
Technical Guide
In-Process Particle Characterization of Suspensions and Emulsions

This guide seeks to explain the options available for real-time in-

process monitoring and control of suspensions and emulsions, and 

provides direction for selecting the right technology for the work being 

performed. 

From the production of high value chemi-
cals and pharmaceuticals to large scale 
wastewater treatment, the handling and 
processing of suspensions and emulsions 
is of major industrial importance. In gen-
eral, multiphase systems tend to be com-
plex with many parameters, including 
overall process efficiency and economic 
profitability, being directly affected by 
the ability to consistently deal with the 
production, separation, and/or removal 
of solid particles and liquid droplets in 
suspension.

The ability to monitor and even measure 
particles and droplets – in process and in 

real time – helps to ensure that the pro-
cess proceeds according to plan. Distur-
bances can be minimized and sometimes 
eliminated, and product quality and yield 
can be optimized through the use of in 
situ particle system measurements such 
as turbidity, Focused Beam Reflectance 
Measurement (FBRM®), and in-process 
imaging. Choosing the right in-process 
measurement should take into consid-
eration the complexity of the particle or 
droplet system being monitored and the 
increased value that can be added to the 
process by each available measurement. 

Advancing Beyond Turbidity: 
Selecting Appropriate Technology for 
Monitoring and Control of Complex 
Particle and Droplet Systems



General Overview of In-Process Particle Monitoring
There are many different technologies for offline and at-line characterization of sus-
pensions and emulsions, each providing the ability to characterize various physical 
properties of the particles or droplets in suspension. An investigation into these various 
techniques is outside the scope of this guide, which is focused on simple-to-use real-time 
monitoring technologies – primarily considering the complementary applications of 
turbidity, FBRM®, and in-process imaging.

In situ measurement, at full process concentration, provides an immediate measurement 
of the particles and droplets as they actually exist within the current process or in their 
natural environment. In many cases, this provides specific advantages including:

Avoiding errors due to sampling and dilution for offline analysis--
Avoiding physical changes in the material due to the effects of physical removal --
from the process and subsequent transport, storage, sample preparation, and 
flow through the offline measurement instrument
Continuous, real-time monitoring to track process dynamics with higher resolu---
tion for more accurate modeling and control
The impact of disturbances and intentional process changes can be directly --
monitored for a clearer understanding of process interactions

It should also be noted: other techniques, such as ultrasonic attenuation and various 
spectroscopic methods, have potential applications for monitoring slurries in real time, 
providing information related to particle size and other properties. At this time however, 
such instruments tend to require considerable method development and modeling to 
develop usable algorithms. As a result, these methods are not typically considered 
easy-to-use and were considered outside the scope of this guide. 

The fact remains that there are three widely used technologies that are relatively easy 
to install and use for in-process monitoring and control from laboratory to industrial 
scale. These include turbidity, FBRM®, and in-process imaging – which respectively 
represent increasing complexity of information provided in the measured data. As a 
general rule of thumb, turbidity is a trending tool for simple particle systems in which the 
bulk particle shape and size distribution remain constant or follow a highly predictable 
trend. FBRM® (see Appendix A – Focused Beam Reflectance Measurement for a detailed 
description), on the other hand, provides the ability to measure changes in complex 
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Figure 1. Turbidity 
and color are moni-
tored at the outlet 
of an industrial 
beer filter using the 
METTLER TOLEDO 
InPro 8600.



Figure 2. Increase 
in cell mass, with 
consistent cell size 
distribution and no 
aggregation, can 
be effectively moni-
tored with turbidity 
(METTLER TOLEDO 
in-process PVM® 
image of mamma-
lian cells shown)

Figure 3. 
Crystallization 
often involves 
simultaneous 
changes in particle 
count, dimension 
and shape. PVM® 
in situ images 
are shown before 
and after a phase 
transformation of 
the same chemical 
compound.

3a. Anhydrous form of 
carbamazepine (CBZ)

3b. Hydrated form of 
carbamazepine
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particle systems with multi-dimensional measurement of particle 
number, dimension and shape. In-process imaging is well suited 
for qualitative understanding of particle and droplet systems in 
their natural environment.

