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Airflow Performance and Tracer Gas Containment Test Report 

 
 
1 Title: Testing the Improved DSx Vented, Warming Table 
 
2 Site:  TSS, Inc. 

620 Hearst Avenue 
Berkeley, CA 94710 

 
3 Contacts: Marie Carretta 
   Office Manager 

VetEquip, Inc. 
7070 Commerce Circle 
Pleasanton, CA 94588 
1.925.463.1828 

     
Martin Burke 
Engineering Manager 
TSS, Inc. 

   1.800.877.7742  
 
4 Purpose: 
 
The purpose of this report is to document the results of special air flow performance tests 
conducted by TSS, Inc. upon a VetEquip, Inc. DSx surgical table.  These tests were designed to 
collect data so that VetEquip, Inc. personnel could evaluate the basic suitability of the DSx table 
as a containment device for anesthetic gasses used in conjunction with surgical procedures for 
small animals; the DSx is designed to contain these gasses in a manner that protect the worker.  
 
5 Summary: 
 

5.1 Technicians from Technical Safety Services [TSS] performed airflow and tracer 
gas performance tests on the DSx on May 23rd and August 8th, 2004, respectively. 

 
5.2 The subject DSx unit differs from the one tested by TSS in 2003, (see September 

2003 report). This improved version has larger air channels so that considerably 
less vacuum is needed to achieve a 100 foot per minute (fpm) capture velocity 
above its grill.   

 
5.3 The basic test results follow: 

5.3.1 Using a TSS-supplied vacuum source, and with the VetEquip-supplied four 
foot (4’) tube connected to the DSx, the proximal grille (the one closest to 
the waste gas scavenging outlet/collar) had a 100 fpm capture velocity at 
~0.56” above the grille with a collar vacuum of –0.5”wc. The distal grille 
achieved the same velocity and capture distance with a collar vacuum of –
0.7”wc.  
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5.3.2 At these flow settings, both the proximal and distal grilles competently 
capture still air from within a two-inch (2”) radius, respectively. 

5.3.3 When injecting ~0.4 lpm tracer gas in a manner derivative of ASHRAE 110-
1995, with the (human) manikin at a simulated, optimal viewing position, 
there was ~0.02 ppm in the manikin breathing zone for either grille. There is 
no stated acceptance criterion for this tracer result, however any result 
<0.10ppm is typically very acceptable. 

 
5.4 The scope of testing was limited to the following items: 

5.4.1 TSS tested the airflow volume as a function of vacuum, measuring the 
pressure at the ‘Outlet, and along the tubing at 2’ and 4’. 

5.4.2 In the manner of TSS SOP 4-6.v2 “Field Testing of Slot Hoods” to 
determine the capture velocity and the effective distance of capture from 
the DSx’ grille. 

5.4.3 With the airflows adjusted to ~100 fpm at ~0.56” above the grilles, and with 
the DSx operating normally through the four foot (4’) tubing, TSS injected 
tracer gas into a (mock-) surgical nose cone attached to a rat manikin. TSS 
then sampled for leakage in the breathing zone of a second, human 
manikin, positioned above the DSx to simulate an optimum viewing 
position. 

 
5.5 Test results are discussed in greater detail in section 6 of this report.  Cited tables 

and diagrams are in section 7 of this report.  Deviations are cited in Section 8, and 
Section 9 contains pertinent additional documents used to support the validity of 
this report.  
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6 Test Results: 
 

6.1 Airflow Volume versus Vacuum: 
 

6.1.1 Test Method: 
 

TSS erected a 4” diameter, low-resistance, laminar flow sensing element over the 
proximal (closest to the outlet) DSx grille. We measured the airflow in cfm at the 
center point of 4” duct using a calibrated anemometer, applying an A(k) factor of 0.9 
to accommodate the single-point readings. While measuring the air flow, 
simultaneous vacuum readings were made directly at the outlet collar, two feet (2’) 
and four feet (4’) downstream from the collar using the standard, VetEquip, Inc.-
supplied exhaust hose.  
 
Once the readings were done for the proximal grille, the unit was reconfigured to 
allow air to flow through the distal grille and the test was repeated. 
 
6.1.2 Acceptance Criteria: 

 
There are no formal acceptance criteria applied to this test. 

