VOLUME IV PROPOSAL ON PRODUCTION PROCESS

This volume analyzes various kinds of data of each factory obtained through the study
we have conducted recently and makes a proposal on production process with respect to
countermeasures against environmental pollution based on the experience and knowledge
of each specialist of the study team. It is regrettable, however, that we could not collect
enough data in the limited period of time for the field survey. We cannot help saying it is
partly because each factory was less aware of the importance of data on production process
and had littie understanding of numerical control on production process. Each factory was
not well trained for data acquisition and arrangement in daily operation.

Therefore, this vol.ur.ne- describes the following tvﬁo subjects before making a propos'al to
~each factory on production process.

(@ Numerical analysis in production process
@ Introduction of the Japahese production control method
1. Importance of Data in Production Process

As mentioned before, since each factory was less aware of the iniportancc of data and
collected data was not arranged in order, we will introduce the methods of data acquisition,
arrangement and application.

1.1 Method of Data Acquisition
(1)' Purpose of Data Acquisition

When proceeding with a job, the method is generally determined by achievements in
the past, experience or custom. At a job site like féctoiy, howeﬁer, it is important to
proceed with a job based on facts. To this end, data have to be acquired first and then
action based on information obtained from the data has to be taken. A correct judgment
is always necessary for proper action, and the data from the jOb site is absolutely
required as a basis for correct judgment.

Since data form the basis of action and Judgment data have to be gathered and
arranged in the method fit for the purpose. In other words, the purpose of data collec-
tion has fo be considered thoroughly when data collection is started.

(D Are data collected for grasping the present condition?

Ex. When the dispersion of material and product quality is examined



(2 Are data collected for analysis?
Ex. When the relation between cause and result is studied
@ Are data collected for process control?
Ex. When judgment has to be made whether the process is normal or abnormal
@ Are data collected for adjustment?
Ex. When a measure to maintain the defined normal state has to be taken
{2) Correct Data
When collecting data, it is most important that the acquired data represent fact
properly. '
To this purpose, it is required to give heed to the following two pbints.
(1) Are data collected so that they may represent fact?
(A matter of the method of sampling)
() Are data collected, arranged and compared so that they rﬁay rei)rescnt fact?
(A matter of the statistical method for data arrangement)
{(3) Mental Attitude Toward Data
It is important to take up the following mental attitudes when handling data actually.
(1) Take action based on data.
Form a habit to talk each other based on data.
| Think much of the faét represented by data.
® What is the purpose of data collection?
Make it clear. Same as mentioned m section (1).
(@ Consider to collect data for everything.

It is really required fo make every possible effort or contrive to obtain data. The
original data may be acquired through such efforts and contrivances.

4-2



1.2 Method of Data Arrangement
The selected factories of this study are chemical factories.

Generally speaking, the basic data of operation in the chemical factory are called “process
specification sheet” and the following materials are prepared in the stage of designing
facilities.

(D Process Flow Diagram (PFD)

The process flow diagram illustrates the production process from raw materials to
finished products, and operating temperature, operating pressure, material balance,
heat balance, efc. are stated in the diagram.

() Material Balance Sheet

As to materials, products and services, the following items are described for every
stream number in the process flow diagram.

*» Weight and flow per hour
(3 Heat Balance Sheet

As to materials, products and services, the following items are described for every
stream nurnber in the process flow diagram.

» Holding heat quantity/enthalpy/temperature/specific heat
@ List of major equipment

A list of major equipment carrying the descriptions of capacity, form, dimensions,
material, quantity, etc.

Each factory should coltect and arrange the data needed for preparing these materials.
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1.3 Method of Data Utilization

Once the basic data are arranged as process specification sheet in the factory, they can be

compared with daily operation data.

Fig. IV-1 Data Utilization

Process specification sheet

(Basic data)
4
Normal operation check Examination of operation
' method
Finding out of abnormal _—
- operation Diagnosis of facilities

Various Study an the quality and
k{nds of_ yield of raw materials, sub-
diagnosis materials and products

Judgment of facility
updating

Study on the rationaliza-
tion ot production

¥

Operational data

The following advantages can be expected through data arrangement, comparison and

examination.
(1 Operators can understand technical contents.
(® Safety operation can be secured.

(3 Production cost can be reduced.
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2. Introduction of the Japanese Production Control Method
(1) Features of Japanese Production Control

The Japanese industry has recently made a remarkable development and attracted a
great deal of public attention all over the world. As one of technically advanced
nations, Japan is now exerting a great influence upon a number of countrics. The
primary factor of its rapid development is a result of strenuous efforts to upgrade the
quality of products and reduce the production cost, under a notion that, after the
Second World War, Japan having insufficient natural sources can only survive in the
world market through competition and cooperation by reinforcing its industrial produc-
tivity.

Particularly, in almost all of Japanese manufacturers, even operators at job sites have
strived for the improvement of prodljcfion, always aiming at a higher goal and not
satisfying with the existing technical standard. “Management” is to maintain the present
technical standard, while “improvement” is to raise the level of technology. Most of -
Japancse manufacturers continued technical: improvement through “quality 'control
(QC).’.’ Since the latter half of 1970s, the term “quality control” came to represent the
improvement of the “quality of every kind of works” covering facilities, materials and
labor as well as “quality of products”. It has developed into “total quality conirol
'(T QC)” which urges manufacturers from the top management to the rank and file to
pérticipate in improving all works. Therefore, it is not too much to say that the re-

" 'markable feature of Japanese pi"oducti.on control is found in the diffusion and saturation .
of quality control method.

