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INTRODUCTION
CHEMICAL INDICATOR TUBES PROVIDE A RAPID AND ECONOMICAL METHOD FOR
DETERMINING GASEOUS CONTAMINANT CONCENTRATIONS IN AIR. HOWEVER,
VARIABILITY IN THE RESULTS HAS OFTEN BEEN EXCESSIVELY LARGE. THE
GENERAL PROBLEM ENCOUNTERED WITH THEIR WIDE-SPREAD USE IS WELL
STATED IN AN EXCERPT FROM THE AucusT 9, 1965, REPORT OF THE JOINT
AMER1CAN CONFERENCE OF GOVERNMENT INDUSTRIAL HYGIENISTS -
AMER1CAN INDUSTRIAL HYGIENE AssociATioN CoMMITTEE oN DIRECT-
Reapine Gas DeETeEcTING TUBE SYSTEMS:

“"THE JoINT CommITTEE oN DIRECT-READING GAs DETECTING TUBE
SYSTEMS of THE ACGIH-AIHA RECOGNIZES THAT SUCH DEVICES ARE
WIDELY USED BY INDUSTRIAL HYGIENISTS AND BY OTHERS, AND THAT
THEIR USE IS, IN FACT, DESIRABLE IN INDUSTRIAL HYGIENE
ACTIVITIES. [T HAS ALSO BEEN APPARENT THAT A GREAT DEAL OF THE
USAGE OF THESE DEVICES HAS BEEN BY INDIVIDUALS UNFAMILIAR WITH
THE LIMITATIONS OF THE SYSTEM AND THAT UNWARRANTED INTERPRETATIONS
OF ANALYSES OF THE WORKROOM ATMOSPHERE BASED UPON THESE TUBES
HAVE BEEN MADE, [HEREFORE, ERRORS IN USE OF SUCH TUBE DETECTORS
HAVE BEEN DUE TO THE LACK OF KNOWLEDGE OF THE USER AND BY THE
VARIATIONS IN PERFORMANCE INHERENT IN THE TUBES THEM-
SELVES.”
WITH THE CONTINUALLY INCREASING USE OF GAS DETECTOR TUBES, THE
VALIDITY OF THE RESULTS OBTAINED BY USING ONE MANUFACTURER'S
DETECTOR TUBES WITH ANOTHER MANUFACTURER'S SAMPLING PUMP HAS SO
OFTEN BEEN QUESTIONED THAT THE NATIONAL INSTITUTE FOR OCCUPATIONAL
SAFETY AND HeaLTH (WIOSH) oF THE UniTED STATES PuBLIC HEALTH
SERVICE UNDERTOOK A PERFORMANCE STUDY OF THE INTERCHANGEABILITY OF
GAS DETECTOR TUBES AND PUMPS. SINCE THERE 1§ CURRENTLY A WIDE
VARIETY OF CONTAMINANTS THAT CAN BE QUANTITATIVELY MEASURED WITH
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GAS DETECTOR TUBES AND SINCE TIME DID NOT PERMIT USE OF ALL OF
THEM, CARBON MONOXIDE WAS SELECTED AS THE CONTAMINANT TO BE

USED IN THE STUDY. ‘FURTHERMORE; THE CARBON MONOXIDE GAS DETECTOR
~TUBE 15 THE MdST FREQUENTLY USED GAS DETECTOR TUBE TODAY,



& neTETOR TURES A BLHBS B S
CURRENTLY, EACH DETECTOR TUBE MANUFACTURER SUPPLIES A SPECIFIC
SAMPLING PUMP TO BE USED WITH ITS DETECTOR TUBES, AND NO MANUFACTURER
MARKETS EITHER SAMPLING PUMPS OR GAS DETECTOR TUBES WHICH IT CLAIMS ARE
WIDELY COMPATIBLE WITH THOSE OF OTHER MANUFACTURERS. THE SAMPLING
PUMPS USED IN THIS STUDY ARE REPRESENTATIVE OF THE FOUR BASIC TYPES
OF SAMPLING PUMPS USED WITH GAS DETECTOR TUBES: (1) BELLOWS PUMPS,
(2) DIAPHRAGM PUMPS, (3) PLUNGER PUMPS, AND (4) RUBBER BALL PUMPS,
'THE FOLLOWING MANUFACTURERS' SAMPLING PUMPS AND CARBON MONOXIDE
LENGTH-OF-STAIN DETECTOR TUBES WERE USED IN THE STUDY:
(1) SampLINnG Pumps

