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SUBJECT

An investigation of the Health Hazard associated with the Lizpet
asbestos cement spray process.

OBJECT

To measure the size distridution and col;centmtion of airborne dust
released during the applicatioa of Limpet a.abeatoal cement,

. Y R - !
"‘i"i"-.., ’ '~:‘ o ";
Dust measurements on the. Limpet Spray-Pibre process bave been
carried out in the past (Ref. 1) but, in view of the attention
focused on this problem more recently,.up-to-date -information is
required.to assist ia ?ue\iaing the health ri:k.y. K¢
H LT <y
Por the purpose of initiating this en , Beasurexzents were
carried out at J.¥. Roberts Ltd. (Horwich) on an experimental
scale and also on site, - The sites chosen were the "Express of
. Capada® while on the stocks at the Vickers-Armstrong shipyard,
Newcastle-on-Tyne, and the new Research Laboratories of Pilkington
Bros. Ltd. at Latbam Park. Wherever possible, two grades of -
material were considered., | : e
NE
CONCLUSIONS RN P
¢ Y
At this stage the conclusions muat of necessity be of 8 tentative
pature. In some of the tests it was only possidle to carry out
single measurcments and it ia therefore impossible to estimate
the sccuracy of the results, Again, a pumber of comparison teats
were .carried out in which replication was possible but, although
. . the results ylelded mean values which were in accordance with
expectation, failed to achieve statistical significance.

It is also necessary to point out that thls epnquiry has evoked a
pumber of major issues., For instance, it is by no means certain
that tho sampling equipment employed (the standard T.B.A, dust

N sampling apparatus i.e, the Casella thermal precipitator) was
appropriate to the task.

l. For lB.3, the airborne dust concentration measured in the
spray booth at Horwich was about 5,000 particles per c.c.

2. Por L¥.25, the airborne dust concentratiom measured received
in the spray booth at Horwich was 2,000 particles per c.c.

3. The dust coocentratlions measured on board ship at Vickers-
Armatrong shipyard ranged from roughly 6,000 particles/c.c.

'I(Jf]or)damped. L¥.25) to 14,000 particles/c.o. (for undamped
.3). ’

L, The estimated dust concentrations for L¥.25 sprayed on the
selected building site (at Latham Park) ranged from 140
particles/c,c. to 520 particles/c.c. for seven samples with
) one further sazple yielding a value of 1,400 particles/c.c.
\ Coptinued
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5. The effect of .using the damping mechanism was studied on
bYoard ship and, although lower dust counts were obtained,
the spparent improvezment was not statistically significant.
Purthermore the reduction in dust level as measured was in
any case disappointing. ’

6. Bather surprisingly, dust measurements made at J.X, Roberts
Ltd. failed to reveal an improvement when pre-damping was
used. °

| 7. In the case of blue fibre, damping seems to have been
largely effeotive in the zp -~ lp range and to some extent
in the 5p to 10u range. There is also some indication that
pre~damping white fibre has produced a coarser size grading
due to the suppression of {ines,

8. Experiments oarried out at Horwich suggest that, after
spraying has ceased, the dust content of the atmosphere in
the spray area sooo reaches a safe level. In the case of
blue fibre a period of ten minutes is probably sufficient

while an interval of twenty minutes should suffice for the
white grade.,

9. Results from tests carried out some years ago suggest that
no difficulty is involved in distinguishing between asbestos
and cement particles when viewed under the microscope. (Rer. 1)
It can only be assumed that this was carried out on an arbitrary.
basis because we have beea so far unsucceasful. !

RECOMMENDATIONS

s
h

Lgag o
L0
' L
1. As these tests have-cast some doubt. upon the suitability of
the thermal precipitator for sampling in atoospheres where
the .dust concentratlon is changing rapidly,’"settlement methods
should be investigated before any further work is contemplated.

