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Abstract 

The discharge of poor quality effluent by edible oil industries in the City of 
Bulawayo poses a threat to public wastewater treatment plants and water 
resources alike. Snap and composite samples of the liquid effluents were 
collected manually from manholes and discharge outlets from the two edible oil 
producing plants for a period of six months and analysed using standard 
procedures. The effluent did not meet the regulatory quality standards established 
by the municipality. The effluent was characterized by high values of soap, oil 
and grease (SOG), chemical oxygen demand (COD), sulphates, total dissolved 
salts and turbidity. Although one of the industries pre-treats its effluent before 
discharging it to the sewer, further treatment of the effluent is still necessary to 
meet regulatory standards. One of the industries discharges some of its very poor 
quality effluents into dumping pits. 

1 Introduction 

Industrial wastewater discharges into the municipal sewers contribute quite 
significantly to the pollution load of municipal sewage handling systems [1,2]. 
Section 8 of the Bulawayo by-laws allows industries to dmharge any quantity of 
waste water into the municipal sewers provided sufficient notice is given to 
Council and provided the quality of waste to be discharged is within the quality 
limit range as set out in the standards [3]. The monitoring activities of the City 
officials show that most process industries fail regularly to comply with the 
City's set standards [4]. This is because most industries in the City do not pre- 
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treat their liquid effluents before they are discharged into the City sewers, which 
is the practice in most developing economies. 

The absence of pre-treatment facilities is due largely to the absence of enabling 
and enforced regulations in all the urban centres in Zimbabwe until in recent 
years. As a result of the guidelines contained in the 'Discharge and Disposal 
(Water Pollution) Regulations, 1999', [S] a number of urban councils have 
adopted or are in the process of adopting the 'polluter pays principle'. Here the 
producer of any pollution should pay the full cost of treatment to reduce pollution 
loads to levels which will not cause environmental damage or loss of beneficial 
use to others, together with the cost of monitoring and management. The City of 
Bulawayo is in the process of setting up a tanff structure so that it can implement 
this principle. This will not only put a huge financial burden on the industry but a 
perpetual offending industry risk being closed. The implication of t h ~ s  is that an 
industry that generates substantial effluents should take measures to reduce its 
pollution load before ultimate discharge to the sewage system. 

A first step to pre-treatment is to characterise the effluent from each industry 
with the main aim of setting up a pre-treatment facility. In the course of our 
studies we found out that most industries do not regularly determine the pollution 
characteristics of their liquid effluents. T h s  paper presents the results of the 
physico-chemical characterisation of effluents from two edible oil producing 
plants in the City of Bulawayo. Thls is a part of the investigation being carried 
out in the Department of Chemical Engineering at the National University of 
Science and Technology to assist both the industries and the City authorities to 
enhance the management of industrial effluents in the city. To the industries to 
enable them set up the pre-treatment facilities and to the City, to enable it set up a 
tariff system for industrial effluents. 

2 Emuent water generation and management in the two 
plants 

There are two main edible oil refineries in the City of Bulawayo, and one of them 
houses a soap production plant. The plants produce a combined average of 
2 . 8 ~ 1 0 ~  t of oil per month, utilizing approximately 32m3 of water in the process. 
The soap production unit sapodes an average of 150 t of fat per day. Both 
plants extract most of their vegetable oil from cottonseeds and soya beans. The 
process of extraction involves seed preparation, mechanical and solvent 
extraction and minute quantities of wastewater are generated in these processes. 
Most of the effluent is generated in both plants in the refining and the washing 
process after neutralization. The soap stock produced during the neutralization 
process in refinery 1 is either acidulated and the fatty acids and oils used in stock 
feeds manufacture or sold as a raw material for soap production. In the other 
plant, (refinery 2) the soap stock is used as a raw material in soap production. 
Insignificant amounts of wastewater are generated from the other stages of 
refining and are mostly housekeeping wash water. The other significant source of 
wastewater comes from the cooling towers and the acidulation of soap stock with 
sulphuric acid. 
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\l.'urer- Pollution 1:' 135 

2.1 Refinery l 

In this plant the effluent comes from the acid splitting of soap stock and refinery 
section mostly wash water. This effluent passes through a pre-treatment plant 
before being discharged into the city sewers. The pre-treatment process involves 
acidification, coagulation and flocculation using alum, and a polymer, pH 
correction and gravity settling. 

