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Abstract 

Turbidity measurements are inexpensive and can be per- 
formed rapidly and simply. Therc has bccn a necessity to 
develope a technique which could bc utiliscd with some 
degree of confidence to identify certain conditions rclatcd to 
potentially problcrnalic sugars. Nephelometric turbidity 
measurements were performed on a number of raw sugars 
and correlated with filterability dctcrmined routinely using 
the Nicholson and Horsley (1956) filterability test. 

Introduction 

The insoluble matter or turbidity in sugar syrups affects their 
filterability. That in raw melt is often troublesome to the 
refiner for the same reason. However, insolublc matter is not 
the only contributor to poor filterability. Othcr cornponcnts 
such as dextran, starch, silica, solublc phosphate, gums and 
bagacillo also contribute to thc filtration problem. There are 
undoubtedly colnplex interactions betwecn many oS these 
components but the cxact nature of many of the interactions 
is not known. Analysis of each of these components would 
give some insight into thc cause of poor filterability but to 
perform all these tests on a routine basis is time consuming. 
Analytical methods for dextran, starch and gums involve an 
alcohol precipitation. Since inorganic compounds such as 
silica and phosphatc arc also precipitated by alcohol it was 
proposed that the addition of alcohol to a sugar solution 
would give a resultant turbidity which could bc correlated 
with filterability and prove useful in predicting problemat- 
ic sugars. 

Several methods for turbidity mcasurcmcnt cxist i n  the 
South African Sugar Industry but there is no standard proce- 
dure. A method involving an alcohol precipitation step was 
developed and a Hach 2100 AN Ncphelometer with a multi- 
dctcctor ratio optical system was used to measure the turbid- 
ity in this invcstigation. 

Theory of Light scatter and nephelometry 

Turbidity is the optical property of a sample fluid arising 
from the interaction of light and insolublc particles. In sam- 
ples containing insoluble solids, thc manner i n  which the 
sample interferes with light transmittance is related to the 
size, shape and composition of thc particles and to the wave- 
length of the incidcnt light. Minute particlcs interact with the 
incident light by absorbing the light energy and thcn, as i f  a 
point light sourcc itsell; re-radiating thc light energy in  all 

directions. The partial distribution of scattered light depends 
on the ratio of particle size to wavelength of incident light. 
Particles much smaller than thc incident light wavelength 
give symetrical scattering with approximately equal amounts 
of light scattered both forward and backward 
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Figure l. Light scatter caused by small particles less than 1 I1 0 the 
wavelength of incident light. 

As particle sizc increases in relation to wavelength, light 
scattered from different points of the sample particle create 
interfcrcncc patterns that are additive in thc forward direc- 
lion. This constructivc intcrfcrencc results in forward-scat- 
tered light of a higher intensity than light scattered in other 
directions (Figure 2). 
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Figure 2. Light scatter caused by large particles 114 the wavelength 
of incident light. 
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Figure 3. Light scatter caused by particles with greater than the 
wavelength of incident light 
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In addition smaller particles scatter shorter (blue) wave- 
lengths more intensely while having little effect on longer 
(red) wavelengths. Conversery, larger particles scatter longer 
wavelengths more readily than they scatter short wave- 
lengths of light (Figure 3). 

Particle shape and refractive index also affect scatter distri- 
bution and intensity. Spherical particles exhibit a larger for- 
ward-to-back scatter ratio than coiled or rod-shaped parti- 
cles. The refractive index of a particle is a measure of how it 
redirects light passing through if from another medium such 
as the suspending fluid. The particle's refractive index must 
be different from the refractive index of the sample fluid in 
order for scattering to occur. As the difference between the 
refractive indices of the suspended particle and suspended 
fluid increases, the scattering becomes more intense. 

The colour of suspended solids and sample fluid are signifi- 
cant in scattered light detection. A coloured body absorbs 
light energy in certain bands of the visible spectrum, chang- 
ing the character of both transmitted light and scattered light 
and preventing a certain portion of the scattered light from 
reaching the detection system. 