BacHARACH UNIVERSAL GAs SAMPLER, PART Numeer 19-7016

DRaGER MULTI GAs DeTECTOR, MoDEL 21/32

Kitacawa MopeL 400 Precision GAs DETECTOR

MSA UniversaL SampLiNg Pump, ParT NumBER 83499

SaF-Co CareoN MonoxIDE InNDICATOR METER

ScoTT/GAsTEC ANALYzER, PART NumBER 8501

(2) DEIEQIQB_IUBﬁﬁ e

BacHaracH CarBon Monoxipe DeTecTor TuBe, PART NumBer 19-0195

DrAGER CarBON MonoxiDe 5/C DETECTOR TUBE

KITAGAWA CATALQGUE NumBer 100 CarBoN Monox1DE DETECTOR TUuBE

MSA Careon Monoxipe DeTector Tume, PArRT NumeBer 91229

SQOTT/GAéTEc CarBon MonoxiDe DevecTor TuBe, CataLocue No. 8525

*USE OF BRAND NAMES 1S FOR INFORMATION ONLY AND DOES NOT IMPLY
ENDORSEMENT BY NIOSH,

%o SAF-CO CARBON MONOXIDE DETECTOR. TUBE WAS USED IN THE STUDY SINCE
SAF-Co MAKES ONLY A COLOR-INTENSITY CARBON MONOXIDE DETECTOR TUBE, AND
THE TUBES BEING EVALUATED WERE LENGTH-OF-STAIN CARBON MONOXIDE

DETECTOR TUBES.
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IN THE FALL OF 1971, NIOSH PURCHASED APPROXIMATELY ONE HUNDRED (100)
OF EACH OF THE ABOVE SPECIFIED DETECTOR TUBES FROM EACH OF THE
RESPECTIVE MANUFACTURERS UNDER SPECIFICATIONS THAT EACH SET OF
TUBES FROM A GIVENJMANU#ACTURER BE FROM THE SAME BATCH IN ORDER
TO ELIMINATE POSSIBLE BATCH VARIATIONS. THE SAMPLING PUMPS USED
IN THE STUDY WERE OBTAINED FROM VARTous NIOSH Groups.

DUE TO THE DIFFERENT TYPES OF DATA NEEDED TO EVALUATE THE
INTERCHANGEABILITY OF GAS DETECTOR TUBES AND PUMPS, THE STUDY WAS
DIVIDED INTO THREE PARTS: (1) ANALYSIS OF THE SUCTION PRESSURE
VERSUS ELAPSED TIME FOR EACH MANUFACTURER’S PUMP WITH THE VARIOUS
CARBON MONOXIDE DETECTOR TUBES, (2) ANALYSIS OF THE FLOW RATE
VERSUS ELAPSED TIME FOR EACH MANUFACTURER’S PUMP WITH THE VARIOUS
CARBON MONOXIDE DETECTOR TUBES, AND (3) ANALYSIS OF THE TUBE
READINGS OBTAINED BY ACTUALLY INTERCHANGING EACH MANUFACTURER'S
CARBON MONOXIDE DETECTOR TUBE WITH EACH MANUFACTURER'S GAS
SAMPLING PUMP,



SIS SUCTIOM SSURE VERSU
IN ORDER TO MONITOR THE SUCTION PRESSURE VERSUS THE ELAPSED TIME
FOR EACH MANUFACTURER'S PUMP WITH THE VARIOUS CARBON MOMOXIDE
TUBES, A PRESSURE-SENSITIVE RECORDING INSTRUMENT WAS LOANED TO
NIOSH BY DRAGERWERK, A. G.,OF LUBECK, GERMANY. THE INSTRUMENT
(ScHEMATIC 1) CONSISTED BASICALLY OF A THIN METAL DIAPHRAGM
TRIGGERED BY A SOLENOID VALUE WITH A MARKER ARM ATTACHED TO THE
OUTER EDGE OF THE DIAPHRAGM. THE DEFLECTION OF THE MARKER ARM
ON THE RECORDING CHART WAS DIRECTLY PROPORTIONAL TO THE SUCTION
PRESSURE OF THE SAMPLING PUMP. BEFORE THE DATA WAS TAKEN FOR
THIS SECTION, THE DEFLECTION IN CHART UNITS WAS CALIBRATED WITH
A MERCURY MANOMETER AND A VACUUM PUMP SO THAT THE DEFLECTION
COULD BE READ DIRECTLY IN SUCTION PRESSURE UNITS OF INCHES OF
MERCURY .
AFTER THE ABOVE TESTING SYSTEM HAD BEEN CALIBRATED, EACH
MANUFACTURER'S PUMP WAS TESTED WITH (1) A STANDARD RESISTANCE
TUBE, (2) 1Ts sPECIFIC CO TUBE, AND (3) THE VARIOUS OTHER
MANUFACTURERS' CO TuBES. THE TEST AIR SUCTION VOLUME IN EACH
CASE WAS THAT PRODUCED FROM ONE COMPLETE PUMP STROKE OF THE
DIFFERENT MANUFACTURERS' PUMPS BEING USED. ONCE EACH SET OF
DATA WAS COLLECTED, IT WAS PLOTTED ON STANDARD COORDINATE
GRAPH PAPER WITH THE X-AXIS REPRESENTING "ELAPSED TIME (SEC)”
AND THE Y-AXIS REPRESENTING “SucTIoN PRESSURE (IN. He).” THE
RESULTING CURVES ARE SHOWN IN GRAPH 1 THRU GRAPH 15. SINCE
THE SUCTION PRESSURE WAS CONTINUOUSLY MEASURED AT THE POINT
WHERE THE SUCTION PUMP AND THE GAS DETECTOR TUBE CONMECT AND
SINCE THE RESISTANCE ON THE UPSTREAM SIDE OF THE GAS DETECTOR
' TUBES REMAINED CONSTANT, THE VARIOUS GRAPHS CAN BE DIRECTLY