Ac_cordingly,- the concept of QC and the api)lication of QC method to activities for
improvernent at job sites will be given below.

2) Basic Concépt of Quality Control

There is a term called “Demming Cycle” which defines the basic concept of quality
control. Producers should determine the guality of products in the process of manu-
facturing not from the producer-centered (produ’ct-out)' concept but from the consumer-
oriented (market-in) concept. Based on a clear concept of laying stress on the quality

- of products and responsibility for thé quality, manufacturers are requited to establish a
link of following four in-house activities such as survey, design, production and mar-
keting.

_ @ To survcy'énd_ study thoroughly u_.se‘rs’. demand for quality

* (@ To'plan and design products which will satisfy users’ demand



@ To manufacture products as designed
@ To market products to users and check their satisfaction

The Demming Cycle emphasizes that manufacturers should take corrective measures
against claims and offer repair services to users, should any troubles be caused. They
are a_lso'ﬁ:quired to examine user-friendly functions and users’ satisfaction, and make
strenuous efforts to commercialize products which may satisfy users in the future by
repeating procedures from (D to (@. The basic concept of Demming Cycle is that
manufacturers can win the confidence of users through these activities and enjoy
everlasting prosperity as manufacturers, |

(3) Control Cycle

The Demming Cycle which defines the basis of quality control is déscribed here
from a different angle. N '

What kinds of products should manufacturers provide? The activity in the stage of
planning and designing will show clearly the target of production. It is an activity in
the stage of making a plan for producing goods - “Plan”.

The activity in the stage of manufacturing will be the one in the stage of carrying out
the plan - “Po”, If produced goods are what users really need, sales may increase.
On the contrary, if users are not satisfied with the products, sales may decrease.

In the stage of marketing, it is required to check whether finished products are reflex
of users’ demand or not - “Check”. Should any inconvenience be caused in the stage
of marketing, corrective actions should be taken to meet the claim or after sales
service should be provided. All these information should be fed back, as users’ dissat-
isfaction with the existing products, to planning and used for the development of
improved products from the next time. The activity in this stage means to take positive
action for the following step - “Action”. The above-mentioned cycle is called

“Demming Cycle.”

The Demming Cycle is a normal way of thinking, however, it is not easy to translate
the idea into action. Plans are mapped out every year, but they are not necessarily
implemented as planned. Plans are scheduled but theyr are not carried out as planned.
People often start taking action without a definite plan.

(4) Application of QC Method to Activities for Improvement at Production Sites

There exists not a single Demming Cycle'in an enterprise but also multiple Demmihg
Cycles in various areas of each enterprise such as sales, procurement, design, research
& development and production departmenis.
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For instance, the production department has a feedback loop which includes produc-
tion planning, execution, check, and feedback to reform the plan.

By adopting this QC procedure into every unit of small or large job site, Japanese
manufacturers are making great efforts for improvement,

Methods for various improvements are shown in Fig. IV-2: Method for making
improvements by QC and in Table IV-1: Actual method for making improvements by

QC.

Fig. IV-2 Method for Making Improvements by QC
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3. Proposal on Production Process of Each Factory

To be true to the object of this study, the proposal on production process intends to
improve the production process which will reduce the industrial pollution of water and
atmosphersic air. The proposal is not aimed at the rationalization of production process to
increase the production capacity and reduce the production cost. 1t is also not aimed at the
alteration of the current production process by going into its basic process. Therefore, we |
sampled and analyzed waste water and exhaust gas during the period of the field survey.

The analysis values obtained in the field study show polluted substances were commonly
high in density and a large quantity of waste were discharged and exhausted. In other
words, a part of products or by-products was discharged or exhausted. To collect waste as
much as possible and to discharge only unavoidable waste will improve produétivity and
prevent environmental pollution. |

With the object of reducing the environmental pollution, we examined the possibilities of
resource recycling and energy saving at each factory.

3.1 SIAPE

The production process adopted by SIAPE has already been ﬂxed. True 10 the purpose of
our study, this chapter makes a potential proposal for improvement from the viewpoint of

environmental pollution control.

However, by studying the proposal for improvement based on the regulation values of
waste water and exhaust gas (to be stated in Volume V and VI), we cannot help making a
proposal which may affect a part of basic production process. Therefore, it is considered
necessary for SIAPE and each process owner to investigage thoroughly about the infiuence

of process performance.
3.1.1 Sulfuric Acid Plant
(1) Comparison of Exhaust Gas Treatment Method

The existing sulfuric acid plant does not discharge waste water which will cause
environmental pollution, However, it is required to take measures to conform to the
values for regulating exhaust gas. The possible treatment of exhaust gas from the
sulfuric acid plant is categorized as follows. '

(i) Wei system

The wet system uses water solution such as magnesium hydroxide, caustic soda
and ammonia fo eliminate $O2 and SOx in the form of sulfate.

For instance, the general flowchart of the wet system is given in Fig, IV-3,
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®

Dry system

Basically, this system allows solid materials to absorb or react to SOz, SOx and NOx.
Activated cokes, calcium carbonate, ete. are used as solid materials.

For instance, a dry system is given in Fig. [V-4.

Use of high chimney

Using a high chimney is the simplest way to reduce the concentration of harmf{ul
gas on the ground, but it does not reduce the discharge at all.

