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Knowledge on Suspended Sediment Concentration (SSC) leads to a better understanding of sediment transport 
dynamics, which is of main interest to understand river geomorphology or handle the wastewater regulation and 
treatment. For this purpose, optical and acoustic turbidity are both used to monitor continuously the suspended 
solids content in water. Optical turbidity is the mainly used method, and brings benefit in comparison to classical 
sampling. However, recent studies showed optical measurements inconsistency. 
A long term acoustic and optical monitoring campaign in a wastewater network reveals noticeable differences 
between the two techniques, especially during storm weather recordings. 
In regard to the latest studies, in exceptional situations such as rainy periods in wastewater or floods in rivers, the 
optical turbidity data are false and may lead to a huge underestimation of the SSC. This misinterpretation can 
have heavy consequences on water treatment and management. Our laboratory work will compare the acoustic 
and optical behaviour for suspension of fine material (mineral and organic) at huge concentrations, e.g. 50 g/l, as 
expected during floods or rain events. 
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1. Introduction
Optical and acoustic turbidity are both used to monitor 
continuously the suspended solids content in water. As 
optical turbidity is well established as a valued suspended 
solids concentration (SSC) measurement in wastewaters 
[1], work on acoustics is still in progress [2]. Indeed, the 
use of inexpensive optical turbidimeters installed at spill 
points in wastewater networks makes it possible to meet 
the regulatory requirements for the estimation of the 
pollutant loads in transfer and discharge in terms of SSC. 
By using rigorous calibration protocols for monitoring 
and correlation of optical turbidity, estimation of SSC 
load at the event and annual scales is known with a much 
better precision level than what can be achieved by 
classical sampling. However recent studies [3, 4] showed 
optical measurements inconsistency. 
In addition, during a long term acoustic and optical 
monitoring campaign in a wastewater network, major 
differences between the two techniques have been 
observed [5]. The two techniques behave differently 
during dry weather or storm weather recordings. During 
dry weather conditions, all techniques reflect the daily 
cycle of human activity. During a storm event, the daily 
cycle of human activity can still be guessed on the optical 
turbidity. However it has an unexplained lower average 
value. The daily cycle becomes invisible on the acoustic 
turbidities which increase by a factor 100 during the 
rainfall. This increase of the acoustic turbidity values 
could be explained by an increase in SSC and/or a 
modification of the particle composition [6]. 
In this paper, we try to confirm, through laboratory 
measurements, our hypothesis explaining these 
observations: for optical turbidity, a huge increase in SSC 
can lead first to a signal saturation, followed by erroneous 
measurements. 

2. Methods and means
2.1 Methodology
In this study we used wheat starch, which is a good 
surrogate of organic wastewater mixture and river mud. 
Particles have an ovoid shape with a diameter around 
18µm. Concentration of wheat starch varies from 0.05 g/l 
up to 60.5 g/l. The goal is to check the linearity of the 
acoustic response and to observe saturation and following 
decrease of the optical turbidity. 
2.2 Material 
In order to evaluate both acoustic and optical 
characteristics of the particles, all measurements were 
performed at room temperature in a 50 L water tank 
(figure 1). 

Figure 1: Experimental set-up. 

The tank is filled with tap water, no dispersal is used. 
Homogeneous suspensions of particles are obtained by 
continuous stirring with a propeller at the bottom of the 
tank, with an adjustable frequency depending on the 
particles nature. The optical turbidimeter and the 
transducers are attached to the tank wall. An attenuator is 
placed on the beam near the tank wall in order to avoid 
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multiple scattering. Optical and acoustic (at two 
frequencies) measurements were performed 
simultaneously. 
2.3 Acoustic measurements 
The measurements were performed with an UB-Lab 
system (Ubertone, France) and several stand-alone 
transducers allowing measurements at different 
frequencies going from 2.2 MHz up to 10 MHz. This 
instrument is the laboratory replica of the one used for the 
field measurements, the UB-Flow.  
The measurement method is based on the incoherent 
backscattering along a beam from an emitted pulse on 
particles in the medium. The principle is well describe in 
[7], and gives a linear relation between the backscattered 
signal Vrms and the range r: 

rrVrms κη −8)ln( (1) 

