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IVSTITUTE OF OCCU.TION.1, MEDICINE
/n Investigation of the Hazard of Stripping
fabestes Lagrings from Beilers
by
J. Dodgson and .. Bradley
1. PURPOSZ OF INVESTIGATIOY
Lt the request of Dr. J. Lockie of the-South of Scotlend J
Electricity Board, a dust semrling investigotion wias rerformed at

Clyde's }ill Povcr Station, Cacbuslgng, on 26th Jenuary 1970. The
objectives of the investigation wefec to examine in the light of the
isbestius Regulations (1969):-

(i) the suitability of various sampling instruments for
assessing the asbestos hazard czaused by stripping
boiler laggings.

(ii) the effectiveness of a wet method of stripping asbestos
lagging from boilers in comparison with a dry method.

(iii) vwhether the csbestos concentrations at a "barrier"
positicn some 50 feet away from the lagging operations
were within the allowable limits while the operations
were in progress,

2.  DUST IE.SURINENT

The instrument selected for routine measurcrents must be
cepable of assessing the asbestos hazard accuraztely in low or high
asbestos concentrations during short or long periods of exposure in
mixed dusts., In addition it should be portadble, easy to use in .
boiler plant conditions and, ideslly, the results of the evaluation
should be avsilable irmediately at tha sampling point oi, aliwinmiively,
subsequant znalysis should be relatively simple. .“ddingley (1966)
has discussed the usefulness of various dust sempling instruments
in the esbestos irndustry. The Standard Thermal Precipatator
(S.T.P.), membrane filter and Royco samplers have been successfully
and widely used, The rembrane filter methed was preferred to the
S.T.P. on the grounds of its greater conwvenicnce and versatility,
namely:

(i) Variotion in flow ratc betwcen 10 and 500 em>/min does
net affect the results, Thus, either long or short
period samples may be taken with the membrane filters,
the flew ratc being edjusted to give the required
particle density for microscope analysis., Conversely,
the S.T.P., is an inflexible instrument of low, fixed
flov rate (7 cm3/min ) and seall area of deposition,

Long periods of sampling are necessary in low dust
concentrations and many samples are needed to cover whole
shift sampling in high dust concentrations, so increasing
the evaluation effort,

(ii) The apporatus is simple, robust and low in cost.

(iii) The pumps may be operzted by hand, battery driven or
powered by mrins electricity as convenicent.
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(iv) Thc S.T.P. rcquires constant attention by a technician but
the membrane filter instrument can be used in a fixed position
with little supervision or as a personal sampler carricd by a
workman, -

48 an elternative, the Royco Photo-zlectric Counter gives an
immediate digital display or print out record of total dust concentration
in a pre~dctermined size range, Counts greater than 4 ur with this
instrument hove been shown to correlste satisfactorily with the membranc
filter method in chrysotile dusts (.ddingley 1966). It is, however,
expensive (c. £3,000), not very vortable ~nd the proportion of totel
count due to asbcstos requires stenderdising pgoinst & menbrane filter
instrument, This would appeer to severely limit its usecfulness in

- mixed dusts.,

The British Occupational Eygicne Scciety (1968) have alsc reviewed
the choice of sompling methods for asbestos measurements and hove

recommended the membrzne filter technique as the standard method.

The instruments sclected for comperison at C;ydé‘a,ﬂffi vwere based
on these recommendaticns and are listed in Table 1.  The Royco Counter
was not used partly for the rcasons given but also becousc none was
readily available, In addition to the S.T.P. and mermbrane filter,
two instruments designed to sample respiradle dust - the Long Running
Thermal Preeipitetor (L.R.T.P,) and the l%.R.E. Gravimetric Sompler -
werce included so that respirable dust mecasurcments could be compared
with those measured by the non-sclective samplers, The Yonimeter
was includecd to assess the usefulness of the immediate, on site,
spot mcasurements which are possible with this instrument,

