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absorption thickness, and inferred index of refraction. The
absorption thickness and refractive index were approximated
from bulk properties of whole cells. Spectral properties were
examined throughout the visible spectrum (412–730 nm) with a
spectral resolution of 3.3 nm, and in some cases nine total
wavelengths. Millie et al. (1997) and Kirkpatrick et al. (2000)
developed a method which correlates the fraction of chlorophyll
biomass contributed by K. brevis and the fourth derivative
absorption-based similarity index. This absorption-only analysis
of the visible spectrum allowed for the quantification of
gyroxanthin-diester, a rare accessory pigment found in only a
few dinoflagellate species, which was established as a consistent
predictor when correlated with chlorophyll biomass. While
previous research has shown significant progress in characteriz-
ing the optical properties of K. brevis, there is potentially a
considerable amount of spectral information not yet reported to
date. Several recent studies have proved to be extremely accurate
in characterizing spectral properties of a complex microorganism
by dividing the cell into multiple components, as well as
combining scattering and absorption properties (Alupoaei,



Eq. (1)
(Van Der Hulst, 1957; Kerker, 1969):
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where D is the effective particle diameter, Qext(m(l0), D)
corresponds to the Mie extinction coefficient, l is the path length,
and Np is the number of particles per unit volume. The Mie
extinction coefficient is a function of the optical properties of the
particles and the suspending medium through the complex
refractive index (m(l0)) given in Eq. (2):

mðl0Þ ¼
nðl0Þ þ ikðl0Þ

n0ðl0Þ
(2)

where n(l0) and n0(l0) correspond to the refractive index of the
particles and the suspending medium, respectively. The absorption
coefficient of the suspended particles is represented by k(l0).
Eq. (1) can be written in matrix form by discretizing the integral
with an appropriate quadrature approximation (Elicabe and
Garcia-Rubio, 1988, 1990) given by Eq. (3) as

t ¼ A f þ e (3)

where e represents a composite of experimental errors, which are
errors due to the model approximations and errors introduced by
the discretization procedure ().
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