2., A3 an alternative the Hexhlet mass sampler might be studied in
more detail, ' Tbis instrument has already been used by J.¥.R.
Ltd. with some success, but for basic investigations the
instrumzent would need to be calibrated for each quality of

0d w

. spray fibre, to take into account differences in size distribu-
tion. TV T
. “L..{
spoary ¢ ¢

Samples of airborne dust in the region of Limpet spray machines
bave been obtained while operating at J.W, Roberts Ltd., and on site.
Two grades of spray fibre were considered (LB.3 and L¥.25) and the
effect of damping and predamping has been examined. Total con-
centrations and size distributiona have been dotermined.

DETATLED REPORT

The testa described here were commenced on 25th Pebruary 1960 and
deal with the examination of the dusty cooditions in evidence during
the Limpet apraying operation. Samples of the atmosphere were taken
in the spray booth at J.W. Roberts Ltd. (Horwich) and also on
selected sites; arrangements were made to take samplea from the
"Bupress of Canada™ prior to lasunching and from the new Research

Laboratories being conmstructed at Latham Park for Pllkington Bros.
Ltd.

The sampling equipment used was that used in routine dust surveys at
Bochdale and Hindley Green viz; the Casella thermal precipitator,
Samples were taken for two qualities of spray fibre, LB,3 and L¥,25
without using the damping mechanism. Further samples were taken to'
assess the effect of dawping and also to discover the effect of
. : using pre-dampsd fibre. A test was carricd out on each quality to

obtaig some idea of the rate of sedimentation after spraying had
ceased,

Continued
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Each sample was incinerated at 500°C to remove any extraneous
carbonaceous satter present and then examined under the Vickers
Projection Microscope used as a monocular microscope exploying
a dark ground reference with a L mm objective. By meana of
these counts the aize distribution of each sample was determined
and ths dust concentration caloulated,

Further tests were carried out in the laboratory in an attempt to
distinguish between asbestos and cement particles using a
polarcid systeam gnd pbase contrast methods. These were unsuccess-
ful. Another method, viz; the stain dispersion technique, is
being investigated. :

DETAILS OF TESTS

Test (1) On 25th February, 1960, five atmospheric samples were
taken at J.W. Roberts Ltd. (Hormich) under the following

conditions:~
(i) . Spray directed onto the wall,
(31 Five minutes after completing operation (i)
(114 Spray directed onto the ceilinmg.
(iv Five minutes after completing operation (1i1)

(v) Spray directed onto the wall using pre-damped fibre.

The fibre used was L¥,25, .i‘ “mwm

- ~

Test (2) On 27th April 1960 twelve atmospheric samples were taken
in duplicate on board the "Bmpress of Canada®, Six
samples were taken for blue fibre and six for white
fidre. In ecach.case half of the samples were takan
with the damping mechaniam in operation and the rest
without, R SN

: T ""':"71,_‘.0’

Test {2! A series of samples was taken rhile spraying was being
carried out inm a new building erected at Latkam Park in
the morning of 10th August 1960. There was a strong air
currsnt passing through the spray area so two samples
were taken upstreans of the operator and two downstream;
in each case measurements were made in duplicate 1.e.
using two thermal precipitators. °,

Teat (4) {n the aftermoon of 10th August 1960, five samples were
obtained at J.W, Roberts Ltd. (Horwich). The programue
was the same as in Test (1) but, on this occasion, the
fibre used was LB,3J.

Test (5) Duplicate size analyses were obtained for e sample of
Portland cement taken from a bag which was in the
Rochdale works. Coning and quartering was used to
reduce the bulk sample and petroleum jelly was used as
a dispersing agent.

RESULTS

Test 1 1L¥.25 at J.W.R, Ltd.

The total concentrations and concentrations in each of the
'stated size ranges appear in Table I, Table II is a
sunmary of the size distributions which are also showmn
pictorially in Pigure 3. It can be seen that pre-damping
appears to have litilc or no effect on the total dust

" concentration nor om the size distridution 6f the airborme
dust,

Test 2 Sawmpvles from the "Emnress of Cananda”.

The reaults of these teats appear in Tables 3 & 4 in Pigure
2. Samples 1-3 and 7-9 were taken with the dampirng mechanisa
in use. Saoples 4-§ and 10-12 wers taken with the damping

pechaniaa out of action, From Table 3 the folloring resulta
have beenr calculated, Continued
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Comparison of Blu=s and White Fibre

L]
1,100 p/cc.