OPER.\TIONS IITVESTIG..TED

The trial was conducted in '..! boilerhouse where arrangcrents had
been made to strip chrysotile/magnesite lagging from the drum ends of
two similar sets of boilers, The generzal layout is shown in Figure 1.
The boilers had been out of commission for a considcrable period and
the lnzging wag naturclly domp and not nocwesserily iypicel of piant
in current use,

A11 three boiler ends at Site 1 were scaked vwith weter from
sprays for about half an hour prior to removing the lagging. P.V.C.
sheeting was erected bencath and on the sides of the catwalk (but
not above) to stop debris falling to the ground, During dry
stripping at Site 2, an attempt was made to contain the dust within
a totally enclosed area. The latter was again made with P.V.C.
sheeting secled to the boiler faccs., i gir extraction system was
used to ventilate the enclosure. The workmen used en M.S..,

Dustfoe respirator for personal protection during both operntions.

The wet and dry stripping operations were performed separately by
one workmen, wet stripping being started first., The dust levels were
monitored throughout each operation at Sites 1 and 2 by the four
instruments &, C, D end E described in Table 1, Both operetions
vwere
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were of short duration, the wet stripping lasting for 33 minutes and
dry stripping taking only 14 minutes,

During each operation simultcneous samples were teken with
similar instruments (B, C, D) at Site 3, the S.T.P, being omitted
and the membrane filter sampler 3 being preferred fo Type .\ since
its higher szmpling rate was better suited to the low dust
concentrations anticipated et the barrier position, ™

Additionally, severezl short period samples were tzken at
Sites 1 and 2 during the stripping operntions using the DrZger pump
version of the membrane filter instrument, F, and the Konimeter, G.

After the stripning operations were comrpleted, the P,V.C. shects

were removed end the floor swept clezr of the remains of the lagging

vhich was then shovelled into barrows crd removed, idditional sampies
vere taken with the S.T.P. and the Drager merbrane filter sampler, F,
during the latter part of this work, covering sweeping and shoveiling

'only.

RESULTS MD DISCUSSICN

All the samples teken with the membrene filtor instrument were
fizxed" to the filter surfoces immedictely after scmpling by sproying
with & cytological fixative (The .sbestoes Research Council 1969).
Bach filter sanple was evoluated by a procedure essentially similar
to thnt described by the British Occupationnl Hygiene Society (1968).
Interference microscope techniques were used in prefercnce to phase
contrast microsccpy and et a magnification of cpproximotely 600 X,
Opposite sectors cut from each filter were rendered transparent
with an optically dispersive fluid of refractive index Nd = 1,561
(orthophthalic acid dibutyl ester and cinnamic 2ldehyde) and a
sufficicent nurber of random fields were scanned on each to give
a statistically significent eouni, Total dust counts were made
in the size ronge > 1 pm projected dizmeter and fibres were counted
which vere = 5 pm in length and with a length to breadth ratio equal
or greater than 3 : 1., '

Tivis wethiod was alse uccd o cvaluste the mephrona filter
deposits obtainzd with the gravimetric sampler since there was
insufficient dust for weighing. The S.T.P. scmples were counted
directly with the intcrference microscope. Dust denosits were
not discernible on the L.R.T.P., samples., The low sampling rate
end reclatively large areo of devosit of this instrument are
unsuitable for short duration and for low dust level operations,

The dust concentrations measured with the various instruments
exe given in Table 2. In the case of the Konimeter samples,
which were counted with the built-in light microscope system, it
was not possible to distinguish any fibrous particles from the other
particulate matter present. lccordingly, only total dust concentrations
arc reported., In principle, the fibre concentrztions could be
estimated from the lntter if the proportion of fibres in the dust
is knowm, The fibre concentrations hove been expressed as a
percoentage of total dust in Teble 2 for this purpose. Thesc show
appreciable varintion according to the instrument uscd and site
sampled so thot conversion of the Konimeter results cannot be
performcd with confidonce. Mevertheless, it is cvident thet the
Xonimcter gives crude sgrecment with the other measurcments at
Site 2 but considerably excceds them at Site 1.

