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Assessment of Acid Solubility Test on Korean Asbestos by Transmission

Electron Microscope Equipped with Energy Dispersive X-ray Spectrometer

Yong Hyun Chung’, Jeong Hee Han

Toxicity Research Team, Occupational Safety and Health Research Institute,
Korea Occupational Safety and Health Agency

ABSTRACT

Objectives: Chrysotile is mineralogically distinct from amphiboles, displaying a notably different chemical structure. The thin sheets
that form chrysotile fiber lead to the ability of the lung/macrophage system to decompose the chrysotile fibers. This study was
performed in order to compare the physicochemical characteristics of Korean asbestos with those of Canadian amphiboles.
Materials: An acid solubility test for each test substance was done to compare pH 4.5 and pH 1.2 distilled water. Asbestos fibers which
had been placed in acid solutions for five days, five weeks and weeks were analyzed with a transmission electron microscope equipped
with an energy dispersive X-ray spectrometer (TEM-EDS).

Results: The composition element (Mg) of Korean chrysotile, Korean anthophyllite and Canadian amosite significantly decreased from
5 days and also decreased significantly after 5 weeks and 10 weeks. Only the composition (Mg) of Canadian crocidolite did not change
under any conditions. From 5 days, the Mg of Korean chrysotile, Korean anthophyllite and Canadian amosite were significantly lower
than before the acid treatment, but there were no changes over time or by the pH of the acid solutions. Particularly after 10 weeks, the
composition (Mg) of Korean chrysotile in the pH 1.2 acid solution showed a rapid reduction of 15.86%.

Conclusions: Korean chrysotile was very weak in an acid environment, beginning to show significant changes after 5 days. The Mg
component rapidly decreased after 10 weeks in the pH 1.2 acid solution.

Key words : Acid solubility, Korean asbestos, transmission electron microscope equipped with energy dispersive X-ray
spectrometer (TEM-EDS)
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Korean Chrysotile
(x 10,000)

Canada Amosite
(x 5,000)

Figure 1. Morphology of chrysotile and amphibole asbestos fibers by TEM.
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StaFefolE
SYARE B
2] ok kel e s R A,
ot Wsk= glgich(Table 1,
pH 4.5 AtAl

Si, Fe)o] -2|alA ¥a}slA A vHp<0.01), 55, 105 el

Table 1. Changes of element composition(atomic %) of Korean asbestos treated with HCI(pH 4.5)

1A TH(Table 1).
2Hd-8& o A

A EMg, Si, Fe, Mn)o] &-2]a}
(p<0.01), 53, 105 5 A|7-AE T}

2). 184 A4

€ ol A SUAHFE Na, Si, Fe

. . Chrysotile Anthophyllite
Time point - -
Mg Si Fe Mg Si Fe
N";It:r%ted 57.510.86 4157:0.85 0.93+0.19 39.3441.42 57.06+1.75 3.5941.47
SNi%s 53.89+1.81°  44.19+1.59° 1.92+0.51° 34.83+1.20° 56.53+2.27" 8.64+2.64"
SN“;Z%‘S 54.7742.05°  42.97+1.96" 226+131" 34.92+1.55° 56.08+2.91" 9.00+3.02"
IONV:VSSkS 55.86+1.81° 42.35+1.95 1.79£0.87" 35.49+1.77° 56.87+2.42" 7.65+2.73"
All values are expressed as Mean + SD .
Significant differences as compared with control : p < 0.01
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Table 2. Changes of element composition(atomic %) of Canada Amosite treated with HCI(pH 4.5)

149

Time point Mg Si Mn Fe
Not reated 10.43£0.62 57.26£0.79 2.66£0.41 29.650.97
SNi%S 8.46+1.03" 45.75£1.53° 3.33+0.94° 42.46£2.22°
> N‘f;é‘s 9.04+1.25" 47.27£1.91° 3.34£0.86° 40.35£1.32°
IONV:V;ng 7.7940.99° 44.45+2.07 3.90+0.76" 43.86£2.10°
All values are expressed as Mean + SD .
Significant differences as compared with control : p < 0.01
Table 3. Changes of element composition(atomic %) of Canada Crocidolite treated with HCI(pH 4.5)
Time point Na Mg Si Fe
Not treated 12.3340.67 5.56+1.25 57.82+0.85 24294127
SNi%S 11.04+1.35* 4.87+1.62 47.82+1.49" 36.28+1.75"
SN‘ZE’Z%‘S 12.40+2.18 5.12+1.38 47.33:2.13" 35.1542.17°
IONV:V;ng 10.36+1.24° 5.62+1.52 46.68+1.55" 37.23+1.68"

All values are expressed as Mean + SD .
Significant differences as compared with control : p < 0.01

RIS HBkSHYA T p<0.01), Mg 4
Hsbh QLT 55, 105 5 A7
FI3 Wk gileHTable 3).

