
Journal of Applied Sciences Research, 4(4): 397-402, 2008

© 2008, INSInet Publication

Corresponding Author: Badr, E. Hegazy, Department of Civil Engineering, Faculty of Engineering, Benha University, Egypt.

397

A Simple Technology for Industrial Wastewater Treatment

Badr, E. Hegazy

Department of Civil Engineering, Faculty of Engineering, Benha University, Egypt. 

Abstract: The main objective of this study is evaluation of suggested secondary industrial wastewater

design system, called trickling filter, with different materials (rice straw, luffa, rice straw & luffa, bricks

shale fragments and LECA) which are environmentally friends, as a filter bed to reuse the effluent in

irrigation purpose. The experimental work was conducted on two parts; first part was oil water separator

(OWS) as a primary treatment step, the second part was the suggested design (trickling filter) as a

secondary treatment. The results showed high efficiency with rice straw & luffa as a filter bed where the

characteristics of final effluent were 28 mg/l, 103 mg/l, 20 mg/l, 0.7 mg/l, 37.88 NTU, 1.59 g/l and 0.19

s/m for BOD, COD, TSS, Oil and grease, Turbidity, TDS and Conductivity, respectively. Moreover, the

removal percents were between 87-97 %. These characteristics of final effluent were suitable for irrigation

purposes or for discharging into streams.
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INTRODUCTION

Industrial wastewater reclamation for reuse purpose

is a good practice in many countries suffering from

water shortage. Wastewater reuse is based on providing

reliable wastewater treatment that meet strict water

quality requirement for the intended reuse application

and for the protection of public health. Physical,

chemical and biological standards are used to assess

the suitability of reclaimed water for the specific

application . The impact of industrial discharges[10]

depends not only on their collective characteristics,

such as biochemical oxygen demand (BOD) and the

amount  of suspended solids but also on their content

of  specific  inorganic  and  organic substances .[4 ,13]

The hazardous substances pollute the surface water, the

soil and the ground water becomes accumulated in

food chain and therefore a special need for treatment

before being discharged . Reuse may take two[3 ,15]

forms: water conservation and recycling internally in

plants and disposal to a public sewer system in which

the waste is treated and later reused for irrigation. The

discharge of industrial wastewater to sewage system is

required through effluent standards based on local

permit parameters of the country environmental law .[5 ,11]

High capacity trickling filters have been tested for their

effectiveness in the treatment of the industrial

wastewater such as pulp mill wastewater and have

proven successful results in industrial application .[8]

In  Egypt,  wash  bays  in  petroleum  services

companies/sites  are considered an industrial

wastewater  production. The objective of this study is

to treat petroleum wastewater for reusing it for

irrigation purpose.

MATERIALS AND METHODS

The experimental work was conducted on two

parts, oil water separator (OWS) and another treatment

system (trickling filter system) which have designed to

treat the industrial wastewater.

First Part: Oil W ater Separator (Primary

Treatment): The oil water separation pilot plant is

operating using the inlet wastewater directly from wash

bay, which is constructed inside the location using the

mechanical process of wastewater treatment system

depends of the flotation theory; stated, the low density

liquids floats over the surface of the high density

liquids, if they were placed together in same container.

Oil water separator consists of three tanks (a, b &c).

First Tank: At this stage, the contaminated water

directed to the first tank (the first one from left), then

the oil floats up to the upper level of the tank, and

reaches the pipe of the oil collector tank, which located

beside the first one and passes through it to the

collector tank. The solid particles as mud/sand are

settled down at the bottom.

Second Tank: The water in the bottom of the first

tank passed through the pipe that transfers it to the

second tank (The middle one) but it has a minor

percentage of oil, which can be removed.
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Third Tank: The same operation takes places and the

water in the bottom of the second tank passes through

the pipe to the third tank where the water becomes

ultimately purified. Then it can be directed without

causing any pollution to the environment.

Second Part:  The Pilot Plant (Secondary

Treatment): The effluent of oil water separator pilot

plant from first treatment unit was improved by passing

through second treatment system. This lead to design

a simple treatment system easy to maintain far of

complexity process for oil water separation depends on

the mechanical and physical process to remove oil and

grease and improve water quality. The design of the

units was made such that it allows a full

characterization of relevant model parameters and an

easy to monitoring of the system performance by

sampling the inflow and outflow in regular time

intervals  during the whole period of the filter

operation. The design is called trickling system as

shown in Fig. (2).

This system includes three hard plastic containers

(figure, 2) arranged in ladder matrix to allow the

effluent of oil water separator to follow down by the

gravity to next stage and so on to last modular of the

system. The first container was used as a sedimentation

container; the area of the first container was 0.25 m2

with active volume 0.278 m . Each of the second and3

the  third  containers  were used as trickling

containers; with area 0.39 m and active volume 0.4132 

m . The flow rate in each stage was 0.004 Liter /3

second with duration time one and half hours. Different

filter media were used such as Rice straw, luffa,

composite of rice straw and luffa, bricks shale

fragments and LECA to improve the quality of the

final effluent. Additionally, the thickness of filter media

was 30 cm high in second and third containers.    

