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FOREWORD

This report is published by the Health and Safety Executive as part of a programme of work
which was commissioned in support of the Offshore Safety Division’s (OSD) diving research
strategy. The full programme of work covers the period from the late 1970’s to 1997; some
reports from the programme have hitherto not been published.

.Some research was sponsored by the Department of Energy prior to the transfer of their
responsibilities for offshore safety to the Health and Safety Executive. Other studies were
originally commissioned by OSD for internal use. It has now been decided to issue the reports
relating to this work so that the information they contain is in the public domain.

In view of the extended period of the research programme, some reports may contain
information or recommendations which have been superseded. The structure of others may not
meet the standard now expected of an Offshore Technology series report. Nevertheless it is
HSE’s intention that all such documents should be in the public domain.
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Assessment of the accuracy of the Draeger tube method for the estimation of
mincral oil (as mist and vapour) in breathing air supplied by compressors.

Department of Energy proiject reference number TA93/22/25

1.

Introduction.

Hydrocarbon oil miet and/or vapour is commonly measured in breathing
air supplicd by compressors using Draeger indicating tubes
manufactured by Dragerwerk A G Lubeck FRG.

PCMU Harwell was contracted by the Department of Energy via MATSU
{Mr D Roberteson) to assess the accuracy of the Draeger tube
measurements by comparison with other analytical techniques.

It was decided to make initial comparisons of Draeger tube
measurements with infrared spectrophotometric determinations both
carried out similtaneously on laboratory generated mists.

Experiments were mounted to devise suitable apparatus for the
atomigation and containment of a compressor oil to yield'relatively
stable mists at concentrations up to 10 mg per M3 as indicated by
pracger tubes. The mists were aspirated similtanecusly through
Draeger tubes and through tubes of similar dimensions containing a
pre—washed plug of cellulose filter paper set in a position
corresponding to the absorbing layer of the Draeger tubes,

The oil mist concentrations were estimated visually by two analysts in
the casc of the Draeger tubes by comparison with the published data
and IR spectrophotometrically in solution from Freon 113 back-washing
of the cellulose filters and comparison of aliphatic hydrocarbon
absorption with prepared standards of the compressor oil in the same
solvent.

Experimental Procedure

The oil mist/vapour generation and sampling apparatus is pictured
diagrammatically in Figure 1 appended. Essentially the apparatus
consisted of a domed Perspex glove box of approximately 130 litres
capacity with an attached additional 20L volume Tedlar bag to act as a
buffer during sampling. O©il aerosols were produced by atomieing
'Castrol Perfect' compressor oil in the transfer port using nitrogen
gas after preflushing with nitrogen. Atomisation was carried out for
a period of 15 seconds to produce a barely visible cloud which was
allowed to settle and equilibrate for periods of between 5 and 30
minutes. The Draeger tubes were prepared by snipping off end seals
and clearing the sampling end to expose the full tube hore. .

Cellulose filter-tubes were constructed of glass of the same bhore as
the Draeger tubes containing a plug made from a 7 cm diameter Whatman
No.42 filter circle set t? the same depth as the activated silica gel
of the Draeger tubes. Papers were pre—washed with:Halocarbon 113
using a Soxhlet extractor.
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Both Dracger Type l1l0/a-p 6728371 and cellulose filter tubes ware
inserted through small acéess ports cut in the side wall of the
apparatus and secaled with .silicone rubber. The sampling ends of the
tubes were positioned witliin 3 cm of each other within the apparatus
and at approximately the same depth. Mists and vapours were aspirated
through the tubes at a constant rate of 1 litre per minute, measured
by flowmeters, for 5 minutes to give sample volumes of 5 litres.
{Note: The recommnended maximum gas-flow rate quoted in the Draeger
data sheet for 10/a-p tubes ie 2 litres per minute when used with the
Aerotest D 20700 sampling device. The mean flow-rate when using the
100 cm? bellows pump was measured at approximately 1 litre per minute
for 10 strokes. Data gheet 10/a-p 6728371 is appended).

Dracger tube reactions were carried out and comparative measurements
made by two analysts as described in the Data sheet.