Turbidity is defined as the cloudiness or haziness of a fluid 
caused by particles or droplets (Appendix B – Turbidity Overview 
provides additional information on turbidity and nephelometry 
measurements). Turbidity measurement can be effectively used 
for contaminant detection and monitoring changes in solids 
concentration when changes in the particle size or shape are of 
minimal importance. Figure 1 plots the turbidity of the outlet from 
a beer filter, during different filter operation steps. Disturbances, 
such as filter breakthrough of yeast, can be immediately detected 
with online turbidity measurement to ensure process integrity 
and product quality. Turbidity is also effectively used to monitor 
growth of cell mass in bioreactors when the individual cells 
remain consistent and uniform in size and shape.

Focused Beam Reflectance Measurement (FBRM®) is designed for 
complex particle systems such as crystallization1,2, flocculation3,4, 
and aggregation5 where changes in particle numbers, size and 
shape may be occurring simultaneously. The multi-dimensional 
FBRM® measurement permits relatively easy interpretation of 
complex particle systems by sensitive measurement of both the 
number and dimension of particles or droplets in the system 
under investigation.6 FBRM® is applied inline to measure and 
optimize the particle distribution and can be related directly to 
process efficiency parameters – such as batch endpoint or filtra-
tion rates – or product quality parameters – such as bulk density 
or flowability or bioavailability. For example, in a crystalliza-
tion system, increasing solids concentration results in complex 
changes in the particle system in the form of both an increase 
in the number of particles present (nucleation) and increases 
in the dimensions of existing crystals (growth). Agglomeration, 

breakage, and changes in crystal shape are other factors influencing the particulate 
product that can be simultaneously monitored with FBRM®. 

In-process imaging is another technique used for characterization of slurries and emul-
sions. In-process imaging provides unparalleled qualitative understanding of what the 
particles and droplets look like in the vessel or pipeline. From that standpoint, in-process 
imaging is actually the most information-rich of the three technologies. However, the 
FBRM® data is statistically more robust and more easily applied to monitoring and 
control. For applications including the before mentioned cell mass growth and crystalli-
zation see figures 2 and 3, which highlight the information and understanding provided 
by images captured inline at full process concentration using in situ PVM® (Particle 
Video Microscopy) technology.

Offline image analysis, where the particle sample is diluted, prepared, and presented in 
a controlled optimized manner, has proven itself as a reliable and repeatable method 

[1]	 Nguyen, T.N.P. et al. Kinetic study on hemipenta 
hydrate risedronate monosodium in batch crystal-
lization by cooling mode

[2]	 Mousaw, P. et al. Crystallization Improvements 
of a Diastereomeric Kinetic Resolution through 
Understanding of Secondary Nucleation 

[3]	 Thapa, K.B. et al. Interaction Of Polyelectrolyte With 
Digested Sewage Sludge 

[4]	 Wu M.R. et al. Flocculation and Reflocculation: 
Interplay Between the Adsorption Behavior of the 
Components of a Dual Flocculant

[5]	 Kim, K.J. et al. Agglomeration of NTO on the surface 
of HMX particles in water-NMP solvent 

[6]	 Deneu, E. et al. An In-Line Study of Oiling Out 
and Crystallization, Organic Process Research & 
Development



3b. hydrated form of carbamezapine

of measuring particle size and shape distribution information. However, capturing 
quantitative data from inline image analysis is difficult at an elevated concentration 
where overlapping particles obstruct measurements.  Often its greatest value is in the 
excellent qualitative understanding that it provides its user – detecting and identifying 
information such as changes in particle shape, agglomeration, or phase changes that 
improve the user’s ability to make informed decisions leading to more effective process 
optimization.

When is Turbidity Not Enough?
For many industrial processes, turbidity is an easy-to-implement measurement that 
provides immediate ability to track changes in the particle system. However, it should 
be recognized that turbidity is a bulk measurement, tracking the overall condition or 
progress in a given process stream. This is adequate for disturbance detection or process 
monitoring of a well-characterized, stable and relatively straightforward process.

