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New Animal Transfer Station Offers 
Improved Containment  

and Allergen Control

INTRODUCTION 

Many research animals, animal research applications, and 
work procedures require isolation. In the past, animal 
transfer stations and clean benches were primarily 
designed to prevent exposure to contamination of 
such animals. While that concern has not diminished, 
events have focused attention on protecting lab 
workers as well.1 In some cases, contamination has 
spread from lab animals to attendants, and in many 
cases, occupationally-induced asthma has been linked 
to excessive exposure to animal residue.  Because 

animal transfer and bedding dumping generate high 
quantities of allergens, performing these operations 
in a controlled environment is an effective means of 
reducing allergens.2

Accessibility and maneuverability are important during 
animal transfer and cage changing procedures.  While 
Class II biosafety cabinets offer personnel, product, 
and environmental protection, they can reduce the 
productivity of workers because of their design.  The 
units offer only front access and the typical sash 
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Typically when personnel, product, and environmental protection are required, a Class II biosafety cabinet 
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for animal transfer and cage-changing procedures, so biosafety cabinets can present some productivity 
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protection of the product (animal) from contamination from the environment, potential allergen exposure 
to the user, as well as cross-contamination between cages.  Because there is no established industry standard 
or test for quantifying the level of protection and containment in an animal transfer station, Baker adapted 
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The unit achieved an ISO Class 4 air quality rating for air cleanliness.  Product (animal) protection provided 
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Figure 3: The exclusive momentum air curtain of the AniGARD® e3 
enhances the level of protection it provides.

Figure 2: The AniGARD® e3 operates with partially-recirculating air 
flow, as shown here.

The AniGARD® e3 was also specifically designed to 
provide reliable product and personnel protection 
(allergen control).  There are two key features that 
greatly enhance the unit’s ability to provide a high 
level of protection.  

First, the bench’s partially-recirculated vertical flow 
air pattern (Figure 2) provides HEPA-filtered air 
throughout the work area. Laboratory room air and 
contaminated air from the work area enters the unit 
through perforations on the perimeter of the work 
surface. The air passes through a pre-filter located 
under the work surface, where large particles are 
captured. A blower forces air through a vertical duct 
and into a plenum at the top of the cabinet.  Some 
air passes through the HEPA supply filter and re-enters 
the workspace.  The rest of the air passes through the 
HEPA exhaust filter and is released to the laboratory.  
The AniGARD® e3 eliminates air discharge near the 
floor, a common feature in this type of equipment that 
can kick up dust and dander from the floor into the 
environment.   

The second feature is the unique high-velocity 
momentum air curtain employed by the AniGARD® e3, 
which enhances product and personnel protection 
without restricting access (Figure 3). This unique 
airflow design generates a strong air barrier along the 
perimeter of the work surface, preventing particles 
from entering or leaving the work area. Perforations 
along the perimeter of the work surface under negative 
pressure assist in capturing particles that are entrained 
by the momentum air curtain.  

height is between 8” and 12”, which is difficult when 
working with a 14” cage within the cabinet. Biosafety 
cabinets are also not typically designed to be portable, 
and are difficult to maneuver due to size and weight. 
Baker developed the AniGARD® e3 to overcome these 
challenges.

The AniGARD® e3 clean bench permits operator 
access on three sides and is available in both a 4’ and 
5’ nominal size (Figure 1). The unit comes standard 
with casters and is both durable and easy to maneuver.  
There are many other features built into the design of 
the AniGARD® e3 to ensure a comfortable and highly 
productive work station, including a 14" high access 
opening to a flat, spacious work surface, a hinged 
viewscreen, quiet operation, and adjustable work 
surface. 

D e d i c a t e d  t o  t h e  u n d e r s t a n d i n g  o f  c o n t a i n m e n t  t e c h n o l o g y.

