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 Crystal glass industry wastewater is the subject material of this study. The 

manufacturing of crystal glass consumes huge amount of water and discharging 
wastewater contaminated with high concentration of inorganic pollutants especially 

lead. In this study the maximum total suspended solids and lead concentrations 

discharged reached 1526 & 189mg/l. The aim of this study is to determine the high 
efficient and low cost treatment technology for wastewater to reach zero discharge of 

wastewater by reuse of treated water into the manufacturing process consequently 

prevent discharge of hazardous substances. Two treatment technologies alternatives 
were investigated in this study which are the Coagulation /flocculation and plain 

sedimentation followed by rapid sand filtration. It is evident from this study that the two 

techniques gave high removal efficiency. The coagulation/flocculation gave removal 
efficiency reached 95% and 99% of COD and TSS respectively. The plain 

sedimentation followed by sand filter treatment technology, removal efficiency reached 
97% and 99% of COD and TSS respectively. Both techniques gave removal percentage 

of lead reached 99% by a residual concentration 1mg/l. The cost analysis of the two 

proposed alternatives proved that the plain sedimentation followed by rapid sand filter 
is the most appropriate treatment technology for this industry as the payback period 1.6 

years, operating cost and maintenance is 60,000 L.E/year. According to the previous 

results the second alternative was designed and constructed in the factory which 
consisted of two settling tanks followed by four rabid sand filters. By applying this 

technology the wastewater recycled in the manufacturing process; reduced water 

consumption by the range of 90% to 95% and the annual cost reduction reached 
L.E./year 1,241, 800.  
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INTRODUCTION 

 

Extended industrialization trends are generally associated with the increase in wastewater discharge of 

effluents loaded with organic and inorganic pollutants. The industrial growth is very difficult to separate from 

environmental pollution but it can be minimized through cost-effective approaches of pollution abatement. This 

situation is a great opportunity to introduce cleaner production technology (CPT) and pollution prevention. As 

the industrial modernization and the adoption of CPT; should go hand in hand to minimize industrial pollution 

[1]. The combination of water demand management and cleaner production concepts have resulted in both 

economic and environmental benefits. The industrial processes in closed circuits can reduce water intake 

substantially and minimize resource input and the subsequent wastewater thereby reducing pollution of finite 

fresh water resources [2] Typical wastewater flows can be reduced by 30% to 80% by prudent in-plant 

modification [3] and [4]. These measures invariably also have significant economic benefits for industries with 

short pay-back periods. As industries become aware that they must pay for wastewater discharges, the incentive 

to reduce wastewater loads increased and this should be encouraged as part of an integrated environmental 

initiative [5]; and [6]. The crystal glass grinding and polishing plant wastewater provided the material of this 

study. The manufacturing of glass is an art and process established over 2000 years ago and uniquely has 

changed very little apart from the addition of lead to create today's lead crystal. Crystal glass usually comprises 

of 48% silica sand, 24% potash and 28% lead [7]. The crystal glass industry produces high quality drinking 

glasses, vases, chandeliers and similar articles made of glass that contains up to 35wt% of lead oxide. It utilizes 
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water in huge quantity in processes of manufacturing, washing and cooling, the total amount of wastewater 

generated during cleaning of glass products is approximately 6.1 m
3
/ton [8] reuse of industrial wastewater is 

considered as source renewable water supply. The crystal glass industry discharge high concentration of lead 

which transported by runoff water and contaminate water sources downstream from industrial site. Lead can 

cause central nervous system damage also it can damage kidney, liver and reproductive system [9] . Lead causes 

toxic symptoms such as anemia, insomnia, headache etc [10]. Chemical precipitation treatment has been shown 

to be successful and the most widely used process alone or in combination with other methods because of its 

simple and inexpensive process also the chemicals react with heavy metals ion to form insoluble precipitates 

[11]. The chemically treated effluent of the glass industry could not directly recycled because there is too much 

dissolved matter and scale-forming salts, thus chemical treatment must be developed by filtration technology to 

eliminate scale forming [8]. The Sand filtration has the most advantageous technical and environmental aspects 

for the treatment of waste water discharged loaded with various hazardous substances including heavy metals, 

suspended matter and pathogenic microorganisms [12].It is an economical technique which requires less skilled 

manpower due to its simplicity[13] and [14]. The objective of this study is to investigate the zero discharge 

technology in the grinding and polishing of crystal glass industry wastewater by using either chemical 

precipitation or sand filtration treatment technologies. 