COMPARED IN ORDER TO CBSERVE THE DIFFERENT SUCTION BEHAVIOR

OF THE VARIOUS PUMPS IN THE STUDY. AS CAN BE SEEN FROM THE
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CURVES, THE CURVE OF A SPECIFIC MANUFACTURER'S C DETECTOR TUBE
USED WITH ANOTHER MANUFACTURER’S SAMPLING PUMP CAN NEVER BE
EXACTLY SUPERIMPOSED UPON THE CURVE GENERATED FROM USING THE
SPECIFIC MANUFACTURER’S CO DETECTOR TUBE WITH ITS DESIGNATED
PUMP, ALTHOUGH IN SEVERAL CASES THE CURVES ARE QUITE SIMILAR,

IT WILL BE NOTICED THAT EITHER THE SUCTION PRESSURE OR ELAPSED
TIME (OF EACH PUMP STROKE) IS DIFFERENT. ALSO, IT IS INTERESTING
TO NOTE THAT THE [NSfANTANEOUS SUCTION PRESSURE OF THE VARIOUS
MANUFACTURERS' SAMPLING PUMPS WITH THEIR RESPECTIVE (0 GAS
DETECTOR TUBES VARIED FROM A LOW OF .15 INCHES HG ASSOCIATED WITH
THE BACHARACH SAMPLING PUMP AND CO DETECTOR. TUBE TO A HIGH OF

8.1 INCHES HG ASSOCIATED WITH THE GASTEC SAMPLING PUMP AnD CO
DETECTOR TUBE. WE CAN, THEREFORE, SEE FROM THE ABOVE GRAPHS

THAT EACH MANUFACTURER'S PUMP AND CO GAS DETECTOR TUBE DOES

HAVE DIFFERENT SUCTION CHARACTERISTICS DUE TO THE VARIOUS DIFFERENCES
INHERENT IN EACH PUMP AND TUBE DESIGN EVEN THOUGH THE SINGLE
STROKE GROSS SAMPLING VOLUME OF MOST OF THE PUMPS STUDIED WAS

THE SAME.



ANALYSIS OF FLOW RATE VERSUS ELAPSED TIME

THE FLOW RATE VERSUS ELAPSED TIME FOR EACH MANUFACTUR;R’S PUMP

WITH THE VARIOUS (O GAS DETECTOR TUBES WAS CONTINUOUSLY

MEASURED AND RECORDED BY A CGS DatameTrIc MopeL 90N-2836

CoNSTANT TEMPERATURE HOT-WIRE ANEMOMETER WITH AN ATTACHED
‘HewLeTT-PackARD MobEL 680 STRIP CHART RECORDER. THE ANEMOMETER

WAS FIRST CALIBRATED USING THE SUGGESTED PROCEDURE DESCRIBED IN

THE CGS MANUAL, AND IN TURN, A BASE VOLTAGE WAS ESTABLISHED.

THEN A BUBBLE METER WAS CONNECTED UPSTREAM OF THE HOT-WIRE
ANEMOMETER PROBE, AND A VACUUM PUMP CONTROLLED WITH A MICRO-

METER VALVE WAS CONNECTED IN SERIES WITH THE BUBBLE METER., By
ADJUSTING THE MICROMETER VALVE, IT WAS POSSIBLE TO CONTROL THE

AIR FLOW RATE ACROSS THE PROBE SENSOR. VARIOUS AIR FLOW RATES

WERE REPEATEDLY GENERATED, AND SUBSEQUENTLY, A CALIBRATION CURVE OF
THE HOT-WIRE ANEMOMETER DIFFERENTIAL VOLTAGE (FLOW RATE VOLTAGE
MINUS BASE VOLTAGE) VERSUS AIR FLOW RATE (CC) WAS PLOTTED. THE

. RESULTING CALIBRATION CURVES CAN BE SEEN IN GrRAPHS 16 anp 17. IT
WAS NECESSARY TO PLOT TWO DIFFERENT CURVES (ONE FOR USE ABOVE

