
This brochure explains

1) the measurement principle of the CytoBuoy b.v. flow cytometers and

2) the data flow from particle level towards multiple samplings overview level

sections:
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and how optical scans of each particle are captured

level 1 or ‘particle’ data:
optical scan data of individual particles

From level 1 to level 2 data
converting the scans to parameters

Level 2 or ‘species’ data:
custering information on multiple particles

From level 2 to level 3 data

Level 3 or ‘overview’ data:
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Typical processed data output options

Specifications summary
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flow cytometers for the environment



How the sample is measured
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Flow cytometers count and analyse individual particles in a fluid moving through a focussed laser
beam.  From each particle the scattered laser light is measured at two angles as well as several
colors of laser induced fluorescence emitted by chlorophyll and other pigments present in algal
cells.

The figure above shows the flow cuvette (10) with flat walls (11) intersected by the laser beam
(20). The suspension to be analyzed is flowing into a wide funnel shaped injector (12) through a
hollow needle (13) whilst being surrounded by a much larger amount of co-injected particle free
sheath fluid (35). Upon approaching the flow channel of the cuvette the funnel narrows down and
the cross section of the suspension stream (30) gradually decreases, causing the flow velocity to
increase and the particles (30) to line up at large distances from each other.  This ‘line of particles’
intersects the laser beam (20) at intersection point (14).

Particles flowing through this point scatter the laser light and may emit fluorescence light, which is
being detected by the detection system (40). Detection of these light fluxes (41) is done with photo
detectors (42), combined with lenses (43), beam splitters and/or dichroic mirrors (44) and a beam
dump (45). The detectors convert the light pulses into electronic pulses. These pulses are
continuously digitized and further processed.

In this manner the optical properties such as light scattering and fluorescence of about 1000 or
more particles per second can be measured. The resulting data is processed and analyzed using
a computer, whereas these measured data can also be used in real time in some instruments to
activate a downstream device such as an imaging device (optional) or a sorting unit (optional) to
sort out individual particles of interest from the suspension stream.



A set of optical scans of each particle is captured
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CytoSense is a fixed beam scanning flow cytometer, which yields 1-dimensional low resolution
profiles obtained from particles flowing at constant velocity through the laser beam.  The figure
below shows the output of a light scatter and a fluorescence detector while a (diatom) cell passes
the laser beam.  The CytoSense optical fingerprints of a particle consists typically of 5 of these
detector profiles (forward and sideward light scatter, and yellow, orange and red fluorescence),
although CytoSense may contain up to 10 detectors. The amplitude, length and shape of these
signal profiles represent the size, length and shape of the particles: the distribution of its 'body
parts' and chloroplasts along its length axis. With chainforming diatom colonies, the single cells
show up as ‘humps’ in the scan.

particle scan profile parameters

• length
• size
• structure
• shape
• pigments
• nr. of ‘humps’
• etc.

classification

Gonyostomem S.

Rhizosolenia Styl.

selection libraries

Gymnodinium Nag.

Nitschia seriata

Emiliana Huxleyi

Parameterizing the profile scans serves to obtain comparable numerical entities such as  length,
amplitude, symmetry, the number of cells in a chain etc. for each particle. These allow the use of
user operated interactive cluster analysis software to recognize and enumerate groups and
species.   This is shown basically in the remainder of this brochure.   Automatic recognition is also
possible which yields groups directly from a file containing the scan profiles. Software for
automatic recognition is being developed by CytoBuoy b.v..



Examples of  level 1: particle  data
optical scan data sets of individual particles as measuered in flow.

These data sets are measured for all particles detected.

forward light scatter
sideward light scatter
red fluorescence
orange fluorescence
yellow/green fluorescence

particle length
CytoSense raw data is a 1-dimensional
scan of the particle as it flows along the
laser focus in a streched out manner. The
various colors refer to the various optical
measurements made from the cell.

The particle length is directly obtained.
Variations in the shape of the light scatter
and fluorescence scans of a particular
particle are governed by the morphology
and physiological features of that particle.

Unknown particle from a field sample.



The center of the
Rhizosolenia indica cell is

clearly visible with a
concentration of pigment,
causing a peak in the 685

nm (red) fluorescence
and a dip in the forward
light scatter.  The length
(75 mu) is obtained from
the forward light scatter

signal.

To obtain the complete 
particle profile the forward 
or sideward light scatter is 
used as the ‘master’ or 
‘trigger’ signal responsible 
for detecting a particle.  

N. longissima.

Pseudonitschia is a symmetrical 
cell of about 80 mu length.  The 
species forms chainlike colonies of 
cells lying partly alongside.  The 
optical profile (left) clearly shows 
the pigment free middle section of 
the cells, and the overlap regions.

The doughnut shape of 
Rhizosolenia delicata  is 
responsible for a distinct 
profile shape.  

The available correlated multiparameter information in this
kind of raw data allows accurate discrimination between
various phytoplankton groups and species and other particles
such as sediment particles and micro zooplankton.



From level 1 to level 2 data
converting the scans to parameters

Sample level data: all detected particles 
are shown as a dot in a scatterplot or a 
count in a univariate distribution. 