The cellulose filter tube was removed from the mist chamber and the
contents back-washed with successive aliquots of Halocarbon 113,
{1,1,2 - trichlorotrifluoroethane), to 10 mls in graduated flasks.
Infrared spectra of the solutions were recorded over the region 3100~
2700 cm” 1 from a 5 wm pathlength cell fitted with calcium fluoride
windows using a Perkin-Elmer model 683 spectrophotometer. Spectral
information was stored on.discs in the PE 3600 Data station and
corrections were subsequently made for blank absorptions.

Standards of Castrol Perfect ¢il were prepared in the Halocarbon 113
and a calibration curve obtained of aliphatic -CH,- absorption of the
oil at 2930 em~l against Concentration.

Blank determinations were undertaken on four cellulose packed tubes
using the IR spectrophotometric method. 5 litre samples of laboratory
air were alsc examined by both Draeger tube and IR methods.

Bydrocarbon vapour plus possible residual wmist in the oil covered
contaimment vessel was measured 60 hours after mist generation using a
Dracger tube to establish an upper limit of vapour concentration.

Truc vapours would probably not have been detected by the IR method.

Results

Comparative Draeger tube and IR results expressed as mg of mineral oil
per M3 are presented in Table 1 below. The infrared results were
corrected for solvent background absorption but uncorrected for method
blank (generally found to be less than 20 % of the total measured
hydrocarbon content).

Interpretation of the Draeger tube results was somewhat subjective.
Approximate, or ranges of values indicated, given in the table reflect
the interpretation of at least two observers. Interpretations were in
reasonable agreement.,

Draeger tube measurements showed only low levels of hydrocarbon vapour
(or possible trace residual mist) after an extended period of
settlement of 60 hours.

laboratory air blanks using both Draeger and IR methods produced
pimilar low level figures.
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0il mist concentrations as measured by the infrared method were
consistently higher than those obtained using Type 10/a-P Draeger
tubes generally by a factor of bhetween 3 and 7.

Conclugion and Discussion.

P

Comparison of results on oil mist concentration by the two methods
indicated that the Draeger tubes gave significantly lower readings
compared to the IR method. The reasons for the low results have not
been fully investigated in this work although the following three
possibilities come to mind:

(a) Incomplete chemical reaction of the reagents with the absorbed
oil;

{b) Deposition of oil mist on the metal gauze and tube wall in front
of the absorbing layer of silica gel;

(c) Incomplete absorption of the mist on the silica gel.

In view of the chemistry @f the reaction, (given in the data sheet),
{a) would seem unlikely.

During some preliminary experiments where the reagent inadvertently
came into contact with the upper reaches of the tube, it was noticed
that some dark coloration occurred which suggested the presence of oil
on the tube wall. (b) above would, therefore, appear to be a
contributory factor. Any such deposited oil in the case of the IR
tubes would have been included in the analysis.

Pre- deposition of ©¢il mists would depend on particle-size distribution
and gas- flow velocity both of! which were considered to be constant
during sampling.

The effectiveness of trapping oil mists was not determined for either
the Draeger tube or IR method. :

HBydrocarbon vapours would not be expected to be efficiently absorbed
by the cellulose filter of the IR tube. Total hydrocarbon as mist
plus vapour would probably present slightly higher results than shown
for mist in table 1 under the IR heading.

Information was sought from the UK Dragerwerk agents (Draeger Safety.
Sunnyside Road. Chilsham. Bucks. HP5 2AR) concerning the wethod of
calibration of their tubes but no useful information was forthcoming.

Purther investigation work

As indicator tubes offer a convenient method for the assessment of oil
mist/vapour, albeit suffering to some extent from the rather
subjective iﬁlerpretation of the colour intensity formed at the lower
end of the concentration range, it may be worthwhile carryifg out
further comparative analyses to establish a more accurate Draeger tube

‘calibration. Re-calibration should take into account particle size

distribution, particularly with respect to respirable ranges, and
sample flow rates. Replicate analysis would need to be undertaken

(2
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with an additional analytical method and account taken of trapping
efficiencies.

Consideration could be given to the development of a simple
alternative to the use of indicator tubes for the measurement of oil
mist and vapour in breathing air from compressors.

J M Butcher
I McEwen

P.C.M.U

Harwell Laboratory
Didcot

Oxfordshire



e31s”

dHing

LA

“Ehivivaay wﬂmﬁ.dﬁiﬂwﬁwﬁqgﬂﬁﬂiﬁa-&ggw
G124 FCtymsh
DRIHYS 18ty

crgEgonly TN

.