Figure 1: The AniGARD® e3 is available in a 4’ and 5’ model. 
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ISO requirements call for sample locations to be 
spread evenly across the area being testing.  Twenty-
one evenly-spaced sample locations were marked on 
the work surface of the AniGARD® e3 in order to get 
representative samples across the entire work area.  
The left to right distance between readings was 5.12” 
and front to back distance was 6.5”, equaling seven 
rows of three (Figure 4).  A background challenge of 
ISO Class 8 (3.5 x 106 0.5-μm particles or larger) was 
measured, and downflow velocity was verified to be 
50 FPM (manufacturer’s set-point) using a thermal 
anemometer.

An isokinetic sampling probe counter was adjusted 
for a two-minute sample period, and mounted on a 
stand 6” above the work surface, facing upward into 
the downflow airstream.  A two-minute sample was 
taken at each of the 21 sample locations and the total 
number of 0.5-μm particles was recorded.  

The test was repeated two additional times, and the 
average particle concentration was calculated to 
determine airborne cleanliness class. 

Results and Discussion

The average values from three replicate tests on two 
different units (six data points per location) showed a 
range from 0 to 9 0.5-μm particles per ft3 (Figure 5).  

It was important for Baker to quantify the level 
of containment, product protection, and cross 
contamination reduction the AniGARD® e3 provides.  
With this data, lab managers and researchers will be 
able to make an informed decision about which type 
of unit will meet their requirements, as determined by 
a risk assessment of their work and workers.  

Because no standard test methods are currently 
available for animal transfer stations, Baker tested the 
unit based on available test methods, including ISO 
14644-1 Cleanroom Standards3 from the International 
Organization for Standardization, and ANSI/NSF 
Standard 494 (NSF 49), the document that establishes 
a minimum standard for Class II biosafety cabinets.  By 
adapting already existing and accepted standards, the 
results are reliable and allow for a comparison of the 
animal transfer station to similar types of equipment, 
like clean benches and biosafety cabinets.     

AIR CLEANLINESS TEST

Purpose

Animal transfer stations are essentially clean benches, 
which were developed as an adjunct to clean room 
technology in response to the need to protect the 
work from contamination.  For this type of equipment, 
air cleanliness is of utmost importance.  During the 
cage changing process, it is essential that animals 
are not exposed to high levels of environmental 
contaminants.  The ISO 14644-1 cleanroom standards 
provide an industry accepted method for measuring, 
classifying, and rating air quality based on the number 
of particles found within a specified area.  The air 
quality of the work area within the AniGARD® e3 was 
classified according to ISO standards.  Animal transfer 
stations typically provide an ISO Class 4 cleanliness 
level. 

Methods

In accordance with the ISO 14644-1 cleanroom 
standards, the number of 0.5 μm and larger particles per 
volume of air within the work area of the AniGARD® e3 
was measured.

Figure 4: The twenty-one sample locations on the 
AniGARD® e3 work surface.

C
losed Side

Rear Side
O

pen Side

15 16 17 18 19 20 21

8 9 10 11 12 13 14

1 2 3 4 5 6 7

Front Side

Figure 5: Average number of particles per ft3 at each 
sample location on the AniGARD® e3 work surface. 
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spore concentration of 1 x 106 to 8 x 106 using serial 
dilution was prepared and the concentration recorded.   
Then, using the procedure set forth in Section A.6.4.1 
of NSF 49, open agar plates and a cylinder to disrupt 
airflow were placed within the work area.  A positive 
control (agar plate) was placed under the center of 
the cylinder.  The calibrated nebulizer was positioned 
to spray spores at the top edge of the work opening 
for 5 minutes (Figure 7).  Based on the calibration 
data and duration of the test, the number of spores 
delivered was calculated.

Because the ISO Classification tables are presented 
in m3, the highest average (9 particles / ft3) was 
converted to particles / m3.  The result was 318 particles 
/ m3, which was compared to the ISO Air Classification 
Table (Figure 6) for 0.5-μm particles.  Because the 
average number of particles found was less than 352 
0.5-μm particles / m3, the work area is classified as ISO 
Class 4 (FED STD 209E Class 10) for 0.5-μm particles 
or larger.  Therefore, the AniGARD® e3 will provide 
the appropriate air quality within the animal transfer 
station clean bench.      