6.1.3 Test Results:  

6.1.3.1 The airflow ‘efficiency’ through the proximal grille is higher than 
that of the distal grille. 

6.1.3.2 The proximal and distal grille data are presented in Tables 1-2, 
respectively. This data is also plotted as Diagrams 1-6. 

6.1.3.3 Diagram 6 may be of particular interest because it compares the 
(May 2003) data from the unmodified DSx to that for the current 
model. The current model moves about ten times (10x) more air 
for a given vacuum, especially in the lower pressure ranges.  
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6.2 Field Testing as a Slot Hood 
 

6.2.1 Test Method: 
 

In the manner of TSS SOP 4-6.v2, TSS placed an anemometer probe above the 
proximal grille, and adjusted the probe distance to achieve ~100 feet per minute. 
Finally, we probed about the grille with neutral-density smoke to visualize the 
airflow capture performance and measure the distance at which the capture 
remains effective.  
 
As with the airflow-vs.-vacuum testing, once the readings were done for the proximal 
grille, the unit was reconfigured to allow air to flow through the distal grille and the 
test was repeated. 
 
6.2.2 Acceptance Criteria: 

 
There are no formal criteria applied to this test, but it is presumed that the smoke 
capture distance should be a large enough hemispheroid to collect stray vapors. 

6.2.3 Test Results:  

6.2.3.1 The distal grille had lower velocity and a smaller capture 
distance.  

6.2.3.2 The proximal and distal grille data is restated here.  
 

 

  
 

 
 
 

Proximal Grille Distal Grille
Capture Velocity 100 100 fpm
Vacuum (at collar) 0.486 0.702 "wc
Distance at 100 fpm 0.56 0.56 inches
Smoke Capture Distance, Vertical 2 2 inches
Smoke Capture Distance, Lateral 2 2 inches
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6.3 Tracer Gas Performance Tests: 

 
6.3.1 Test Method: 

 
With the DSx operating normally and providing the flow conditions similar to those 
described in the previous section, and in a manner derivative of ASHRAE 110-
1995, TSS injected Sulfur Hexafluoride tracer gas into a mock-surgical nose cone 
attached to a rat manikin, then sampled for leakage in the breathing zone of a 
second, human manikin, positioned about 14” above the patient. 

 
This level of realism is warranted because of concerns that the representative tracer 
gas flow rate, about 400 ml/min, might result in high velocity jets about the face of the 
patient. If these jets were of sufficient vigor, they could overcome the capture velocity 
and enter the surgeon’s breathing zone. The flow rate of 400ml/min was selected as 
typical for rats/patients to be treated on the DSx. 
 
With the tracer gas flowing at a nominal 400 ml/min, TSS continuously sampled air 
from the human manikin-breathing zone for five minutes. TSS used a calibrated 
Foxboro Miran 1A with an inherent sensitivity (LOD) of <=0.007 ppm for the Sulfur 
Hexafluoride tracer gas. The form of the data from this instrument was logged, 1-
second readings stored in an Excel file, available for audit at TSS. After the five 
minutes, the gas is shut off and the average concentration of tracer is calculated. 

 
As with both previous test sections, once the readings were done for the proximal 
grille, the unit was reconfigured to allow air to flow through the distal grille and the 
test was repeated. 
 
6.3.2 Acceptance Criteria: 

 
There are no formal criteria applied to this test. As a means of comparison, an 
exposure of <=0.10 ppm is typically tolerated in other ventilated enclosures. 

6.3.3 Test Results:  

6.3.3.1 Both grilles have similar tracer gas performance results. The 
leakage to the operator-breathing zone is very low: ~0.02 ppm. 
These results are effectively the same as those from earlier 
tracer gas trials on the unmodified DSx. 