(@ Adoption of new process which allows to increase the recovery rate of raw sulfur

{2) Application to Sulfuric Acid Plant

All systems above have been adépted in Japan and other countries, and we have
analyzed as follows based on the present situation of SIAPE.

® Wet system

Waste water treatment is required, because any treatment systems adopted will
discharge sulfate in the form of solution. This system allows to collect and utilize
it as by-product. Besides, the wet system is very effective in a country like Japan
where no regulations exist for SO4 discharge.,

Dry system

The dry system will be large in scale, and equipment used in the system are very
expensive. It will be required to cxamine the dry system if the regulation of .
exhaust gas becomes more strict in Tunisia in the future. Under the current con-

ditions, however, we exclude it from our study.

Use of high chimney

This is the system which we want to propose to SIAPE.

Adoption of new system which allows to increase the recovery rate of raw sutfur

The SCSA (single contact, single absorption) system is adopted in the SIAPE
sulfuric acid plant. This system generally ensures a sulfur recovery rate of 98-
98.5%. On the other hand, the DCDA (double contact, double absorption) system
provides a recovery rate of more than 99.5%. Accordingly, the DCDA system
emits less SOz and SOy into the atmosphere than the SCSA' system, and is re-
gardcd as an effective method in respect to envirénmental pollution. Additionally,
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since an increase in the market price of raw sulfur is now making the business
condition of SIAPE more serious, this system should be studied carefully.

As a result, we will make the following proposal for environmental pollution control

in the sulfuric acid plant.

1) There is no regulations for SO4 in the tentative standard for waste water pro-

posed by Japanese side.
Therefore, wet system can also be applied.
While, as for INNORPY, there is a regulation for SOa.

In this case, wet system can not be considered because the Joad for waste water

treatment will increase.

2) We propose o adopt DCDA system because only the exhaust gas is the object to
be considered in sulfuric acid plant. This proposal seems to be effective in
respect to the efficient use of sulfur. We also have heard from STAPE that the
GABES sulfuric plant had already decided to adopt this system.

3) The method of building a higher chimney is excluded from our proposal, be-
cause we are making a proposal of 1) and 2). i

3.1.2 Phosphoric Acid Plant
(1) Improvement of Facilities Viewed from Exhaust Gas Treatment

There exist no regulations of exhaust gas in Tunisia now, and SIAPE considers itself
free from any troubles. However, fluorine is discharged more than defined with refer-
ence to the proposal offered from Japan, Therefore, we propose to replace the present
gas scrubber at least with a more efficient gas treatment facility.

For the gas scrubber, alkaline washing with caustic soda is significantly effective for
eliminating fluorine gas. Judging from the regulations of exhaust gas, alkaline washing
does not seem to be indispensable, so it is recommended to provide for facilities to be

installed when regulations become more strict.

(2) Improvement of Facilities Viewed from Waste Water Treatment

Under the existing circomstances, all water used in the scrubber is utilized to make |

gypsum slurry, and gypsum slurry is carried to Tabia, where water evaporates part'ial'ly
and remains partially with gypsum in Tabia. The rest of water circulates back to the.
plant and is used for washing gypsum in the filter process, and then it is utilized to
make gypsum slurry. So far as this is repeated, a closed circuit is adopied. Since the
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volume of water evaporated from and remained in Tabia must be properly replenished,
we propose to use waste water discharged from the factory for make-up water after
treatment, The quality of waste water after treatment is enough to be used adequately
as make-up water.

3.1.3 TSP Plant

Exhausted fluorine gas is not adequately treated in the TSP plant for the same reason as
in the PA plant. Therefore, we propose to replace the existing gas freatment facilities in the
TSP plant with more efficient facilities.

Concerning the waste water, the discharged water from the gas treatment facilities must
be treated, but treatment must be conducted in several steps to meet the regulations.

3.14 Treatment of Waste Water from the Factory
The present condition of waste water from the factory is given in Fig. HI-7in Volume 11N

Treatment of waste water must be performed respcctwely in accordance with the later-
mentioned case setting. Water after treatment circulates back to the phosphoric acid plant,
and it is used around filters,

'3.1.5 Environmental Poihi_ﬁon Control in the Phosphoric Fextilizer Plant
‘Environmental pollution control for the sulfuric acid plant was described in section 3.1.1,

Here we "exlﬁiéin environmental pollution control in the phosphoric acid plant and TSP
plant for your information as these environmental pollution control will accc:mpany the
present process of SIAPE with the change We account for the methods peculiar to the
phosphoric acid and TSP plants, because the general treatment methods of waste water and
exhaust gas will be stated in Volumes V and VL

The target materials of environmental po'lllitit;m cdntr_ol common to the phosphoric acid
- and TSP plants are fluorine, phosphoric acid and dust. The following measures should be
taken against these materials which cause environmental pollution.

{1} Fluorine

Phosphate rock IS used as raw material commonly in the productlon of phosphoric
acid and TSP, Flom 2.8% to 3 #4% of fluorine is contained in raw phosphate rock, and
ﬂuonne gas is generated by each chemical reaction in production process.