 

MATERIALS AND METHODS 

 

Wastewater form crystal glass factory: 

The Wastewater from a crystal glass manufacturing plant located in Upper Egypt provides the material of 

this study. The factory produces fine crystal with high quality "contains typically 18-40% lead oxide". The basic 

industrial process consists of grinding and polishing of the fine crystal Figure 1. The factory has 135 production 

lines for grinding and polishing of the crystals. There are two main lines for wastewater discharge the first one 

from the grinding process and the second from the polishing process and then collected to the main sewer pipe. 

 

Water balance of the manufacturing process: 

The manufacturing process consume huge amount of water it reaches 18,144 m
3
/d, the ground water is the 

main source of  industrial  water which cost 0.25LE/m
3
.The operating cost of producing industrial water from 

wells equals 4,536 LE/day. As, the factory discharges about 16,800m
3
/day,the cost for discharge wastewater into 

public sewerage network was L.E 0.65/m
3
, this means that the total cost wastewater discharge equal 10,920 

LE/day. The total cost of water consumption and discharging by the factory is 15,456 LE/day. The main goal of 

this study is to recycle the water to minimize consume and discharge of water quantity and on consequence 

reducing the cost to almost 90%. 

 
Fig. 1: Manufa cturing process  

 

Sampling and characterization of wastewater: 

Separate composite samples were collected from grinding and polishing departments as well as end-of-pipe 

effluent during the working days to avoid the variations in the pollution loads during day and night. This was 

done to get representative samples for analyses to get a clear picture of wastewater specification. The analyses 

were carried out according to the Standard Methods for Examination of Water and Wastewater [15] and covered 



68                                                                       Hala S. Doma et al, 2015 

Advances in Environmental Biology, 9(22) Special 2015, Pages: 66-74 

pH, Chemical and Biological Oxygen Demand (COD& BOD), Total suspended solids (TSS), conductivity and 

Lead. 

 

Wastewater treatment: 

In this study End off pipe wastewater was the subject to investigate different treatment techniques. Two 

treatment scheme were investigated the first one is the coagulation followed by precipitation using different 

kinds of coagulants and the second is plain sedimentation followed by sand filtration. 

 

Chemical treatment: 

Chemical treatment was applied using ferric chloride or aluminum sulfate. The optimum values of pH and 

coagulant dose which gave the best removal of COD or pollutants were determined. The Wastewater were 

added to 1-Liter beakers and subjected to flash mixing (200 rotation per minute; rpm) for 2 minutes during 

which the desired doses of coagulants were added to the beakers. After 2minutes flash mixing, the rotation 

speed reduced to slow mixing (20 rpm) for 15 minutes during which the desired doses of polymer were added to 

the beakers. Finally, the resulting flocks were allowed to settle for one hour and clear supernatants (treated 

effluent) were collected and subjected to analysis of COD and TSS while the settled sludge was subjected to 

measurement of sludge volume and analysis of MLSS. Each experiment was repeated five times for assuring 

accuracy of results. 

 

Sand Filtration: 

Two columns were used in this study with 1m deep and 0.15m diameter filled with different layers of sand 

media its sizes and thickness is illustrated in Table (1) and Figure 2. The use of two filtration columns is to 

improve the treatment efficiency of the system and reduce the blockage of the sand filtration. The first column 

was fed continuously with two hours settled end off pipe wastewater, the effluent of the first fed to the second 

column to complete the removal of the residual organic matters. 

 
Table 1: Specification and thickness of the sand in the two columns 

Second Column First Column 
Layer No. 

Layer thickness Sand particle size Layer thickness Sand particle size 

45cm 0.3-0.5mm 60cm 1-3mm First layer 

45cm 0.5-0.7mm 10cm 1-2mm Second layer 

5cm 1-3mm - - Third layer 

5cm 1-2cm - - Fourth layer 

 

 
Fig. 2: Flow diagram of the sand filter 

 

RESULTS AND DISCUSSION 

 

Characterization of liquid wastewater: 

Characterization of wastewater from the grinding and polishing departments as well as end off pipe are 

depicted in Table 2.The results obtained indicated that effluent from the grinding department is highly polluted 

than effluent from the polishing department. The characterization of grinding wastewater shows that, the 
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average COD concentration was 1023 mg/l; whereas the TSS reached 1412 mg/l maximum concentration which 

may be attributed to the spill and leakage of raw materials such as Silica or Ca(OH)2. The lead concentration was 

very high in the grinding wastewater; it varies between 215 to 313 mg/l with an average 257mg/l. The 

characterization of the polishing department wastewater showed that COD and TSS were 68 and 56 mg/l 

respectively, whereas the polishing process wastewater produces an average lead concentration of 6mg/l. the 

concentration of lead from both processes is not complying with the Egyptian standards for discharging on the 

sewerage system where the lead discharging concentration in the law must not exceed 1mg/l.  

