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Abstract. The poËution of surface and groundwater due to rapid industrialization in the central 
and western parts of the province of Uttar Pradesh in India is a growing problem. T h e urban 
industrial waste is treated partially or fully but rural industries allow the spread of effluents in and 
around their premises. The problem is most acute in the case of the sugar industry wh ich is 
concentrated in the rural areas. A brief description is given of the nature of the industr ial 
development and its effluent. The effect of effluents of the sugar industry on the unsa tura ted zone 
of soil is investigated. The mechanics of the pollution of the subsoil water is examined. 

Pollution des ressources en eau due aux rejets ruraux industriels 

Résumé. La pollution des eaux de surface et des eaux souterraines due à l ' industrialisation 
rapide dans la partie centrale et dans l'ouest de la province de l'Uttar Pradesh, en I n d e , s'accroît 
rapidement. Les déchets urbains industriels sont traités partiellement ou complè tement dans des 
unités de traitement, tandis que, pour les industries rurales, on peut se permettre d ' épand re les 
effluents sur les lieux mêmes de leur production ou aux environs. Le problème est p lu s aigu dans le 
cas de l'industrie sucrière dont le réseau industriel est dense en zone rurale. L 'auteur donne une 
brève description de la nature du développement industriel et des effluents qui en résul ten t . Il 
donne également une brève description de la formation des gels provoqués par les effluents des 
industries sucrières dans la zone non saturée du sol. 11 expose le mécanisme de la po l lu t ion des eaux 
souterraines due à ces gels. 

INTRODUCTION 

The influence of industrial growth on the environment in general and water in particular 
is very profound. The central and western parts of the province of Uttar Pradesh, in 
India, have been the scene of industrial activities in the past and a number of new 
industries are also coming to this region. The prominent industries are sugar, distilling, 
tobacco, textiles, rubber and rayon. The sugar industry in these regions is particularly 
significant as there are mechanized plants at a number of places, but still more impor
tant are the local rural units which produce other forms and varieties of sugar. The 
effluents like molasses etc. are allowed to spread near these premises, and they pollute 
the environment. Earlier when chemicals were not used, the problem was not that acute. 
With the rise in the usage of various chemicals now it is necessary to study the problem 
from the following vewpoints. 

(1) to ascertain the part played by the plant under existing hydrogeological 
conditions in influencing the water quality, 

(2) to investigate the influence of the effluent on the soil structure, 
(3) the mechanics of the pollution and its effects on the soil structure. 

in this paper these aspects have been explored through the study of field samples. 

THE EFFLUENTS OF INDUSTRIAL UNITS PRODUCING SUGAR 

Mollasses is a byproduct produced by the sugar industry. This thick dark brown sugar 
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FIGURE 1. Crystalline solidified gels with bacterial growth. 

is produced during the refining of sugar. The syrup is generally stored in open, deep 
and wide, unlined tanks excavated in the earth near the plant. Because of its typical 
physical properties and high sugar content many environmental problems are created. 
In this study molasses has been classified in two categories: 

(1) Thick molasses stored in tanks and used by the tobacco industry. 
(2) Thin molasses usually not stored and allowed to spread and flow in and around 

the plant. 
Stored thick molasses is drawn from the top and the tanks are rarely emptied and 

cleaned. Because of the high density of the molasses there is hardly any free circulation 
of air. In the absence of oxygen, pathogenic conditions often prevail at the bottom of 
the storage tanks. The bottom soil samples of these tanks were microscopically studied 
and were found to have developed crystalline solidified gels in which bacteria develop 
and flourish. A microscopic reproduction is given in Fig. 1. These gels, more or less 
regular in their shapes, were interlinked by rope shaped bacterial colonies. These 
bacterial concentrations were found to be dark green in colour with yellowish concen
trations at the boundaries and black patches between the chains. The exact nature and 
type of these bacterial concentrations is the subject of a further detailed investigation. 
Normally the water table fluctuations did not reach the level of these solid gels. How
ever, if the water level rises up to these formations, the water quality is bound to be 
affected. 