For more complex particle systems, such as crystallization, flocculation or fermentation 
processes where particle size, shape and concentration are changing simultaneously, 
there can be significant advantages to using more advanced in-process technology 
to fully understand and control how the particle system is evolving over time. The 
following discussion helps to explain how turbidity and backscattering are affected by 
changes in common variables – concentration, particle size, particle shape and surface 
properties.

Impact of Concentration on Turbidity and Scattering
With particle size, particle shape and all other factors constant, an increase in solids con-
centration will increase the turbidity of the slurry. At low concentrations (approximately 
less than 1000ppm), the relationship between attenuation and concentration tends to be 
linear for both transmission and backscattering (Figure 4). This is in direct relationship 
to the projected area of the particles within the measurement zone.

At higher concentrations, the relationship becomes nonlinear as particles begin to 
Figure 4. Relative 
measurements of 
turbidity by trans-
mission and back-
scattering signals. 
(For ideal 1 micron 
spherical particles 
measured across a 
1mm gap.)
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“overlap”. As the concentration continues 
to increase, the absorbance measurement 
saturates at the point where essentially all 
of the light is blocked by the slurry and the 
transmission reaches zero. Note that the 
concentration at which nonlinear behavior 
and saturation are reached is not fixed, 
and depends on factors such as the size of 
the particles, the width of the measurement 
cell (or pipeline) and the refractive index 
of the particles and the carrying fluid. 

In terms of the backscattering properties of 
the particle system, the quantity of back-
scattered light will also increase linearly 
over low concentrations, but the backscat-
tering signal can provide a linear response 
up to much higher concentrations before 
the signal becomes saturated.
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Figure 5. Diagrams 
illustrating particle 
systems at varying 
concentration and 
particle size

Impact of Particle Size on Turbidity and Scattering
Changes in particle size can convolute turbidity data. A larger particle size – at the 
same concentration of suspended solids – will actually result in a lower reading of 

Concentration: 10ppm (0.001% v/v)
Particle diameter: 1.0µm
Total number of particles: 2
% of view blocked: ~1.5%

Concentration: 10ppm (0.001% v/v)
Particle diameter: 2.0µm
Total number of particles: 0.24
% of view blocked: ~0.8%

Concentration: 10ppm (0.001% v/v)
Particle diameter: 4.0µm
Total number of particles: 0.03
% of view blocked: ~0.04%

Concentration: 100ppm (0.01% v/v)
Particle diameter: 1.0µm
Total number of particles: 19
% of view blocked: ~15%

Concentration: 100ppm (0.01% v/v)
Particle diameter: 2.0µm
Total number of particles: 2
% of view blocked: ~7.5%

Concentration: 100ppm (0.01% v/v)
Particle diameter: 4.0µm
Total number of particles: 0.3
% of view blocked: ~3.8%

Concentration: 1,000ppm (0.10% v/v)
Particle diameter: 1.0µm
Total number of particles: 191
% of view blocked: ~85%

Concentration: 1,000ppm (0.10% v/v)
Particle diameter: 2.0µm
Total number of particles: 24
% of view blocked: ~60%

Concentration: 1,000ppm (0.10% v/v)
Particle diameter: 4.0µm
Total number of particles: 3
% of view blocked: ~35%

Concentration: 10,000ppm (1.0% v/v)
Particle diameter: 1.0µm
Total number of particles: 1910
% of view blocked: 100%

Concentration: 10,000ppm (1.0% v/v)
Particle diameter: 2.0µm
Total number of particles: 239
% of view blocked: ~98%

Concentration: 10,000ppm (1.0% v/v)
Particle diameter: 4.0µm
Total number of particles: 29.8
% of view blocked: ~80%
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Figure 3. Also see page 3

3a. Anhydrous form of carbamazepine (CBZ)

3b. Hydrated form of carbamazepine

turbidity due to a lower projected surface area per unit volume. Figure 5 illustrates the 
effect of changes in concentration and particle diameter for ideal spherical particles 
in a measurement zone that is 10 microns by 10 microns across and 1mm deep. As 
discussed previously, turbidity measured by transmission saturates at relatively low 
concentrations (approximately 1000ppm) and is typically useful for detection of the 
presence of particles due to filter breakthrough or cloud point determination. It rarely 
can be extended to monitor significant changes in concentration.