PRODUCT /ANIMAL PROTECTION TEST

Purpose

This test was developed to show the level of protection 
the  AniGARD® e3  provides an animal in the work area 
from possible contaminants in the laboratory.  Because 
animal transfer stations are not typically tested for 
product protection, Baker adapted Section A.6.4 of NSF 
49 to biologically challenge the AniGARD® e3.

Methods

First, a nebulizer was calibrated as stated in NSF 49 
Appendix C, to ensure it met the NSF standard.  The 
calibration method used the preparation of a Bacillus 
subtilis spore calculation through a process of serial 
dilutions to determine how many spores were delivered 
by the nebulizer per minute. Next, a Bacillus subtilis 

Figure 6: ISO Air Classification Table – the AniGARD® e3 achieves ISO Class 4 at a particle size of 0.5 μm or larger.

Figure 7: Set-up used to test the AniGARD® e3 for animal 
protection. Here we show the open side of the unit being tested.  
The cylinder is used to disrupt the airflow. 

Class
Maximum Particles / m3 FED STD 

209E 
equivalent 

class≥ 0.1 μm ≥ 0.2 μm ≥ 0.3 μm ≥ 0.5 μm ≥ 1.0 μm ≥ 5.0 μm

ISO 1 10 2

ISO 2 100 24 10 4

ISO 3 1,000 237 102 35 8 1

ISO 4 10,000 2,370 1,020 352 83 10

ISO 5 100,000 23,700 10,200 3,520 832 29 100

ISO 6 1,000,000 237,000 102,000 35,200 8,320 293 1,000

ISO 7 352,000 83,200 2,930 10,000

ISO 8 3,520,000 832,000 29,300 100,000

ISO 9 35,200,000 8,320,000 293,000 Room Air
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A biosafety cabinet has only a front access opening, 
but since the AniGARD® e3 is open on three sides, 
the test was performed at each opening (front, rear 
and open end).  The agar plates were incubated and 
examined (as stated in NSF 49), and the number of 
colony forming units (CFUs) was recorded.  Samples 
at the front, rear and open end of the work area were 
taken two additional times, and the average CFUs 
collected were counted.  Finally, the log reduction (see 
below for explanation) was determined by calculating 
the ratio of number of CFUs collected to total number 
of spores introduced.     

Results and Discussion

The average values from three replicate tests on two 
different units (six data points per location) are 
shown in Figure 8.  The number of CFUs collected was 
from 0 to 1. Front and rear access openings showed 0 
CFUs and the open end showed 1 CFU.  

According to NSF 49, a biosafety cabinet passes the 
test for product protection when no more than 5 
CFUs are collected on agar settling plates; therefore, 
the AniGARD® e3 provides the same level of product 
protection as a biosafety cabinet.  The user can be 
assured that contaminants in the laboratory will be 
impeded from entering the work area.  

Our results also showed a 6 log reduction of spores 
on each side of the unit. Log reduction is a term used 
in microbiology to express the reduction in number 
of live bacteria. Log (short for logarithm) is the 
exponent of 10, therefore a 1 log reduction is a 10-fold 
(or 90%) reduction in the number of live bacteria.  
These results are provided to show the magnitude of 

product protection the AniGARD® e3 achieves.  From 
a challenge of 6.6 million spores, the unit prohibited 
99.9999% of spores from entering the cabinet. 

PERSONNEL PROTECTION /  
ALLERGEN CONTROL

Purpose

By definition, clean benches are not required to provide 
personnel protection; however, it is an important 
consideration because of the increased awareness of 
the potential health hazards presented to laboratory 
workers by animal allergens.  While many other animal 
transfer stations claim allergen control because of 
HEPA-filtered air, Baker decided it was important to 
actually quantify the level of protection the AniGARD® 
e3 can provide.  

To determine the amount of aerosols that would be 
contained within the work area, Baker adapted Section 
A.6.3 of NSF 49 to biologically challenge the AniGARD® 
e3.  The amount of aerosols released can be correlated 
to the level of allergen exposure (e.g., from dander) 
that the user could expect to experience. 