The characterization of the final effluent is illustrated in Table 2.The results showed that the final effluent 

which is a mixture of grinding and polishing wastewater is not complying with the Egyptian standards for 

discharging on sewerage system. Average concentration of COD, BOD and TSS were 1129,395 and 922 mg/l 

respectively. However, the relatively low averageBOD5 indicated that the organic constituents are hardly 

biodegradable. The lead concentration was ranging between 111 and 189 mg/l with an average of 170 mg/l. The 

final effluent from the production lines could not be directly recycled because there is too much dissolved 

matter. Table (3) illustrates the concentration of the dissolved solids in the grinding and polishing wastewater as 

well as the final effluent. The results indicated that the concentrations of sodium, potassium, magnesium and 

calcium salts were 90, 15, 21 and 84 mg/l respectively in the final effluent. Thus, it must be treated carefully 

before reuse in manufacturing process to give zero-discharge from the factory. 

 

Treatability study of the raw wastewater: 

Two schemes were carried out to treat end off pipe wastewater via first chemical treatment by using 

coagulation/flocculation followed by sedimentation and second physical treatment include plain precipitation 

followed by sand filtration (Figure 3). Coagulation and filtration is of the most important methods for 

wastewater treatment and also employed to remove heavy metals. Sand filtration is a well-known method for 

removal of particulate matter including heavy metals [12]. 

 
Table 2: Characterization of wastewater from grinding, polishing departments and final effluent 

Parameters units 
Grinding Polishing Final Effluent 

Min. Max. Average Min. Max. Average Min. Max. Average 

pH - 8.6 9.2 8.8 7.6 7.9 7.9 8.1 8.7 8.5 

Turbidity NTU 1790 2588 2133 52 198 151 1786 1226 1252 

Chemical Oxygen 

Demand  
mg/l 892 1226 1023 62 84 68 660 1276 1129 

Biochemical 

Oxygen Demand  
mg/l 378 534 449 28.4 37.5 28 300 426 395 

Total Suspended 

Solids(105 ºC) 
mg/l 956 1412 1200 44 65 56 609 1526 1036 

Oil &  Grease mg/l 50 85 68 8.4 41 36 31 62 49 

Lead mg/l 215 313 257 3 7 6 111 189 170 

 

Table 3: Concentration cationic salts in wastewater which hinder its reuse 

Parameters units grinding Polishing Final Effluent 

Sodium mg/l 92.6 83 90 

Potassium mg/l 25.3 9.6 75.2 

Magnesium mg/l 26.9 10 21 

Calcium mg/l 92 62 84 

Lithium mg/l 0.02 0.01 0.013 

 

 
Fig. 3: Treatability scheme for end-off-pipe wastewater 
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Chemical treatment: 

Coagulation/flocculation: 

Chemical coagulation/ flocculation treatment of the end off-pipe using Aluminum sulfate (Al3(SO4)2) and 

Ferric Chloride (FeCl3) as coagulants were investigated.  The selection of a specific chemical depends on its 

efficiency of removing pollutants, its availability in the market, and its cost.   Pendent on the predetermined 

optimum conditions, complete analysis of the chemically treated effluent with FeCl3and Al3(SO4)2was carried 

out (Table 4) the results show the efficiency of the optimum dose for each coagulant used. The results indicated 

that the optimum dose of (FeCl3) was 290 mg/l. this applied dose gave COD and TSS removal values reached 

95%and 99.6% respectively with a corresponding average residual concentration of 58 mgO2/l and 3 mg/l 

respectively. The lead concentration reduced to 0.07 mg/l with removal values 99.9%.The optimum dose of 

Al3(SO4)2 was 320 mg/l, the removal percentage of COD,TSS and lead reached 94.6 ,98 and 99.8% respectively 

with corresponding residual concentration of 61, 17 and 0.3 mg/l respectively. The experiments for both 

coagulants were repeated five times with different samples at the pre-determined conditions (Figure 5a& b).  