4-15



e Chemical equations for the generation of fluorine in the manufacturing process of

phosphoric acid:

CaFs + HS04 + 2H20 -5 CaSO#2IR20 + 2HF
OHF + S102 — HaSils + 220
H:281Fs + Heat/Acid —> SiFs + 2HF

¢ A chemical equation for the generation of fluorine in the manufacturing process of
TSP:

2CaF2 + 4H3PO4 + 5102 — SiFa + 2CaH4«(PO4)2eH20

In either cases, generated fluorine gas is generally washed in the scrubber before it is
emitted into the atmosphere. On the other hand, such a measure is taken as to calcinate
phosphate rock and upgrade it to reduce the content of fluorine in the phosphate rock.

Organic maiters can be eliminated through calcination, and it is a matter to be
considered carefully, if phosphate rock used in SIAPE contams a comparatwely high

percentage of organic substances.

Regardless of the kind of manufacturing process, fluorine gas is generated according
to the above-mentioned chemical reaction. In case of phosphoric acid plant, however,
the volume of fluorine generated as gas depends on the place of origin of the phosphate
rock. It is regarded as from 2% to 5% of all fluorine contained in phosphate rock, and
most fluorine remains in phosphoric acid solution and gypsum. Several methods are
available to collect fluorine contained in the phosphoric acid selution from the standpoint
of environmental pollution cdntrol, and they are explained below. The collected fluorine
is used for aluminum industry and the production of cryolite.

1) Collection of Fluorine from Concentrator of Phosphoric Acid

The purpose of concentration varies according to the demand for reducing the
transportation cost of phosphoric acid and the requirements of fertilizer production
process (mainly water balance in the process).

If the dihydrate process like that of the SIAPE phosphoric acid plant is adopted,
phosphoric acid of 28-30% P20s is usually produced, and the density of P20s is often
raised to 50-54%. Concentration is executed by vacuum heatmg, and fluorine re-
maining in phosphoric acid is cvaporated by this operatlon and then collected. The
volume of fluorine evaporation depends on the place of origin of phosphate rock,
production process of phosphoric acid and density of P20s. When phosphoric acid is
concentrated up to 54% P20s, about 80-85% of fluorine contained in the 28-30%
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phosphoric acid solution is said to be evaporated. Therefore, the efficient collection
of fluorine is an effective means for environmental pollution control, and it is still
mote effective, if the use of collected fluorine is decided.

An example of the process to collect fluorine from the concentrator is given in Fig.
IV-5 (Swift process is well known.)

2) Other Collecting Methods

Condenser is used as the phosphoric acid concentrator, and fluorine can be col-
lected from cooling water for the condenser. An example i§ given in Fig. IV-6.

3) Efficiency in Using Concentrated Phosphoric Acid

Waste water discharged from the factory of SIAPE as process discharge water is
from the scrubber of the TSP plant. The fact of that plant discharge water is produced
shows water can not be evaporated in process due to water and heat balances inside
the plant.

In the TSP plant, 28% P20s phosphoric acid is used without concentration. If it is
replaced by concentrated phosphoric acid, the amount of water previously evaporated
in concentration can be used for gas washing, and the amount of water for washing
can be evaporated in process again. Therefore the method of using concentrated
phosphoric acid is effective in view of reducing the volume of waste water and
absorbing fluorine gas. The flow sheet of this relation is given in Fig. IV-7.

(2) Phosphoric Acid and Dust

It is rather resulied from the performance of equipment than the production process
that phosphoric acid and dust are contained in waste water and exhaust gas.

Therefore, the removable of phosphoric acid and dust is a matter to be coped with
from the aspects of hardware and preventive maintenance and it is effective to take
measures against the items described in Volume 111 as the problems of STAPE.

3.1.6 On Gyps_um in Tabia

The ﬁe_ld survey has not reached the conclusion that the sedimentation of gypsum in
Tabia itself is a cause of environmental pollution. |

 As long as the phosphoric acid plant continues operation in SIAPE, abandoried gypsum is
accumulated in Tabia. Accordingly, the effective use of gypsum should be considered.

However, the facilities for assuring the effective use are generally very expensive.
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Therefore, in this study, considering that it is important to take the appropriate counter-
measures against waste water and exhaust gas, we only explain measures for effective use.

(1) Utilization of Gypsum

When one ton of phosPBOﬁc acid is produéed from the phosphoﬁc acid plant, roughly -
4.5 tons of gypsum is produced as a by-product.

SIAPE produces 400 tons of phosphoric acid daily, i.e. it produces about 1,800 tons
of gypsum as a by-product. Therefore, it is required to consider the volume utilization
of gypsum. To this end, the following utilization is available.

1) Utilization of Gypsum as Filler of NPK Fertilizer

Filler (NPK-grade conditioner) is required by many factories of NPK fertilizer.
The consumption of filler depends on the quality grade of NPK products, and filler is
usually consumed from 50 to 300 kg per one ton of NPK fertilizer.

2) Production of Sulfuric Acid

One utilization of gypsum is to produce sulfuric acid by using SO4 of gypsum. The
“Mueller-Kuhe” process is a well-known process, which used patural gypsum for
operation in the past but now also uses phospho gypsum. The actual results of
constructing plants utilizing phospho gypsum are found in Austria and South Africa,
with Chemie Linz as a licenser. '

The production of sulfuric acid by using gypsum seems advantageous for the
factories of phosphoric fertilizer, but. this process consumes a great deal of energy
and is not aIway_s regarded as an economical method, because the market price of -
sulfur has declined recéhtly. For this 'rcason, there seems no fndvement in the indus-
try to construct sulfuric acid plants using gypsum.