Methods

First, a nebulizer was calibrated as stated in NSF 49 
Appendix C, to ensure it met the NSF standard.  The 
calibration method used the preparation of a Bacillus 
subtilis spore calculation through a process of 
serial dilutions to determine how many spores were 
delivered by the nebulizer per minute. Then a Bacillus 
subtilis spore concentration of 1 x 106 to 8 x 106 using 
serial dilution was created and concentration recorded.  
Using the procedure set forth in Section A.6.3.1 of NSF 
49, the calibrated nebulizer was placed 14” above the 
work surface and 4” behind the view screen.  Four AGI-
30 impingers were positioned as stated in NSF 49 to 
collect samples (Figure 9).  The nebulizer delivered 
the spore concentration for 5 minutes.  Based on the 
calibration data and duration of the test, the number 
of spores delivered was calculated.      

For the same reason as the Product / Animal Protection 
Test, this test was performed at each opening 

Figure 8: Average CFUs collected and the log reduction achieved during 
product protection testing of the AniGARD® e3. 

Test 
Location

Down- 
flow 

Velocity

Spore Challenge 
Concentration

Total # 
of Spores 
Delivered

CFUs 
Collected

%  
Reduction

Log 
Reduction

Front 50 5 x 106 6.6 mil 0 99.9999% 6 log

Rear 50 5 x 106 6.6 mil 0 99.9999% 6 log

Open 
End

50 5 x 106 6.6 mil 1 99.9999% 6 log
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(front, rear and open end).  Tests were repeated two 
additional times.  Samples were filtered and analyzed as 
stated in NSF 49, and the number of CFUs detected was 
recorded.  Finally, the log reduction was determined by 
calculating the ratio of the number of CFUs collected 
to the total number of spores introduced.

Results and Discussion 

The average values from three replicate tests on two 
different units (six data points per location) are 
shown in Figure 10.   

NSF 49 states that a biosafety cabinet provides 
personnel protection when total number of CFUs 
recovered from the AGI-30 samplers does not exceed 
10 CFU per test, when challenged with a concentration 
from 1 x 108 to 8 x 108.  

The AniGARD® e3 is not meant to replace a biological 
safety cabinet, especially when personnel protection 
is critical. Because of this, using the NSF-stated 
concentration for personnel protection when testing 
the unit would have resulted in CFUs too numerous to 
count.  Therefore, a lower concentration was used to 
provide meaningful and quantifiable results.

While the number of CFUs collected during the 
AniGARD® e3 test did not exceed 10 CFUs, this test 
was performed at a lower concentration than the NSF 
49 method. Therefore, the AniGARD® e3 approaches 
the level of protection a Class II biosafety cabinet 
provides.  

Still, a 6 log reduction was achieved, which shows that 
the AniGARD® e3 can provide a high level of personnel 
protection.  Of the 6.6 million spores that challenged 
the unit, 99.9999% of the spores were prohibited from 
escaping the cabinet.  A user can be assured that 
allergens, including dander, will be greatly impeded 
from exiting the work surface.  

CAGE-TO-CAGE CROSS 
CONTAMINATION

Purpose

As previously stated, air cleanliness is of utmost 
importance for animal transfer station clean benches, 
and it is important that when working with multiple 
cages within the same unit, neither particles nor 
aerosols are allowed to migrate from cage to cage.  
Baker developed a new test method to determine if 
microbes are allowed to migrate from cage to cage 
within the work area of the AniGARD® e3.  The test 
integrated methods from Section A.6.5 of NSF 49 with 
a modified nebulizer. 

Typical nebulizers are designed to “blow” a suspension 
horizontally.  In this case, a horizontal flow would not 
be accurate because in a real world situation, dander 

Figure 10: Average CFUs collected and the log reduction achieved during 
personnel protection testing of the AniGARD® e3. 

Figure 9: Set up used to test the AniGARD® e3 for allergen 
control. Here we show the front side of the unit being 
tested according to NSF methods.  The cylinder is used to 
disrupt the airflow. 