Mean concentration obtained for blue fibre = 11,600
- 1,600 p/ecec.

Mean concentration obtained for white fibre = 9,100

1+i4

»Student's” t-test was applied to the difference between these means
and the difference was found to be significant at the 1% level.

Bffect of Dampi.

Mean concentration observed for damped fibre (both grgdes)
. = 9,700 = 1,300 p/ce.
Mean concentration observed for undamped fibre {both g;ndes)

= 11,000 ~ 1,700 p/oo.

The difference between the two means obtained here mwould be expected
to occur about once in ten occasions as a result of purs chance where
no real difference existed. There is, therefore, only a slight
indication that damping has been effective in rsducing the dust level,

Considering the two grades of fibre separately the following results
were obtained :- “
Yhite fibre
' Mepra, : T
Mean concentration obtained for damped white fibre = 8,400 by },000 p/cc.
Mean concentration obtained for undamped white {ibre = 9,700 - 3,500 p/cc.
e LRV . . . ’
.- TR AR ..
_The difference between these mean values would be expected to occur on
almost ooe in five occasions where no real difference exists and must
therefore be considered to be not significant. .. “’-/'».'/,-«(4
AN iy
fo ' ., 7
Blue fibre AR el vy

>

Yean concentration observed for dasped blue fibre = 11,000 z 3,100 p/ce.
Hean concéntration observed for undamped blue fibre = 12,200 - 1,400 p/co.

' The difference obtained could be expected to occur on one out of nine
occasions as a result of random fluctustions and is thereforz scarcely
. significant. "“’x}',;."

Size distribution

- 0 . .
Significance tests mere also carried out grade by grade and have been
taken into account in the conclusions,

Test 3 Sanoles from Latham Park

The results obtained from these tests appear in Tables 5 & 6. The size
. distributions appearing in Table 6 have been plotted in Figure 3.

Samples 1 & 2 nere taken upstream of the operator and samples 3 & 4
domnstream of the operator.

It can be seen from Table 6 and Figure 3 that there apvears to be no
real difference between the samples taken upstream from those taken
5 downstresm with respect to size distridution. From the point of view
of total.dust concentration, there again appears to be good agreezent
in each direction if the value of 1,437.9 p/cc. is discounted. There
is good reason for bglieving that this particular sample was contaminated,

* The concentrations quoted in this section have been rounded off to
the pearest 100 p/cc. The limits shown are 95% confidence limits and
) have been quoted to serve as an irdication of accuracy; the t-test has
L ) been performed separately and does not involve these limits,

Continued
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Test L Samples tnken for LB,3 at J.¥,R, Ltd,

The results obtained appecr in Tables 7 & B and size
distributions are depistod in Figure 4.

The results of these te:ﬁa are summarised in Pigure 5,

Tést 5 Size analvsia of Portland Cement

The cumulative size distributions obtained for the two
sub-somples considered are shown in Table 9 togetber with
a mean size distribution., In each case at least 625
particles were counted in order to give a random counting
error of ~ 2%; the magnitude of the other errors involved
iz not koownm.

S

DISCOSSION OF RESULTS

o

.The results obtained to date must be regarded with some reserva-~ .
tion. In gemeral, it would appear that too few samples were

taken. At Newcastle, however, tmelve samples were taken in
duplicate (i.e. using two sampling units) and, even 30, it is
difficult to pronounce -judgement on the resul*s. it was :
disappointing to find that in these tests the two sampling units
used showed differences in“the ‘measurexent of dust concentrations,
Unfortunately, this was not expected beforehand, and, consequently,
the figures obtained are subject to an‘exqga sqgrce of variation,

Saapling Method ] e Ofuy

The sazpling instrument used haa found accepiancs for routine
dust surveys but.may not be suitable for this purpose, It is
quite possible that, as a result of sedimentation of particles
. during the tests, the concentrations measured are over-estimates
of tke true values. . . -
) Lathan Park Samplss B
. The size distributions obtained for these samples are not in
agreement lwith other samples obtained for L¥.25. It is quite
L possible that the larger particles were accepted by the precipita-
- ’ tor because of their high settling rates whereas the smaller

particles were swept away by the air current present.
Refererce

.« J. W. Roberts Ltd.