.ﬁ.H

PE L]

= svh TN

A=y R

el
s (Mg

WaomIN 07

A



cvls

uotridiosqe JuaATOS .Sw pa3d2110) ,

< rA | o> g (419 Gl ‘9 "
9 62 ¢ " X0¥dav S Gl Sl S "
G< 62 > < ol cl 'y “
€1 vE 01-§ S S 9| '€ "
£-9 Z€ 01-% < < cl *Z  UNOdVA/ISIH
£ £ 0l *XodddVv e S Sl ‘[ 4N0dvA/ISIK
(:(31sTWw 22813 + 1anodeyp)
T €1 "z TASSZA
- €1 i (174 SYNOH 09 - INTWNIVINOD
a3¥daod 110
. ANVE
£> 6> < - - dIV Xd0Lv¥odvi
6°¢ -ueay
8°Z ‘f
9°'¢ €
9°'¢ A q40L
9| | - - - - gaqovd 21so01n111)
ANVIL
 (gW/3m) (gH/Bu)
4393avdd :¥1 xNOTIVNIWYI1Ad INAWAENS VIR (S3YLIN) {SNIR) (S24S)
240L a31duvs ANIL _ AHIL .
01Lvy G3UVHINI EERER HHN10A ONILLAS NOILVSIHOLY A1dHVS
SINNSAY ¥1 0NV 3401 ¥393vVdd 40 NOSI¥VAWOD NOILVHINAONOD ¥NOdVA/ISIH 110

| 49vi



Bei Auckfragen bitle die #ulien aut die Packung aufgestempelle Chargennummer angeben

In all inquiries pease state the batch number stamped on the oulside of the box,

67 28371
GEBRAUCHSANWEISUNG

1 Aligemeines und Anwendungshereich

Dieses Rohrchen ist vorgesehen fur die Messung des Olgehaltes (Oldampt = Olnebelj in
Druchgasen,

D:e Rohrchen sind mit der vorgeschriebenen Probenahmeeinrichlung zu verwenden (DRA-
GER-Aerotest D 20700) .

Wichtiger Hinweis:

Das mit diesem Aohrchen erhaltene MeBergebnis 1aft nur Ruckschiusse aut den Olgehalt der
zur Messung entnommenen. d. i entspannten Luttprobe zu. Zur Beurtedlung des Oigehalles
der gesamten Luft im Drucksystem sind zeithche und raumhche Unterschiede avtgrund von
Adsorptions- ung Descrptionsvorgangen an Oberflachen zu beachten

URAULH-KORrCOEN U1 Juia-r

234-28371 4. Ausgabe - Marz 1983

2 Beschrelbung

Vgl Asbildung 1t

Be: der Analyse sollte der Volumendurchflull der Luft durch das Rohrchen 2 Litersmin betra-
gen

UnAutk-iube Ui Twa-v
OPERATING INSTRUCTIONS

67 20341

234-28271¢ 4th Edition March 1983

1 Genersl and Application

This tube st intenged for measutement of 1he ol content ‘o1l vapour and o1l mist)in compres-
sed gases.

The tubes are to be used in conunchion with (he prescribed sampling device (DRAGER-Aero-
test D 20 70O,

Important information.

The tesult of measurement obtained with thrs tube can be used only tor determinaticn of the
ail content of the sample used for measutement. i. e. air relteved of pressure. For evaluation of
the Sil content of allthe ar in the pressurised system . loca! difference and differenges in ime
must be noted. because of adsorption and desorplion processes on surface.

2 Description -

See illustration 1
During analysis. the rate of flow of air through the tube shoula be 2 litres/min

1 und

2 rugeschmoizene Spitzen

3 Reagenzampuile (konz. Schwetel-
saure)

4 Bruchstetle {doppell gepunkiet)

5 aufgeschrumpher Schlauch
6
7

Anzesgeschicht {weil)
Pfeil {gibt die Stremungsnchtung
der Prufluft an)

B Schreibflache

1ang 2 tused tips

3 reagent ampoule
{conc sulghuric acd)
breaking point (marked with
two dots)
shrunk-cn tubing
ingrcating layer (white)
arrow {ingicates the direction
b] of flow of the air sarmpiel
wiiting surlace

[

-~ U

3 Melbereich (20°C. 1013 mbar)

In abiseiuter Mafeinheit:

25 b 100 g (Mikrogramm) Lutverdichier.
schmierol

Gemall Farbstandard (Abb. 2) entspricht die
Anzeige folgenden Farbsiufen:

25ug. 50 ug. 751ug. 100 ug

{bezogen aut Luttverdichterschiniero!)