Test 
Location

Down- 
flow 

Velocity

Spore Challenge 
Concentration

Total # 
of Spores 
Delivered

CFUs 
Collected

%  
Reduction

Log 
Reduction

Front 50 5 x 106 6.6 mil 2 99.9999% 6 log

Rear 50 5 x 106 6.6 mil 4 99.9999% 6 log

Open 
End

50 5 x 106 6.6 mil 3 99.9999% 6 log
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and a control plate were placed in the cage in Q1.  Eight 
agar plates were placed in a mouse cage located in Q2, 
Q3 and Q4 to capture any spores that were released 
from the nebulizer (Figure 13).  Using the procedure 
set forth in Section A.6.5.1 of NSF 49, the nebulizer was 
set to run for 15 minutes and samples were collected.  
The NSF 49 standard only requires a 5-minute duration;  
however, we increased the length of time to represent 
a more realistic exposure period for multiple cages 
within the work area.  Based on the duration of the 
test, the number of spores delivered was calculated.      

After the test was run with the nebulizer in Q1, the 
nebulizer was placed in a cage in Q2, Q3, and Q4 
sequentially, and the test was repeated.  All cages were 

or other particles within the animal cages, would not 
have a horizontal velocity.  Therefore, a nebulizer was 
altered to deliver a suspension vertically, which better 
represents how dander, or other particles, would 
actually behave in a cage-changing situation. 

Method

Mouse cages were placed on the work area centered 
in adjacent or diagonal quadrants (Q) (Figure 11).  
A nebulizer was altered to include a 90˚ angle, and 
calibrated as stated 
in Appendix C of NSF 
49.  The calibration 
method uses the 
preparation of a 
Bacillus subtilis spore 
calculation through 
a process of serial 
dilutions to determine how many spores are delivered 
by the nebulizer per minute.  It should be noted, 
that due to the alteration, the typical setup for the 
calibration had to be altered.  Typical NSF setup has 
a membrane filter funnel positioned in front of the 
nebulizer to catch the spores.  In this calibration, the 
membrane filter funnel was positioned on top of the 
nebulizer (Figure 12).  

Next, a Bacillus subtilis spore concentration of 1 x 106 

to 8 x 106 using the serial dilution was prepared.  The 
calibrated nebulizer containing this spore concentration 

D e d i c a t e d  t o  t h e  u n d e r s t a n d i n g  o f  c o n t a i n m e n t  t e c h n o l o g y.

Figure 12: Calibration of the modified nebulizer with membrane filter 
funnel positioned above the nebulizer.

Figure 13: Cage-to-cage cross contamination test in progress.  Nebulizer was altered to provide a 90˚ angle to emit spores straight up into the air. 

Figure 11: Horizontal cage placement 
on the AniGARD® e3 work surface. 
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then rotated 90° (Figure 
14) and the test repeated 
with the nebulizer in Q1, 
Q2, Q3, and Q4.  The agar 
and control plates were 
incubated as stated in 
Section A.6.5.1 NSF 49, and 
number of CFUs was counted. The average CFUs in the 
eight agar plates was recorded for each cage.  Finally, 
the log reduction was determined by calculating the 
ratio of the number of CFUs collected to the total 
number of spores introduced.

Results and Discussion

The average CFUs found in each cage (both in 
horizontal and vertical alignment) with the nebulizer 
in each quadrant is shown in Figure 15.  

A 6 log reduction was achieved. Of the 18 million 
spores that challenged the unit, 99.9999% of spores 
were prohibited from migrating to other cages.  
Therefore, cage-to-cage cross contamination is almost 
completely eliminated in the AniGARD® e3.   

D e d i c a t e d  t o  t h e  u n d e r s t a n d i n g  o f  c o n t a i n m e n t  t e c h n o l o g y.

Figure 15: Average CFU’s found and log reduction achieved in each cage during cage-to-cage cross contamination test of the AniGARD® e3.

Figure 14: Vertical cage placement 
on the AniGARD® e3 work surface.  