THE FLOW OF THIN MOLASSES THROUGH UNSATURATED MEDIA *• 

Thin molasses mixed up with surface water, flows over the surface as sheet flow and 
infiltrates into the subsoil. In sandy formations its downward vertical motion under 
the action of gravity remains smooth and it ultimately joins the water table and gets 
diffused. In the case of loamy soils the passage of percolating water is not so smooth 
and, depending upon thickness or the densities, it results in molecular coating. These 
coatings remain on the surface of soil particles and cause a sugaring phenomenon at 
their surfaces [Fig.2(a)]. This causes a loss of porosity and the effective passage of 
water is reduced considerably. The phenomenon tends to improve the structure of soil 
considerably as the soil can retain more moisture which would be beneficial for agricul-
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FIGURE 2. Effect of thin molasses flow on soils. 

tural operations. If this flow is intermittent or remains suspended for a considerable 
period, an equilibrium exists between the soil, air and moisture. If the temperatures 
are favourable, bacterial activities flourish in these zones and a different type of gel 
formation takes place creating irregular structures similar to a spider's web as shown in 
Fig.2(b). On drying up, these gels are partially solidified and are reinforced by the 
needle-like structures made up of the sugar content of the molasses. In the three-
dimensional soil structure the gels cover the soil particles all around by the spider's 
web-like formations. 

The basic chemical action involved in these processes is the conversion of sucrose 
into glucose and fructose under moist conditions in the presence of the invertase which 
thrives in agricultural lands. 

invertase 
C12H22°11 + 2 H 2 ° > C6H12°6 + C6H12°6 

glucose fructose 

The glucose and fructose structures are further decomposed by zymase (if present) 
resulting in the production of ethyl alcohol. 

C 6 H 1 2 0 6 - ^ ^ 2 C 2 H 5 O H + 2C02 

The aquous solution of alcohol in contact with air and under the influence of bacterium 
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aceti produce acetic acid. 

CH3CH2OH + 0 2 > CH3COOH + H20 

These chemical reactions are mainly responsible for the water pollution. 

INFLUENCE ON PERCOLATING WATER 

The percolating water is greatly influenced by the chemical properties of t h e geological 
formations, agricultural activities, use of chemicals and fertilizers, which a r e mainly 
responsible'for the chemical changes given earlier. The situation is more complicated in 
basic solids having sufficient organic fertilizers. In alkaline or basic soils w i t h organic 
fertilizers the invertase and zymase are found in considerable amounts a n d all the 
reactions listed above are completed, if soil temperatures are suitable for bacterium 
aceti. These temperatures are normally found in western Uttar Pradesh fo r the seven 
months from March till September. The organic content of the soil provides food for 
the bacteria and with the passage of time the acetic acid so produced tends to make the 
soils acidic in nature. The traces of acetic acid add an unpleasant smell t o t h e percola
ting water. If drainage is not pronounced acetic acid traces stick to soil part icles and 
react chemically with organic matter resulting in the formation of the spider 's web-like 
gel which rapidly grows in the interstices of soils. When dried up these gels become 
solidified in the form of a glassy material which obstructs the passage of w a t e r . This 
material, though soluble in water, takes time to dissolve and depending u p o n the type 
of soil may obstruct the downward passage of water from 30 to 72 h. T h e percolating 
water carries with it the acetic traces affecting the quality of the saturated zones of the 
subsoil. 

CONCLUSIONS 

The interactions between effluents of the sugar industry, soil and moisture tend to 
influence the water quality due to production of glucose, fructose, alcohol and acetic 
acid. Interactions of these tend to produce a spider's web like gel formation which on 
drying tends to obstruct the passage of water through the soil. In the long run the 
interactions will not only badly affect the soil structure but also pollute t h e water. It is 
necessary that samples of water in and around such rural industrial units should be 
collected on a regular basis and more frequently from March to September. Better, the 
affected zones should be divided into subzones, in grids of regular geometrical shape, 
and sampling done at nodal points to develop a mathematical model to interpret the 
water quality of the area. 
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