
Turbidity is commonly used as a measure of water quality. It is a measure of the light scattering properties of the water and

gives an indication of how clean the water is. It can be used for this purpose because scattering is caused by the presence of

particles within the water. These particles can be inorganic solids, microorganisms, sands, soils, colloids and organic matter.

There is also a small amount of scattering at a molecular level. This means it is impossible to get a true sample with no

turbidity.

There are a number of factors which affect turbidity:

Historically turbidity was measured using visual methods,

such as the Jackson candle. This method involved a candle

and a glass bottomed tube. The tube was filled with sample

until the image of the sample flame had diffused into a

uniform glow. This was one of the first methods to quantify

turbidity and lead to the definition of the Jackson Turbidity

Unit (JTU). Other visual methods such as a Secchi disc or a

turbidity tube still see some use.

Modern instruments measure turbidity by illuminating the

sample with a light and measuring the light scattered by the

sample using a photodetector. The more particles present in

the sample, the higher the scattered signal. Whilst any angle

can be used for making the scatter measurements, including

0º which is transmission straight through the sample1, many
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international standards, such as ISO 7027, specify the use of

nephelometric measurements for the quantitative

determination of turbidity. Nephelometry refers to the

measurement of scattered light at an angle of 90º. This angle

is used as it is most sensitive to scatter and is applicable for

all particle sizes and shapes. Nephelometric measurements

are the origin of the most commonly encountered unit used

for turbidity measurement, NTU (Nephelometric Turbidity

Unit)2.

TurbSense measures

turbidity by making a

nephelometric

measurement.

The sample is illuminated

with an 860nm LED and

the scattered light is

detected at an angle of

90º using a photodiode.

The TurbSense has been

carefully designed to give

a high level of

performance. This is

achieved by collimating

the LED light through a

tube, to reduce

divergence of the light

within the sample and

using a stepped probe

end to stop light

travelling directly to the

detector. The 860nm

near infra­red light

source, as required by

ISO 7027, minimises interference from sample color.

When a turbidity measurement is made the signal produced

by the detector is composed of the scattered light due to

particles in the water and also any background light present,

together with any offsets due to the electronic components

used. Electronic factors that can contribute to the detected

signal include:

In clean water, with few particles present, the signal

produced by the scattered light will be low. If background

light is present when the measurement is made, this can be a

significant part of the measured signal.

Figure 4 gives an illustration of this showing the size of the

signals produced when tap water is analysed in systems with

and without background light present. This difference can

result in inaccurate results. A change in the background will

cause the measured signal to change leading to an apparent

change in the turbidity of a sample. The effect of background

changes becomes even more significant if there is a

difference between the background when the sensor is

calibrated and when a measurement is made.

This is one of the reasons why the calibration of turbidity

sensors is difficult. Many calibration procedures require a

measurement to be made with a '0' NTU sample3. Such a

sample is difficult to obtain, particularly on site, and the

measurement of such a sample will be significantly affected

by the background light levels.
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To overcome these problems the TurbSense uses a new

approach to making turbidity measurements that allows for

simple calibration and gives stable results. The approach

taken is to take measurements at different light levels. This

can be done as changing the light levels has a similar effect

on the detected signal to changing the turbidity of the

sample. This effect is illustrated in Figure 5, which shows that

changing the light level, for a fixed turbidity sample, has the

same effect on the detector signal as changing the turbidity

of the sample (for a fixed light level). This means that a

calibration can be carried out using a single sample and

reducing the light output to come up with a relationship

between turbidity and detected signal.

To carry out a calibration the turbidity of the sample is

measured by the detector signal together with the reference

signal, which accurately measures the amount of light

emitted. The light signal is then reduced to 75%, 50% and

25% power. The detector and reference signals are measured

at each of these points. These points are plotted against each

other, as shown in Figure 6, to allow the gradient to be

calculated.

By taking the readings in quick succession the backgrounds

can be assumed to be identical. This means the gradient is

independent of the background and is solely due to turbidity.

A sample with no turbidity will have no gradient, regardless

of how much light is supplied to the system. This gives a

fixed 0 point and means it is not necessary to make a '0' NTU

measurement. The relationship between gradient and

turbidity, as illustrated in Figure 7, can be established and

then used to determine the turbidity of samples.

To make a sample measurement, the detector signal and

reference signals are recorded at full light power and half

light power. The gradient between these points is then used

to give the sample turbidity.

A further benefit of using the reference signal within a

measurement is that it reduces problems associated with

temperature changes, something which commonly affects

optical measurements. The light output is the factor that

changes most with temperature and such changes will be

picked up in both the reference signal and detector signal and

cancelled out.

Using the calibration procedure with a single calibration

allows the TurbSense to give accurate turbidity

measurements across a wide range of samples. This is

illustrated by the results shown in Figures 8 and 9 that show

the comparison between the turbidity of a sample and the

turbidity measured using TurbSense for a variety of samples.
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