 Applying this method, an information concerning 
backscattering (intercept η) and the attenuation (slope κ) 
is obtained for a given configuration of particle type, 
frequency and concentration. 
In a second step, another linear regression is done on ɖ 
and ə versus the particle concentration, for a given 
frequency. 
For the ɖ fit, ɖ =ai.ln C + bi, a slope of ai = İ is expected 
as seen in [7]. The value of ɖ is directly related to the 
backscattering properties of the particles. If the 
instrumentation constant kt, the near field function and 
the particle size and density are known, it gives access to 
the backscattering form function of the particle. As our 
aim isnôt the exact determination of the particles acoustic 
characteristics but their comparison to the optical ones, in 
our measurements, kt is and will remain unknown. Also, 
rather to use some empirical formula to correct our data, 
we choose to remove the near field thus introducing no 
bias to the raw data. 
For ə, the fit of ə = as.C + bs, allows a determination of 
the normalized total scattering cross section of the 
particle if density and particle radius are known [7]. 
For each measurement, the water temperature was 
recorded for accurate calculation of the speed of sound. 
The acoustic measurement cell dimensions were identical 
at all frequencies. The pulse repetition frequency and the 
presence of a Rhodorsil absorbent allow each pulse 
emission to dissipate before the next. Each measurement 
was repeated and showed excellent reproducibility. For 
each acoustic data acquisition, two frequencies were 
screened. One acquisition cycle takes about 20 minutes. 
2.4 Optical measurements 
The optical turbidity was continuously recorded by a 
turbidimeter (Solitax sc, Hach Lange). The measuring 
principle is based on a combined infrared absorption 
scattered light technique. Using this method, the light 
scattered sideways by the turbidity particles is measured 
over an angle of 90 degree. It was calibrated with a 
Formazin Standard, giving values in Nephelometric 
Turbidity Units (NTU). The used optical turbidity value 

is the measured value averaged over an acoustic cycle. 
In order to define the theoretical relationship between 
turbidity and concentration, we used a simple linear 
regression on the experimental data: 

baMT '8 (2) 
where T is the optical turbidity, M the particle 
concentration, and a and b constants obtained by least 
squares method. 

3. Results and discussion
3.1 Acoustic measurements
The analyses were done at two frequencies, 2.88 MHz 
and 7.5 MHz. Figure 2 shows the attenuation of the 
particles at 2.88 MHz. 

Figure 2: attenuation as a function of concentration at 
2.88 MHz. 

One can see that linearity is present between the 
attenuation ə and the particle concentration. Nevertheless, 
the standard deviation around the fit is relatively large, 
especially at low concentration values (under 1.6 g/l). 
This is easily explained by the ultrasonic wavelength 
which is largely higher than the particle circumference. 
A zoom to the band [0; 1.6 g/l] is given in Figure 3. 

Figure 3: attenuation as a function of concentration between 0 
and 1.6 g/l at 2.88 MHz. 

In this concentration range, the low concentrations 
combined with inappropriate wavelength lead to 
unexploitable records, because of the poorness of the 
signal present in the records. 
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Figure 4 shows the backscattering of the particles at 
2.88 MHz. As theoretically expected, a slope value near 
0.5 is observed. Also, the value of bi is nearly invariant. 
This shows that ultrasound backscattering at this 
frequency can be a good tracker of particle concentration 
in the range [1.6; 55 g/l]. 

Figure 4: backscattering versus concentration at 2.88 MHz. 

Figure 5 shows the attenuation and figure 6 the 
backscattering for the 7.5 MHz frequency. 

Figure 5: attenuation as a function of concentration at 7.5 MHz. 

Figure 6: backscattering as a function of concentration at 
7.5 MHz. 

At 7.5 MHz, the main problem is the acoustic beam 
attenuation by the medium. This can be observed on both 
curves, and shows that the operating range extends only 
up to 36.5 g/l. Concerning backscattering, the regularity 

of the curve, with here also a slope near 0.5, reveals that 
it can be a good concentration indicator already at 
0.05g/l. 
3.2 Optical measurements 
Figure 7 shows the response of the optical turbidimeter 
(Solitax sc, Hach Lange) over the whole range of wheat 
starch concentration (0.05g/l up to 60.5g/l). 