The level 1 data from each measured 
particle is now reduced to a few single 
numbers (parameters).

Example of sample (level 2) data representation.  All
measured particles and/or cells are depicted - as dots or
miniature circles in a two dimensional dotplot.

Each dot or circle as selected by the rectangle will expand
to its original level I data in the upper left side box. If more
dots/circles are selected with the rectangle, their leveI 1
data is shown succesively by a scroll button.

On the axes the distributions are plotted in the same colors.

The profile in this box represents the
optical scan data of one single
particle, which is shown as a single
dot/circle in the small rectangle in the
large scatter plot.  The particle shown
has three distinct pigmented regions
at a total length of 114 um (probably
a colony of three diatom cells).

The flow cytometer measures forward scatter, sideward scatter and one or more wavelengths of
fluorescence for many individual particles. The maximum amplitudes of each of these signals are
represented by a single number also called ‘parameter’. With thousands of particles measured, a
plain list of all those numbers provides no insight. Therefore thse numbers are visualized in
scatter plots (we call them dotplots) and distributions.

When some particles in a sample are about the same (individuals from the same species) then
the dots representing those particles will be positioned close together and form a “cluster” in one
or more dotplots. CytoClus offers options to draw boxes or polygons around these clusters in
these dotplots to make a specific selection set for a target cluster. Such a selection set is a
collection of boundaries on the measured parameters, which means that it is a morphological
description. The discrimination power is increased if a cluster is selected in more dotplots.

So, fluorescence can be used to separate phytoplankton cells from zooplankton and sediment.
And if fluorescence at shorter wavelengths than red is also measured then phytoplankton cells
having auxiliary pigments can be separated from those having not.

The cells of a uniform population show close groups of data points (clusters) in such a dotplot.
Differences in cell size, cell shape, pigment content etc. cause a variance in the measured optical
signals, showing up as the width of these clusters. With mixed cultures a number of more or less
separated clusters appear, each representing a group with different morphology / optical
properties.



1- particle length

2- integrated signal (area)

3- maximum amplitude

4- average signal strength

5- the fill factor

6- the asymmetry

7- the inertia

8- nr. of "humps"

The CytoSense signal profiles can be parameterized into 8
numerical entities by CytoClus as shown to the left - to extract
the shape information from the scans.  With for instance 6
detectors this amounts to 48  parameterized values (6 scans x 8
entities) available for each particle.  More parameters and/or
ratios of scans can be defined to increase the number of
parameters at will.  The CytoClus default mode uses only the
most efficient 14 parameters.  Each particle is represented by
these 14 (or more if required) numbers and could be displayed
theoretically as a single dot in a 14-dimensional dotplot. Instead,
CytoClus displays each particle by seven dots: one dot in seven
"normal" correlated dotplots.

A target group can
be separated from
the rest by putting
a graphical box a-
round a cluster and
g

etcetera to increase selectivity. The
pulse shapes of the selected particles
are displayed in the particle box. You
can browse through the selected par-
ticles and highlight typical or atypical
in

giving the selected dots a co-
lor. The corresponding dots
in the other plots appear in
the same color. A next box
can be placed in a next plot
et

individuals in the dot plots to refine the position
and size of the boxes.

Drawing a box around a
Pseudonitzschia cluster in
all 7 dotplots.

Instead of single values such as with traditional flow cytometers,
the Cytosense flow cytometer produces complete signal courses
of measured scatter and fluorescence of each particle. From these
digitized signal courses the software programme CytoClus
quantifies various other ‘parameters’ (in addition to the ‘maximum
amplitude’). This significantly increases the number of available
correlated dotplots, and therewith gives more chance for
separating various species from each other in the data.



Some examples of  level 2:  species data:
Information on multiple individuals in one water sample

The data of some samples is shown in one or more dotplots in which hundreds/ 
thousands of particles are shown as individual dots. The morphologically different 
species show up as more or less separated clouds of data points.

Coccolithophores are easily recognized by
their high sideward scatter and the presence

of many coccoliths.  From the difference in
side scatter it is easy to estimate the

amount of coccoliths a  cells contains.

Coccolithophores

Coccoliths

Forward scatterForward scatter

forward light scatter(~size)
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Synechococcus -type
picoplankton

Yellow beads

Inorganic material

Prochlorococcus -type
picoplankton

Small eukaryotes <2 um

Nanoplankton <5 um

Nanoplankton >5 um

red fluorescence (integrated signal) 



ASSIGNING NAMES

The next step is to assign names of species to these selected groups (selection sets): there is a
cluster here, but what is it ?

Without realtime imaging or sorting module

The most effective method is to grow relevant cultures and make a library of selection sets on
results from measuring these cultures.  If these are not available than experience can also be built
using field samples. Field samples rarely contain over 50 species , and often the field samples are
dominated by a single or a few species.  These species are very easily identified by a brief
microscopic view of one of such samples.

In addition, many of the clusters can be recognized on the basis of their size and fluorescence
properties, and in addition the larger species can be often recognized directly from their scan
shapes. Finally, in case of doubt the relative numbers (particles per ml) in a sample are helpful.

