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ABSTRACT

Filtered water is routinely monitored for particles, usually by turbidity measurements. In
recent years, concern over certain parasitic protozoa in drinking water has led to the use of
more sensitive particle monitoring techniques. Although particle counting instruments are
suitable for such purposes, it is shown that a simpler, but very sensitive technique, based on
turbidity fluctuations, may also be acceptable.
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THE NEED FOR PARTICLE MONITORING

Monitoring of filtered water quality by turbidity measurement is routinely carried out in water
treatment plants. Originally, such measurements were mainly for aesthetic reasons - a visibly
cloudy or turbid water is undesirable and turbidity provides a quantitative measure of this
property. However, turbidity monitoring also provides an indication of particle removal.

Several outbreaks of water-borne disease caused by Cryptosporidium [1] have prompted a re-
appraisal of turbidity measurements as a means of detecting very low concentrations of
particles in water. Cryptosporidium oocysts are nearly spherical in shape, with a diameter of
4-5 um. They are highly resistant to disinfection by chlorine and are considered significant at
concentrations of 1 per litre or less, which means that physical removal of oocysts by water
treatment processes needs to be highly effective. There are no on-line methods that can
specifically detect oocysts at the very low concentrations of interest. However, it is likely that
removal of Cryprosporidium oocysts by typical processes, such as coagulation/flocculation and
filtration is comparable to that of other particles in the same size range. Consequently, by
monitoring the removal of particles generally, it should be possible to estimate the degree of
oocyst removal. The problem is that very low concentrations of particles in water may need to
be monitored in filtered water, which presents difficulties for conventional turbidity methods.
More sensitive methods may be required and there are several possibilities.

Particles in water may be detected by various methods, but not all are suitable for the very low
concentrations found in high-quality filtered water. Some techniques have been developed for
specific applications, such as the Silting Index’, which is based on the clogging of pores in a
membrane filter. This is very sensitive, but not well suited to continuous, on-line
measurements. The vast majority of practical methods are based on optical measurements,
which depend on the light scattering properties of particles. These include all turbidity
methods and optical particle counters.



LIGHT SCATTERING AND TURBIDITY

Basics
Particles in water scatter light, giving turbidity. Detailed accounts of light scattering theory
can be found in many texts [2] [3]. The amount of light scattered (and hence turbidity)
depends on the concentration, size and refractive index of particles, as well as on the light
wavelength used. In all cases, light scattering leads to (a) an angular distribution of scattered
light and (b) a reduction in intensity of transmitted light. It is possible to measure the amount
of light transmitted through the sample or the light scattered at one or more angles to the
incident beam.
Light transmission ' . .
When transmitted light is measured, turbidity, 7, is defined by the following equation:
1=1,exp(~.) (1)
where I, and I are the incident and transmitted light intensities and L is the optical path length.
For uniform particles, the turbidity is given simply by 7 = NC, where N is the number
concentration of particles and C is the /ight scattering cross-section of a particle. C is related
to the geometrical cross-sectional area of the particle by a factor Q, which is the light

scattering coefficient. So, for a spherical particle, radius a, C = Qma”. If the concentration of
particles is expressed as the volume fraction, ¢ =(4/3)m’N , then we get a simple expression
for the specific turbidity (i.e. the turbidity per unit concentration):

T -

¢ da
This shows that for a given volume (or mass) concentration, the turbidity will depend on the
scattering coefficient Q and inversely on the particle size.
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Fig 1 Specific turbidity vs particle size for different m values

Values of Q typically range from almost zero up to values of around 5 or more. Typically, the
turbidity increases with particle size, passes through a maximum and then decreases. Figure 1
shows the specific turbidity for spherical particles as a function of their diameter, for two
values of relative refractive index, m (ratio of particle refractive index to that of water). The
values pass through a maximum and then decline with increasing particle size.






