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Comparison of the Efficiency between a Remodeled Bubble Generating
Pumps for an Aquarium Fish and the Existed Commercial Air Sampler for

the Sampling of Ambient Air Asbestos

Bong-Ki Jang™ - Hyun-Wook Tak - Su-Jin Song - Bong-Hyun Jo -
Yeong-Ji Kim - Bu-Soon Son - Jong-Wha Lee

Department of Environmental Health Science, Soonchunhyang University

ABSTRACT

Objectives: The purpose of this study is to estimate the applicability of regional sample collection of environmental samples. The
concentration of asbestos fibers were analyzed with two devices. One was an existing commercial air sampling pump that has
been proved to be accurate and exact, and the other is a remodeled pump for sample collection which was made from an electric
bubble generator originally designed for aquarium fish. Samples were collected with the two devices under the same
environmental conditions and collection equipment. A comparative analysis of the concentration of ambient asbestos fiber was
then performed.

Methods: Based on previous research, six farmhouses with asbestos fiber slate roofs known to have high concentrations of
asbestos fiber were selected. Using the existing commercial air sampling pump and the remodeled electric bubble generator, four
to seven samples were collected each day one meter downwind from the edge of the slate roof at high volume (about 4 L/min) and
low volume (about 1.4 L/min). The analyzer responsible for sample quality control of asbestos fibers counted the number of
asbestos fibers with a phase microscope.

Results: The rates of flow change of the existed sampler and the remodeled pump at high volume were 0.82% and 0.17%,
respectively. The rates of flow change at low volume were 3.83% and 1.09%, but there was not significant difference. The rates of
flow change are within the error range (+5%) of OSHA analyzing methods. For the high volume sampler, the average asbestos
fiber concentration in the air collected by the existed sampler is 6.270 fibers/L and for the remodeled one 5.527 fibers/L, not a
significant difference. For the low volume sampler, the average asbestos fiber concentration in the air collected by the existed
sampler is 7.755 fibers/L and for the remodeled one 7.706 fibers/L, not a significant difference. The total area of the slate roof of
the targeted farmhouse has an effect on the concentration of asbestos fibers in the air from the existing pump and the remodeled
one (p<0.01).

Conclusions: The sampling function between the existing commercial pump and the remodeled one shows little difference.
Therefore, the remodeled pump is considered a pump with a good availability for collecting ambient air asbestos samples.
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Figure 2. Sampling sites in Dogo myeon, Asan city
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Figure 3. Remodeled electronic bubble pump for aquarium
(Left: Low volume sampler; Right: High volume sampler)
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Table 1. Rate of flow change of the existed sampler and remodeled sampler

Flow (L/min)
Pump type No Rate of Significance
Before (B) After (A) change (%)*
Existed sampler 33 4.141+0.973 4.115+1.002 0.817
High volume N.S.
Remodeled sampler 33 4.121+0.955 4.097+0.911 0.166
Existed sampler 27 1.381+0.339 1.434+0.352 3.830
Low volume N.S.
Remodeled sampler 36 1.345+0.319 1.362+0.342 1.085
* : Rate of change (%) = |B-A |/B x 100
N.S. : Not significance between existed sampler and remodeled sampler by t-test.
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Table 2. Ambient air concentration of asbestos at sampling site by the existed sampler and remodeled sampler

(Unit : fiber/L)

High volume sampler

Low volume sampler

Site Existed sampler Remodeled sampler Sig. Existed sampler Remodeled sampler Sig.
No. Mean+S.D. No. Mean+S.D. No. Mean+S.D. No. Mean+S.D.
A 5 5.691£1.971 5 5.478+1.842 N.S. 4 5.335+1.376 5 5.608+2.473  N.S.
B 5 8.489+5.598 5 6.413+3.572 N.S. 4 11.584+5.946 5 9.591+4.144  N.S.
C 5 3.773£1.491 5 4.133+1.245 N.S. 4 6.83942.126 5 7.244+0.810  N.S.
D 6 7.845+3.411 6 6.920+3.554 N.S. 5 9.714+5.705 7 10.605+3.321  N.S.
E 6 5.667+2.578 6 5.501+1.199 N.S. 5 4.314+2.540 7 5.159+1.447  N.S.
F 6 6.013+2.959 6 4.621+0.920 N.S. 5 8.845+2.176 7 7.835+3.175  N.S.
Total 33 6.270+3.354 33 5.52742.343 N.S. 27 7.7554+4.252 36 7.706+3.296  N.S.

