices program
for monitoring all identified
HACCP risk points.

Unlike the conventional agar plate,
this unique CAMTU agar plate
(Figure 6) offers greater dispersion
of the compressed air over the
agar as a result of an improved

air flow path through the center
hole in the plate. This provides
optimum detection performance
and enhance capture of microbes.

Fig. 5. Top Right. Parker Balston
Compressed Air Microbial Test Kit
(CAMTU)

Fig. 6. Bottom Right CAMTU
Agar Plate

( ( Bacterial spores survive very dry
conditions without any problem.
Vegetative bacterial cells can survive
dried states for a period of time. In
fact, lyophilization (freeze drying) is
a common way to preserve bacteria.
Once conditions are favorable for
growth (moisture, nutrients etc.), the
bacteria can grow again. The food-
borne pathogen Salmonella is notori-
ous for surviving under water limited

conditions. ’ ,

— Dr. Lynne MclLandsborough, Phd.,
Associate Professor and Director of the
Undergraduate Food Science Program,
Department of Food Science,
University of Massachusetts, Amherst




The GFSI/SQF Environment

What to Know

Due to the risks mentioned
previously, the number of food
manufacturing companies
adopting GFSI-endorsed food
quality schemes is steadily
growing. One of the most popular
schemes in the U.S. is the SQF
Code. Beginning with the 7th
edition of the SQF code, released
in July of 2012, awareness of
potential contamination from
compressed air was highlighted.

Edition 8 of the SQF code,
published November, 2017,
includes verbiage relating to
compressed air in Module 11:
Good Manufacturing Practices for
Processing of Food Products. SQF
has also published a Guidance
Document to accompany the
Edition 8 Code.

The key points applicable to robust
GMPs are:

SQF module 11.5.5.1°:
“Compressed air ... that contacts
food or food contact surfaces shall
be clean and present no risk to
food safety”

e “Wherever the compressed air
comes in contact with the food,
either directly or indirectly,
high efficiency filters are to be
in place at point-of-use where
the air enters the final section of
tubing (not in the compressor
room). This will significantly
reduce the risk of microbial
contamination of the food from
the air.”

* “The recommended final stage
of filtration in these food contact
areas should have a rating of
0.01 micron with an efficiency
0f99.999% (or as determined by
appropriate risk analysis).”

www.parker.com/igfg

* “Itis generally advisable to
locate the filtration as close as
practically possible (near the
“point of use,” or the point where
air contacts the food), so as to
not have long lengths of piping/
tubing between the microbial
removal filter and the air/food
contact point”

SQF module 11.5.5.2°%:
“Compressed air systems...used
in the manufacturing process
that come into contact with food
or food contact surfaces shall

be maintained and regularly
monitored for quality and
applicable food safety hazards.

* “..[compressed air] testing must
be conducted at a minimum of
once a year”

¢ “Testing can be done in-house
or by a contracted party.

* “Microbiological testing can
include testing for aerobic
plate count and/or indicator
organisms as appropriate to the
operation.”

* “Aseptic sample collection needs
to be used.”

System design GMP: Drying

To stop the growth of
microorganisms in the system,
the pressure dew point should

be reduced as close to -40°F/C

as possible. A compressed air
dryer should be installed to
remove this moisture. Ideally, the
dew point should be reduced to
-40°F/C (1IS08573-1:2010 Class 2
for humidity and liquid water).
Refrigerated dryers will provide
dew points in the ~+38°F range
(ISO8573-1:2010 Class 4 for
humidity and liquid water). If a
refrigerated dryer is used, it is
important that the three stages of
filtration mentioned below be in
place.

System design GMP: Point-of-use
filtration

When designing a compressed air
system, use point-of-use filtration
wherever compressed air comes
in contact with the food — either
directly or indirectly. Point-of-use
filtration is the best line of defense
against microbial contamination
of food in a compressed air
system. Even the best compressor
room system filtration does

not eliminate harborage sites

and biofilm buildup in the
downstream compressed air
piping system. The following three
stages of filtration will significantly
reduce the risk of microbial
contamination of the food.

