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Assessment of carcinogenic potency of man made mineral fibers

by intraperitoneal and intratracheal administration to female F344 rats

ADACHI Shuichi

Abstract : It has been well recognized by increasing evidences on the correlation of occupational
exposure to asbestos and severe diseases that asbestos is one of the most harmful substances to human.
Consequently, not only the production of man-made mineral fibers MMMEFSs) but the development of new
fibers is being increased. Asbestos is categorized to two types (serpentine and amphibole), by contrast,
there are a number of different MMMFs with different chemical composition and different dimensions
(length and diameter). Amorphous silicate fibers (fiberglass, rock wool, ceramic fiber), which is one of the
major asbestos substitutes, ranges from submicron to millimeter for their use. Monocrystalline whiskers
(silicon carbide, potassium titanate, and so on) have very fine structure and are used from the paper filler
to the additive of plastic gear based on their suitability of chemical features. However, there is a limited
knowledge on the carcinogenicity and other biological effects of these asbestos substitutes. Because of the
insolubility and complicated mechanism of the pathogenicity, the short term tests for carcinogenicity and
other biological effects using cultured cell system are not able to detect the feature in human after
exposure. In order to estimate the risk of inhaled MMMFs, tumor and other changes were histologically
examined in female F344 rats after intraperitoneal or intratracheal administration. Considerably high
induction of peritoneal tumor was observed in rats administered silicon carbide whisker. Results from
these experiments suggest that some type of MMMFs even if used as the asbestos substitutes possibly
have the potency to induce mesothelioma and other asbestos related diseases.
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Table 1 JFM standard reference samples

Sample name ~ Short description of fiber and whisker

GW Glass wool (glass fiber sprayed
by phenol resin)

RW Rock wool (sludge wool)

MG Micro glass fiber

RFA Refractory fiber (ceramic fiber, amorphous)
RFB Refractory fiber (ceramic fiber, amorphous)
RFC Refractory fiber (mullite fiber, chrystalline)
PT Potassium titanate whisker (K2TisO17)
SC Silicon carbide whisker (SiC)

TO Titanium oxide (rutile) whisker (TiOz2)

woO Wollastonite (natural mineral fiber from
China, CaSiOs3)

Chemical composition, size distribution and other
data are described in ref. 10.
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Photo.3 Peritoneal mesothelioma and PT fibers (H&E, X 100)
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Photo.2 Peritoneal mesothelioma with osseous formation

(SC, H&E, X100)
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Photo.4 Peritoneal mesothelioma with papillary structure
on abdomen (UC, H&E, X100)
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Photo.6 PT fibers deposition in the lung
parenchyma (H&E, X200)
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Fig.1 Cumulative mesothelioma incidence in female F344 rats after the intraperitoneal administration of JFM standard fibers
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Fig.2 Relative potency of JFM standard fibers to UICC chrysotile in carcinogenicity test in F344 rats by intraperitoneal

administration
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Table 2 Estimated risk and regulatory number
for JFM fibers based on their relative
potency to UICC chrysotile

Risk level*! Risk level*! PEL*? TLV*3
(WHO) (EPA) (OSHA) (ACGIH)
Chrysotile 1.3 X 10® 4 X106 0.2 0.5
SC 0.5 X 10 1.7 X10® 0.09 0.21
PT 5.7 X 10 17.4 X10® 0.9 2.2

%1 . Life time excess of one cancer death in 1,000,000 (fiber/ml)

* 2 . Permissible exposure limit expressed as a time-weighted
average (fiber/ml)

*3 . Threshold limit value expressed as a time-weighted
average (fiber/ml)
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