3) Production of Ammonium Sulfate

The possible utilization of gypsum is to use SO4 of gypsum as ammonium sulfate
or (NH4)2804, and the ICI process is well known in the industry. Many factories are
in operation as effective use of phospho gypsum,

This method requires carbon dioxide gas and ammonia as raw materials, and
calcium carbonate is produced as a by-product. Additionally, as for calcium carbon-
ate, the production of quick-lime and carbon dioxide gas can be considered.
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(2) Gypsum-Ammenium Sulfate Plant

The utilization of gypsum is explained in the previous section. Here we will outline
the gypsum-ammonium suifate plants which are in operation at present in several
countries in where phosphoric acid plants exist. The reason why we are referring 1o the
gypsum-ammonium sulfate plant are as follows. | |

- The effective utilization of gypsum in large volumes is expected.
- Ammonium sulfate as a commercial product can be produced.
- The utilization of calcium carbonate produced as a by-product can be considered.

However, the marketability of ammonium sulfate in Tunisia and availabilit_y of
carbon dioxide gas and ammonium as raw material were not included in this study, and
they may be discussed separately. '

1) Production of Gypsum-Ammonium Sulfate
Basic reaction formulae are given below.
INH: + CO2 4 H2O — (NH}COS oot e )
(NH4)2C0O3 + CaS80422H20 - (NH4)2804 3 CaCO3 + ZH20 ..ot (.B)

First produce ammonium carboneie from ammonia and carbon dioxide gas, then -
produce ammonium sulfate and calcium carbonate from ammonium carbonate and

gypsum.

Formula B shows ammonium sulfate is obtained as water solution, which is con-
centrated and crystallized to obtain ammonium sulfate as a product.

2) Outline of =Gypsum-Ammonium Sulfate Process
This process consists of the following six sections.
a) Carbonation section
b) Reaction and gas scrubbing section
¢) Filtration section
d) Neutralization section
e) Evaporation and crystallization section

f) Drying section
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(1) Carbonation Section

Carbon dioxide gas and ammonia (gasified in case of liquid ammonia) produce
ammonium carbonate in the carbonation section according to formula A mentioned
before.

Reaction and Gas Scrubbing Section

Supply multiple reactors installed in paratlel with gypsum and ammonium carbonate.
At this time, ammonium sulfate solution and calcium carbonate are produced
according to formula B mentioned before.

Reactors are equipped with heating coils to provide the required heat of reaction.
Process fluid after reaction is shurry and is generally referred to as magma.
Unconverted gas (ammonium) is washed in the cleaning tower and collected.

Filtration Section

Magma consists of ammonium sulfate solution and calcivm carbonate, and the
latter is separated through the filter. Calcium carbonate is taken out of the section
by the conveyor,

Neutralization Section
Here the PH of ammonium sulfate solution is adjusted by sulfuric acid to make
crystals in the following section. ' '

Evaporation and Crystallization Section

Ammonium sulfate solution after adjusting PH, is treated with multistage evapora-
tor/crystallizer which consist of one evaporator and two crystallizers. At evapora-
tor, excess water in ammonivm sulfate solution is evaporated to near the saturate
solution. Then its solution is fed to the crystallizer where the solution is concen-
trated to the slightly super saturate condition to make the ammonium sulfate
cyrstals. The crystal shurry from the last cyrstallizer is fed to the 6éntrifug_e in
order to separate crystals.

Drying Section

Ammonium sulfate separated by the centrifugal separator is dried with hot air to
make the finished product.
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3.2 SNDP

‘With an aim to take a measure against oil leakage, we have carried out our study for
SNDP. After the first field survey made in June 1991, we have pointed out the following
two points as main causes for oil leakage.

* Leakage of oil from tanks, pipelines, etc.
¢ Drain of oil from the oil separator

During the time of our study, however, the factory executed construction to make an
independent pipeline for receiving product oil and made a plan to increase the capacity of
the oil separator, i.e. SNDP took measures corresponding to proposals made by the study

team:.

Therefore, we have outlined “Safety Standards for Hazardous Material Storage Tanks”
with an aim to maintain and control the tanks of hazardous materials in large volumes.

(1) General Description of Preventive Maintenance Standards
1} Range of Preventive Maintenance Staﬁdards
Hazardous material storage tanks (flat-bottom, cylindrical type tank)
2) and of Inspection
@ Overhaui inspection

- Appearance visual inspection

Plate thickness inspection

- Weld inspection

Bottom plate form inspection
(@) Uneven sinkage measurement
® Tightnéss test by filling water

3) Time of Inspection

The time of each inspection is given in Table IV-2,
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Table IV-2: Inspection Cycle

10,000 k{ or more

1,000 k! or more

Less than 1,000 ki

Overhaul inspection
Sinkage measurement
Tightness test by filling water

3 yrs. or less.
Oncefyry. or more
When required

10 yrs. or less
Oncefyr. or more
When required

More than 10 yrs.
Once/yr. or more
When required -

4) Inspection Records
Items in inspection records are as follows.

(® Check items before inspection

Name and No. of equipﬁxent
- Natne of manufacturer
- Manufacturing date
- Material
- Design pressure and temperature
- Minimum allowable thickness
- Operating pressure and temperature
- Setting pressure of safety valve
- Pressure of air tightness test
- Pressure of pressure test

@ Ttems to be recorded in inspection

1

Date of inspection

Location and thickness of main section

The highest surface temperature and its location in the main section before
operation stops (provided that the operational temperature is 300°C or more,
~or =30°C or less). '

The appearance inspecfion of main section and the result of defect inspection

Pressure of air 'tightness test
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- Pressure of pressure test

- Next scheduled inspection

- Person in charge of inspection
(2) Uneven Sinkage Measuring Method

Of the above-mentioned items, the uneven sinkage measuring method of hazardous

material storage tanks is explained below.

