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[ Abstract ] Background and objective China’s Xuan Wei County in Yunnan Province have the world’s highest
incidence of lung cancer in nonsmoking women-20 times higher than the rest of China. Previous studies showed, this high
lung cancer incidence may be associated with the silica particles embedded in the production combustion from the C1
coal. The aim of this study is to separate the silica particles from production combustion from the C1 bituminous coal in
Xuan Wei County of Yunnan Province, and study in vitro toxicity of naturally occurring silica particles on BEAS-2B. Meth-

ods (DSeparating the silica particles from combustion products of C1 bituminous coal by physical method, observing
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the morphology by Scanning Electron Microscope, analysis elements by SEM-EDX, observed the single particle morphol-
ogy by Transmission Electron Microscope, analyed its particle size distribution by Laser particle size analyzer, the surface
area of silica particles were determined by BET nitrogen adsorption analysis; @Cell viability of the experimental group
(silica; naturally occurring), control group (silica; industrial produced and crystalline silica) was detected by assay used the
3-(4,S-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method, and the reactive oxygen species (ROS),
lactate dehydrogenase (LDH) were determined after 24 h-72 h exposed to these particles. Results (DThe physical method
can separate silica particles from production combustion from the C1 bituminous coal, which have different size, and from
30 nm to 120 nm particles accounted for 86.8%, different morphology, irregular surface area and containing trace of alumi-
num, calcium and iron and other elements; @Under the same concentration, the experiment group have higher toxicity on
BEAS-2B than control groups. Conclusion @Physical method can separate silica particles from production combustion
from the C1 bituminous coal and not change the original morphology and containing trace; (@ Naturally occurring silica
nanoparticles have irregular morphology, surface area, and containing complex trace elements may has greater toxicity than
the silica nanoparticle of industrial produced and crystalline silica.

[ Keywords ] C1 bituminous coal; Silica nanoparticle; Separation; Morphology characteristics; Vitro toxicity
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T B s (Oxford, US), Phoenix+DIM—A&fLREE KL
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Tab 1 Characterization of the silica particles
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10 mMF{DCFH-DAJGUE HiHank s ¥ 7 i B S00 £/
VER TAERAS L, Rl FIBEAS 2BAN L [ 555724 b,
48 hl172 b Hank’s PR A DR AR 200, KRR RO 2
JaAE2 mLE) TARR 37 "CHFR30 min, ZEE R BEFRY

(Thermo Scientific Microplate Reader/USA ) 7485 nm#F1525
nmi KARIIE .

FLI2 i AU (lactate dehydrogenase, LDH ) 7Kl

SE LR M U KV AR R R i) & 4R A 4 e A I

(Pointe Scientific, Inc, Lincoln Park, MI, USA )
L7 guitse ot HISPSS 17.058 H HR M db A7 Geit~r Ak B
A SR A3, BRI SR 3N A AL, IS B R
Mean+SDRIR, AAILLBER T IREA KL . P<0.05 K7 5
AL L
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2.1 CUMMREIR K b 20 B i 1 4 ok — S Al ik ok 49 5 e ik
CUMHIREIA B I i B HE B B ()30 2 TOR SN A oK 4 —
AALRERURY), SRR ERTE, WA A5, 2% n R (K
1) KRG REZ R E G, AIARAFai R — A bk
WKL), RiAe A 2B, DR TOR K, RERE
SURELER , SRR R SR RE R A L, HOE SR
AR, Ay E T, JO R AR B . REIG TR B,
AALRERUR A RIS A7/ R 45 BREEC R (B12) , fiff
FHI IR ST KL AT A A T RO KA S0 AT 43T, #E T
AT, & B30 nm-120 nm3ts [ 1Y — AL AERURE
P71i86.8% ([£13) .

T 20 75 S I OB R A T O S A b, R BX
SER ) FREAEH, TR AL, DB LR,

Size and distribution (nm) (Mean=*SD)

Surface area (m?/g) Metal impurity (dominant elements)

Silica (naturally occurring) 54+27
Silica (industrially produced) 50%12
Silica (crystalline; Min-U-Sil5) 580+£231

87.06 Ca, Fe, Al, Mn
55.27 Na, Ca, Fe, Al
5.20 Ca, Fe, K, Al

The size, surface area were determined by Laser particle size analyzer and BET surface area analyzer, and the impurity mental elements by EDX.
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Fig 1 The fibrous silica micronparticles (A) and spheral silica nanoparticles (B) in C1 coal ash, and containing traces of iron and calcium(C).
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Fig 2 The picture of silica particles separated from coal ash and the EDX analysis, containing traces of iron, calcium and aluminum.
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Fig 3 Particle size analysis by laser particle size analyzer, the silica particles are mainly distributed from 30 nm to 120 nm.
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Fig 4 The morphology of single silica nanoparticles separated from coal ash, have irregular surface area and containing traces of iron,

calcium and manganese.
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Mass concentration (ug/mL)

B 5 £%F10 pg/mL. 50 ug/mLs100 pg/mLEZKFHM _&EkE (EFA) . T %8950 nm Z SIS RE —S1kiE48 h/SBEAS-2BH A AR ERT
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Fig 5 Changes in viability of BEAS-2B cells after 48 h exposure to 10 pg/mL, 50 pg/mL, or 100 g/mL of naturally-occurring silica nanoparticles
(Xuan Wei group), 50 nm industrially-produced silica particles and crystalline silica (Min-U-Sil5). Values are the Mean=®SD from three independent

experiments. *Indicates the decrease in cell viability was significantly different (P<0.05), ** (P<0.01).

B 6 BAFFHMMK Sk SR - SUEMTUE=NgK ZELE (50 nm) #i%24 h-72 h/5, BEAS-2BHAILDHKEE{LIE R, H{ERAMean=SD
=R, *KFIERR A = ELDHAFE EAEELLBEFEER (P<0.05) , **KELDHAFE ELAABILEFREEESR (P<0.01) .
Fig 6 The LDH level changes of BEAS-2B cells after 24 h-72 h exposure to naturally occurring silica nanoparticles (Xuan Wei group), 50 nm silica

nanoparticles (industrial produced) and crystalline silica, values are Mean®SD from three independent experiments. *Indicated the LDH level

differentb (P<0.05), ** (P<0.01).
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B 7 BAFHNMK _SILE SR - SHEMTI A=K ZSLEE (50 nm) ##24 h-72 hig, BEAS-2BAEAIDCF 38 ERIE L. BERAMeant
SDFR, *REDCFEeaEGmAE L RFER (P<0.05) , **REXDCF G MARILRFHREESR (P<0.01)
Fig 7 The DCF-fluorescence increase of BEAS-2B cells after 24 h-72 h exposed to naturally occurring silica nanoparticles (Xuan Wei group), 50 nm

silica nanoparticles (industrially produced) and crystalline silica. Values are Mean=£SD from three independent experiments, *indicated the DCF-

fluorescence increase differently (P<0.05), ** (P<0.01).
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