Existing (libraries of) already labelled selection sets may give a good fit when representative for
the location and the season.

Calibration can be done well by microscopical analysis of one or a few samples in a series.

With realtime imaging or sorting module

A direct way to find the species responsible for a certain data cluster is to image the individuals of
a target cluster by ”imaging-in-flow” or sorting them out by physical sorting and examining them
microscopically. CytoSense laboratory instruments with imaging-in-flow or sorting capabilities are
available upon request.

detectordetector

laser beam

cell

camera

light source

electronics

yes

activation 
trigger

IMAGES

flow path 
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CONCEPT   Flow cytometry and simultaneous imaging of target cells, called ‘flow cytometric imaging’, is an 
ideal procedure for plankton analysis: it combines the speed, precision and objectivity of flow cytometry with 
real images. The system works with 'targetting imaging' which means that instead of taking massive amounts 
of random pictures, the imaging may be targetted to specific particle types of interest.  Directly after a particle 
has intersected the analysing laser beam of the flow cytometer a powerful realtime calculation proces starts 
up to analyze the fully scanned optical cytometric signature and decide whether this particle fits the 
preselected target group description. Within a few milliseconds the camera can be triggered to make the 
picture. In this way, the full species/groups discrimination power of the CytoSense particle scan data can be 
used seemlessly for the preselection of the target groups which is a unique and very efficient combination of 
imaging and high throughput particle analysis automation. 



CytoClus gives the numbers of cells in these
sets, as well as their mean value and
standard deviation.

The number of cells counted in these
selection sets is automatically converted to a
cell concentration basing on the measured
amount of sample volume analyzed.

If a one or more of such selection sets are
defined, CytoClus can be used to
automatically calculate the contents of these
sets for a series of sample files in a particular
directory.  In this manner an overview of cell
concentrations and/or other properties can be
obtained for a number of sample files as
measured in a certain experiment or
monitoring interval.  Such overview data we
call ‘level 3’ data which can be plotted with
standard spread sheet software (viz. below).

To render ‘overview’ data, selection sets are created in the
multiparameter data for each identifyable group or species of
interest (schematically represented by the colored ellipses in the
scatter plot below).

Species A

red fluorescence [a.u.]

Species B

sample nr. 12

1

10

100

1000

10000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

cryptophytes

Synechococcus

successive samples

cells per milliliter

Species A  
Species B   

From level 2 to level 3 data



The abundance of 9 groups of particles is shown from one of a series of transects on the North Sea
(RV Pelagia). This was a short transect with 46 samples of sea water measured automatically in 10
minute intervals from the ships sea water supply hose.  The graph below shows the number of
individual cells or particles measured within each sample.

Example of  level 3 or ‘overview’ data:  information on multiple samples

The graph below shows the total side scatter from each group, determined from the same data set.  
Side scatter can be compared more or less with back scatter (water leaving reflection).  
Comparison of the graphs shows that the most abundant group (Synechococcus) contributes the 
least to the scattering of light.  In the first section of the transect, scattering is dominated by the 
coccoliths and the Coccolithophores.
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A: concentrations of many groups of detected particles per liter:
    -cyanobacterial groups: synechococcus, filamentous sp. etc.
    -pico-eukaryotes -micro-eukaryotes 
    -various types of larger species and diatoms:  solitaire cells, twin cells,chains etc.
    -cryptophytes
    -coccolithophores and the number of free cooccoliths
    -non fluorescing cells -non fluorescing particles

B: the corresponding distributions of length and the measured optical properties 
    of these groups of particles seperately, as well as for the bulk sample

tel. +31.(0)348.688101
Jan Steenstraat 1,  WOERDEN  3443GP  - The Netherlands
CytoBuoy b.v.

info@cytobuoy.com  -   www.cytobuoy.com

Specifications summary

Typical processed data output options: 

Product: Lab and in-situ instrumentation for individual particle and phytoplankton analysis.

Applications: Particle loading and composition
Population dynamics
Biological status 
Biodiversity
Early warning

Instrument type: Adapted flow cytometer with minimized size and maximized range.
Optional modules: imaging-in-flow and sorting devices.

Principle: One-dimensional laser scanning with detection of  light scatter & fluorescence.
Measuring type: Direct - no algoritms - each cell/particle above detection limit is analyzed individually.
Target particles: Biological and non-biological particles in the submicron to one millimeter range

Analysis: Particle counts
Particle size and shape (incl. colonies)
Light scattering properties 
Autofluorescence: pigment status (phytoplankton type,  healthy - affected)
Introduced fluorescence: cellular properties defined by used fluorescent label 

A:  groups and species
B:  estimates of biomass, pigment and turbidity per sample , or per subgroup/species 

or per individual  particle (population dynamics)

Frequency: Discrete mode: up to 30 measurements per hour  - thousands of particles per measurement
optional: semi-continuous mode (time stamp frequency custom selectable). 

Sample flow: Auto-ranging  sample flow rate 0.05  to 1 ml/min.   
Where: Lab - outdoor - ship - buoy - submerged     
Control: Interactive  -  autonomous (preprogrammed  -  triggered) 

fax. +31.(0)348.688707