Light scattering intensifies as particle concentration increases. 
As scattered light strikes more and more particles, multiple 
scattering occurs and the absorption of light increases. When 
particulate concentration exceeds a certain point, detectable 
levels of both scattered and transmitted light drop rapidly, 
marking the upper limit of measurable turbidity. Decreasing 
the path length of light through the sample reduces the num- 
ber of particles between the light source and the light detector 
and extends the upper limit of turbidity measurement. 

The measurement of turbidity by the change in transmitted 
light when viewed coincidentally is subject to problems at 
low scattering intensities as the change is virtually unde- 
tectable and is very often lost in the electronic noise. At 
higher concentrations, multiple scattering interferes with 
direct scattering. To overcome this problem the light scat- 
tered at an angle to the incident light beam is measured and 
related to the sample turbidity. A detection angle of 90" is 
considered to be very sensitive to particle scatter and is the 
basis of operation of nephelometers 

Tungsten light sources are more sensitive to small particles 
but sample colour typically interferes. Instruments with an 
860 nm output are not as sensitive to small particles but are 
not likely to have colour interference. 

Experimental 

Instr~imentation 
The nephelometer used was the Hach 2100AN instrument. 
The light source was a tungsten-halogen lamp operating at a 
nominal colour temperature of 2700°K. A blue infrared (IR) 
filter in the optical path causes the detector response to peak 
at a wavelength between 400 and 600 nm in compliance with 
United States Environmental Protection Agency (USEPA) 
guidlines. 

Method 
The sample was prepared by weighing 30 2 0, I g of sugar 
into a beaker and adding 30 2 0,01 g of distilled water to it. 
The beaker was covered with a watch-glass and dissolved 
using a magnetic stirrer. The solution was then filtered 
through a 75 pm wire screen to remove any large particles 
and bagacillo. The filtered solution (20 m]) was pipetted into 
a S0 m1 volumetric flask and made up to the mark with 
absolute alcohol. The cell was rinsed with distilled water and 
a small portion of the sample and made up to the mark. The 
sample was degassed by placing in an ultrasonic bath for 2 
minutes. A thin layer of silica oil was applied to the cell and 
polished with a suede cloth. The cell was placed in the 
instrument, aligned and read. 

Filterability is measured by comparison with a pure sucrose 
solution filtered under identical conditions. The volume of 
test solution collected in a given time is expressed as a per- 
centage of that of the pure solution. 

Results 

Where possible, monthly composite samples were obtained 
from the majority of South Africa's raw sugar producers for 
the 199711998 season and analysed for pol, colour, dextran 
(Roberts, 1982) starch, gums, phosphate (P,O,), insoluble 

I10" DE'I-ECTOR F O R W A R D  
S C A T E R  

SCATTER DETECTOR 

I I SAMPLE TRANSMITTED 
LAMP 1 LENS CELL LIGI-IT DETECTOR 

Figure 4. Optical design of HACH Radio Turbidimeter. 
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Table 1. Comparison of correlations coefficients (r) between filterability and starch, dextran, insoluble solids, gums, Silica (Si) and 
Phosphate (P205) or turbidity for Raw Sugars analysed from the 199511997 Seasons. 

NTU = Nephelometric Turbidity Units 

Season 

1995/96 
(n=32) 
1997/98 
(n=119) 

solids, silica (Si), turbidity (measured using the above 
method) and filterability. A total of one hundred and nineteen 
samples were analysed. 

Linear regression analysis gavc correlations between filter- 
ability and the above parameters comparable with the corre- 
lations found in a previous investigation into the filtering 
quality of raw sugar (Simpson and Davis, 1998). Table 1 
gives these comparisons. The previous set of samples were 
selected sugars and included samples which had been impli- 
cated in filterability problems. It is interesting to note that 
previously silica had no significant correlation with filter- 
ability. Exactly what significance this has is not known but 
may reflect changes in agricultural practice, cane variety, an 
increase in sand coming into the factory or increased carry- 
over in the clarified juice. The correlation of the ethanol tur- 
bidity measurement by nephelometry found in this investi- 
gation was poor (r = -0,49 n = 1 19). The poor correlation of 
filterability with dextran (r = -0,28; n = 119) found during 
this investigation is also of interest in view of the perceived 
influence on filterability and this is discussed later. 

