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ABSTRACT

A flow through absorption tube is described and applied. The tube is similar in concept to a 50 cm pathlength
cylindrical cuvette described previously by Bostater and Gimond.' The new absorption tube allows for continuous,
underway measurements of water absorption signatures. Water is allowed to flow through the tube, and in this way
the spectral change or track ofabsorption can be measured as a function oftime or space when operated from a
stationary or moving platform. Data gathered from various environments ranging from very turbid to clear water is
analyzed and described. Concentrations of chlorophyll-a, suspended matter, and dissolved organic matter are
quantitatively determined by calculating a double inflection ratio (DIR) spectra for all combinations ofbands from
362-1 1 15 nm using 252 channels as described by Bostater.2 The absorption tube described here demonstrates the
utility of continuous, underway measurements ofabsorption for estimating concentrations ofwater quality parameters.

Key words: absorption, water quality, remote sensing, chlorophyll-a, suspended sediments, flow through cuvette system,
specific absorption coefficients.

1. INTRODUCTION

Remote sensing has various applications in scientific research as well as environmental research. Recently, it has
been determined to be a useful tool for the estimation of water quality parameters. The use of a portable long path length
(50 cm) flow through absorption tube system to measure in-situ water absorption signatures is described in this paper. The
parameters under study include chloiophyll-a, suspended sediments, and dissolved organic matter. The latter includes
such properties as tannin, lignin, h'mic and fulvic substances. Absorption can simplistically be measured by the addition
ofthe forward scattered light to the light that is transmitted through the tube.3 With the system described, high spectral

resolution absorption signatures are obtained in real time and can be related to measured or estimated in-situ water quality

parameters.
The total absorption ofthe water is a combination of a variety ofcomponents. Specifically it is thought to be

caused by the previously mentioned parameters, related to chlorophyll-a, suspended sediments, and dissolved organic
matter. The total absorption is a function ofthe concentration ofthese parameters and the specific absorption of each of
the individual components.4 The absorption tube essentially leads to the calculation ofthe specific absorption coefficients
ofthe water quality parameters. In order to quantify the concentration of the parameters of interest, one must initially
determine the spectral characteristic ofthe constituent by analysis of standard concentrations using standard techniques.
This, then, leads to the calibration ofthe spectral signatures to the results from the standards measured in the cuvette.
The concentration ofthe various components is calculated though the use of second derivative spectra along with double
inflection ratio (DIR) based upon derivative spectroscopy.2 This type of research can be conducted easily in both freshwater
and coastal ocean waters using surface waters as well as water obtained at depth using a pump. The purpose of this paper
is to describe the new portable flow through absorption cuvette system that can be utilized to determine the water quality
parameters and absorption coefficients in both clear and turbid water environments.
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2. METHODS

The system is self-contained and easily portable for field use. In-situ, specific depth absorption signatures are
collected using water pumped into the system. All ofthe water collected was correlated with laboratoiy derived
concentrations based upon standard methods. The water can be pumped into the tube and illuminated using a halogen
light source, which is directed through a 1 inch in diameter Teflon cylindrical cuvette. Two similar tubes are utilized.
One tube is filled with the sample and the other with deionized water, the latter is used as a reference. The entire system
is contained within one case, for ease ofportability. The vibration in the system is decreased by the use offoam padding.
The unit is auached to an optical rail securing all ofthe apparatus to a stable fixed height. The absorption tube is made
of Teflon which is opaque white so as to reflect light entering the system (reflectance � 0.9). The collimated light is
forward scattered along the path length. A neutral density filter lens is used to help optimize the light intensity reaching
the spectrograph. The light enters a SE 590 high sensitivity solid state spectrograph equipped with a 252 channel high
radiometric sensitivity linear diode array. Data obtained from the spectrograph is transferred to a data logger and then
stored on a portable computer.

The advantages to an in-situ system is the decrease in the sample degradation due to transportation and holding
time considerations. Additionally, there is less of a chance for the spectral signature to be affected by temperature
differences due to the in-situ measurements as determined by Bostater and Gimond.1 This then eliminates the need for
storage at 4 °C and transportation to the laboratory for analysis. The water samples in the tube are scanned ten times
and then averaged to obtain the mean spectral signature of the water and its components. This procedure is conducted
on a triplicate basis.

The absorption coefficients for the individual water samples are calculated from the average spectral signature
by the use ofthe common technique:

a = 2.3 (log (10/Ij)IL, (1)

where a is the absorption coefficient (m1), 2.3 is the conversion from log to natural log, I, is the transmiUed light intensity
through the reference tube (W/m2 sr), I is the transmitted light intensity ofthe sample (W/m2 sr), and L is the length in
meters ofthe path length ofthe tube (0.5 m).'

To test the system, absorption coefficients were obtained for chlorophyll-a based upon standard concentrations.
A standard of Chlorophyll-a was purchased from the Sigma Chemical corporation C-5753, the chlorophyll-a was derived

from spinach and was determined to be relatively free of chlorophyll-b. Standard concentrations were made using acetone
dissolved chlorophyll-a in pure water, ranging from 0.5-100 ugIL. The standard chlorophyll-a concentrations used are
within the range of concentrations that are observed for natural water conditions for freshwater and coastal ocean waters.
To obtain the absorption coefficients the various chlorophyll-a concentrations were each placed both into the flow through
system as well as the glass absorption tube that was described by Bostater and Gimond.1 This was completed to determine
any similarities and/or differences between the types of cuvettes used (glass vs. Teflon).