350 cc/MIN. AND ONE FOR USE BELOW 350 CC/MIN.), FOR THE

INDIVIDUAL DATA POINTS FIT THE EQUATION OF A STRAIGHT LINE

UP TO THE VOLTAGE POINT CORRESPONDING TO 350 cC/MIN, AND FIT

THE EQUATION OF A POWER CURVE AFTER THE VOLTAGE POINT CORRESPONDING
70 350 CC/MIN. 1T WAS THOUGHT THAT THIS POINT MIGHT BE THE
TRANSITION POINT BETWEEN LAMINAR AND TURBULENT FLOW. HOWEVER, A
REYNOLDS NUMBER WAS CALCULATED AND FOUND TO BE WELL WITHIN THE
LAMINAR FLOW REGION. THE HOT-WIRE ANEMOMETER PROBE SENSOR WAS
RECALIBRATED AND ESSENTIALLY THE SAME POINTS WERE AGAIN PLOTTED.
THEREFORE, THE EXISTENCE OF THESE TWO DIFFERENT CURVES WITH A
TRANSITION POINT AT 350 cC/MIN., MUST BE ATTRIBUTED TO THE VARIANCES

INHERENT IN THE TESTING SYSTEM. ALSO, SINCE EACH PROBE FILAMENT
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HAD ITS OWN CHARACTERISTIC RESISTANCE, IT WAS MANDATORY THAT ALL
THE TEST DATA BE TAKEN WITH THE SAME FILAMENT IN PLACE IN ORDER TO
ASSURE THE VALIDITY OF THE RESULTS.,

AFTER THE HOT-WIRE ANEMOMETER WITH THE ATTACHED STRIP CHART

RECORDER HAD BEEN CALIBRATED AND THE RESULTING CALIBRATION

CHARTS HAD BEEN GRAPHED, EACH MANUFACTURER’S PUMP WAS TESTED WITH
(1) A STANDARD RESISTANCE TUBE, (2) 17s speciFic CO TUBE,

AND (3) THE VARIOUS OTHER MANUFACTURERS’ (0 GAS DETECTOR TUBES.
ONCE AGAIN, THE TEST AIR SUCTION VOLUME USED IN THE STUDY WAS THAT
PRODUCED FROM ONE COMPLETE PUMP STROKE OF THE DIFFERENT
MANUFACTURERS' PUMPS BEING USED IN THE STUDY. ONCE EACH SET

OF DATA WAS COLLECTED, IT WAS PLOTTED ON STANDARD COORDINATE

GRAPH PAPER WITH THE X-AXIS REPRESENTING "ELAPSED TIME (SEC)”

AND THE Y-AX1S REPRESENTING "AIR FLOW RATE (cc/MIN.}"., THE
RESULTING CURVES ARE SHOWN IN GRAPH 18 THRU GRAPH 29,

THE INTEGRAL OF THE AREA UNDER EACH CURVE SHOULD BE EQUAL TO THE |
VOLUME SAMPLED WITH EACH SAMPLING PUMP AND GAS DETECTOR TUBE COMBIN-
ATION., HOWEVER, SINCE THE CALCULATED VOLUMES DO DIFFER IN MANY CASES
FROM THE ACTUAL VOLUMES SAMPLED, THESE DISCREPANCIESMUST AGAIN BE
ATTRIBUTED TO VARIANCES INHERENT IN THE TESTING SYSTEM. SINCE THE
FLOW RATE WAS CONTINUOUSLY MEASURED AT THE INLET TO THE CO GAS DETECTOR
TUBE AND SINCE THE RESISTANCE AT THIS POINT REMAINED CONSTANT, THE
VARIOUS GRAPHS CAN BE DIRECTLY COMPARED IN ORDER TO OBSERVE THE
DIFFERENT FLOW RATE CHARACTERISTICS OF THE VARIOUS SAMPLING PUMP
AND GAS DETECTOR TUBE COMBINATIONS. OF THE SIX MANUFACTURERS' PUMPS

USED IN THE STUDY, THE MSA PUMP, THE KITAGAWA PUMP, THE BACHARACH
PUMP, AND THE SAF-CO PUMP HAVE FOUR ORIFICES, ONE ORIFICE, TWO

ADJUSTABLE ORIFICES, AND ONE ADJUSTABLE ORIFICE. RESPECTIVELY, WHILE
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THE DRAGER AND GASTEC PUMPS HAVE NO ORIFICES, AGAIN AS IN THE

GRAPHS OF SUCTION PRESSURE VERSUS ELAPSED TIME, ALTHOUGH THE CURVES
ARE QUITE SIMILAR AND ALMOST SUPERIMPOSEABLE IN SEVERAL CASES, IT WILL
AGAIN BE NOTICED THAT EITHER THE FLOW RATE OR ELAPSED TIME (OF EACH
PUMP STROKE) IS SLIGHTLY DIFFERENT. HOWEVER, THE CURVES WHICH ARE
THE MOST SIMILAR ARE THOSE FOR THE PUMPS WITH ORIFICES. APPARENTLY
THE CONTROLLING FLOW RESISTANCE IN THOSE CASES WAS THE INHERENT
RESISTANCE IN THE SAMPLING PUMPS RATHER THAN THAT IN THE GAS DETECTOR
TUBES. THE INSTANTANECUS FLOW RATE (SUCTION) OF THE VARIOUS MANU-
FACTURERS' SAMPLING PUMPS WITH THEIR RESPECTIVE CO GAS DETECTOR TUBES |
VARIED FROM A LOW OF 15 cC/MIN WITH THE BACHARACH PUMP WITH ORIFICE

A AND THE BACHARACH (O DETECTOR TUBE TO A HIGH OF 850 CC/MIN, WITH
THE DrRAGER PuMP AND CO DETECTOR TUBE.