Legt man ein anzuwendendes Pritiuttvolu-
men im Bereich von 10 bis 250 Liter zugrunde.
ergivt sich — aul die Kpnzentration bezogen —
tolgender MeBbereich:

Etwa £.1 mg Om® bis etwa 10 mg OI:m3,

4 Priufung und Beurteilung des Ergebnisses

41 Vorgeschriebenen, sauberen Druckmin-
derer an Kompressor ocer Druckluttia-
sche anschhelen.

4.2 Druckminderer mit der zu untersuchen-

ger Druckiet spilen (Dauer des Spulvor-

ganaes ggi durch Verversuche ermitteln)

Druckmingerer oftnen und Volumentiul

aul 2 Liter-min einrequlieren.

Spitzen des Dragerronrchens éftnen. .

Dragerronichen dicht in das AnschiuBstuck des Druckminderers ginsetzen {Stoppunr

emnschaltent,

2§ Nach Beendigung der Messung Prutrohrchen aus Druckmingderer herausfiehmen und an
der Brughstelle (doppell gepunkiet] anknicken. so dall auberes Giasronr uno inneén ein-
gebaute Reagenzampulie zerbrechen. (Vorsicht: Ampulleninnalt konzentnerte Schwe-
felsaure).

&7 Ampullentiussigheit (konzentrierte Schwetelsaurel gurch vorsichtiges Durchleiten der
Prutlutt [ca. 10 Sekunden. 2 I’min} auf Anzeigeschicht vertelen,

Achtung: Rohrchen nicht test mit Druckminderer verbinden. Pleil gibt gie Stromungs-
nghiung an’ .

5.8 Auswertung.
verfaroung der Anzeigeschichl gemal Farosrandarc {Abk. 2 auswerten (Zwiscnenwerte
schatzeni.

4 8 Berschnung des Mefergebnisses

ermitiette Farbstufe 1n Mikrogramm
Pruflutimenge 1n Liter

4
ar

& L
(LS

= mg Clrm?

S 10HInwers
Lieg! die Farointensitst der Anzeige auBarnalt des Bereiches von 25 bis 100ug. so ist der
gesamie Tes! - peginnend mit 4.3 ~ erforgerhchentalts zu wieserholen, tazu enanderes
Luhivpiumen durgh die Ronrcher leiten,
Baispigle:

Ty erwanende Durchgeleitetes Anzeige
Olnonzentration Volumen in gemal
G/m? Liter Farosiute
C 125 etwa 25
8.3 80 etwa 25
0.5 30 etwa 25
! 25 eiwa 25
z 50 etwa 100

& Bemerkungen

Auch nach negativemn Ergebnis kann das DRAGEFA-Rohrchen micht wiege: verwendet wer-

aan.

Die Anzeige 18t mehrere Stunden haltbar, wenn die Rahrcher mit Gummikappen verschios-

sen wergen.

6 Einflull der Umgebungsbedingungen auf das Mefergebnis

€1 Temperatur
Die DRAGER-Rohrchen konnen «n e nem Temperaturbereicn von 1005 30°C verwenoet
wergen.

62 Feuchtigheit
Feuchtigket vergunnt das Reagenzsystem. Enthalt die untersuchte Lutt mehr als 1000
mg Wasser/m?, kann dieset Verdunnungsefekl zu emner richt mehr eingeutigen Olan-
zeige tuhren, daner vot der (imessung immer eine Feuchlighensbestimmung mit Was-
sergampi-Prufrohrochen vornghmen.

7 Reaklionsprinzip

Cldamp! - Olnebel werden an aktviertem Silicagel agsorbiert Nach Abschiufl der Serplion

wird das Ot durch konzentrierie Schwetelsaure in Gegenwart etnes Katalysators zersetzt. Da-

o enistenen dunkelgelarpte Reaktionsprodukte. deren Farbintensital gemessen wird

8 Erganzende inlormation:

Das Ol-Rohrehenaist auch zur Untersuchung der Lutt in Arbeitsraumen in Verbingung mit ger
DRAGER-Balgpumpe geeignel Messungen in Raumluft sind mit max. 100 Huben ae: Pumpe
auszulunren. bis 2y dresen Hubzahlen beewntiuft die Luftteuchtighent das Meflergebnis nicht.