In addition to the correlation between the two types of absorption tubes, the flow through system was tested for
its applicability for field situations. Samples were collected and analyzed from the following locations; the Banana River
canal, the Indian River lagoon and a fresh water pond along central Florida. All ofthese bodies ofwater with the
exception ofthe lake were characterized by highly turbid conditions due to a variety of environmental conditions ranging
from runoff, precipitation, and decomposition oforganic matter from either land runoff or from water column derived
material. Water samples were pumped into the absorption tube and scans ofthe whole water were taken. In addition
some ofthe water was collected and filtered onto a 0.45 urn membrane filter to determine the suspended sediment
concentration. The in-situ data was collected and processed or scanned immediately. The chlorophyll-a from the
sample concentrations was concentrated onto a 47 mm glass fiber filter to be analyzed at a later date, using standard
methods.6 The measured signatures were used to calculate the absorption spectra coefficients.

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 9/25/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



Figure 1 View of the flow through absorption tube system
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3. RESULTS

The portable flow through cuvette system is easily applicable to field usage. Figure 1 shows the system within its
case. As can be seen from the photograph, the system is self-contained and can easily be transported into the field or taken
aboard a boat.

To determine the effectiveness ofthe instrument system, various scans were taken to determine both the differences
between the two tube types (glass vs. Teflon) as well as the reproducibility of the system. The Teflon cuvettes were filled
with deionized water initially to determine the differences in attenuation between the two tubes. The spectral signatures
were used to calculate the ratio between the tubes which corrected for the inherent differences in the cuveUes. The tube that
was determined to attenuate more ofthe light, was chosen to be the reference tube and always contained deoinized water for
measuring I.

The system was very sensitive to the cuvettes fixed height in line with both the spectrograph and the light source.
Any small variation in the height ofthe system tended to produce dramatic effects in the alteration ofthe spectral signature.
Special care was taken to insure that the cuvette holders remained at a fixed height throughout the course ofthe data
collection. It should also be noted that successive scans were taken as close together as possible generally within
a time span of 2 minutes. Thirty seconds was the maximum amount oftime allowed for changing between the sample
and the reference tubes. This rapid scanning ofthe samples helped to minimize the differences between the two cuvettes
as well as a minimize the degradation ofthe water constituents from exposure to the light. Before the scans were taken,
it was necessary to insure that the lenses were clean. In addition, the Teflon cuvettes were examined to be free of all air
bubbles or ilpresent, they were removed. This was necessary because the bubbles produce changes in the spectral
signatures by the addition ofshiny surfaces along the inner parts ofthe cuvettes.1 The air bubbles were expelled out one
ofthe ports on the respective cuvette by gentle rocking ofthe tube until the bubbles were removed.

The spectral scans were taken in triplicate and then averaged to obtain the mean spectral shape ofthe water sample
in question. Scans were taken of samples containing varying concentrations of chlorophyll-a ranging from 0.5ugfL to 100
ug/L. Figure 2 shows the varying absorption spectra of Chlorophyll-a from the Teflon cuvette, where Figure 3 depicts the
standard chlorophyll-a concentrations as collected from the absorption tube previously described
by Bostater and Gimond.' It should be noted that the spectral signatures ofthe two types of absorption tubes are relatively
similar with slightly higher absorption coefficients found for the Teflon cuvette. The Teflon system was also found to
produce a significantly greater amount of noise at the end of the visible spectrum, in the near infrared region
of the spectrum.
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Figure 2 Absorption Spectra of Chlorophyll-a in the Teflon flow through system

475 31 647 706 765 890

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 9/25/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



Figure 3 The Absorption Spectra for Chlorophyll-a from Bostater and Gimond'

The surface water samples were collected from the field and then analyzed for suspended sediments and
chlorophyll-a (the concentration of chlorophyll-a was to be determined at a later date). Actual water samples were also
scanned in triplicate. The amount of suspended sediments that was collected from the water provides a good indication of
the turbidity ofthe water in the area. To determine the suspended sediment concentration ofthe triplicate water samples
were scanned ten times each and filtered through a 0.45 um 47 mm metricel membrane filter pad. The preweighed filter
pads were dried for forty eight hours and weighed again to determine the concentration of suspended sediments with in the
sample water column. The average concentration for each of the three water sample locations is shown in Table 1, while
the spectral signatures are shown in figure 4.

Table 1 Suspended Sediment Data 8/26/96

Sample Location Concentration (mgIL)
Fresh water Lake 1.24

Banana River Canal 7.58
Indian River Lagoon 21.81

Figure 4 Absorption spectra for the whole water samples
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4. DISCUSSION

The spectral signatures for chlorophyll-a in the Teflon cuvette system were comparable to the signatures that were
previously presented by Bostater and Gimond.' The Teflon system yielded higher absorption coefficients approximately
70%. This was due partly to the usage ofTeflon as the absorption tube, which in turn provided for a greater attenuation as
compared to the Pyrex absorption tube. This could be due to the fact that more ofthe light was scattered throughout the
tube increasing the pathlength that the light must travel. We hypothesis that the repetitive "bouncing" ofthe light off the
walls ofthe Teflon cuvette in turn, can increase the amount oflight that can be absorbed within the system. The
chlorophyll-a peak was centered around 670-680 nm for both systems. Previous work has determine that the
chlorophyll-a peak is approximately 675 nm. The greater amount of noise that was seen with the Teflon system was
most likely due to the unique Teflon tube absorption effects ofthe near infrared region ofthe spectrum. The spectrograph
consistently showed these unique signals up signals in the near infrared region during the analysis.

This system, is intended to quantitatively measure the water quality in-situ in real time with continuous
measurements pumped from water at various depths in order to help calibrate and validate remote sensing models.
Eventually, with more complete testing, the concentration of the dissolved organic matter can also be determined along
with the quantification ofthe chlorophyll-a and suspended sediments. It is hoped that this portable system will lead to
water quality monitoring in near real time, eliminating the need for the time consuming processes used in standard
method analysis.
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