IT CAN, THEREFORE, BE SEEN THAT IT 1§ NOT SUFFICIENT TO PULL THE

SAME VOLUME OF AIR THROUGH EACH MANUFACTURER’S C0 GAS DETECTOR TUBE
WITH THE SAME PUMP, FOR THE FLOW RATE 1S INHERENTLY AFEECTED BY THE
INTERNAL SUCTION PROPERTIES (RESISTANCE) OF THE PUMP BEING USED,
FURTHERMORE, IT HAS ALSO BEEN SHOWN IN AN EARLIER STUDY REPORTED BY
KurT LEICHNITZ IN 1971 THAT EVEN IF THE PUMP STROKE TIME 1S HELD
CONSTANT, THE FLOW RATE CHARACTERISTICS OF THE PUMPS WITH THE

VARIOUS (O GAS DETECTOR TUBES WILL STILL DEPEND UPON THE SUCTION. .
CHARACTERISTICS OF THE INDIVIDUAL PUMP AND THE RESISTANCE BUILT INTO
EACH GAS DETECTOR TUBE AND SAMPLING PUMP,



I ¢ ! LIRER’ \REON MOMOXTD
THE FINAL SECTION OF THIS STUDY INVOLVED THE ACTUAL INTERCHANGE OF THE
VARIOUS MANUFACTURERS' (0 GAS DETECTOR TUBES WITH EACH MANUFACTURER'S
SAMPLING PuUMP. However, THE SAF-Co sampLING PUMP AND CO GAS DETECTOR
TUBE WERE NOT USED. IN THIS PHASE OF THE STUDY SINCE SAF-Co ONLY MAKES
A COLOR INTENSITY. DETECTOR TUBE. AS STATED EARLIER IN THE PAPER,
NIOSH PURCHASED APPROXIMATELY ONE HUNDRED OF EACH OF THE PREVIOUSLY
LISTED MANUFACTURERS' DETECTOR TUBES UNDER THE SPECIFICATIONS THAT
EACH SET BE FROM A SINGLE BATCH. CARBON MONOXIDE WAS SELECTED AS
THE CONTAMINANT TO BE USED IN THIS PHASE OF THE STUDY, AND A
CERTIFIED CYLINDER OF 100 + 1 PPM CARBON MONOXIDE GAS WAS ORDERED
" FRoM MATHESON GAS PRODUCTS. THE CARBON MONOXIDE CONCENTRATION WAS
coNFIRMED BY NIOSH’s PHysicaL AND CHEMICAL ANALYSIS BRANCH IN
CiNCINNATI, Onlo.
IN ORDER TO TEST THE VARIOUS COMBINATIONS OF PUMPS AND DETECTOR TUBES,
A BASIC GAS MANIFOLD SYSTEM WAS CONNECTED TO THE CARBON MONOXIDE
CYLINDER., TEN CARBON MONOXIDE TUBES OF EACH OF THE DIFFEREMT
MANUFACTURERS WERE TESTED WITH THE SAMPLING PUMPS OF THE VARIOUS
MANUFACTURERS. EACH DETECTOR TUBE'S LENGTH OF STAIN AND
CORRESPONDING CONCENTRATION WAS DETERMINED BY THREE INDIVIDUAL,
QUALIFIED TUBE READERS, AND THEIR READINGS WERE AVERAGED TO OBTAIN
A SINGLE READING., 3[HE SPECIFIC INSTRUCTIONS GIVEN BY A MANU-
FACTURER FOR USING ITS PUMP AND DETECTOR TUBE COMBINATION WERE
FOLLOWED WHEN ITS DETECTOR TUBE WAS USED WITH THE OTHER MANUFACTURERS'
SAMPLING PUMPS, [T SHOULD BE NOTED THAT THE SAMPLE VOLUME DESIGNATED
BY A-MANUFACTURER FOR USE WITH ITS PUMP AND CO DETECTOR TUBE COMBINATIQON

WAS THE SAME VOLUME USED FOR ITS DETECTOR TUBE AND THE VARIOUS OTHER
-MANUFACTURERS' PUMPS COMBINATIONS., THE ONLY EXCEPTION TO THE ABOVE
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STATEMENT OCCURRED IN THE USE OF THE BACHARACH (O DETECTOR TUBE WITH

THE NON-BACHARACH PUMPS., [N THIS cASE THE 112 cC SAMPLE VOLUME USED
WITH THE BACHARACH PUMP COULD NOT BE DUPLICATED WITH THE OTHER PUMPS,
INSTEAD A SAMPLE voLUME OF 100 cC HAD TO BE USED. THE EFFECTS OF