'Limpet' Asbestos Spray Machines ty J. S. Evans -
17th March 1960.
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APPEIDIX

TABLE I

Measured Concentration of Airbarme Dust in Particles/co

. . obtained for IW.25 at J.¥ R, Ltd,
Sample Size Ranges
Ne. Seurce 31p | 1-2p | 2=5u |5-10p R0-20u |>20p [Tc
1 |Sprey onto wall 1,66.0 |623.2 [351.8 |99.4 |26.0 |10.2}2
2 S mins. after sample 1 1150.1 [179.2 56.7 | 6.3 - 2.9 {1
3 Spray onto ceiling ' 1476.2 {287.8 DAW7.2 {43.2 (11.2 | 7.2[1¢
L S5 mins, after sample 3 990.3 [179.9 89.7 [25.0 | 1h. b4 |1W.9{1
5 Spray onto wall (pre-dasped) {1195.h |360.5 {208.3 |43.4 |46.8 |&3.h )1
"j-"ln.', : . .
Py
R n ddfer, ¥
TABLE IT ~F IR S L5
Size Distribution of Alrborme Dust 2 Percentage bv nuober
Cfae o LM.25 at J,W.B, Ltd.
. S
Sl R DL o
Sample e Y sie Ranges '
No. Source ;
1 | 1-2u | 25 | 5~10u J10-204 {5204
1 Spray onto wall 56.7 24.3 23,71 3.9 1.0 | O.L
2 5 mins, after sample 1 82.3 12.9 4.1} 0,5 - 0.2
3 Spray onto ceiling 7.8 4.6 T} 2.2 0.6 | 0.4
4 5 mins, after sample 3 75.4 13,7 6.8 1.9 1.1 4 1.1 !
5 Spray onto 'Ial_l (pre—damped) | £2.9 19.0 1.0 2.3 2.5 | 2.3 !
n =
AAOUQSJ
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TABLE IV

Samples from the "Empress of Canada”

Size Distributions of Airborne Dust Percentaze By Humber.

Blue Aahestos Cement . White Asbestos Cement
Sample Size Ranges” ~ Bample Size Ranges
Number] 31, |2, |2-5p - |5-10,[10-20n | »20y plumber 3=1u |1-2 4 [2=5s F-1Qu 10-2f
[ T

1 | 55.8 [23.2 [17.0 3.1 |o0.6 0.3 7 |92 7.2 p.3 o fol

58.9 [21.9 |12.3 [4.2 | 2.0 [0.7 91.0 |7.9 [0.8 0.2 |~

52.9 |26.9 |w.8 |4k |08 rto.z | g [89.3.08.2 fLu |07 |o.2
2 56.9 [19.2 |15.3 5.9 1.6 1.0 88.8 6.2 [2.8 1.3 [O.4