An increase in concentration (with constant particle size, as shown in Figure 4) results 
in an increase in turbidity or backscatter. An increase in particle size at constant con-
centration (Figure 5) actually results in a decrease in turbidity or backscatter. Therefore, 
in systems where size and concentration are changing simultaneously – such as in 
crystallization, flocculation, or aggregation processes – interpretation of the results 

can be convoluted. For example, when particle size is unknown or 
changing at the same time as concentration – accurately relating 
turbidity or total backscatter to concentration becomes extremely 
difficult. This situation is commonly observed in crystalliza-
tion processes where wide bimodal distributions occur due to 
nucleation and growth occurring at the same time.

Impact of Particle Shape on Turbidity  
and Scattering
Changes in particle shape, such as those due to shifts in crystal 
habit or flocculation and aggregation, can produce significant 
changes in turbidity as well.

As with the impact of particle size, changes in particle shape 
can result in turbidity data that is difficult to interpret without 
qualifying information. Earlier, Figure 3 presented two possible 
crystal forms of the same chemical compound (carbamazepine), 
illustrating the impact of crystal shape on the backscatter from 
the particles.7 Needle-shaped crystals have a higher surface 
area to volume compared to cubic or roughly spherical crystals. 
Typically, the result is that different crystalline forms of the 
same material will have very different backscattering properties, 
making turbidity an unreliable measurement of concentration. 

Likewise, flocculation – as illustrated by the series of in situ 
PVM® images in Figure 6 – results in a very significant change 
in turbidity with increasing levels of flocculation. In general, a 
flocculated or aggregated slurry will backscatter less than a well 
dispersed sample of the same concentration. However, depending 
on the floc density – or fractal dimension – the surface area per 
unit mass can vary significantly as the compactness of the flocs 
varies as well. Therefore, as the size and compactness of the 
flocs vary at the same time, turbidity data can be very difficult to 
deconvolute – even when solids concentration is constant. 

Figure 6. Inline 
PVM® images 
showing floccula-
tion of a fine pow-
der after elapsed 
time

6a. 0 min

6b. 90 min

6c. 180 min

100µm
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 [7]	 Liu, W. et al. An Investigation of the Transformation 
of Carbamazepine from Anhydrate to Hydrate Using 
In Situ FBRM® and PVM®



Focused Beam Reflectance 
Measurement (FBRM®)  
for In-Depth Analysis
While turbidity and nephelometry are 
limited in the information they provide 
in complex systems, FBRM® provides 
multi-dimensional information for 
deeper understanding of complex particle 
and droplet systems. The basic measure-
ment of FBRM® (Appendix A) provides a 
measurement that is sensitive to changes 
in particle shape, size, and concentra-
tion. The ability to independently track 
changes in different size ranges of the 
particle population – such as the “fine” 
(small particle) range or “coarse” (large 
particle) range – makes it possible to dif-
ferentiate between increases in concentra-
tion, dimension, and even shape. FBRM® 
is a probe-based, inline technology that is 
implemented in laboratory or manufac-
turing environments with no sampling or 
sample preparation necessary. 

The fundamental measurement of FBRM® 
is the Chord Length Distribution (CLD) – a 
measurement of the count and dimensions 
of particles and particle structures as they 
actually exist in the process environment 
at full concentration. The CLD provides a 
direct fingerprinting of the particle system 
(Figure 7) that can be used to quantita-
tively measure changes in particle count 
and particle dimension.

For complex particle systems – where 
particle dimension is changing at the 
same time as particle concentration – 
FBRM® is able to differentiate between 
these competing physical properties to 
better understand the particle system. 
This can be as simple as identifying and 
optimizing size regions which can be used 
to track different parts of the particulate 
system independently. Figure 8 illustrates 
this concept with the simple selection of 
two chord length ranges to track both the 
capture of fine particles and the formation 
of larger floc particles1. In addition, basic 
statistics such as average dimension (in 

Figure 8. Selecting 
appropriate chord 
length ranges allow 
simultaneous mea-
surement of multiple 
particle properties:

Figure 7. Chord 
Length Distributions 
showing change in 
number and dimen-
sion (FBRM® data 
shown relates to PVM® 
images from Figure 6).
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this case a weighted mean), can provide additional measures of critical changes in the 
particle system, or the direct effects of changes in operating conditions that cannot be 
provided with basic turbidity or backscattering measurements.