1) Relevant Tanks

Of the outdoor storage tanks of hazardous materials, all tanks of 200 times or more
of defined quantity and with a capacity of 100 k/ or more

2) Measuring Method
() Measuring instrumentis
Measurement is executed by automatic leveling

(@) Setting the measuring points

Divide the outer periphery of the side plate into the equal distance of 3m to Sm
with an even number of sections, and set them as measuring points. Set more

than four measuring points per unit.

Fig. iv-8 Setting Method of Measuring Points

Measuring point

Equai distance trom 3m to 5m

Measure the difference of elevation (uncven sinkage) at each measuring point
and also measure the absolute displacement from the standard point by setting

it.

(® Measuring range
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Judgment of measured value

From the measured values obtained in the previous step, calculate the sinkage
and uneven sinkage according to the equations below.

Sinkage = (Highest measuring point) — (Lowest measuring point)

Uneven sinkage rate = 1/ (W)
Sinkage

Pass judgment on the calculated uneven sinkage rate as follows.

Large-capacity tanks Other tanks
(1,600 ki or more) (Less than1,000 ki)
17100 < Uneven sinkage rate 1/50 < Uneven sinkage rate

N~

Correction of base

3) Examples of Judgment on Measurement
Examples of judgment are given in Fig. IV-9.

Fig. IV-9 Examples of Measurement for Uneven Sinkage

Specific tank with 1,200 k/ capacity

"89 "90 91

N 5,111 5,109 5,109
E 5,101 5,101 5,100

S 5,124 5124 5,130
W 5,111 5,115 5,114
Sinkage 23 ~1 23 30 :

® Tneven g9 g9 gy

sinkage rate 152 152 116

Resﬁit of IﬁeaSu.femént in 1591 — The highest measuring points

- Absolute sinkage: 5,130 - 5,124 = 6 mm
Uneven sinkage rate: 1/116 < 1/100
*No correction of base is required.
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3.3 UPOTS

The source of the worst environmental pollution in the olive oil plant is margin. About
50-60 tons of margin are discharged daily (for 100 days yearly) from UPOTS, and about
100,000 tons of margin are discharged in season in the Sfax city area (total discharge from
about 250 factories). '

In some cases, it may weaken the business basis of small-scale factories which operate
only in season to request them for process improvement including margin treatment, al-

though it is for environmental pollution control.

Viewed from environmental pollution control, the following are the points to be dully

considered when i_mproving the process.
(D Characteristics of raw materials, products and by-products.
2 Kind of manufacturing process
@ Improvement of ménu.facturing process
3.3.1 Properties of Olive, Olive Oil and By-Products (Grignon and Margin)

When studying how to treat waste water (margin) discharged from the olive oil factory,

we have to take the following steps into account.
(1) Treating merely waste water.

(2) Recovering valuable materials contained in waste water, utilizing them effectively
and treating waste water later, - :

@ Improving the system of wasie water by combining it with the modification of each

process to treat waste waler,

We are required to find an efficient method by executing each step separately or by
combining steps. To this end, it is important to know at first the properties of olive plum,
olive oil, grignon and margin. We hope this will be useful fo find the potentiality of

improvement.
(1) Property of Drupe of Olive

The drupe of olive is said o be classified into 20 or 30 types by its use, but we fake
up Chemlali olive which is mainly cultivated in Tunisia (Sfax) for oil extraction.

Its appearance is given in Fig. IV-10, and figures in parentheses indicate the compo-
nent ratio of each section. '
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Fig. IV-10 Drupe of Olive

- - Exocarp (2~2.5wt%)
Mesocarp (70~-80wi%)

Endocarp (18~25wt%)

Kemel (2~5wi%)

Chemical composition contained in each part of olive (when dried) is given in Table
IV-3. |

The exocarp contains a great deal of non-nitrogen content, while the mesocarp
contains oil, and both endocarp and kernel contain cellulose.

Table IV-3 Content of Drupe of Olive | |

o | (Wi%)
Exocarp Mesocarp Endocarp
Ash 1.6 2.3 1.2
Total nitrogen/ 9.8 9.6 1.3
fat | 34 - 08
Cellulose/ 24 2.4 [74.1]
ﬁon-nitrogen extract [EZ_Q 82.8 22.7

The component ratio of an entire drupe of olive and the component ratio of by-products

are given in Fig. 1V-11.
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Fig. IV-11 Product Ratio of Olive

<20>
Water <50> T
<100> 41 Olive oil
Olive l - | :
<100> - Water 83%
- Water 49% 4 Magin | { Organicmatter  15% (oil 1%)
Oil 27% inorganic matter 2%
4 Pulp 14% Water 5%,
Kernel 1% (;30> ol 8%
Fé(i?;%rplmesocarp 9% rignon Shell 40%
Pulpg 27%

¥

< > indicates the percentage of each part with the entire olive set as 100 (for pressing
method).