The results obtained in (Table 4)revealed that the average sludge volume produced when using FeCl3was 47 

ml/l with total sludge weight 1.7 g/l and the sludge volume index was 35.3 g/ml.; whereas the sludge volume 

index in case of Al3(SO4)2was 30.8. This indicates that the sludge has low settling ability, low dewatering 

characteristics [16] and [17].  

It is reported that the amount and the characteristics of the sludge produced during the 

coagulation/flocculation process are highly dependent on the specific coagulant used and on the operating 

conditions [18]. However; it was stated that the relatively high volume of sludge generated from the chemical 

treatment of industrial wastewater hindered the adoption of such process as an alternative wastewater treatment 

strategy [19]. 

 
Table 4: Efficiency of chemical coagulation/flocculation process  

coagulants 

                                  Doses 

 

Units 

 

Influent 

FeCl3 Al2(SO4)3 

290 mg/l 320 mg/l 

pH - 8.5 6.8 6.7 

Turbidity NTU 1252 1.2 2.3 

% removal - - 99 99.9 

COD mg/l 1129 58 61 

% removal - - 95 94.6 

TSS mg/l 922 3 17 

% removal - - 99.6 98.3 

Lead mg/l 170 0.07 0.3 

% removal - - 99.9 99.8 

Iron mg/l N.D* 2 N.D* 

Sludge Analysis 

Volume ml - 47 40 

Total Sludge weight g/l - 1.7 1.3 

Sludge Index g/ml - 35.3 30.8 

 N.D not detected 
 

The results obtained from the chemical treatment process tends to show that the use of ferric chloride may 

be considered good techno-economically feasible alternative for treatment of wastewater generated from crystal 

industry. The quality of the treated effluent was complying with the pertinent National Standards for the 

wastewater discharge into sewerage network. 

There is too much dissolved matter and scale forming salts which will be a huge problem in reuse. The 

results indicated that the concentration of sodium, potassium, magnesium and calcium salts were 85, 13, 14 and 

65mg/l respectively in the treated effluent. The forming of scale hindered the use of chemical treatment and 

reuse of the treated effluent but it could be follow the chemical treatment with filtration process as Nano 

filtration to remove residual scale-forming ions [8]. 
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Fig. 5a Effeciency of the chemical 
treatment using 290 mg/l FeCl3
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Fig. 5b: Effeciency of the chemical treatment using 320 mg/1 Al2 (SO4)3 

 

Physical treatement: 

Plain sedimentation:  

Plain sedimentation as a pretreatment is recommended for high turbid wastewater. It is simple, low cost 

technology to reduce settable solids, turbidities and make the wastewater more amenable to other treatment 

methods. The quality of water can be improved by holding or storing it undisturbed and without mixing long 

enough for larger particles to settle out or sediment by gravity. From the characteristics of end-off pipe 

wastewater, total suspended solids  reached an average of 1036 mg/l and turbidity 1276 NTU. Plain preciptation 

speed test  of wastewater suspended solids was investigated .The results recorded in Table (5) and Figure 

(6)indicated that the percentage removal effeciency of TSS reached 63% from the first hour and increased to 

76% after two hours and after 4 hours it reached 83% with a residual TSS concentration of 178 mg/l. Figures 6 

& 7 indicated that the TSS and turbidity removal increase with increasing settling time. 

 
Table 5:  Plain sedimentationspeed for the end-off pipe wastewater  

Parameters unit Raw 1 hr. 2hr. 3hr. 4hr. 5hr. 

COD mgO2/l 1129 645 474 362 245 118 

% Removal - - 43% 58% 67% 78% 89% 

TSS mg/l 1036 380 245 205 179 118 

% Removal - - 63% 76% 80% 83% 88% 

Turbidity NTU 1252 564 389 363 287 235 

% Removal -  55% 69% 71% 77% 81% 

 

 

 
 

 

Fig. 6: The removal percentage of TSS and turbidity versus settling time 
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Fig. 7: The removal concentration of TSS and turbidity versus settling time 

 