Vith the ecxception of the Konimeter samples, the cxﬁerimcntal

VLo cleils dUad tha achretne AanAaantreatiAane wovs WS Fhin fhe
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recormended limit of 2 fibres per cm3 during wet stripping at Site 1
end also at the barrier position (Site 3) during both stripping
operations, Dry stripping, on the othcr hond, produced excessive
concentrations of fibres within the enclosed ecres and respiretor
protection is cleerly essential for workmen employed in this
operation., The short period sample F/3 suggests that the hazard
in this arca diminished rapidly efter work ceased.

The samples taken during sweeping up illustrete the marked spatisl
variation that con occur, especiclly in virtuslly still eir conditions,
and point to the need for the use of rerson-l samplers for accurate
assessment of the hazard, In this cesz, the S.T,P. samrle was taken
et a fixed position necar the worx whils the membrone filter sample

~ covered the general environment of the worlmeon.

Insufficient inforrntion ie 2veilzble frem this tricl to peruil o
rigorous comparison of the various instruments. The S.T.P. results
agree recsonably well vith the corresponiing sirultaneous meombrane
filter measurcments, Within the liritatiocns of the trial, the menmbrarne
filter instrument proved to be the most suitnble for routine
measurements, ' Relatively lower respirable concentrations were
obtaincd with the gravimetric sampler (D), this being most marked at
Site 2 during dusty work and least evident 2t the barrier position.
The performance cf the size selector in fibrous dusts has not
previously becen studied and these results pecint to the need for
further work before using instrumerts of this type for routine
megsurcments of asbestos,

CONCLUSIONS

(i) The membranc filter instrument, prcferably used es a
personal sampler, would be o suitnble control instrument,
with the S.T.P. as & possible clternative,

(ii) isbestos dust concentrations werce within the proposed limits
( <2 fibres/cm3) during wet stripping but considerably
in excess of the limit durinz dry siripning.

(iii) lLsbestos dust concentratiorns were within the proposed limit
at the barricer position during both wet and dry stripping.
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TABLE 4