THIS VARIANCE WILL BE DISCUSSED SHORTLY. THE RESULTS OF THIS FINAL
PHASE OF THE STUDY ARE PRESENTED IN TABLE 1 THRouGH TABLE 5. EACH

TABLE HAS THE DATA TABULATED IN THE FOLLOWING FOUR CATEGORIES: (])

THE PUMP TYPE USED WITH THE SPECIFIC (0 GAS DETECTOR TUBE, (2) THE
AVERAGE CO GAS DETECTOR TUBE READING (X}, (3) THE STANDARD DEVIATION

OF THE TEN DIFFERENT TUBE READINGS USED TO CALCULATE X, AND (4) THE

% DEVIATION FROM THE SPECIFIED USE VALUE - THE SPECIFIED USE VALUE

BEING DEFINED AS THE X CALCULATED FROM CORRECTLY USING A MANUFACTURER'S
C0 GAS DETECTOR TUBE WITH ITS SAMPLING PUMP, _ |

TABLE 1 SUMMARIZES THE DATA ACCUMULATED FROM USING THE BacHARACH (0
INDICATOR TUBE No, 19-0195 wITH THE VARIOUS PUMPS IN THE STUDY, PER
THE BACHARACH INSTRUCTIONS, 1T$ CO DETECTOR TUBE WAS USED WITH

ITS PUMP WITH ORIFICE A AND THE 16 cC SAMPLE FITTING 'IN PLACE, AND

" SeveN (7) pump sTROKES (112 cc) were TAKEN. THE CO CONCENTRATION
 DETERMINED WITH THE BACHARACH PUMP AND DETECTOR TUBE AVERAGED 81.5 PPM
VERSUS THE CERTIFIED 100-PPM vALUE. AS CAN BE SEEN FROM THE TABLE.,
NO OTHER COMBINATION OF BACHARACH CO DETECTOR TUBE USED WITH ANOTHER
MANUFACTURER'S SAMPLING PUMP PRODUCED RESULTS SIMILAR TO EITHER THE
81.5 PPM vaLuE oR EVEN THE 100 PPM VALUE. IN FACT, THE NEXT CLOSEST
COMBINATION, THE BacHARACH CO INDICATOR TUBE WITH THE KITAGAWA
SAMPLING PUMP, PRODUCED RESULTS 92.57 GREATER THAN THE SPECIFIED

USE VALUE (81,5 PPM), FURTHERMORE, SINCE ONLY A 100 cC SAMPLING
VOLUME WAS USED WITH THE NON-BACHARACH PUMPS, THE RESULTING CONCEN-
TRATIONS OF THE BacHaracH CO TuBES USED WITH THE OTHER MANUFACTURERS'

PUMPS WERE ACTUALLY LOWER THAN THEIR TRUE VALUES.
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TABLE 2 SUMMARIZES THE DATA TABULATED FROM USING THE DRAGER CO 5/(
INDICATOR TUBE WITH THE FIVE PUMPS BEING USED IN THIS PHASE OF

THE STUDY. PER THE DRAGER INSTRUCTIONS, A SAMPLfNG voLume of 100 cc
WAS USED WITH ITS DETECTOR TUBE. THE CO CONCENTRATION MEASURED

WITH THE DRAGER PUMP AND DETECTOR TUBE AVERAGED 36 PPM vERSus THE
cerTIFIED 100 PPM vaLue. THE OTHER COMBINATIONS OF PUMPS AND

DraGER CO DETECTOR TUBE-YIELDED AVERAGE CONCENTRATIONS THAT RANGED
FRoM 20.7% HIGHER To 33.67 LOWER THAN THE 96 PPM CO cONCENTRATION
MEASURED WITH THE DRAGER CO DETECTOR TUBE AND SUCTION PuMP, [T

WOULD BE EXPECTED THAT THESE RESULTS WOULD SPAN SUCH A NARROW RANGE,
FOR THE DRAGER SAMPLING PUMP HAS NO ORIFICE, AND THE AIR FLOW

RATE WOULD BE TOTALLY A FUNCTION OF THE RESISTANCE INHERENT IN
DRAGER-5/C CO DETECTOR TUBE, OBVIOUSLY. THE MAGNITUDE OF THIS
RESISTANCE 1S THE CONTROLLING FLOW RATE FACTOR WHEN THE DRAGER (O
DETECTOR TUBE 1S USED WITH OTHER MANUFACTURERS' SAMPLING PUMPS, AND
THESE RESULTS SHOULD BE USED ONLY ON A QUALITATIVE BASIS. '

TABLE 3 SUMMARIZES THE DATA TABULATED FROM USING THE GASTEC CO INDICATOR
TUBE Mo. 8525 WITH THE FIVE PUMPS BEING USED IN THIS PHASE OF THE STUDY.
PER THE GASTEC INSTRUCTIONS, A SAMPLING VOLUME of 100 cc wAS ALSO USED
WITH ITS DETECTOR TUBE. THE (0 CONCENTRATION MEASURED WITH THE GASTEC
PUMP AND DETECTOR TUBE AVERAGED 109.1 PPM versus THE cErTIFIED 100