® Stage 1: Remove bulk liquid
and particulate matter down to
0.01 micron at = 93% coalescing
efficiency.!® Automatic drain
in filter. (ISO 8573-1:2010 Class
2.4.2)

¢ Stage 2A: Remove oil and water
aerosols and smaller particulate
matter down to 0.01 micron at >
99.99% coalescing efficiency.!?
Automatic drain in filter. (ISO
8573-1:2010 Class 2.2.2)

* Stage 2B (Optional): If there
is a concern for hydrocarbon
vapor carryover from the
air compressor, then the
installation of activated carbon
filter may be necessary. (ISO
8573-1:2010 Class 2.2.1)

¢ Stage 3: Remove microbial
contamination down to 0.01
micron at = 99.999% particulate
removal efficiency'? (5-log
reduction) with a sterile air filter.
(ISO 8573-1:2010 Class 1.2.2.
Class 1 - or better - particulate
is key.)



Best GMPs for Compressed Air

Recommendations for Meeting GFSI Standards in Food Plants

To help companies adhere to
GFSI standards, Parker has ] Remove as much moisture as possible from the air before

developed recommended GMPs distributing it throughout the plant. A dew point of -40F/C
for compressed air systems in is ideal

food processing plants based

on benchmarking published 2 Use point-of-use sterile air filtration wherever compressed
practices. The following

three simplified GPMs are air comes in contact directly or indirectly with food or food

recommended for food processing contact surfaces.

facilities using compressed air.
8 P 3 Ensure the final stage of point-of-use filtration has a rating

of 0.01 micron with a particulate removal efficiency rating
that is equal to or better than 99.999%10 (providing 5-log
reduction of any microbial contamination).

Sanitation Standard Operating
Procedures

Sanitation standard operating Sanitation standard operating Note: Sterile air filters are
procedures: Maintenance of procedures: Monitor purity of designed to capture microbial
filters compressed rir matter larger than the nominal

element rating. Microbial matter
will not create a differential in
pressure across the element.
Therefore, measuring differential
pressure across the element will
not give an accurate reading of
contamination. Air testing and/

¢ Stage 1: Change filter element Compressed air at 100 psig
every 6 to 12 months. contains 8 times the amount of
bacteria and contaminants as
atmospheric air. In addition,
Mesophilic Aerobic bacteria

* Stage 2B: Change filter element and fungi love the warm dark

* Stage 2A: Change filter element
every 6 to 12 months.

every 3 to 6 months. epvirotnmer: ins;de ell'corrsprfssed or regularly scheduled element
air system. As a baseline, tes :
« Stage 3: Change filter element comi)ressed i at each food changes are the best practices.
every 3 to 6 months — or contact point at least annually.
sooner — as necessary based on  Determine the test interval
point-of-use air quality test for empirically based upon presence
microbial content. of microbial contamination.
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Following Compressed Air GMPs

Identifying Risks, Preventing Contamination

Identifying the risks and potential

hazards compressed air introduces

in a food processing plant is the
easy part. Determining — and
following — Good Manufacturing
Practices for effectively treating
the compressed air is not so
straightforward. In the end, the
best and final defense against

all types of compressed air
contamination is point-of-use
filtration.

For more information, contact
the author, Lee Scott by email:
Lscott@parker.com or call him
directly at 978-478-2750.

You can also visit our website at
www.parker.com/igfg.
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standards/ifs_food6_1/documents/standards/
IFS_Food_V6_1_en.pdf

https://grms.org/grms-standard

https://www.iso.org/iso-22000-food-safety-
management.html

https://www.brcgsbookshop.com/bookshop/
global-standard-food-safety-issue-8/c-24/p-414

For coalescing: as measured by ISO 12500-1:2007,
Filters for Compressed Air-Test Methods-Oil
Aerosols. For particulates: as measured by the
Fine Test Method, ISO 12500-3:2009, Filters for
Compressed Air-Test Methods-Particulates.

http://shop.bsigroup.com/en/ProductDetail/?p
1d=000000000030181317

http://www.fda.gov/food/foodsafety/fsma/default.
htm

Food & Beverage Brochure - www.camfilfarr.com

McLandsborough, Dr. Lynne A., PhD, Associate
Professor and Director of the Undergraduate Food
Science Program, Department of Food Science,
University of Massachusetts, Amherst

A portion of this paper was originally published
in the Jan/Feb 2016 Issue of Compressed Air Best
Practices (r) Magazine.

https://www.sqfi.com/wp-content/
uploads/2018/08/Module-11-Manufacturing-
Guidance-with-Cover.pdf

© 2019 Parker Hannifin Corporation

Compressed Air GMPs for Food Plants-White Paper

Parker Hannifin Corporation

April, 2019

Industrial Gas Filtration and Generation Division

4087 Walden Avenue
Lancaster, NY 14086
phone +1 (800) 343-4048
www. parker.com/igfg




