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Abstract

la order lo compare sampling clficiencies of sl and inhalable dust
methods , three airborne dust sampling systems , 7-Hole sampler | close and
open face filler cassette were compared side-by-side , as stalionary and
personal samplers | in a wood working industry to evaluate their relative
efficiency. A total of 162 samples were collected.

The stady of particle size distribution by cascade impactor indicaled
that the particles smaller than 4.7 and 1 1/,4»'/ comprise about 13% and 30% of
total dust respectively and therefore about 70% ol particles are greater than
1

The 7-Hole gave a higher dust concentration measurementihan open face
and close face filter cassettes | in all processes | P=0.05. This significant
elevated concentration is probably due to higher sampling efficiency of 7-
Hole sampler for particles diam>11 |, compared to the open face and close face
filter casscties. Open face and close face filter which were expected W give

equivalent results measured statistically equivalent dust concentrations,

Introduction

Althugh the TLV's value for approx. 99% of the substances have been
expressed on the basis of the measurement of total dust (4) , the samplers
used today for measurcment of total dust are very inaccurale and

inappropriate because no attention was paid to the eflects resulting from the
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geometry configuration of samplers entrance for large particles. The concept
of total dust itself is basically under question and no accurate definition
of it has been made. For example , should the particle of 250 #in the sample
be weighted or climinated (4)7 With respect to classification of dusts | one
of the solutions to the problem |, specially for the dusts | which their
depostion in any portion of respiratory system could be dangerous , 15 that
the measurement should be made so that reflects the dust concentration entered
into buman's mouth and nose [nhalable Particulate Mass (TPM).

Recently |, a technique for IPM sampling through 7-Hole sampler have
been presented by Health and Safety Executive (2). Sampling efficiency by this
instrument 15 consistent with ACGIH's definition of inhalable particles.

The present project has taken place aimed at evaluation of inhalable
and total dusts sampling methods in one of wood working industries |, and the
basis of the above evaluation is the comparison of 7-Hole |, open and close

face (ller casseltes with each other.

Materials and methods

The comparison of sampler's performance in assessment of wood
particles has taken place by simultanecus sampling through inhalable and
total dust sampling methods. Doing this , sampling of total dust took place
on the basis of NIOSH's and that of inhalable dust upon Ilealth & Safety
Execulive's proposed method.

Three different types of samplers including 7-Hole |, open face and
close-face were compared simultaneously as static samplers in a side by side
arrangement for a varieiy of locations and tasks in a wood working industry.
For the elimination of probable crrors resulting from samplers’ head being far
from or near to dust generation sources , the arrangement of samplers' head
would change randomly { using random numbers table ) according to sampling
methods recommendations (6). Duning sampling , the head of close face and
open-face cassettes have been downward and 7-Hole slightly has been upward.

All three samplers would turn oo and off simultaneously and all
instruments were calibrated with a seap bubble flowmeter before and after

sampling.

The Evaluation of X

Various types of wood processes (including sampling . sawing ..
have been sampled owing to the inclusion of dust penerlilnm processes

Sampling duration had been sellecied so that suf T en quantity ol
dusts was prepared. A total of 105 sample were collected in breathing sone s
57 Irom general enviromment, Aldl samples were collected on PV Tillers [‘}w
pore size} and weighted 1o 54 on a calibrated Mettler Electro balance
(Mettler AE 240} before and afier sampling, Filters were allowed 1o
equilibrate with laboratory atmuosphere for 24 he prior o weiphing

During the whole process | wind specd was routinely measured at the
sampling assembly by an anemometer , Model TAZIAIr flow Co.

Hesults

Upon 162 samples whose results reflected in Table | it was indicated
that averape concentration oblained from each process as well as the
concentralion obtamned by dilferent samplers in a certain process showed
statistically significant dilTerence with each other (P=0.05],

The results of 54 series of sampling (N= 54 X3 - 1627 show that
performance of samplers for inhalable and total dusts are highly correlated
(Tab. 23 Pair T Test shows that inhalable dust concentration is more than
that for wital dust (P<0.05). The mean of the differences in the concentration
obtained from cach of personal and environmental samplers were caleulated
(Tab. 3) and studied in two ways:

Az Table 3 illustrates that the cocnetration obtained from 7-IHole sampler in
personal and environmental sampling | after carrying out Pair- T Test . shows
significant differences with close Face .07 and open face F.O values (P<0.05).
While open face F.C and close face 1.0 amounts have not shown a ny significant
differences.

B: In this stage | assuming three above mentioned samplers have similar
function | ‘the differences in quantities  obtained [rom personal  and
environmental asscssments were analyzed for one-way  vanance  analysis
separalely | where afler doing Tuki Test . it was indicated that there e i
significant difference between the results of different samplers (PP<0.05).
This test also indicated that in personal samples | the above difference
exists between the average difference resulting Irom apen [ace |, 7-Hole |
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and open face | close lace , and in environmental samples a difference 13
lound between average difference of open face | close face and (close face,
7-Hole) ones (P<0.05),

Conducting a study on the concentration oblained from 7-Hole sampler
and ils comparison with the concentration resulting from open face and close
face ones , il was indicated that their relative vanations with respect to
each other wvaries in  dillerent preocesses. For its  determination  the
following procedure was carried out:

The concentration oblained from 7-Hole sampling instrument in each
open face '

process is divided by the guantity oblained from and " close
face" in the same process and the result was multiplied by 100, The mean of the
observed varialions in each process 15 shown in Tab 4,

Since particle size distnbution s an  important parameter in
airborne dust samplers performance evaluation , a comprehensive study using
S-slages cascade impactor made by Ogave Co. (OSK 8891) was carried oul as a
part of the project. The results indicated that particle distribution in

:
various wood working processes have an average size as in Fig 1

Discussion

Particle size distribution results indicated that the particles with
acrodynamic diameter smaller than 4.7 {Respirable dust) comprises about 13%
of wood particles only |, and the major portion of wood dust mass is
contributed by particles larger than 11 4 (70%). Therefore it could be
concluded that respirable dust sampling is nol an appropriaie method for
determination of harards in wood working workshops (3.

