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ABSTRACT
By using dispersion staining methods and pre-constructed conversion tables, it is possible to
quickly and accurately determine two principal refractive indices (RI) of the six regulated asbestos
minerals, chrysotile, grunerite (amosite), riebeckite (crocidolite), tremolite, actinolite, and
anthophyllite, in a single immersion oil mount. This procedure is especially suitable for commercial
environmental laboratories specializing in the analysis of asbestos components in bulk building
materials. The effectiveness of this practical procedure has been proven through rigorous testing
and extensive usage over the last decade by the majority of environmental laboratories in the U.S.
The principle of this procedure is also readily applicable to RI determination in other applications:
mineralogy, forensics, pharmaceutical research, particle identification, etc.

INTRODUCTION
Upon the enactment of the Asbestos Hazard Emergency
Response Act (AHERA) in 1986, the U.S. Environmental Protection Agency (EPA) authorized the National Institute of Standards and Technology (NIST) to add bulk asbestos and airborne
asbestos analyses to the National Voluntary Laboratory Accreditation Program (NVLAP) for the purpose of monitoring the
quality performances of hundreds of American environmental
laboratories specializing in asbestos analysis. NVLAP accreditation is required for any commercial laboratories engaging in
work related to asbestos survey, abatement, and monitoring
projects at American public schools. To meet the requirements
set forth by EPA (1993) and NIST (1994), analysts must measure and record two principal refractive indices, na and ng, of
every type of asbestos mineral found in bulk samples. Facing a
daily workload of 60 or more samples, analysts must be able to
quickly determine the RI of suspected asbestos minerals with
an accuracy ±0.005 to 0.010 as required by the NVLAP. The
Becke line method is too time-consuming because more than
one preparation is needed to bracket the RI of every type of
asbestos minerals in a sample. Therefore, the dispersion staining method (McCrone 1987; Su 1998) became the method of
choice because of its simplicity and effectiveness. Tens of thousands of bulk asbestos samples are being analyzed every day;
the significance of any procedure that facilitates this special
environmental analysis cannot be overemphasized.

defined as the matching wavelength, l0 (McCrone 1987) or lm
(Bloss 1999), at which the dispersion curve of the solid intersects that of the liquid. The DS color forming at the edge of the
solid particle is a function of l0 and the dispersion property of
both the solid and the liquid. In the CS mode, it consists of a
mixture of wavelengths in the visible spectrum with l0 removed
by the central stop. In the AS mode, it consists of l0 with the
rest of the visible spectrum removed by the annular stop. It has
been proven (Su 1993) that nDS, the RI of the solid at lD,
Fraunhöfer spectral D line (589 nm), is related to l0 and the
dispersion coefficients of the solid and the liquid by the following equation:
nDS = nDL + (DL - DS) kD

(1)

where nDL = the refractive index of the liquid at lD and the temperature of the liquid T in ∞C;
DL = the dispersion coefficient, (nF - nC), of the liquid, where nF
is the RI at lF, Fraunhöfer spectral F line (456 nm), and nC is
the RI at lC, Fraunhöfer spectral C line (656 nm);
DS = the dispersion coefficient, (nF - nC), of the solid;
kD = a coefficient related to l0 and Fraunhöfer F, D, and C wavelengths in accordance with Hartmann dispersion relationship
(Bloss 1981), which is equal to
[(l0 – 200)–1 – (lD – 200)–1]/(lF – 200)–1 – (lC – 200)–1] or
[(l0 – 200)–1 – 0.002571]/0.001304.

DISPERSION STAINING
The dispersion staining (DS) method uses a central stop (CS)
or an annular stop (AS) at the back focal plane of a 10¥ objective lens to block (CS mode) or single out (AS mode) the wavelength at which the RI of a solid particle equals that of the
surrounding immersion liquid (Su 1998). This wavelength is
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It should be emphasized that Equation 1 is based on the
dispersion coefficients of both the immersion oils and asbestos
minerals. Almost every environmental laboratory in the U.S.
uses immersion oils manufactured by Cargille Laboratories.
Because the manufacturer has adopted fixed formulations for
its products, the dispersion coefficients for the oils used in asbestos identification (Series E for 1.500 to 1.640 and Series B
for 1.642 to 1.700) remain unchanged over the years.

1979