(2) Olive Ol

The methods to produce olive oil from drupe of olive will be explained in section
3.3.2 Olive Qil Production Process, and they are largely divided into pressing method
(batch method) and continuous method. The quantity and quality of olive oil and by-
products vary slightly depending on the production methods,

(@) Pressing method

Warm water <50>

Stone mill ,l —» Grignon <30>
Olive —» Crushing Mixing » Pressing —* (Water cantent 25%)
<100> — Margin <100> .
' (Water content »| Centrifuge | {Water content 35%)
50%) —- Qlive oil <20>

(& Continuous method

Hot water <30>
Cont. method ‘
—» Grigrion <40> ) .
Olive —»{ Crushing Mixing »i Dacanter — Margin
<100> + Centrifuge <70>
- Olive oll
<20>

Figures in <> indicate the percentage of each product with drupe of olive set as 100,
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Above figures, however, give only a rough idea, and the percentage may be varied
largely in actual cases.

The content of olive oil is as follows. Olive oil consists mostly of saponifiable (soap-
making) content (98.5-99.5%).

Saturated fatty acidh
(55-83%): (Mostly palmitic acid)
Mono-non-saturated fatty acid
(55-83%): (Mostly oleic acid)
Poly-non-saturated fatty acid (3.5-22%)
Polyphenol (25-30%)
Alcohol (25-30%)
Ohters (25-30%)

([ Saponifiable content
(98.5-99.5%)
Olive oil <

Non-saponiftable content )
- (0.5-1.5%)

Most of the saponifiable content is oleic acid. It constitutes a large part of edible
olive oil, while the non-saponifiable content counts for a smali portion of entire olive
oil, and the latter contains important factors to determine the quality of olive oil, i.e.
elements which determine the green coloring matter, red coloring matter, flavor and
taste of olive ail, and Polyphenol. Polyphenol has antioxidative characteristic which
ensures a long-term storage of olive oil but makes biological treatment more difficult
at the same time.

The quality of olive oil is determined by various kinds of factors, and the typical
elements of IOOC (International Olive Qil Council) standards are given in Table IV-4.
(There are many other elements which determine the quality of olive oil.)
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Table 1V-4 Quality of Olive Qil

Virgin olive oil Extracted oil from grignon |
. ; Refined ! Olive ;
Exira Fine Semi- Lamp | oil oil Qrude R_efmed -
fine oil oil
Qdor © © @) X A O A A
Taste © © O % A O A A
Color Yellow - - Clear Yeliow Clear Clear
to preen yellow | to green yellow | yellow
todark | to green
yellow '
Acid value <10 | <158 <33 >33 <0.3 <1.5 <1.5 <0.3 <15
UV absorption | <0.25 -3 <0.3 £i.1 <0.9 20 | =17
{270 mny)
Water & <0.2 3 — <03 <0.1 <0.1 <0.1 0.1
volatility (%)
Impur. insol. <0.1 - — <0.2 <0.05 <0.05 <0.05 <0.05
ether
petrolenm (%) ]

Mark) © Perfect A Acceptable
O Good x Defective

In Tunisia, the dealing price of olive oil for ONH has been decided according to the
acid number. The unit price is determined based on the following price system.

Acid No. 0.3-4.0: at 0.05 intervals

Acid No. 4.0-20: at 0.1 intervals

Acid No. 21-33: at 1.0 intervals

Fig. TV-12 illustrates the price system of olive oil.

As seen from these figures, the unit price of olive oil increases sharply when the acid
number is under four, i.e. the unit price will be more profitable price as the acid

number comes closely to zero,

4-32



Fig. iV-12 Price System of Olive Qil

Price of olive oil (DT/TGON)

2 =3
200 Acid 1 prce i AGd 1 pygg
Unit price | valug value
DT/TON 41750 0.30 1750.00 10.00 { 1208.70
1 %6708 1.00 1670.80 15.00 | 1057.61
4 N\1563.8 2.00 | 1563.36 || 20.00 | 906.52
1500 ) 3.00 1463.76 25.00 755.12
1146288 12000 . 4.00 | 1390.00 |[ 30.00 | 604.32
4 | 500 | 135978 |1 93.00 | 51366 |
’ 1350.3 1203.5 ’
| \\\1\0'52\6
1000
1 ' {0065
R 7554
] 604.3
513.7
500 L3Nt Tl I Bt Ml St R T T T T T ¥ T 1 1 1 7 7T LINSL B 2t |
¢] 45 15 25 33 35 Acid
10 20 30 value
0.05 4-<§>*+ o1 0.1 *—¢L~> 1.0
(3) Grignon

Grignon itself contains a small quantity of olive oil. Generally, the oil content is

extracted as much as possible at the grignon oil extracting factory {(in some cases, soap

factory), and waste grignon is produced. The physical component is given in Table

IV-5.

" Table IV-5 Physical Component of Grignon

{wi%)

Raw Grignon

Waste Grignon

Remarks

Water content
0Oil

Shell

Pulp

25 - 30 15 - 18
8- 10 ——1—> 2-4
43 - 56 50 - 55
23 - 28 30 - 35

Endocrap, kernel
Exocarp/mesocarp

~ The chemical component of grignon (dried) is given in Table IV-6.
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Table IV-6 Chemical Component of Grignon

(wi%)
Raw Grignon | Waste Grignon Remarks

Dried content 70 - 90 86 - 95
Ash 3-15 6-9
Entire nitrogen 5-10 12 -16 Mostly amino acid
Fat 5-13 —4— 1-7 From mesocarp: mostly fat acid
Cellulose 32-48 33-53 From endgearp | 4yc 0.1 659
Non-nitrogen 27 - 45 25 - 45 From exocarp -Linoleic acid 18%

Others 6%
Others ir tr Polyphenol

As a matter of fact, there is a big difference in the inclusion of oil content (fat)
between raw grignon and waste grignon, but the rest are almost similar.