Correlation (r) between filterability and parameter 

Discussion 

Starch 

-0,67 

-0,72 

The correlation of the ethanol turbidity measurement with 
filterability was unexpectedly poor considering that the cor- 
relation found from the previous investigation (Simpson and 
Davis, 1998) was r = -0,83, n = 32. This latter correlation 
was obtained using the ICUMSA Method GS7-21 involving 
a spectrophotometer operating at 900 nm. This wavelength is 
selected so that the interference from colour is negligible. 
The ratio system for the Hach 2100AN Instrument should 
eliminate interference due to colour. The transmitted light 
and the 90" scatter light traverse nearly equivalent paths 
through the sample and are affected equally by the attenua- 
tion due to colour, either dissolved or particulate. When the 
ratio is taken, effects of colour should, therefore be min- 
imised. From the poor correlation obtained between filter- 
ability and nephelometric turbidity i t  would appear that the 
ratio system is not capable of overcoming the effects due to 
the colour of the raw sugar. To improve the correlation of 
nephelometric turbidity and filterability, replacement of the 
tungsten-filament lamp with a monochromatic or narrow 
band light source such as a light emitting diode (LED) opcr- 
ating at 880 tin1 will be tested. Alternatively an 860 nm inter- 

ference filter with the appropriate band pass could be used 
with the tungsten-filament light source. The fact that this 
instrument has been successfully used to determine insoluble 
solids in power transformer oils (coloured oils with sub- 
micron particles) and formazin turbidity in beer (yellow) and 
wine (pink-burgundy) indicates that the instrument does 
have the potential to determine insoluble solids in highly 
coloured solutions and that the "as is" Hach instrument, 
which is set up for water analysis, needs to be optimised for 
sugar turbidity measurements. 

In using nephelometric turbidity measurments to predict fil- 
terability one needs to be aware of the limitations of the fil- 
terability test method and the conclusions that can be made 
from such a test i n  relation to refinery filterability. The fil- 
terability procedure requires that the pH of the sample be 
raised to pH = 9 and this is achieved using a buffer of calci- 
um acetate, ethylene diamine and glycerol. Where raw sug- 
ars have residual phosphate this will react to give calcium 
phosphate and will lower the filterability result. The correla- 
tion between phosphate and filterability as determined by the 
above method is therefore understandable. High levels of 
soluble phosphate would contribute to poor refinery filter- 
ability but this contribution would bc secondary to that of 
starch and insoluble solids. Insoluble solids intluence the fil- 
terability only if present in significant amounts whereas 
starch even in small amounts (< 50 ppm) has a measurable 
influence on the filtcrability of carbonated liquor (Murray 
1972). The same author showed that the influence of starch 
on the filterabili~y test was inconsequential and that insolu- 
ble solids was the major Sactor. Donovan (1995) states that 
where starch levcls are below 200 ppm the laboratory test 
method (TLS filterability) is useful for predicting refinery 
filtcrability since i t  measures successfully the mechanical 
blocking effect of insoluble solids and colloidal matter. For 
satisl'actory filtration performance hc states that a filterabili- 
ty of 50 % is required which is representative of < 300 ppm 
insoluble solids. 

Dextran 

-0,50 

-0,28 

Wells (1960) invcsligating filtcrabilily associated with raw 
sugar found that precipitation of alcohol insolubles resulted 
in an average improvement of 19,4 to 77,2% in the filter- 
rtbility of the sugar. The composition of thc alcohol precipi- 
tatc was predominantly organic but with appreciable 
amounts of inorganic material. 