In-Depth Analysis Provides Added Value
Side by side comparisons of turbidity and FBRM® have further illustrated the limitations 
of turbidity in particle systems with phase changes which can drastically change the 
backscattering properties of the suspended material.8 For example, in the crystalliza-
tion of organic compounds, it is not uncommon for a phase separation resulting in 
a dispersion of droplets within another liquid phase. Turbidity will often detect this 
phase separation – or oiling out – as a nucleation event which effectively saturates the 
turbidity measurement (Figure 9). The end result is that when the crystals do begin to 
form, the turbidity may not reflect it – or may actually drop only momentarily as the 
droplet phase disappears and the crystal phase appears simultaneously. FBRM® – by 
monitoring multiple parameters simultaneously – can detect both the oiling out and 
crystallization phenomena.

The ability to differentiate between 
changes in particle number and particle 
dimension provides a fundamentally bet-
ter understanding of the particle system 
in question. The information-rich FBRM® 
measurement provides the ability to fin-
gerprint the process and monitor it in 
real time – enabling a higher degree of 
process understanding and optimization 
to assure batch to batch repeatability or 
process consistency. 

Figure 9. Turbidity 
and FBRM® com-
pared for a crystal-
lization process 
in which a phase 
separation (oiling 
out) occurs before 
crystallization 
begins8

25000 100

60

80

20

40

0

20000

15000

0

5000

10000

02:0000:00 04:00 06:00 08:00 10:00

FB
RM

®
 s

ig
na

l (
co

un
ts

/s
) 

Tu
rb

id
ity

 s
ig

na
l (

%
)

Chord Length 1-50µm
Chord Length 50-160µm
Turbidity

Seeding/Oiling Out

Seeding/Oiling Out

Nucleation

Nucleation

Time (h)

Coallescence
of Droplets 

Crystal Growth 

8

 [8]	 Lafferrère, et al., In Situ Monitoring of the Impact of 
Liquid-Liquid Phase Separation on Drug Crystallization 
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Conclusions and Recommendations 
An understanding of complex particle and droplet processes requires detailed knowledge 
of how the particle distribution changes over time – which often includes simultaneous 
changes in concentration, particle dimension, and shape. As a result, complex particle 
systems – such as processes involving crystallization, flocculation and aggregation – 
require an information rich tool to understand, characterize, and control.

FBRM® provides a robust fingerprint of complex particle systems that can be used for 
real-time monitoring of changes in particle dimension, changes in particle count, and 
changes in particle shape. 

In-process measurement of the particle system provides information that cannot be 
achieved through offline sampling and analysis. Real-time monitoring of dynamic 
changes in the particle system enables faster screening of operating conditions for opti-
mized process design, and provides the fundamental knowledge required for scale-up 
and operation of a robust, controllable process.

FBRM® and PVM® provide the immediate ability to optimize and control the particle 
distribution in a process to ensure batch or process consistency and maximize process 
efficiency. By understanding the particle performance, engineers can link upstream 
process control parameters (such as addition rates, flow and mixing rates, temperature) 
to downstream process efficiency (such as filtration/separations efficiency, product dis-
solution rate) and optimized product quality (such as yield, purity, and bulk density).

Selecting the appropriate technology for monitoring complex particle and droplet 
systems can be a difficult decision. METTLER TOLEDO Technology and Application 
Consultants can provide full support of your efforts to characterize and optimize your 
crystallizations, suspensions and emulsions.