Filter Media:

Rice Straw Filter Bed Characteristics: Rice straw

generated as a by-product during rice processing. Its

chemical composition is mostly composed of 28-48 %

cellulose, 26.40% hemicelluloses and 12.26 lignin;

presented as cell wall structure, 12.26% Ash, 2.18%

Wax and 9% Silica. The used bed filter in the

experimental work was dried fiber, compressed, 30 cm

height and 2 kg weight .[11]

Luffa Filter Bed Characteristics: Luffa is dried fruit

of luffa sponge guard Plant. Its chemical composition

is mostly composed of 60 % cellulose, 30%

hemicelluloses and 10 % lignin; presented as cell circle

structure. The used bed filter in the experimental work

was dried fiber, compressed, 30 cm height and 2.5 kg

weight .[7]

Composite of Rice Straw and Luffa Filter Bed

Characteristics: Dried Straw Rice fiber, compressed
up to 15 cm height and 1 kg weight. The upper layer

was dried luffa, compressed up to15 cm height and 1.5
kg weight.

Bricks Shale Fragments Filter Bed Characteristics:

Clay is a natural product dug from the earth, which has
decomposed from rock within the earth's crust for

millions of years. Its chemical composition is generally
described as 40% aluminum oxide, 46% silicon oxide,

and 14% water. The used bed filter in the experimental
work was broken dried clay has packed in compressed

horizontal layers up to 30cm high and 5 kg weight.

LECA Filter Bed Characteristics: LECA consists of
small, lightweight and bloated particles of burnt clay.

The thousands of small, air-filled cavities give LECA
its strength and thermal insulation properties resulting

from cellular structure. The base material of LECA
chemical composition is plastic clay, which is

extensively pretreated, heated and expanded in a rotary
kiln. Finally, the product is burned at 1100 °C to form

the finished LECA product. LECA granules sizes are
fine (1-4) mm and medium (4-8) mm. 

Sampling Method: The samples were collected in

glass bottle with one liter capacity, to perform the
required physico-chemical and biological tests. The

sample sites were classified as shown in Table (1).

M easured Parameters: Each type of samples
mentioned before, was subjected to analysis to

determine the characteristics of wastewater, such as pH,
turbidity, conductivity and TDS. All of these

parameters were measured by using the Multi-
Parameter water quality monitoring system (U-20XD

series) - HORBIA, Asia, Pacific. Other parameters such
as BOD, COD, TSS and oil & grease were measured

according to the standard methods of water and
wastewater examination . [2]

RESULTS AND DISCUSSIONS

Results:

Oil Water Separator: Table (2) summarized the
characteristics of inlet industrial wastewater and

effluent of oil water separator. The results showed that
the oil water separator have COD removal from 1500

mg/l to 850 mg/l (43.33%), and BOD removal from
900 mg/l to 460 mg/l (48.88%), and TSS removal from

940 mg/l  to 540 mg/l (42.55%), and oil & grease
from 98.5 mg/l to 35 mg/l (64.46%).

The Pilot Plan (Trickling Filter System): Table (3)

summarized  the  characteristics  of  the  effluent  of



J. Appl. Sci. Res., 4(4): 397-402, 2008

399

Table 1: Sampling sites.

Samples Sampling sites

1 Inlet of the oil water separator.

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 Outlet of the oil water separator which is considered inlet for next treatment process (trickling unit).

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 Outlet of the first container of the trickling system.

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 Outlet of the second container of the trickling system.

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 Outlet of the third container of the trickling system.

Table 2: Characteristics of influent industrial wastewater and outlet treated wastewater via oil water separator.

Parameter 

--------------- COD (mg/l) BOD (mg/l) TSS (mg/l) Oil & grease (mg/l)

Sample

Inlet (1) 1500 900 940 98.5

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Outlet (2) 850 460 540 35

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Removal percent (%) 43.33 48.88 42.55 64.46

Table 3: Average removal percents of measured parameters at different treatment stages via pilot plan using different agro-fiber media.