o : s

L8.5 |28.1 |17.9 &6 |07 |0.2.] g |90.2 |55 |2.9 |0.8 jo.L

3| 5.7 f20.1 17.0 7.6 2.7 |0.9 |-%-.|85.5 [8.3 [3.9 |0.8 (0.5

573 |22.2 |15.1 [3.8, | 1.0 06 |0 [87.2 [9.5 [2.3 {0.6 o3

b 58.9 [23.9 |1l {36014 |10 |7 89.1 [6.9 [2.4- |0.6 . 0.3

| 8.2 |22.2 16.n [2.77 00 fou |5, [93.8 (6.9 lo.8 lo.3 Jo.1

5| 8.8 258 [10.7 2.8 |1.2 |o.7 o |90 {65 n lo.9 Jo.5

¢ | 60.9 [215 l13.9 2.0 {10 o7 7 955 |55 o7 fo.2 b

57.5 |25.4 [12.9 (2,9 |0.9 |oO.4 -90.8 [7.3 .1 [0.6 lo.l

! 1
2
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Table ¥

Table VI

Amosite (L7 25) Samples from Lathom Park

P

Measured Concentration of Airborne Dust in Particles /eo

ample Size Ranges Lot
umber | =Ly | 1-24 |2-5u |5-1Gi | 10~2q, |>20, | 1otal
. |230.6 |-57.6 |75.8 |16.8 | 11.0 |e8.3 | 320.1
396.0 | 9.0 |26.0 |4.0| - | 0.8 |3522.8
2 |.755 |25 [35.0 |24 | 1.9 | 3.8 | w0
Wh. |73.0 [6l.n [18.7 | 5.3 |15.4 | 318.2
5 |128.6 |u7.3 [37.8 | 6.8 | w2 T 7.9 | 2326
1100.4 P11.0 [67.2 (4.8 (4.8  [29.7 [437.9
. |61.8 |77.8 |us0 [23.0 |8 [23.07 | 338
222.7 |71 {86.% 32,6 | 134 [u3l0 | 4752

Amosite (L¥ 25) Samples from Latham Park <.

o

Size Distributions of Airborne Dust - Percentage bv Nusber -

"
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Sample "*." Size Ranges
Musber | 4.1y |1-2y [2-54 [5-10 uR0-20u]s 204
1 40.8 118.0 (23,7 5.3 | 3.k 8.8
75.7 |18.4 4.9 |o.8 |- 0.2
» 524 117.7  |2t.3 1.7 (1.3 | 2.6 .
b5.b 1229 119.3 [5.9 | 1.7 |4.8
3 55.3 [20.3 [16.3 2.9 1.8 |34
76.5 4.7 k.7 [l.0 1.0 2.1
Cu, |%7.8 j23.0 w2 6.8 |1 6.8
V1468 {15.0 (18.2 (6.9 (3.8 [10.3 ?

AACO288
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Table VII
L.B.3 at J.W.R. Ltd.
. Measured Concentration of Airborne Duab in Particles/ ec.
azple Size Ranges
lumber : Source 1
| . *=102 1-21 2~5 u 510 |10-201; [320n Tat
1. Spray onto wall. 1395.7 {1425.9 ‘|1546.4 [L9L.L 112.9 [387.2] 56!
2. 5 mins after sample 1. 305.2 259,2 214.0 91.6 59.2 78.0{ 10t
3, Spray onto roof 1333.8 [1222.7 }1567.0 (589.3 [122.0 [255.9f SO°
L. 5 wins.after sample 3. 550.4 | 368.4 | 522.9 [135.2 | 76.6 | 79.9] 17:
5. Spray onto wall :
- (predamped) [821.7 [1731.8.|1727.5 [615.8 |[s24.8 [ln.2| 67:

2
G, 3 S ‘

LS 2
~ L

Table VIII ST
L.B.3 at J.W.R. Ltd. . =

[ "~

Size Distribution of‘/k‘i;'borne Dust - Percentaée by Number

[:-a“ple - souf/;e . o ‘S;ze Ranges
umber e
d =1y | 1-2u | 2-54 {5~10p | 10-20u [>20p
1. Spray onto wall . 2.7 25.2 .27.3 8.7 7.3 6.8
. 2, 5 mins after sample 1} 30,3 25.7 | 21.3 9.1 549 7.7
: 3. Spray onto roof 26,2 24,0 30.8_1 11.6 2.4 5.0
4. 5 mins after sample 3| 31.7 21.3 30.2 7.8 L.l 4.6
', 5. Spray onto wall
K . (predamped) 27.1 25.7 | 25.86 9.1 6.3 6.2
]
- N Tests 1-L
The results of these tests are summarized in Figure 5.
E]
ARCO289
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Table IX Tl
Size Annlysis of Portland Cement
N N \_',.:.,'v‘~ O . L ’.' 'v
S A R
l:,:;,.,{_‘.. RN - < »
% age by No. "< Stated Size-
" FAR RIEI TN
ize Sub-sazple 1 (Sub-sample 2 l(ea_z.z“laaly:is
Cwd . . s
1 ' 58.6 1 I 51.5
2 . 81.6 Tl - 77.9
5 © 96.9 92.L .7
10 99.3 97.7 98.5
20 99.7 C99.h 59.6
L) 100.0 100.0 . » 100.0
! 4
»
:
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