2.2 Refinery 2 

There are three sources of effluents from t h ~ s  plant and they are house keeping 
and cooling tower waste water, that from the oil refinery and soap lyes from the 
soap making plant. 

The waste water from housekeeping and from the cooling towers is passed 
through an interceptor where the floating oils and suspended solids are removed 
before being discharged into the city's sewage system. The waste water from the 
oil refinery and the soap lyes from the soap making plant are normally acidified 
and the resultant acid water is dumped into pits. The dumping of soap lyes and 
soapy water or acid water into pits is practised because of the inability of the 
municipality treatment works to cope with the quantity and quality of effluent 
generated. The dumping of t h s  waste is posing a serious threat to groundwater 
and as well as contaminating the land. Currently the company is in the process of 
implementing a project to pre-treat this effluent to make it suitable for discharge 
into sewer. Mitigation measures to solve the problem of the dumpsites are also 
under consideration. 

3 Methods and materials 

3.1 Wastewater sampling 

Manual and systematic sampling was employed, and the sampling programme 
was divided into two phases. In the first phase snap samples were collected over 
an 8-hour shift after an interval of 8 days. T h s  phase lasted for two months and 
at least five snap samples were collected on each shift and composited to give the 
time interval composite sample. In the second phase, one snap sample was 
collected once a week for four months. Samples were collected from the 
manhole, except for the lyes and wash water generated in refinery 2. These were 
collected either from the process discharge outlet or from the bulk storage tanks. 

3.2 Wastewater characterisation 

Samples were collected and analysed within 24 hours of collection and preserved 
by refrigeration prior to analysis. However, parameters such as temperature, 
conductivity, pH, colour and odour were determined on site. The methods of 
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136 ~t'ater Pollution V I  

analysis adopted were the standard procedures, Standard Methods, 2 0 ~  
edition[6]. The only parameters measured in tlus work are those considered 
necessary for characterisation of waste water from vegetable oil processing 
industries as outlined in Bailey's Industrial oil and fat products' [7]. In the 
second sampling phase, only the conventional pollutants a£Fecting the 
performance of public treatment works were considered as the phase was 
intended to confirm the earlier results. 

4 Results and discussion 

4.1 Refinery l 

Characterisation studies revealed that the effluent has a h g h  organic and sulphate 
load (Table 1). The organic matter consisting mainly of soap, oil and grease 
(SOG) and suspended solids are the major contributors to the h g h  COD levels. 
However there was no direct correlation between the COD values and the SOG 
values, because the suspended solids (SS) have a sigruficant oxygen demand. The 
suspended solids are mostly generated during de-gumming process. Even if some 
of the lecithin is removed some of it inevitably ends up in the effluent. Average 
COD, SOG and sulphate levels of 5155mg11, 1271 mgll and 3721mgll 
respectively were obtained during the first phase of sampling. Tlus could result in 
the cloggmg of sewer pipes and pumps and the corrosion of sewer lines [7]. The 
lugh COD levels can create shock-loadmg problems for wastewater treatment 
plants, [8]. However, with the plant located about 600m from the public 
treatment works, it was observed that corrosion of the sewer lines has been 
minimal due to the rather low residence time of the effluents in the pipelines. An 
average total dissolved solids (TDS) of 3270mgll was obtained in the first phase 
of monitoring. This is due to the use of inorganic salts in coagulation, pH 
correction and the sulphates from acidification and acid splitting. There was a 
small variation in the temperature and pH of the effluent (Table 2). 