FBRM® provides immediate insight into the particle system enabling chemists and 
engineers to quickly screen experimental parameters and develop a scalable process 
avoiding major redesigns later in process development
 
FBRM® and PVM® provide the ability to immediately optimize and control the particle 
distribution in a manufacturing process to ensure batch consistency and cycle time. 
By understanding the particle performance, engineers link upstream process control 
parameters (addition rate, mixing, or temperature) to downstream process efficiency 
(filtration/separations efficiency, dissolution rate) and optimized product quality (yield, 
bulk density):

Batch to batch consistency--
Eliminate batch failures--
Achieve targeted product specifications--
Improve cycle time--
Optimize filtration rates--
Enhance product stability--
Scale up to production providing the desired particle size distribution, yield, --
and purity

9



Measurement for optimization in real time – FBRM® is a highly precise 

and sensitive technology which tracks changes to particle dimension, 

particle shape, and particle count. Over a wide detection range from  

.5 to 3000µm, measurements are acquired in real time while particles 

are forming and can still be modified enabling process optimization and 

control. No sampling or sample preparation is required – even in highly 

concentrated (70% and higher) and opaque suspensions. 

particle structure to another edge. Thou-
sands of individual chord lengths are typ-
ically measured each second to produce 
the Chord Length Distribution (CLD) 
(Figure 12). The CLD is a “fingerprint” of 
the particle system, and provides statistics 
to detect and monitor changes in particle 
dimension and particle count in real time  
(Figure 13).

Unlike other particle analysis techniques, 
with FBRM® measurement there is no as-
sumption of particle shape. This allows 
the fundamental measurement to be used 
to directly track changes in the particle 
dimension, shape, and count.

How does FBRM® work?
The FBRM® probe is immersed into a di-
lute or concentrated flowing slurry, drop-
let emulsion, or fluidized particle system. 
A laser is focused to a fine spot at the 
sapphire window interface (Figure 10). 
A magnified view shows individual par-
ticle structures will backscatter the laser 
light back to the probe (Figure 11). These 
pulses of backscattered light are detected 
by the probe and translated into Chord 
Lengths based on the simple calculation 
of the scan speed (velocity) multiplied by 
the pulse width (time). A chord length (a 
fundamental measurement of particle di-
mension) is simply defined as the straight 
line distance from one edge of a particle or 

1 2 3 4

Figure 11.

Figure 12. Chord Length 
Distributions

Figure 13. Trended  
Statistics

Laser Source

Laser Return

Optics Module

Sapphire Window

Figure 10.

Appendix A: 
Focused Beam Reflectance Measurement 
(FBRM®)
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Importance of a Fixed Focal Spot
In Focused Beam Reflectance Measurement of concentrated suspensions, the user should 
be aware that having a fixed focal spot at the probe window has been shown to provide 
optimum results.9 

Technologies that use a varying focal depth will have inconsistent and often unpredictable 
results due to the inability of light to penetrate even small distances (< 1mm) at relatively 
low concentrations (1000ppm) as shown in Figure 5. The result of an oscillating focal 
position is a measurement zone that shows extreme variation with concentration (Figure 
14). Particles that are close to the probe window effectively interfere with portions of the 
measurement where the focal position is located away from the window. In extreme cases, 
this can actually cause a reduction in particle count with increasing concentration. At 
higher concentrations, the loss of resolution will be even further magnified.

Figure 14. a. Ideal 
FBRM® measure-
ments are made 
with a focal position 
that scans at the 
window surface to 
minimize the affect 
of concentration on 
the measurement

b. A variable or 
oscillating focal 
position loses mea-
surement sensitiv-
ity as concentration 
increases, the same 
way as transmit-
tance turbidity sat-
urates at relatively 
low concentration

Concentration: 10ppm (0.001% v/v)
Particle diameter: 1.0µm
Total number of particles: 2
% of view blocked: ~1.5%

Concentration: 10ppm (1.0% v/v)
Particle diameter: 2.0µm
Total number of particles: 0.24
% of view blocked: ~0.8%

Concentration: 10ppm (1.0 % v/v)
Particle diameter: 4.0µm
Total number of particles: 0.03
% of view blocked: ~0.04%

Concentration: 100ppm (0.01% v/v)
Particle diameter: 1.0µm
Total number of particles: 19
% of view blocked: ~15%