9 Vorgesehene Verbrauchszeit
Verprauchsgatum und Lagertemperatun (vgl dre Angaben au! der Banderole)

3 Range of Measurement (20'C. 1012 mbar!

in absolufe units:

25 to 100 ng {micrograms) air compressor lu-
bricating ot

In accordance with the cotour standard (Fig.
21, the indication corresponds ta the foliowing
colour stages:

25ug. 50 rg. 75 ug. 100 ug

{relative to air comprassor tubricating oit

1f we teke a5 a basis a test volume briween 10
and 250 litres. the following ranye o1 measu-
rement ~ related 10 concentration —results
app. 0 1 mg oil/m? 10 app. 10 mg oiirm?

4 Test and Evajuation of the Result

4.1 Connect the prescrnibed. clean pressure
reducer tc the COMpPressor Or Compres-

[

100 ug sed-arr cylinder
4.2 Filush the pressure reducer with the ar 10
ITHH be Invesligated {if necessary. determing

tne preflushlng time expenmenially inao-
vance:
Open pressure reducer and adjust volume tiow to 2 litre: min.
Open tips of DRAGER Tube
Insert DRAGER Tube tightly into the connecting piece of the pressure reducer 1sel s10p-
watchi,
After completing measurement. remove 1he detector fube from the pressure reducer anc
bend it at the breaking point (marked with two dots). so that the outer glass tube and the
inner reagent ampoule break. (Take care. the ampoule contains concentrated sulphurnc
acial.
Force ampoule hawid (concentrated suiphuric acid) onto the indicating layer by carefully
leading the air sample through it tabout 10 seconos 2 1'muny,
Note' Do not connect tube firmiy 1o pressure reducer. Arrow indicates direchon of flow!
4B Evaluation:
Evaluate giscoloration of the indicating layer in accotdance with colour stangare(Fig. 2
Estimate intermediate values
4.9 Calculation of the resul! of measurement

Ll
s

B
o

4.

~

colour stage determineC It MICTOGIame

" = mg oil'm?
arr sample vGlume in litres

410 Note
If the intensity of colour of the inancatior hes cutsias the range of 2810 100 1¢ the erarte
test - starting at 4 I ~ must be repeated if necassany leaning 2 oilferent av volume
through the tube
Examples-

O concentratian Vatume led through Ingication ass

10 be expectec m In HIres coipur stage
mg'm?
02 123 app 5
43 BO appn 2%
o5 50 app 23
1 25 app 23
2 50 app 10C
S Remarks

Tne DRAGER Tube cannot be used agam. even after a negative result
The indicanon lasts {or several hours il the 1ubes are sealed wn rubber caps.
& Infivence of Ambient Conditions on the Aesult of Measurement
6.1 Temperature
Tne DRAGER Tubes can be used n & temperature range of from 16 te 30 C
€.2 Humdity
Morsture difutes the reagent system. it the air sample Contans more Lhan 1.000 mg wa-
ter/m®. 1his diluent effect can lead 1o an oil indication which s no longer clear Caonse-
guently. determination of the moisture conient with a water vapout getector lube Must
always be carrieg out before the oil measurement.
7 Reaction. Principle
Oil vapour -~ bl mist are agsorbes on actvated sifica gel Afrer compietion of the agsorpnon
the o1l 1s gecomposed by concentrated sulpnuric acid in the presence of a catalyst Trus leaos
to the tormation of dark-colpured reaction progutls the colgur intensity of which 1s measu-
rec
8 Additional information:
In copnechion with the DRAGER-bellows pump the Onl Tube can alsc be used for investigation
of air in workrooms Measurement of room air is performeg with @ maximum ot 100 pumc
strokes. U to this number of pump sirokes Numidity has no influence on the result of measu-
rement
9 Shetf LHe
For expiry dale ang storage temperature see gata on lapel of the box

Verbrauchte DRAGER-Rohrchen nicht achtlos fortwerfen. damit sie nicntin Kindernande ge-
langen'
Innalt aze!

Do not carelessly discard used Drager Tubes. since they raust not tall into the hands of cnio-
ren.

The contents are cOfrosive

DRAGERWERK - AG - LUBECK - FEDERAL REPUBLIC OF GERMANY .

ED BB - 9022361

-? Printeg in the Federal Republic of Germany