PP vALUE. THE OTHER VARIOUS COMBINATIONS OF SAMPLING PUMPS AND
GasTEC CO DETECTOR TUBE, PRODUCED CONCENTRATIONS THAT DEVIATED FROM
+4,7% 10 -42.57 OF THE SPECIFIED USE VALUE., AGAIN, THE ABOVE RANGE

OF RESULTS WOULD BE EXPECTED. FOR THE AIR FLOW RATE 1S DEPENDENT

UPON THE RESISTANCE INHERENT IN THE GAsTEC Ho. 8525 CO DETECTCR

TUBE. |

14



ALTHOUGH SEVERAL OF THE GASTEC CO DETECTOR TUBE AND NON-GASTEC SAMPLING
PUMP COMBINATIONS PRODUCE RESULTS SIMILAR TO THOSE PRODUCED WITH THE
GAasTEc CO DETECTOR TUBE AND SAMPLING PUMP, THESE RESULTS SHOULD AGAIN
BE USED SOLELY FOR QUALITATIVE RATHER THAN QUANTITATIVE '
PURPOSES. |

TABLE 4 SUMMARIZES THE DATA TABULATED FROM USING THE Kitacawa CO
INDICATOR TUBE No. 100 WITH THE FIVE PUMPS OF THE DIFFERENT
MANUFACTURERS, PER THE KITAGAWA INSTRUCTIONS, A SAMPLING YOLUME OF

100 cc WAS USED WITH ITS DETECTOR TUBE. THE CD CONCENTRATION ANALYZED
WITH THE KITAGAWA PUMP AND DETECTOR TUBE AVERAGED 100.1 PPM versus

THE CERTIFIED 100 PPM vaLUE., THE OTHER VARIOUS COMBINATIONS OF
SAMPLING PUMPS AND GAsTEC CO DETECTOR TUBES YIELDED CONCENTRATIONS THAT
DEVIATED FRoM +907% To -37.7% OF THE SPECIFIED USE VALUE. AS THE DATA
INDICATE, ONLY ONE COMBINATION OF A KITAGAWA CO GAS DETECTOR TUBE WITH
A NON-KITAGAWA PUMP PRODUCED RESULTS CLOSER THAN 12% TO THE VALUE PRO-
DUCED WITH THE KITAGAWA PUMP AND DETECTOR TUBE.

TABLE 5 TABULATES THE DATA RECORDED USING THE MSA CO INDICATOR TUBE

- No. 91229 WITH THE FIVE PUMPS OF THE DIFFERENT MANUFACTURERS IN THE
sTUDY. PER THE MSA INSTRUCTIONS, ITS CO DETECTOR TUBE WAS USED WITH
THEIR PUMP WITH ORIFICE #1 IN PLACE AND WITH A SAMPLE votume oF 100 cc,
THE CO CONCENTRATION MEASURED WITH THE MSA PUMP AND DETECTOR TUBE
AVERAGED 153.,7 PPM versus THE cErTIFIED 100 PPM vaLUE. THE OTHER
COMBINATIONS OF PuMPS AND MSA CO GAS DETECTOR TUBES YIELDED AVERAGE
CONCENTRATIONS THAT RANGED FROM +240.6% 10 -26,97 OF THE SPECIFIED
USE VALUE (153.7 PPM). As THE DATA INDICATE, ONLY ONE COMBINATION

oF A MSA CO GAS DETECTOR TUBE WITH A NON-I'SA PUMP PRODUCED RESULTS
CLOSER THAN 10% TO THE VALUE MEASURED WITH THE MSA PUMP AND DETECTOR
TUBE., IT IS THEREFORE, AGAIN RECOMMENDED THAT THESE RESULTS BE USED
ONLY AS A QUALITATIVE RATHER THAN A QUANTITATIVE MEASUREMENT.
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CONCLUSION AND A FEW .PERTINENT COMMENTS

[T CAN BE SEEN FROM THE PREVIOUS GRAPHS AND TABLES THAT THE INTER-
CHANGE OF VARIOUS MANUFACTURERS' GAS DETECTOR TUBES WITH VARIOUS
MANUFACTURERS' SAMPLING PUMPS CAN INTRODUCE SYSTEMATIC ANALYSIS
ERRORS, EACH MANUFACTURERS’' CO GAS DETECTOR TUBE IS CALIBRATED
FOR A FIXED SAMPLING VOLUME AND AIR FLOW RATE DICTATED BY ITS
SAMPLING PumMP, To coNNECT 1TS CO GAS DETECTOR TUBE TO ANOTHER
MANUFACTURER'S SAMPLING PUMP WILL MORE OFTEN THAN NOT YIELD