The sampler comparison made it possible to evaluate the IPM and total
sampling method and the selection of oplimum instrument for sampling of wood
dust (and perhaps other particles). The results of personal and environmental
sampling showed that the concentration of particles collected by 7-Hole is
considerably higher than that obtained from total samplers. Regarding that
the particles smaller than 11 4 comparises about 30% of total particles , it
could be said that the elevated concentralion measured with the 7-Hole
sampler, is probably due to the higher sampling efliciency of the 7-Hole
sampler for particles with diam>11 Am compared to the open and close face
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filter cassettes (7). Concerning the comparison of an [PM (IOM) sampler with
a total sampler of wood dust

Uverviewing the resulls obtained and the reasons presented here | it
can be stated that applying 7-Hole sampling method can provide better results
than those of open face F.C and close face F.O' for the evaluation of hazards
of wood particles in wood working workshops.

Results' vartion coefficient in IPM method is smaller than the
quantities obtained through total methods (except for environmental samples
related to open face I.C which is because of low concentration of dusts and
fast seuling of large particles after release),

Considering the sampling took place just in the hollest months
{Summer} of the year and when the workshops' doors and windows were open as
well as the air current was flown from cooler devices in the field. The
measurement of wind speed taken during the investigation ranged from 0.05-0,7
mis with an average of 0.2 m/s. Smaller variation coefficient could be
considered as 7-Hole sampler being more independent from air velocily and
direction , in comparison with the other two samplers ; since as we know |, one
of the greatest disadvantage of open face F.C and close face F.C samplers is
their high sensitivity to air velocity and direction.

As notad earlier sampling by cascade impactor showed (Iig 1) that on
average , aboul 70% of the particles has diameter greater than | W

since sampling efficicney taken by open and close face casseties
significantly decreases by increase in the particle diameter especially for
particles with diameter higher than 10 A open and close face cassettes lacks
appropriate efficiency for wood particles sampling and hence provides a lower
response than that of real quantity,

The study of variation mean (Tab. 4) indicates that this index is
greater in all processes than in sanding, Therefore knowing the particles
generaled in sanding process is the smallest particles lound in any wood
working  workshops | it could be anticipated that the samples collected by

7-Hole in other processes has higher percent of large particles. nfluenced
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Table 1- Mean of dust concentration in different processes for three tvpes of samplers

Type of Open FFC Close FF.C 7-Hole
sampler
N X 5 N % S N % 5.
Process :
Sanding. M. 7 (3,784 32088 7 90068 42.079 7 129048 51.293
Circular saw 7 4. 186 2.128 7 54534 2.355 7 11.610 3820
i Planing. M. 7 4473 1.522 7 4.685 1.538 7 $.900 4.273
Jointing. M. 7 10.227 6.183 1 3835 1560 7 13.973 5.263
Band saw 7 6.954 7317 7 5979 3.539 7 24.217 27.349
Stationary. S. 19 §.279 6053 19 5183 6.733 19 12,308 0.681
Total 54 54 54
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Table 3 - Mean of differcnces in the concentration obtained from different samplers

Twpe of sampling Samplers N Average of Mean 5 T Test
differences
Personal Open face , close face 35 -5,839 17.998 ]
Close face , 7 Hole 35 -17.034 23.299 ]
Open face | 7-Hole is 21116 32671 5
(General Open face |, close face 19 -0.276 3825 NS
Close face , 7 Hole 1% 4449 4.303 8
Crpen face , 7-Hole 19 -4.93% 6.191 5
™.5 = Mon significam
S = Significant
o
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Table 2 - Regression cocilicient of different processes
Personal  Stationary Persanal  Stationary Personal  Staticnary
Open F.F.C ]
Close F. F. (822 1
7- Hel 0799 0.94] 0.924 l
Open F.F. C Close F. F. C 7- Hale
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PERCENTAGES OF MASS CONCENTRATION mﬁw.

Ty

PARTICLE SIZE (micron)

Fig. 1 - Particle size distribution in wood working industry

Table 4 - Mean of variantion in open and close FV O concentration in relation to 7-Hole

Vartation Mean

I Progesses Samplers Relative varianlion

!

[ ns,

| : T z N

| Jamding . M Chpen face - Heole 103 T3 %
] Close face , 7 - Hole 412

{ - - purs —r - - 0
| Circular S Qpen face |7 177.34 145.11%
“ Clase face | 7 - Hole | L2487

Flaning

Open

Close face |

- Haole

- Hole

Ry
2904

04.47%

: . - S ryan
| Jonting M Open Tace | 7 - Hale b 3 Kb

Close lace , 7 - Haole oA
(| Band . = Open face 7 - Tale 267 TSR,
fl - 3 |
__ Close lave , 7 - ol K{AENIE! ”
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