6.3.3.2 The data for both grilles is plotted as Diagram 7, and cursorily 
restated here: 

 

 
 
 

Proximal Grille Distal Grille
Tracer Gas (SF6) Flow 404 398 ml/min
Vacuum at collar 0.50 0.70 "wc
Gas in Operator Breathing Zone 0.02 0.02 ppm
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7 Diagrams and Tables: 
 
  

Item Description 
Diagram 1 Proximal DSx Airflow vs. Vacuum (Low-Range) 
Diagram 2 Proximal DSx Airflow vs. Vacuum (High-Range) 
Diagram 3 Distal DSx Airflow vs. Vacuum (Low-Range) 
Diagram 4 Distal DSx Airflow vs. Vacuum (High-Range) 
Diagram 5 Proximal vs. Distal (at outlet) 
Diagram 6 Modification Benefit  
Diagram 7 Tracer Gas Test Plot 
Table 1 Proximal DSx Airflow vs. Vacuum (“wc) 
Table 2 Distal DSx Airflow vs. Vacuum (“wc) 
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Diagram 1, Low-Range
Proximal DSx Airflow vs. Vacuum
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Diagram 2, High-Range
Proximal DSx Airflow vs. Vacuum
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Diagram 3, Low-Range
Distal DSx Airflow vs. Vacuum
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Diagram 4, High-Range
Distal DSx Airflow vs. Vacuum

0
2
4
6
8

10
12
14
16
18
20

0 10 20 30 40
Vacuum, "wc

Vo
lu

m
e,

 c
fm

dP, collar
dP, 2'
dP, 4'



TSS/VetEquip, Inc. Project NCO040NPNA-03: 
Testing the Improved DSx Vented, Warming Table 

Report 15 August 2004 Page 10 of 25 
 

Diagram 5,
Proximal vs. Distal (at outlet/collar)
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Diagram 6, Modification Benefit
(Proximal Grille, dP at outlet)
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Diagram 7, Tracer Gas Test Plot 
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Table 1, Proximal DSx Airflow vs. Vacuum (“wc) 
 

Corrected Values (inches of water, "WC)
0.9 correction for C/L readings in 4" round duct

Flow, cfm dP, collar dP, 2' dP, 4'
0 0 0 0

4.05 0.246 0.5769 0.886
7.92 0.7584 2.433 3.653
13.5 2.801 10.49 14.99
18.9 6.031 22.08 32.57  

 
 
 

Table 2, Distal DSx Airflow vs. Vacuum (“wc) 
 

Corrected Values (inches of water, "WC)
0.9 correction for C/L readings in 4" round duct

Flow, cfm dP, collar dP, 2' dP, 4'
0 0 0 0

3.42 0.4568 0.8812 1.401
5.58 0.9468 2.08 3.16

9 2.025 5.421 7.776
18.45 8.222 22.74 33.47  
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8 Discrepancies and Alterations: 
 
The following is a list of known discrepancies and alterations made with regard to this 
project. The changes made after the date of testing were corrections of errors in the 
recorded field data.  

8.1 The only attestable deviation from TSS’ normal, field documentation practices was 
the automatic recording of data to an Excel spreadsheet. TSS anticipates no 
diminution in the data integrity as a consequence of this change. 

 

9 Pertinent Additional Documentation: 
 

The following pages contain photocopies of documents pertinent to this report. Calibration 
certificates are archived at the main office of Technical Safety Services. 
 
Description     Pages 
 
Calibration Certificates    13-25 
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Instrument ID Number 1316 Fit-Factor, F = 6.7 (<<F x ABS = PPM)

Instrument Serial Number 1A-2807

Mirror Setting 13.04 Pre-Calibrated By MJB PM

Scale Mulitplier (1x, 10x) 10 Pre-Cal. Date/Time 8/8/04 1100H

Wavelength 10.65 um

Slit 1 mm Post-Calibrated By MJB

Loop volume 5.62 liters Post-Cal. Date/Time 8/8/04 1700H

ul, inj ul, tot. ABS SF6, ppm PPM/ABS ul, inj ul, tot. ABS SF6, ppm PPM/ABS d%
0 0 0.0000 0.00 NA 0 0 0.0000 0.00 NA

1 1 0.0293 0.18 6.107029 0 0 0.00

1 2 0.0562 0.36 6.350034 0 0 0.00

1 3 0.0809 0.53 6.610727 0 0 0.00

1 4 0.1035 0.71 6.886413 0 0 0.00

1 5 0.1252 0.89 7.114055 0 0 0.00

1 6 0.1440 1.07 7.420942 0 0 0.00

39 45 0.3787 8.01 21.14634 45 45 0.3710 8.01 21.58522 98%

Comments
None

Pre Test Calibration Data Post Test Calibration Data

0.00
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2.00
3.00
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