Concentration: 100ppm (1.0% v/v)
Particle diameter: 2.0µm
Total number of particles: 2
% of view blocked: ~7.5%

Concentration: 100ppm (1.0% v/v)
Particle diameter: 4.0µm
Total number of particles: 0.3
% of view blocked: ~3.8%

Concentration: 1,000ppm (0.10% v/v)
Particle diameter: 1.0µm
Total number of particles: 191
% of view blocked: ~85%

Concentration: 1,000ppm (1.0% v/v)
Particle diameter: 2.0µm
Total number of particles: 24
% of view blocked: ~60%

Concentration: 1,000ppm (1.0% v/v)
Particle diameter: 4.0µm
Total number of particles: 2.9.8
% of view blocked: ~35%

Concentration: 10,000ppm (1.0% v/v)
Particle diameter: 1.0µm
Total number of particles: 1910
% of view blocked: 100%

Concentration: 10,000ppm (1.0% v/v)
Particle diameter: 2.0µm
Total number of particles: 239
% of view blocked: ~98%

Concentration: 10,000ppm (1.0% v/v)
Particle diameter: 4.0µm
Total number of particles: 29.8
% of view blocked: ~80%
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Figure 5. See page 5
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[9]	 Ruf, A., Worlitschek, J. and Mazzoti, M., Modeling 
and Experimental Analysis of PSD Measurements 
through FBRM®



Turbidity measurements provide data on the concentration of undissolved, 

suspended particles present in a liquid phase. The determined particle 

concentration is used for process monitoring and optimization e.g. 

to control biomass growth, crystallization and filtration processes or 

concentration measurement of solid matters in wastewater.

detection of process disturbances such as 
filter breakthrough.

At higher concentrations (a rule of thumb 
is concentration of suspended solids 
greater than 1000 ppm), the amount of 

Turbidity measurement is used to refer 
to a number of measurements that are 
designed to measure the presence and/
or concentration of suspended solids in a 
fluid. This can include low-level detection 
of contaminants to high concentration 
monitoring of various industrial process 
streams. However it should be understood 
that the measurements used in these situ-
ations can employ very different technol-
ogy, and it is important to select the right 
turbidity measurement to provide the sen-
sitivity and accuracy needed for a given 
process stream.

Turbidity is defined as the cloudiness or 
haziness of a fluid caused by suspend-
ed particles or droplets. As light passes 
through a fluid sample containing a 
quantity of suspended particles, a fraction 
of the light will be attenuated. A portion 
of the light may be absorbed by the fluid 
itself – which would be related to the flu-
ids optical density (OD), while additional 
light may be absorbed and/or scattered by 
the suspended particles. 

Across a fixed distance, as the concen-
tration of suspended particles increases, 
the quantity of attenuated light will also 
increase. In many practical situations, 
the total attenuation is a direct function 
of concentration according to the Beer-
Lambert Law, which allows the use of 
light transmittance as a measurement 
of solids concentration at relatively low 
concentrations. Figure 15 provides an ex-
ample of an instrument designed for low 
level detection of solids concentration and 

Appendix B: 
Turbidity Overview

Figure 15.

Turbidity ˜ 
Forward scattered light

Direct light

Light Source

Direct Light 
Detector

Forward Scattered
Light Detector

15a. Schematic of 
turbidity measure-
ment based on 
forward scattering for 
monitoring at low sol-
ids concentration

16b. Forward scat-
tering turbidity cell 
for low concentration 
solid particulates 
(METTLER TOLEDO 
InPro 8400)
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transmitted light becomes insufficient 
for sensitive detection of concentration 
changes, and it becomes more effective 
to use backscattering or nephelometry as 
a measurement of the solids concentra-
tion (Figure 16). The quantity of back-
scattered light continues to increase with 
increasing concentration – well beyond 
the limits of transmission based turbidity 
or optical density measurements, permit-
ting calibration that will report particle 
concentrations well beyond the limits of 
traditional turbidity. Figure 17 provides 
an example of a backscatter sensor that is 
used in applications such as monitoring 
the progress of cell growth in a bioreac-
tor.