CHARACTERISTICS OF INSTRUMENTS USED

r i j 1 - T - ) !
' . Hothol of Sample ~ |
Instruments Category Yemufacturer Flow Rate Gollection/Evaluation ‘ Remarks !
- . — ——— ...A.-.__..-__....T.‘ ———— - — - - e e e ———]
A  Hembrans Filter Long Period Institute Workshop - 0 - 400 - Hembrane filtor Desdgn based on B.O.H.S.
! ——- 3 ~ microscopy recomsendatilong using 4"
| | (Portable battery | Samples total on”/min, (interfcrence contrast) Gelman {ilter holders (FVC)
! driven pump) dust and Nelinex washers
S R SR - - ' — e ]
B l Kembrane Filter Long Pericd Inatitute Vorksh:p W = 400 MemLranc Tilter Scve 'A' sbowve
. -——— 3 - microscepy
' ' (Austen Dymax Samples total @ /min (interference contrast)
; H:.II pump) dust
2
—.—-r—_-..—- — ——— . ——————— - —— > = o G — A - o ———— = aami v - ——— —-5 —— e — -
C | Long Running Long Period C.F. Casella & Co. L4, 2an /rin Cover glass
i Thermal —-—- ~ microscory .
Precipitator Samples (interference contrast
Type 1124 Respirable
dust
+ ..1_..._ — - - . .. - ....___]’_._..... e ca e - = ——— i~ —
D | H.c.u./ti.R.E, Long Period C.F. Casella & Co. Ltd. 2.5 I1tre/min Membrans filter The samples vusoined were
; | Gravimetric Dust -—- - notmally by not heavy enough for
‘ Sun:pler Type Sanmples wueighing weighing but were counted
\ A43A Respirable by interferunce microscopy
R dust N
X —_— ppe — —-y— - . e s
{E | stardura Short Period C.F. U3solla & Co. Lid, 7 @’/min Cover gluss
Theomal —— - microscupy
| Presipitator Sanples total (intcr feresico contrast)
v dust '
e |
! 3 '
! F . Vonteene Fllter Short Pericld Dilcor~iiorvai~ir FTdA. 102 cm”/per Membrave filler See 'A! abuve
i , {oruger kard pu=p) | or Spot Swnler {osinpted o4 Institute) strcte - microscupy
i | e (interfevence contrast)
_ . i Samples total v
i b dust
; . -; . e - e ms enmer e . —— i ames . e s ®ii e et aenam e semesmmmarm—. — .:, - eemiime .- e meire® i = ee e mmmie et s satemm s e ereiad cmmmmca s e s e Y ——- - - - - —
| G | Kontzetor Spot Sanpler W, Waison & Sors 30 ov’/per Glass nlide coated with
. - ctroke vaseline,
' " Samples total = micrazcony
. dust i ! - (built-in)
H . f
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IABIE 2
IASUCTS OF ASTISSTOS AND TOTAL DUST MEASUREMENTS AT CLYDE'S MITL POWRR STATION -
i ; Dust Conoontrations monsured by:- (¢Tetal >4 Wou’ ; fibres ,ij ) —]
[] -
i ) T [
Membrans Gravinetric Kembrans
l ! , Fllter Sempler §.T.P. (Drigor Premp) Koniacter
' Operation lbun\tton Sito ———— o - e B et e e - - — s -
! ! (mins,) Samplo Pibros Sample | Fibiwes Somple Pidbres Saaple Fibros Sample | Fibres !
. i No. (Total) No. | (Total) No. (Total) Ho. (Total) ia. (Total)
- : - - _
‘ : (a) :
Wot Stri 33 On Catwalk 4302 11 oL 0,3 E/A 2.5 ¥/A 0.8 ] 70
ot Stripping ! Site 1 ' (13 l G : (20) (11:2) 2 2
1 b3
i * 5.4 * B.0% *2.% M R4 o4 ! ém’% l
l G5 ; 176 l
N e - (. ..__._.._'.r - — - —
| ' At Borrier B/ 9.2 n/3 Vet !
: Position 3.7 (2.8) !
Ir_._____ SO .-l-._ S LD . 3% - L ) S __J} e
Dry Siripping 1% On Catwalk &/1C3 (53 /5 113 B2 n3 ¥/2 49 63 > 300
! Sito 2 (620) l (40.) (697) (515) 4 | §>J'-‘;J)
: L G >3y,
’ | | 15.G, cy }m‘:‘
l (\)) (214 ‘ 2-'15
[ I ) /4] 4.5 G111 »30)
! ! | (34) 12 ] >,;cn§ ‘
| . l 40,62 ! i BRI 1% s | O {220
a - ! L -— —dk-*—c———- ll——-—-—.-vr—-— ‘ — —— e s e e _...__.‘; . +--...._ e e ——
\ At Barrier B/104 . | /6 | 0.3 | ! <
i Poaition 585 | ‘ 12.2) ] U
S SN Bt * 85 2| IR SR LA S
y  Ownoplrg up ; 3o On floor r ! 3 11(0) /4 0-7(d)
i after stripping ! | “below I (54) (5.4)
i ) Sitea 1 & 2 | Lt 2008 MY ,
‘ ! ! ! ‘
: . e o e m e e ————eee e

+ Pibro concontrations exprassed as a paroontagw of the total ¢nst concentmtion. -

The firuwres in brackets refur to tclal dust concentrwu'iicns,

fn} Sparsc depe xit,

b Samplod 540 mius
opuration.

©) Samplod at a fixed position neer the operc.tiom,

d) 3ampled in the guneral cnviroma:nt near thu worlmen.

aftor the enl of the strippirg

. B T
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