The effluent did not meet the regulatory standards set by the municipality 
(Appenhx 1) in terms of the COD, sulphates, conductivity and SOG levels. The 
temperature was within the stipulated limits. The average pH was close to the 
lower discharge limit of 6.5, and was below it in some instances. The level of SS 
was above the regulatory standard in most of the instances. Average chloride and 
alkalinity levels of 112mgll and 605mg.A respectively were noted. A sigruficant 
drop in the COD and SS levels was observed during the second monitoring phase 
(Table 3). This is because a screen was installed prior to the equalisation tank 
between the sampling phases based on our observation. The reduction in the 
COD levels was partly due to the reduction in the level of suspended solids and 
partly due to reduction in the amount of oil refined and soap stock acidulated. 
However, there was no significant change in the TDS levels largely because these 
are due to the use of inorganic salts and sulphuric acid during pre-treatment. The 
pH was within the stipulated limits during the second phase although there was a 
slight increase as compared to the first phase. Although the level of SS was 
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138 Water Pollution L7 

Table 2: Range and mean of the values obtained in phase 1 for refinery 1 

Table 3: Phase 2 results for refinery 1 

Parameters in 
mg/l{except 

4.2. Refinery 2 housing a soap factory 

pH} 
PH 
TDS 
COD 
SS 

4.2.1 Wastewater from house keeping wash and cooling tower 
The results from these sources indxate that the quality of the effluent meets 
municipality regulatory standards (Table 4). The major parameters pH and SS 
were w i t h  stipulated limits. The COD of this effluent was above the stipulated 
limit during the initial monitoring period and showed a gradual decline below the 
discharge limit during the last monitoring phase. However. the conductivity was 
above the stipulated regulatory limit (Table 5). There was no sigdicant change 
in the pH and SS levels during the second monitoring phase (Table 6). However 
there was a rise in the COD level as compared to the first phase rising above the 
stipulated limit. This was due to the overflow of the soap lyes from the dumping 
pits into the storm drain. Discharge of this overflow into the storm drain is 
prohibited because the drains discharge directly into natural watercourses. 

December 
range mean 

6 15-8.61 6.97 
5100-13300 10200 
2100-3514 2822 
80-320 253 

January 
range mean 

7.00-8 41 7.83 
9000-10600 9947 
2100-2600 2333 
1 6 0 4 0  293 

February 
range mean 

March 
range mean 

6 50-8 9 7.45 
3000-5200 3850 
2400-2900 2628 
200-520 300 

8.0-10 20 9 45 
1900-4000 2900 
2000-3400 2650 
251-819 463 
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Consequently the effluent was pumped into the interceptor and dwharged to 
sewer. Good housekeeping and avoiding spillage can help reduce the amount of 
effluent generated. 
Cooling towers accounts for over 40% of the effluent generated via dus source. 
Installation of a ball valve system and ensuring that the level of water in cooling 
towers is set to avoid overflowing was recommended. 

4.2.2 Wastewater from oil refinery 
The analysis of wastewater from the oil refinery shows that the effluent has a 
variable organic load and a low inorganic load (Table 7). The data indicate very 
high COD and SOG load especially at the initial days of the investigation. This 
was due to operational ddficulties as the cen&ges were poorly set resulting in 
poor separation. The COD was found to be function of the type of seed being 
processed and dus explains the low value on day 3. The COD and SOG values 
suggest that there is a need to treat the effluent prior to discharge into the sewers. 
An average sulphate content of about 3000mg/l was noted but its origin could not 
be accurately established. There was a small variation in the pH and chloride 
levels as compared to other parameters (Table 7). The SOG content can sect the 
level of SS in the washwater because oils can be measured as SS depending on 
the temperature and physical state of the sample. Observation indicates that 
optimising the centrifuge settings can reduce the SOG levels in the washwater, 
wluch contributes to high refinery losses. Segregation of the washes with a high 
SOG content from the washes with a low SOG so that the free fatty acids in the 
waste could be recovered thereby reducing the organic load in the effluent. 

