
Exploring Holistic Approaches to the
Characterization of Particles in the Environment

Authors Anhalt, Ashley; Peterson, Tawnya; Tratnyek, Paul; Needoba,
Joseph; Mather, Amanda

Rights Copyright © is held by the author. 

Download date 24/05/2023 21:07:31

Link to Item http://hdl.handle.net/10150/196809

http://hdl.handle.net/10150/196809


RESEARCH POSTER PRESENTATION DESIGN © 2011

www.PosterPresentations.com

Exploring Holistic Approaches to the Characterization of Particles in the Environment

This study takes a holistic approach to the characterization of the 

particle load in water, focusing on the collective properties of the 

particles rather than on individual components.

We employed Principal Component Analysis (mathematically 

equivalent to Empirical Orthogonal Function analysis) to reduce the 

original number of variables used to characterize particles (from 35 

to 20). Principal components (combinations of variables) were 

extracted and used to identify patterns in particle characteristics 

from environmental samples in the Columbia River (Oregon, USA).

Applying an informatics-based approach to characterize particles 

could speed up the evaluation of water quality and the assessment of 

water treatment effectiveness.

ABSTRACT

INTRODUCTION

Data Analysis:

Imaging flow cytometry allows for the rapid detection of large 

numbers of cells and can provide results that are easily manipulated.

Fluid Imaging Inc.’s Flow Cytometer And Microscope (FlowCAM):

• Detects individual cells by scatter and/or fluorescence induced 

by laser light excitation;

• Rapidly counts and photographs individual particles;

• Distinguishes the shape and unique fluorescence properties of 

each cell in a sample;

• Provides a suite of particle properties (35 variables) as well as a 

set digital images of the particles:

Figure 2.Screenshot taken by Ashley Anhalt on the “Fluid Imaging Technologies FlowCAM”.

Flow cytometry surpasses any manual method in its ability to analyze 

a large number of cells in a given sample. This method thus yields 

robust and statistically reliable data.

Statistical Analysis:

The statistical analysis aspect of this project involved Principal 

Component Analysis. The PCA was performed in MATLAB through the 

creation of function codes, or scripts. In general, PCA is a method 

that reduces data dimensionally.

Mathematically, PCA of the FlowCAM data involved four main steps:

1. Standardizing the data

2. Calculating a correlation matrix

3. Eliminating the variables that did not account for a significant 

portion of variability in the data set

4. Generating principal components, or linear combinations of the 

original variables, that try to account for the variance (ie, the 

eigenvalue) in a data set. 

The top principal components (which account for the greatest 

proportion of total variance) are plotted in Euclidean space, along 

with the corresponding variance. The data analysis tool also provides 

a breakdown of the relative contribution by each original variable (ie, 

the eigenvector) to each of the first three principal components.

The principal components and the variance they account for are 

entirely dependent on the sample that is run through PCA.

METHODS

To test the approach, we used water samples collected from the 

Columbia River (Oregon, USA). A time series of samples were 

collected from different times of year. The samples were collected 

from a site where environmental data were concurrently being 

collected. 

The Lower Columbia River chlorophyll levels appeared to be directly 

proportional to the eigenvalues, and thus the variance that principal 

component one accounts for in each sample.

Figure 3 (left). Display of the chlorophyll levels in the Lower Columbia River from

January 2010 through July 2010 (“Lower Columbia River LOBO.” LOBO Land/Ocean

Biogeochemical Observatory. WET Labs, Web. <http://columbia.lobovoz.com/>).

Figure 4 (right). Display of the resulting eigenvalues on samples from the Lower Columbia

River from January 2010 through June 2010 after performing PCA on each sample.

Figure 5 (left). Display of the chlorophyll levels in the Lower Columbia River from

November 2010 through July 2011 (“Lower Columbia River LOBO.” LOBO Land/Ocean

Biogeochemical Observatory. WET Labs, Web. <http://columbia.lobovoz.com/>).

Figure 6 (right). Display of the resulting eigenvalues on samples from the Lower Columbia

River from November 2010 through June 2011 after performing PCA on each sample.

Figure 3 and Figure 4 above are noticeably comparable in that their 

overall shape is analogous and the two peaks in each graph occur in 

late March and early May.

Figure 5 and Figure 6 are similar because on both graphs there is a 

clear incline until early April and a decrease in both chlorophyll levels 

and eigenvalues.

The goal of this comparison is to show that PCA provides results that 

are robust and relatable to specific environmental factors.

With this concept of a holistic approach being innovative and 

preliminary, the results that have been attained thus far have been 

used as tools to determine future steps and give guidance to this 

research.

This project has shown that the advanced detection and description 

capabilities of flow cytometry can be adapted to characterize the 

collection of particles in aquatic environments.

RESULTS CONCLUSIONS

With the extensive scope of this project, there are potentially many 

different research paths that can be taken that would further the 

methods for analyses and the theoretical ideas of this concept.

Additional applications of this analysis could include:

• Looking at a sample to pull out specific desired information

• Comparing PCA results to environmental factors

• Applying a treatment to a sample and running PCA before and 

after in order to look for organisms of interest

• Incorporating other measurements

• Observing for patterns

• Obtaining a global PCA and testing other data to see how well 

it fits

A global PCA approach may prove a viable path for continued analyses 

in future research.

Since PCA reduces the dimensions of the data under analysis and 

essentially ignores the less relevant variables, it would be of great 

use to determine a standard PCA that could be applied to a wide 

range of data. This would require compiling the appropriate data and 

running PCA in order to establish a global standard.

Ideally, this global PCA would be applied to other data (rather than 

running a separate PCA on each dataset) and consequently determine 

how well that data fits the global results.

If this concept were to function as expected, it would behoove water 

treatment facilities to employ this holistic approach to their own 

water analysis.  This global method could in fact speed up the 

analysis of water quality and act as a more efficient way to approach 

water analysis.

The characterization of particles is often time-consuming. Therefore, 

applying an informatics-based approach could:

• Speed up the evaluation of water quality;

• Quicken the assessment of treatment effectiveness;

• Far surpass the abilities of current approaches to monitor 

threats to water quality, due to the breadth of potential 

changes that could be detected using this multiplex approach.

Further work will relate the top principal components to specific 

environmental factors that determine water quality.
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Water is a critical resource. Accurate and rapid water quality 

determination is therefore highly desirable. The majority of the 

prominent determinants of water quality either consist of, or are 

controlled by, particles, therefore, we focus on particle 

characterization for the rapid determination of water quality.

This project applies a unique evaluation perspective: a holistic 

approach to the characterization of the particle load in water, in 

which the focus is on the aggregate properties of the particles rather 

than individual components.  This approach is rapid, cost effective, 

and innovative.

This study uses characterization by imaging flow cytometry to analyze 

sets of images and corresponding particle data from environmental 

samples.

Principal Component Analysis (PCA) was applied in order to identify 

patterns in particle characteristics when contrasted across samples, 

when a treatment was employed, and when compared to known 

environmental data collected from an in situ observation station.
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Figure 1. Particle sizes of pathogenic micro-
organisms vs. particle size ranges removed 
by the major water treatment 
technologies.  (Masciangioli, T.; Zhang, W.-X. 
Environmental technologies at the nanoscale. 
Environ. Sci. Technol. 2003, 37, 102A-108A).
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