Test 1: Horizontal Cage Alignment

Nebulizer 
Location

Agar Sample 
Location

Spore 
Challenge

Concentration

Total # 
of Spores 
Delivered

CFUs 
Collected

% Reduction Log Reduction

Q1 Q2 5 x 106 18 million 0 99.9999% 6 log

Q1 Q3 5 x 106 18 million 0 99.9999% 6 log

Q1 Q4 5 x 106 18 million 0 99.9999% 6 log

Q2 Q1 5 x 106 18 million 0 99.9999% 6 log

Q2 Q3 5 x 106 18 million 0 99.9999% 6 log

Q2 Q4 5 x 106 18 million 0 99.9999% 6 log

Q3 Q1 5 x 106 18 million 0 99.9999% 6 log

Q3 Q2 5 x 106 18 million 0 99.9999% 6 log

Q3 Q4 5 x 106 18 million 0 99.9999% 6 log

Q4 Q1 5 x 106 18 million 0 99.9999% 6 log

Q4 Q2 5 x 106 18 million 0 99.9999% 6 log

Q4 Q3 5 x 106 18 million 0 99.9999% 6 log

Test 2: Vertical Cage Alignment

Nebulizer 
Location

Agar Sample 
Location

Spore 
Challenge

Concentration

Total # 
of Spores 
Delivered

CFUs 
Collected

% Reduction Log Reduction

Q1 Q2 5 x 106 18 million 0 99.9999% 6 log

Q1 Q3 5 x 106 18 million 0 99.9999% 6 log

Q1 Q4 5 x 106 18 million 0 99.9999% 6 log

Q2 Q1 5 x 106 18 million 0 99.9999% 6 log

Q2 Q3 5 x 106 18 million 0 99.9999% 6 log

Q2 Q4 5 x 106 18 million 1 99.9999% 6 log

Q3 Q1 5 x 106 18 million 0 99.9999% 6 log

Q3 Q2 5 x 106 18 million 1 99.9999% 6 log

Q3 Q4 5 x 106 18 million 0 99.9999% 6 log

Q4 Q1 5 x 106 18 million 0 99.9999% 6 log

Q4 Q2 5 x 106 18 million 0 99.9999% 6 log

Q4 Q3 5 x 106 18 million 0 99.9999% 6 log



contaminants.  Additionally cage-to-cage cross 
contamination is negligible, providing animals in 
neighboring cages protection from each other.  Finally, 
although not a replacement for a Class II biosafety 
cabinet, the AniGARD® e3 offers the same product 
protection as a this type of cabinet, and approaches 
the same level of personnel protection. 

The AniGARD® e3 animal transfer station can provide 
a high (and quantifiable) level of containment and 
product protection during animal transfer and cage-
changing procedures, while maintaining a high level of 
productivity.
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CONCLUSION

In the laboratory, when animals are transferred or 
when their cages are cleaned, it is important to use 
the right equipment to protect both the animal and 
the researcher from exposure to contaminants.  The 
AniGARD® e3 is the first animal transfer station clean 
bench that offers a quantified level of protection 
and containment.  Now lab managers and researchers 
have the data they need to choose the appropriate 
equipment during the risk assessment process.  

The AniGARD® e3 provides ISO 4 air cleanliness, so 
users can be assured the work area will not introduce 

The Acumen series of technical papers is sponsored as an educational service by The Baker Company. 
We have selected or commissioned the topics. The findings contained in these papers come from a 
variety of sources, including our internal testing laboratories, independent laboratories and government 
agencies. Authors include our internal staff and other industry experts with experience in manufacturing, 
planning, research and regulation, as well as policy makers who can address industry issues and trends.

The findings are released at the discretion of The Baker Company, and are based on the best information 
available to us at the time of publication. They do not necessarily represent our position on the issues 
discussed, nor does publication imply either endorsement or verification of the positions taken by the 
authors. The Baker Company does not assume any responsibility for either individual use or application 
of this information, but we encourage the reader to advise us of information that bears on these topics 
so that we may all learn from the experience of others.

Copyright© 2012 by The Baker Company

P.O. Drawer E, Sanford, Maine 04073
(207) 324-8773  •  1-800-992-2537  • FAX (207) 324-3869

www.bakerco.com