Sensors based on turbidity and backscat-
tering technologies continue to advance, 
with many probes now offering sensors to 
detect multi-angle scattering, and using 
multiple light sources (white light, red, 
green, blue, near infrared, etc) to provide 
increased sensitivity to changes in both 
the fluid and the particulate properties. 
(Figure 18).

Figure 18. a. 
Schematic of mea-
surement principle 
for detection of 
backscattering 
(nephelometry).
b. Backscattering 
turbidity probe for 
direct installation 
into a concentrated 
suspension 
(METTLER TOLEDO 
InPro 8050)

Figure 19.

Figure 17. Back-
scattering technol-
ogy provides a 
larger dynamic 
measurement range 
than transmission/
attenuation mea-
surements.

Sideward Scattered
Light Detector

Forward Scattered
Light Detector

Direct Light
Detector

Light Source

Turbidity 25° ˜       
Forward scattered light

Direct light
Yellowness    ˜       

Absorption

Direct light

Turbidity 90° ˜   
90° Scattered light 

Direct light

Undissolved particle concentration

Competing
absorbance (OD) probe

High linearity: InPro 8100/InPro8050

Se
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or
 s
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19a. Schematic of 
color detection and 
turbidity detection at 
multiple scattering 
angles

19b. An example 
of a sensor using 
both turbidity and 
scattering detection. 
(METTLER TOLEDO 
Inpro 8600)

a. b.

13

op
tic

al
 fi

be
r



Internet: http://www.mt.com/particle

Subject to technical changes 51725232
©11/2009 Mettler-Toledo AutoChem, Inc.
7075 Samuel Morse Drive
Columbia, MD  21046  USA
Telephone  +1 410 910 8500
Fax  +1 410 910 8600 
Email  autochem@mt.com

www.mt.com/particle

Terry Redman, MSc, MBA
Terry_Redman@mt.com

Benjamin Smith
Ben_Smith@mt.com 

References

1.	 Nguyen, T.N.P. and Kim, K.J. Kinetic study on hemipenta hydrate risedronate monoso-
dium in batch crystallization by cooling mode, International Journal of Pharmaceutics, 
Volume 364, Issue 1, 1-8, 2009.

2.	 Mousaw, P.; Saranteas, K. and Prytko, B. Crystallization Improvements of a 
Diastereomeric Kinetic Resolution through Understanding of Secondary Nucleation, 
Organic Process Research & Development, Vol. 12, No. 2, 2008.

3.	 Thapa, K.B.; Qi, Y. and Hoadley, A.F.A.; Interaction Of Polyelectrolyte With Digested 
Sewage Sludge, Lignite In Sludge Dewatering, Colloids and Surfaces A: Physicochemical 
and Engineering Aspects Volume 334, 66-73, 2009.

4. 	 WU, M.R. and Van De Ven, T.G.M. Flocculation and Reflocculation: Interplay Between 
the Adsorption Behavior of the Components of a Dual Flocculant, Colloids and 
Surfaces A: Physicochemical and Engineering Aspects, vol. 341, 40-45, 2009.

5.	 Kim, K.J. and Kim, H.S. Agglomeration of NTO on the surface of HMX particles in 
water-NMP solvent, Cryst. Res. Technol. 43, No. 1, 87-92, 2008.

6.	 Deneu, E. and Steele, G. An In-Line Study of Oiling Out and Crystallization, Organic 
Process Research & Development, 9, 943-950, 2005.

7.	  Liu, W.; Wei, H. and Black, S. An Investigation of the Transformation of Carbamazepine 
from Anhydrate to Hydrate Using in Situ FBRM® and PVM®, Organic process research 
& development, vol. 13, no3, 494-500, 2009.

8.	 Lafferrère, et al., In Situ Monitoring of the Impact of Liquid-Liquid Phase Separation on 
Drug Crystallization by Seeding, Crystal Growth & Design 4(6), 1175-1180, 2004.

9.	 Ruf, A., Worlitschek, J. and Mazzoti, M., Modeling and Experimental Analysis of PSD 
Measurements through FBRM®, Part. Part. Syst. Charact. 17, 167-179, 2000.


