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ABSTRACT

Optical Absorption of Pure Water and Sea Water using the Integrating
Cavity Absorption Meter. (December 1993)
Robin Mer! Pope, B.S., United States Military Academy;
M.S., Texas A & M University
Chair of Advisory Committee: Dr. Edward S. Fry

The Integrating Cavity Absorption Meter (ICAM), has been
refined to enhance stability, sensitivity, and operational wavelength
regions. The ICAM is, in principal, independent of scattering effects in
the sample. The ICAM produces an effective path length which is on
the order of several meters, consequently, the instrument is sensitive
to small absorptions. Measurement results have resolved absorption
coefficients as low as 0.004 m-!. We present definitive results for the
absorption spectra of pure water between 380 and 750 nm. The ICAM
was field tested on board the USNS Bartlett during the GOMEX-1
cruise in the Gulf of Mexico during April of 1993. Water samples were
collected with Niskin bottles and the total absorption spectra of the
seawater was measured. Particulates were removed from the seawater
samples by filtration and the filtrate absorption spectra were
measured. Subtracting the filtrate absorption from the total seawater
absorption yields the absorption spectra for the particulate matter.
Subtracting the absorption spectra of pure water from the filtrate
absorption results in the absorption spectra for the dissolved organic

matter.
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CHAPTER I

INTRODUCTION

The conditions for propagation of light in sea water are defined by
the inherent optical properties of the sample. Optical absorption is
one of the inherent optical properties. It can be used as an
indicator of the dissolved substances and suspended particulates,
and is a key element in modeling light penetration in the oceans.
The optical absorption of sea water may be considered as the
superposition of the optical absorption of its components.
Specifically, the optically active constituents of sea water include
pure water, dissolved substances (inorganic and organic), and
suspended material (mineral and organic).! Accordingly, various
techniques to measure the optical absorption of the constituents of

sea water have been developed.

PURE WATER

Querry et. al. have given an extensive review of research on the
spectral absorption coefficient for pure water.2 In the optical
region, the need for its accurate measurement has been well
documented. Researchers particularly disagree on the value of the
absorption coefficient of pure water in the wavelength region from

300 - 500 nm, where the absorption reaches a minimum.3 Pure

This dissertation follows the style of Applied Optics.



ocean water is defined as pure water with the addition of inorganic
salts. While the effect of salts on the absorption of pure water is
noticeable in the ultraviolet and infrared regions of the spectrum,
the effect in the visible region is generally less than the uncertainty
in the measurements of the absorption of pure water in this
region.! Some of the more prominent and innovative techniques
used to examine pure water and pure sea water are: Hulburt used a
long path length tube of water to measure the attenuation of a beam
of light, then measured the scattering coefficient and
mathematically corrected for the scattering losses.4 Gilbert used a
point source and measured the attenuation at various radial
distances.5 Stone used photothermal techniques based on the
temperature dependence of the index of refraction.® Hass
employed adiabatic laser calorimetry.” Querry measured both
extinction and scattering using split-pulsed laser methods.8
Photoacoustic techniques were used by Tam and Patel.® Zaneveld
and Bartz have refined the use of a long high-reflective tube.10.11
Recently, a photothermal technique for measuring the absorption of
pure water has indicated structure in the wavelength region around
450 nm;!2 this structure is related to a harmonic resonance of the
oxygen-hydrogen stretching mode whose fundamental frequency

occurs around 3200 cm-!.13

DISSOLVED SUBSTANCES
The absorption of dissolved organic matter, or gelbstoff, can be

measured using straightforward transmission techniques, such as in