Insoluble 
Solids 

-0,66 

-0,72 
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Gums 

-0,60 

-0,60 

Si 

-0,56 

Turbidity 
(NTU) 

(alcoholic) 

0,49 

P205  

-0,76 

-0,69 

Turbidity 
@ 900 nm 
(aqueous) 

-0,83 

- 
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Table 2. Predictors of Laboratory FilterahilityProblems. 

lhc  cttect ot dextran on t~lterabtl~ty ts contenttous. bulchcr 
and Inkerman (1978) state that results ft-om their investiga- 
tion indicated that dcxtran (per se) may not be responsible 
for the low filtet-ability associated with high-dextran levels. 
Carryover of Sine suspended material as a result of poor clar- 
ification due to interference by dextran is more likely to be 
the cause of reduced filterability. 

Prediction Criterion 
(n = 119) 
Gums >l 000 ppm 

Phosphate (PO,) >70 ppm 

Insoluble Solids >250 ppm 

Gums + (2 X Insoluble Solids) >1500ppm 

Gums + 2 X Insoluble Solids + 5 X Phosphate 
>l850 ppm 

The rcsults of this investigation show that although the cor- 
relations between nephelometric turbidity and filterability 
are poor it may bc possible to get some indication oi'thc fil- 
terability of the raw sugar by using certain prediction crite- 
ria and this is summarised in Table 2. When tested across the 
broad spectrum of filtcrability parameters it would appear 
that gums, insoluble solids and phosphate or a combination 
of these can be used with a fair degree of accuracy in pre- 
dicting filterability. For example, using a value for gums + (2 
X insoluble solids) + (5 X phosphate) being greater than 1850 
ppm i t  is possible to predict on filtcrability of less than 50% 
with an accuracy of prediction oi' 84%. This would tend to 
suggest that l'ilterability problcms arc caused by clarification 
difficulties as a result of high gum lcvcls resulting i n  carry- 
over of suspended solids. It should be rcmcrnbcrcd that gum5 
collectively describe all polysaccharides, including dextran 

prcjud~cc sugars bccausc ol ttlterab~ltt~es deemed poor as a 
rcsult of thc Nicholson and Horslcy (1956) tcst method. It is 
quite possible that sugars with high phosphate levels show 
pool- filtcrability but in  practice filtcr well. With high dextran 
levels it is still possible to have a good filtering sugar. 
Fulcher and Inkelman (1978) found a number of sugars with 
dextran levels of approximately 1000 ppm (on brix) with fil- 
tcrabilitics bclwccn 48 and 5 l .  'The overriding lhctors appear 
to be the influence of starch and insoluble solids. The aver- 
age starch content was approxiniately 120 pprn which is 
close to the penalty value of 150 ppm whereas the average 
insoluble solids is rcasonablc at 233 ppm. PI-ovided the 
starch content is kept low the use of turbidity to predict 
insoluble solids and hence filterability at the mill, in clarified 
juice and raw sugar would prove useful in  determining this 
impot-tant quality parameter. 

Accuracy of 
Prediction ( O h )  

76 

8 1 

78 

82 

84 
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False 
Positives O h  

18  

8 

14  

14 

1 3  

and starch. Clarification difficulties with high lcvcls of 
starch and dextran are well known and the associated carry- REFERENCES 
over is reflected in  the increase i n  suspended solids and M and Lee. EFT(1995), Filterability 
phosphates and a I-eduction in the filterability of the sugat- SIIC 7i,c/11101 ASS 22: 195-205. 

False 

4 

3 

produced. 

Conclusion 

In light of the above discussion i t  would appear that the pro- 
posed ncphclomctric turbidity method should give a good 
indication ol' the insoluble solids and therefore I'iltcrability 
oncc thc method has been optimiscd. This is of coursc 
assuming lhat starch levels are kept to a minimum. The 
mcthod would to some extent include the effect of starch, 
dcxtran, gunis, phosphate and silica but for improved corrc- 
lation i t  would be bctter to perl'orm a laboratory-simulated 
carbonatation test for the purpose of predicting refinery fil- 
terability. In the South African industt-y it is important not to 
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