N.S. : Not significance of asbestos concentration between existed sampler and remodeled sampler by Mann-Whitney U test and t-test.

Table 3. Ambient air concentration of asbestos at sampling site by high volume sampler and low volume sampler

Existed sampler

Remodeled sampler

Site High volume sampler Low volume sampler Sig. High volume sampler Low volume sampler Sig.
No. Mean+S.D. No. Mean+S.D. No. Mean+S.D. No. Mean+S.D.
A 5 5.691£1.971 4 5.335+1.376 N.S. 5 5.478+1.842 5 5.608+2.473  N.S.
B 5 8.489+5.598 4 11.584+5.946 N.S. 5 6.413+3.572 5 9.591+4.144  N.S.
C 5 3.773£1.491 4 6.839+2.126 <0.05 5 4.133+1.245 5 7.244+0.810  <0.01
D 6 7.845+3.411 5 9.714+5.705 N.S. 6 6.920+3.554 7 10.605+3.321  N.S.
E 6 5.667+2.578 5 4.314+2.540 N.S. 6 5.501+1.199 7 5.159+£1.447 N.S.
F 6 6.013£2.959 5 8.845+2.176 N.S. 6 4.621+0.920 7 7.83543.175  <0.05
Total 33 6.270+3.354 27 7.755+4.252 N.S. 33 5.527+2.343 36 7.706+£3.296  <0.01
N.S. : Not significance of asbestos concentration between high volume sampler and low volume sampler by Mann-Whitney U test
and t-test.
o, 2 AR AW SEE BE o3 Aok 19l @ BIML 14 BER AW 37 F Hwe)
o} BAA DA A= Ao 71 H=e) o) & Bat T+ 5.527 fiber/L2 A HEZ2 AT
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Table 4. Ambient air concentrations of asbestos by general characteristics according to the existed sampler and remodeled sampler

(Unit: fiber/L)

Existed sampler

Remodeled sampler

Characteristics
No. Mean + S.D. p-value No. Mean + S.D. p-value
Construction year
<1980 31 7.166 + 3.600 36 7.089 + 3.268
0.637 0.230
>1981 29 6.694 =+ 4.098 33 6.198 + 2.795
Rain after the elapsed time (hours)
<90 33 6.776 + 3.178 42 6.960 =+ 3.373
0.720 0.319
>90 27 7.136 + 4.546 27 6.202 + 2.491
Roof length
<3.0 m 33 7.015 + 3.626 39 6.857 + 3.162
0.865 0.552
>3.0 m 27 6.844 + 4.120 30 6.411 + 2.960
Average wind velocity
<1.75 m/sec 30 7.085 + 3.855 32 6.802 + 2971
0.768 0.728
>1.75 m/sec 30 6.791 + 3.851 37 6.543 + 3.174
Humidity
<50% 30 7223 + 3411 39 7.154 + 3.357
0.568 0.130
>50% 30 6.653 + 4.235 30 6.025 + 2.542
Total roof area in the house
with a slate roofing
<170 m’ 31 5874 + 2.748 36 5793 + 2.127
, 0.024 0.013
>170 m’ 29 8.076 =+ 4.485 33 7.612 £ 3.632
Total 60 6.938 + 3.823 69 6.663 =+ 3.062

Table 5. Multiple regression analysis of selected independent variables on ambient air concentrations of asbestos with a asbestos slate

roofing
Existed sampler Remodeled sampler

Unstandardized Standardized . Unstandardized Standardized

B Std. error Beta B Std. error Beta
(Constant) -163.595 194.240 -0.842 -2.609 142.338 -0.018
Roof length -0.785 0.858 -0.158 -0.914 -0.547 0.639 -0.137 -0.855
Average wind velocity -0.644 1.381 -0.069 -0.467 0.714 1.000 0.095 0.714
Rain after the elapsed time 0.002 0.012 0.023 0.169 -0.006 0.009 -0.074 -0.624
Humidity 0.087 0.099 0.153 0.885 0.005 0.072 0.010 0.065
Total roof area in the house 0.010 0.003 0.469 3.392% 0.008 0.002 0.429 3.384*

with a slate roofing
R’ 0.190 0.223

*: p<0.01
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