              M edia 

------------------------------------------ Rice straw Luffa Rice straw & Luffa Bricks shale fragments LECA

Parameters With treatment stages

BOD 3 460 460 460 460 460

(mg/l) 4 33 28 38 40 19

5 28 24 28 38 19

Overall Removal % 94.56 95.38 93.91 91.7 96.08

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

COD 3 830 830 830 830 830

(mg/l) 4 140 114 108 123 113

5 123 113 103 116 113

Overall Rem oval % 87.22 86.5 87.5 86 86.3

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TSS 3 500 500 500 500 500

(mg/l) 4 190 35 25.3 36 18.6

5 170 34.3 20 25 18

Overall Rem oval % 74 93.34 96.6 97 96.4

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Oil/grease 3 32 32 32 32 32

(mg/l) 4 1.76 5.5 0.8 1.86 0.86

5 1.5 4 0.7 1.85 0.8

Overall Rem oval % 95.31 87.5 97.81 94.21 97.5

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Turbidity 3 960 995 999 870 860

(NTU) 4 72.06 28.9 57.99 191.8 36.3

5 67.66 26.8 37.88 90 30.7

Overall Removal % 93.77 97.71 96.45 95.49 97.05

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TDS 3 1.74 12 25 14 11.7

(g/l) 4 1.26 1.2 1.66 1.65 1.63

5 1.2 1 1.59 1.49 1.52

Overall Removal % 58.04 93.08 95.4 91 90

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Conductivity 3 2.4 2.24 2.88 2.39 2.26

(s/m) 4 0.25 0.16 0.2 0.23 0.23

5 0.24 0.16 0.19 0.22 0.23

Overall Removal % 89.87 92.85 94.44 91.21 90.26

sedimentation stage (first container) and the effluents

through different stages (second and third containers)

of industrial wastewater treatment using different filter

media. From Tables 2 & 3, the results showed that,

COD, BOD, TSS and oil & grease removals in the

first container (sedimentation stage) ranged from 850 to

830, 460 to 460, 540 to 500 and 35 to 32 mg/l,

respectively. Generally, all different filter media which

used in second and third containers showed great

removal efficiency in BOD value (more than 91%).

The highest removal percent of BOD with LECA was

95.8%. COD overall removal percent was more than 
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Fig. 1: The oil water separator.

Fig. 2: Trickling filter system.

Fig. 3: Overall removal percents of the measured parameters using different media.

85% with different used filter beds. On the other hand,

TSS overall removal percent was more than 93% with

different used filter beds except rice straw filter bed

(66%). Also, oil & grease removals percent were more

than  94% except luffa filter bed (86.66%). The highest

removal of TDS was 93.64% with the mixture of rice
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straw and luffa as a filter bed. Conductivity overall

removal  percent  was  89.87% with rice straw,

92.85%  with  luffa,  94.44%  with  rice straw &

luffa,  91.21% with clay and 90.26% with LECA.

Thus, rice straw & luffa shows the highest removal

percent of conductivity (Fig. 3).

Thus, from the results obtained in Table (3) and

Fig. (3), it can seen that the using of rice straw &

luffa as a filter bed showed the highest removal

percents of most measured parameters. Finally, the

effluent of each media in the treatment process of

trickling filter system was used in irrigation. 

Disscusion: Natural materials that are available in large

quantities or certain waste from agricultural operations

may have potential to be used as low cost adsorbents,

as they represent unused resources, widely available

and are environmentally friendly . Using of rice straw,[1]

luffa, composite (rice straw & luffa), Bricks shale

fragments and LECA have been selected due to several

advantages such as porosity, availability, price,

sustainability, fiber supply and performance . As the[12]

result of this study, the overall water quality has

improved after using the treatment with rice straw &

luffa as a filter bed, where the COD, BOD and TSS of

final effluent were 103, 28 and 20 (mg/l), respectively.

Additionally, the highest overall removals of COD

(87.5%), BOD (93.11%), TSS (96%), oil & grease

(97.66%) and TDS (93.64%) were recorded by using

rice straw & luffa. From the study, it can be observed

that the using of rice straw & luffa mixtures as a filter

bed enhanced the adsorption capacity. Generally, this

method for industrial wastewater treatment using

different filter media is a simple technique, low cost,

effective and easily reusable because of its capabilities

to physically adsorb various pollutants. High removals

of COD, BOD, TSS, Oil & grease and TDS using rice

straw & luffa mixtures as filter bed may be due to

good adsorption capacity of the mixture, more pores

structure of this mixture and the numbers of available

adsorption sites on the surface of the adsorbents. 

The improvement of water quality effluent during

this treatment using different filter media (rice straw,

luffa, rice straw with luffa, Bricks shale fragments and

LECA) as shown in table (3), as referring to the

capabilities of the filter media to attract molecules of

gas or solution with which its content enter absorbing

medium. Also, the experimental work in this study,

filter media performs better in a low flow rate, thus,

adjusting flow rate for the effluent wastewater and the

depth of filter bed at the optimum conditions help in

the improvement of final effluent quality .[6 ]

Additionally, decreased conductivity during the

treatment stages of this study may be due to the lower

ionic strength of the effluent . Generally, the chemical[14]

and physical structure properties of used filter media

have a great contribution in wastewater treatment

processes .[12]

Thus, trickling filters are a simple technology for

improving industrial wastewater quality because it I

effective in treating high concentrations of organics

depending on the type of media used, appropriate for

small- to medium- sized communities and onsite

system, high degree of performance reliability,

relatively lower power requirements, level of skill and

technical expertise needed to manage and operate the

system is moderate, and durability of process elements.
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