2.pH 1.2 AP S04 L}

pH 1.2 A& W
5Uapel 5t A=
oF fAKEE MEkE-S ROk (p<0.01), 1052} W

He] Mg 482
THp<0.01)(Table 4). pH 1.2 AH4J&
TR S Fem APAE] 23} AbA 2

15.86%= &

s

sEjolw golgh Mk it

W3H= pH 4.5 A8
£ HYO1K(p<0.01), Mg 2] H3l&-& pH 4.5
g8 A k= 2 ltH(Table 4).

Table 4. Changes of element composition(atomic %) of Korean asbestos treated with HCI(pH 1.2)

g Eskel Ak

A3 ez B

o o)

(¢}
kg
o
ne)
1o x@

. . Chrysotile Anthophyllite
Time point - -
Mg Si Fe Mg Si Fe
Mot treated 57.51£0.86 4157:0.85 0.93+0.19 39344142 57.06£1.75 3.59+1.47
SNi%S 49.61+6.85" 48.28+6.74° 2.12+1.65 37.18+1.82° 55.74+2.23 7.09+2.26"
> N"fzeoks 55.44+3.13 43.08+3.09 1.48+0.72 37.34+2.38" 56.95+2.34 5.7142.72"
IONS“S"S 15.86+13.63°  81.04x14.99° 3.104.39 37.2542.71°  55.00+3.15% 775327
All values are expressed as Mean + SD . .
Significant differences as compared with control : p < 0.0l, p < 0.05
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Table 5. Changes of element composition(atomic %) of Canada Amosite treated with HCI(pH 1.2)

Time point Mg Mn Fe
N";\Ifggted 10.43+0.62 57.26+0.79 2.66+0.41 29.65+0.97
sNi%s 8.57+1.32" 47.98+1.50" 3.06+1.04 40.39+1.93"
> Nﬁzeoks 8.42+1.51" 47.00+2.02" 3.45+1.27 41.14+1.69"
ION‘:;SI‘S 8.67+0.73" 472141.54" 3.2840.85 40.84+1.59"

All values are expressed as Mean + SD .
Significant differences as compared with control : p < 0.01

Table 6. Changes of element composition(atomic %) of Canada Crocidolite treated with HCI(pH 1.2)

Time point Na Mg Si Fe
NO;IEzegted 12.3340.67 5.56+1.25 57.82+0.85 2429+1.27
51\12%5 11.3842.50 5.5742.05 48.05+3.02° 35.003.09"
> Nvgé‘s 9.43+2.93" 5.1542.13 49.94+2.83" 35.4843.74"
ION":V;ng 8.1442.45" 4.34+1.50 50.56+2.96" 36.9743.34"

All values are expressed as Mean + SD .
Significant differences as compared with control : p < 0.01

pH 1.2 AH580) ) 24wl TAAE Mg, Si, Fe
o] Wshe pH 45 A48 W Aruistel §A5H
A FOIF MBS B Mn HE-S pH 12 A4
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= @AW 9] X-ray 3]-AN(Diffraction pattern)®=
57| EchSeshan, 1983). H(Lung fluid)=} AJ4Ako]
H| 523k Gamble o Wof] WA Hof f2x(Silicon)
Gl=s B2 A 65750 e 6 nglar &
Flon nadle 160 ng/arf 8% I th(Larsen,
1989). =% $J9H(pH 1.2 Simulated gastric fluid,
SGF)3} Gamble 9H(Simulated lung fluid, SLF)oj] A=
1 g W& 9aL 760A17F $of Ao W44dS o3
g A3}, EfRgto]E (SLF) > WAH (SLF) > Ey
Leto|E (SGF) > WAH (SGF) =2 W tA4do] 4
Al YERATHOze & Solt, 2010). 4k 2H74 o] A
oA &EH= Al T4 FHY EEFEY
30~664] Wrh F4 pHolA= 10 m WA 17]=
19714 ol ehds] G A|vh 22 Fefe] E
ol E= 4 o|ujo] &3tk AbollA WiAHS 33
AIZE ool gafjElal, Edmeto]EL 97HY oy
of &sfiEct o=t &ajAlxte] AR YA
(Lifetimes)S o|w|shx|qt, # o] H3FRE3 2HE<
OJu]g} A= =th(Oze & Solt, 2010). Gamble <Hoj
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