PURELY QUALITATIVE RESULTS. THESE SYSTEMATIC ERRORS ADDED TO
CURRENT ERRORS ALREADY INHERENT IN EACH SAMPLING PUMP AND DETECTOR
TUBE WOULD INCREASE THE TOTAL ERROR TO THE POINT THAT THE QUANTATIVE
NATURE OF THE SAMPLING PUMP AND GAS DETECTOR TUBES WOULD BE REDUCED
TO A QUALITATIVE LEVEL, AND THIS MODIFICATION IS NOT IN THE BEST
INTERESTS OF THE USER. ALTHOUGH THIS STUDY INVOLVED ONLY CARBON
MONOXIDE AS A CONTAMINANT. IT INDICATES THAT A MANUFACTURER'S

GAS DETECTOR TUBE AND SAMPLING PUMP SHOULD BE REGARDED AS A SINGLE
UNIT AND ACCORDINGLY, SHOULD NOT BE INTERCHANGED WITH OTHER MANU-
FACTURER'S SAMPLING PUMPS AND GAS DETECTOR TUBES. ALso, NIOSH

WILL BE CERTIFYING A MANUFACTURER’S GAS DETECTOR TUBE AND SAMPLING
PUMP TO BE USED AS A UNIT, AND THEREFORE, TO USE EACH SYSTEM MOST
EFFECTIVELY, THE GAS DETECTOR TUBE AND SAMPLING PUMP OF A SPECIFIC
MANUFACTURER SHOULD NOT BE INTERCHANGED WITH THOSE OF ANOTHER MANU~
FACTURER UNLESS QUALITATIVE RESULTS ARE DESIRED,
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GRAPH 4. GRAPH OF SUCTION PRESSURE VS. ELAPSED TIME FOR BACHARACH PUMP
WITH ORIFICE "B" -
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GRAPH 8. GRAPH OF SUCTION PRESSURE VS. ELAPSED TIME FOR KITAGAWA PUMP.
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GRAPH 9. GRAPH OF SUCTION PRESSURE VS. ELAPSED TIME FOR MSA PUMP
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GRAPH 10. GRAPH OF SUCTION PRESSURE' VS. ELAPSED TIME FOR MSA PUNP
AND BACHARACH CO. INDICATOR TUBE .
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GRAPH 11. GRAPH OF SUCTION PRESSURE VS. ELAPSED TIME FOR MSA PUMP
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29

90



HG )

SUCTION PRESSURE (

— - —— No. 1 ORIFICE
~e<-----==No, 2 ORIFICE
----- No. 3 ORIFICE

No. 4 ORIFICE

GRAPH 2.

20 0 40
ELAPSED TIME

GRAPH OF SUCTION PRESSURE VS. ELAPSED TIME FOR MSA PUMP

AND GASTEC CO. INDICATOR TUBE .

30

30
( SEC.}



)

( IN HG

SUCTION PRESSURE

9rl A
1
]
|
i B
8 H ::'h —_—— . — No. 1 pmnc‘r_
¥ \‘. ........ ~ No. 2 ORIFICE
b —~———— No 3 ORIFICE
AW —— No. 4 ORIFICE
i

<
ST e—y

f
2
f
]
|
13
el TN, ) .
0 - -.}' -l - l |
0 40 a0 120 160 - 200 . 240 <280 .320

ELAPSED TIME (sEc.)
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GRAPH 15. GRAPH OF SUCTION PRESSURE VS. ELAPSED TIME FOR SAF-CO PUMP.

33



00—

(CC/ MIN)

RATE

FLOW

- 200—

00—

100—

ol | || | L

0 50 100 150 200 250 300
A VOLTAGE (mv ) -

GRAPH 16 GRAPH OF AIR FLOW RATE VS HOT WIRE ANEMOMETER DIFFERENTIAL -

VOLTAGE OUTPUT (USABLE RANGE : 0-350 cc/ MIN)
34

330




AV s

2000

= 1500— —
Z 1000— _
500}— _

GRAPH '17. GRAPH OF AIR FLOW RATE VS. HOT WIRE ANEMOMETER
DIFFERENTIAL VOLTAGE OUTPUT (USABLE RANGE: 350 cc/MIN. AND UP) |

0 | | 1 l |
0 200 - 400 600 800 1000 1200 I4OQ
A VOL;SAGE (NV) :




~ 100

AIR  FLOW RATE (cc/um

150

50

. —
L N W R
0 0 50 6 10 8

_STANDARD RESISTANCE TUBE

BACHARACH CO. INODICATOR TUBE

- DRAGER CO. " "
.-M S A - CO. " "

GASTEC AND KITAGAWA CO. INDICATOR
TUBES NOT SHOWN FOR FLOW RATES
ARE LESS THAN 2.5 cc/MIN.

ELAPSED TIME (sEc.) .
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GRAPH 19, GRAPH OF AIR FLOW RATE VS ELAPSED TIME FOR BACHARACH PUMP
WITH ORIFICE "A" AND 50 cc SETTING.
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