Sand filtration 

Performance of the sand filter was investigated using filtration rate 6m
3
/m

2
/hr, the sand filter was 

continuously fed with end-off-pipe wastewater settled for 2 hrs. The settled wastewater fed to the primary sand 

filter and its effluent sequentially fed to the secondary sand filter as shown in Figure 2.  The results indicated 

that plain settling remove 76% of TSS and 72% of COD. However, after primary sand filter the removal 

efficiency of TSS and COD were 61% and 39% with residual concentration 61and 165 mg/l respectively. To 

improve the water quality to comply with the water standards for reuse, the treated wastewater from the primary 

sand filter was fed to the secondary sand filter, the removal percentage of TSS and COD reached to 86% and 

81% respectively (Table 6 Figure 8) and the residual concentrations of TSS, COD and Lead after the treatment 

process were 8, 32 and 1 mg/l respectively.  

 
Table 6: Characterization of treated effluent 

Parameters* Unit 
Raw 
wastewater 

4hr. 
settling 

% 
removal 

1ry sand 
filter 

% 
removal 

2nd Sand 
filter 

% 
removal 

Final 
removal 

pH - 8.2 8.2 - 8.2 - 8.2 - - 

Turbidity NTU 1276 287 78% 212 26% 17 92% 99% 

Conductivity  mho/m 758 735 - 702 - 684 - - 

COD mgO2/l 1129 245 78% 165 32% 32 81% 97% 

TSS mg/l 1036 179 83% 61 66% 8 86% 99% 

Lead mg/l 170 30 82% 12 60% 1 92% 99% 

Silica mg/l 54 49 10% 44 10% 40 10% 26% 

*Average of 8 samples. 
 

                          
Fig. 8: Effeciency of the settling-sand filteration treatment 

 

The engineering design and cost analysis for proposed alternatives 

The previous results indicated that the two proposed alternatives the coagulation/flocculation; and the plain 

settling followed by sand filtration give high treatment efficiency of the wastewater. To determine the best 

treatment technology for applying in the factory cost analysis and payback period were calculated as follows; 

a) First alternative: Coagulation/flocculation this depend on two cylinderical tankswith depth 2.5m and 5 

meter diameter. The tanks supplied with ferric chloride injection system 60kg/hr. 

 Cost investment 

o Civil work………………………….…………….…..200,000 LE 

o Mechanical and piping works………………………..350,000 LE 

o Operating cost, maintenance and chemical consuming…..480,000 LE/year 

 Total life cost on the basis of 20years………………........550000 +9600000=10,150,000 

 Payback period…………………………………………...7years 

 

https://en.wikipedia.org/wiki/Mho
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b) Second alternative: plain settling / sand filtration: 

This alternative depends on collecting the wastewater from the end-off-pipe in two settling tanks then fed to 

four sand filters. The proposed settling tanks is artificial earthwork tanks of total volume 360m
3
 with dimension 

18×12m with depth 2 m , the retention time is 1.8 hr ( Fig.9) and the total flow for each is  200m
3
/hr. the settled 

wastewater distributed into four sand filters with dimensions 8×4m and depth 2.5m for each (Figure 10 ). 

 Cost investment  

o Civil work…………………………….…450,000 LE 

o Mechanical and piping works…………..250,000LE. 

 Cost of operating and maintenance………………...60,000 LE/year. 

 Total life cost on the basis of 20years………..……1,200,000 +700,000 = 1,900,000 

 Payback period…………………………………….1.6 years 

Comprising the cost analysis of the two alternatives it is concluded that the second alternative is the best 

implementationfor the wastewater treatment as it is lower in the operation and maintenance costs (Figure 11). 

Also the payback period for the second is almost two years but the first will take 7 years. (Figure12). 

 

Fig. 9: Sedimentation tank                                                      Fig. 10: Rapid sand Filter 

 

 
 

Fig. 11: Comparison cost for the tow alternatives 

 

 
Fig. 12: Payback cost 

 

Conclusion: 

From the previous study it is concluded that the plain sedimentation followed by rapid sand filtration is the 

most reliable alternative treatment method for this kind of industry as the payback period is only 1.6 year in 

comparison to 7 years for the Coagulation/flocculation alternative. The removal efficiency reached 97 %, 99% 

and 92% of COD, TSS and lead respectively. the reuse of treated wastewater will reduce the water consumption 

by 90 to 95% thus about 3780m
3
/day of treated wastewater will be recycle to the manufacturing lines, this 

annual reduction will save water cost by 1,241,800L.E/year. 
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