Table 4: Phase 1 results for refinery 2 housekeeping effluent 

4.2.3 Wastewater from soap making 
The results indicate that this effluent also has a high organic and inorganic load 
(Table 8). The effluent is lughly alkaline, with an average pH of 13 and average 
total alkalinity of 59216mgll. The major inorganic components are chlorine, 
phosphates and sulphates. The waste is characterised by high salinity with an 
average chloride content of 16625mg.4. The average phosphate and sulphate 
content are 2557mgA and 3250mgA respectively. The SS are mostly due to 
residual soap and to some extent oils and range from about 1020mgll to 
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3900mgll. There appears to be a direct correlation between the SOG and the 
COD levels. The samples were dduted to reduce the interference due to chloride 
ions. Therefore pre-treatment of the effluent prior to discharge is a necessity. The 
pre-treatment should aim to reduce the organic load due to residual soap, oils and 
glycerol. Reduction of the inorganic load (chlorides, sulphates and phosphates) 
requires advanced treatment methods. Physical treatment of the effluent to make 
it amenable for biological treatment requires acidulation and pH control which all 
utilise inorganic chemicals. Therefore reducing the inorganic load may have to be 
carried out in more than one stage. 

Table 5: Range and mean of results obtained for phase 1 housekeeping effluent 

Table 6: Phase 2 results for refinery 2 housekeeping effluent 

Parameters 
{in mdl 

5 Conclusion 

except p ~ j  
PH 
COD 
SS 

The quality of the effluent produced by the edible oil refineries in Bulawayo does 
not meet municipality regulatory standards for dscharge into sewers except for 
the housekeeping effluent dscharged by refinery 2. The effluent was 
characterised by high conductivity, turbidity, COD, SOG, chloride, phosphate 
and sulphate levels. Although one of the refineries does physical treatment on its 
effluent. the quality of the effluent still does not meet regulatory standards in 
terms of the conductivity, COD, SOG and sulphate levels. Further treatment is 
required to meet regulatory standards. The dqosa l  of high strength refinery and 
soapmaking effluent into pits should be discontinued as it could lead to the 
contamination of water resources and the land. Therefore pre-treatment of the 
effluent and remediation of the existing pits is a necessity. No heavy metals were 

December 

range mean 
110-125 11.6 
600-2500 1442 
250-320 292 

January February March 

range mean 
90-121 109 
1450-3400 2773 
200-340 265 

range mean 
105-119 115 
1700400  2742 
200-320 263 

range mean 
66-12 103 
1300-3900 27M 
260-310 283 
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Water Pollution 1.1 14 1 

detected in the effluent as expected from both refineries. Although phenols were 
detected in the refinery effluent in some instances, its levels were below 
0.07mg/l. 

Table 7: refinery 2 washwater results 

Note: 1.The washwater was collected from the storage tank after cooling. The 
general temperature range is from 45-53°C. 
2. Oils can be measured to some extent as SS depending on the 
temperature and physical state of the sample. 

Table 8: Results for refinery 2 soapmaking effluent 
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Appendix 1: Standards for the discharge of industrial effluents into 
municipality sewers 

Parameter Unit Limit (Max) I Parameter Unit Limit (max) 
pH unit pH unit 6.5 - 12.0 1 Iron l 25 
Temperature OC <45 
Total solids mg/l 2000 
Conductivity uS/cm 300 
Suspended solids, SS mg/l 600 
Chemical Oxygen 

Demand (COD) mg/l 2000 
Dissolved sulphate mg/l 300 
Cyanide md l  10 

zinc mg/l 15 
C a h u m  mg/l 10 
Chromium mg/l 10 
Copper mgA 10 
Lead mgA 10 
Nickel mg/l 10 
Others ---- As speclfted 

in the by- laws 
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