Figure 7: optical turbidity as a function of the concentration. 

There is a very good linearity for the optical 
measurement in the range [0; 2 g/l] (figure 8), and the 
response is globally linear up to 5 g/l. 

Figure 8: optical turbidity in the range [0; 2g/l]. 

After 6.5g/l the turbidimeter leaves its operating span and 
goes into saturation. Another phenomenon is observed 
when the wheat starch concentration exceeds 42.5 g/l. For 
these high values, the optical turbidity decreases with the 
increase in particle concentration. This behaviour is 
strongly problematic, because it leads to possible 
erroneous evaluations of SSC. 
3.3 Discussion 
The knowledge of sediment transport characteristics is an 
important issue in terms of sewer and surface water 
management. Indeed, the suspended solids transported by 
the water are a vector of pollution and they may also be 
physically damaging. A noticeable part of the sediment 
transport is performed during exceptional events such as 
storm periods in wastewater or floods in rivers. During 
these events, the SSC can grow strongly, largely over the 
typical dry weather value which is around 0.5 to 1g/l.  
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For acoustic measurements, the used frequency efficiency 
is directly correlated to the mean particle diameter. Low 
frequencies are not adapted to fine particles. This 
explains the poor response at 2.88 MHz for low wheat 
starch concentrations. By increasing concentration, the 
attenuation of the medium increases also, especially for 
higher frequencies. This stops the operating range at 
36.5g/l for the 7.5 MHz frequency. Nevertheless, a 
combination of acoustic frequencies gives the possibility 
to cover a wide range of particle concentrations, 
including exceptional events. 
For optical measurements, a very good linearity in the 
range [0; 2g/l] allows the monitoring of the SSC in dry 
weather conditions. But the saturation effect appearing at 
concentrations of several g/l prevents its use during storm 
weather conditions. Furthermore, in the case of high 
concentration, the fact that the optical turbidity decreases 
by increase of concentration can lead to huge 
underestimation of SSC by the water resource decision-
makers and practitioners. 
An example of field measurements that illustrates this 
behaviour is given on figures 9 and 10. The 
measurements were done in the entry chamber of the 
wastewater treatment plant of Greater Nancy (250 000 
p.e.). Its reference flow is 120 000 m3/day. 65% of the 
water comes from a combined sewer system.  

 
Figure 9: Six days recording in dry weather conditions 

Both figures show two online acoustic measurements (at 
0.815 MHz and 4.167 MHz), one online optical turbidity 
measurement, and several samplings. Figure 9 reflects the 
daily cycle of human activity during dry weather. Optical 
turbidity has an average value of 150 NTU, and acoustic 
measurements have values around 10-2 arbitrary unit 
(a.u.). Figure 10 shows a storm event. The daily cycle of 
human activity can still be seen on the optical turbidity 
which has a slighter lower average value than during dry 
weather (70 NTU). In contrast to optical turbidity, both 
acoustic measurements considerably increased, by a 
factor 100 compared to dry weather. In this situation, the 
acoustic measure at 0.815 MHz is dominant suggesting 
the presence of bigger particles, around 600 Õm diameter.  
The increase of acoustic turbidities linked to a fall of 
optical turbidity value in a situation with strong presence 
of suspended solids is a situation which can be explained 

by the dysfunction of optical turbidimeter as described 
previously. 

 
Figure 10: Three days recording with rainfall event on the first 
day. 

4. Summary 
In this paper, we compared optical and acoustic turbidity 
in heavy loaded flows. The goal was to verify optical 
measurements inconsistency when the concentration 
grows strongly. Results show that, in conditions which 
can occur during rainy periods in wastewater or floods in 
rivers, optical turbidity can not only saturate, but also 
give erroneous results with behaviour opposite to the 
specifications: turbidity decreases when SSC increases. 
This phenomenon is a physical behaviour of optical 
turbidimeters, most probably linked to light attenuation. 
The acoustic measurements show their usefulness as a 
robust qualitative description of SSC in a medium. By 
using adequate frequencies, the acoustic information is 
consistent during dry weather as well as during storm 
weather conditions. 
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