(4) Margin

The margin has the highest degree of pollution load, and the treétment of margin is
urgently needed. To this end, it is required to understand the chemical and physical

components of margin. Actually, however, we can have only rough figures as data.

To show you the outline of chemical and physical components, we give an example

below.

Margin 1

Inorganic matter 2% -

- Water content 83%

" Fat 0.2-1%, Polyalcohol 1-1.5%,

Organic matter 15% —{ Protein 1.2-2.4%, Polyphenol 1-1.5%

L Carbohydrate 2-8%, Others

™ Carbonate 21%, Potassium chloride 47%
Phosphorus 14%, Sodium chloride 7%

L. Others 11%

There is a big difference betwe_en the pressing method (batch method) and the
continuous method, and they are given in Table 1V-7. In the continuous method, values
are about 50% lower than those of pressing method.
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Table V-7 Example of Component of Margin

1. Alfonso Ramalli 81 ltaly)

———— e —

Pressing Method Continuous Method |
Basic lIndex
BGD eg/L 67. 1 - 39.8
CoD.. g/L 148 85. 1
TC g/L 59 37.1
Density 1.054 1.023
Ash ~ g/l 1 149.5 ] 5.8 ]
Organic Matter g2/L 94.6 55. 4
Color b3 37 40. 6
Saccharose g/L 35. 2 - 17,3
Acidity g/L 45. 6 3.5
Polyaicohol ¥ 1.3
| _Pectin etc. X 1.3 L

¥ : Ratio in organic matter

2. FTiestas Ros de Ursinos (80 Westi Germany)

Pressing Method | Continuous Method T
Basic Index
pHl . 4.5 - 5 4. 7-5.2 | 5 :
. COb - | mg/L 120 - 130,000 { 25-48,200 : 40,000 :
BOD mg/L 0.1 23-44,000 © 30,000 ¢
ss % 12. 0 C0.27-1.7 0 0.9
Residual Dryed (105 °C) % 1. § 1.41-4.51 ¢ 3.0 :
| __Residual Ignited (550 "C) | % ) 0,20-0.67 ¢ 0.4 i
Grganic Content : :
Total Organic Matter % 10. 9 1.20-4.06 ©  2.60
Total Saccharose % 2 -8 0.5-2.6 @ 1.0 :
Total Nitrogen % 0.5 - 2.0 0.17-0.4 0.28 :
Organic Acid % 0.5 - 1.0 §
Polyalcohol % 1.0 - 1.5 .1
Pectin % 1.0 0. 87
Polyphenol % 1.0 2.4 0.3-0.8 © 0.5 E
Fat % 0.3 - 1.0 0.5-2.3 ¢ 1.0 C
[norganic Content : Q
p ng/l 1, 100 24 - 259 96
K mg/L 7,200 529-2,758 ¢ 1,200
Ca ng/L 700 49 - 267 120
Mg ng/L 400 19 - 125 ¢ 48
Na ' mg/L 900 10 - 137 | 45 ;
Fe mg/L 70 2 - 62 [ .18
co2 ' ng/l 3,700
503 ng/L 400
c12 mg/L 300
5102 mg/L ) BG  ]

-mi:iEFreqently data
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3.3.2 Types of Olive Qil Production Process

So far we have outlined the characteristics of raw materials, products and by-products.
Now we proceed to the production process for them.

Broadly speaking, there are two production methods for olive oil as described in the
previous scction, i.e. pressing method (batch method) and continuous method.

" Recently, another production method like erizyme extract method is going to be established.

(1) Pressing Method (Batch Method)

Warm water

!

() Olive——=] Crushing |— Hundle ’>| Pross

L

Centrifuge —— Olive ol

(UPOTS)  fing ] ]
Grignon Margin
Warm water

' . . . L Rough Hundle =
@ Clive —= Washing *!Erushmg 4>| Mixing extraglion ™ filin a Press [—»*
*  —» Cenirifuge — Olive oil «—{ Separator Grignon

'

Margin

4

‘The difference between system () and system (I) is in the addition of mixing machine

and rough extractor (primary press).

(2) Continuous Method

Warm water

QOlive — :—:;foval -bi Washing = Cruéh'mg —-biﬂxing F—J Decamer—H Cenirifuge [— Olive oil

Grignon Margin
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(3) Enzyme Extract Method .

Warm
water Enzyme

Kerne! l l

Oliv —f{Washing 1 removal | Reaction |

Decanter}—blfentrifugﬂ* Olive oit

Grignon Margin

The pressing method has more chances of exposing raw material to air (cfushing and
hurdle filling) and requires a longer time for entire production process. It usually takes
almost three to four hours including the primary and secondary pressing processes.

On the other hand, the continuous method takes about one hour from the start of
olive processing to the completion of olive oil. From the viewpoint of acid value, the
continuous method is ovérwhelmingiy advantageous than the pressing method, but the
taste of olive oil is so subtle that the continuous method is not always considered to be
superior to the pressing method.

3.3.3 Improvement of Olive Oil Production Process

When taking measures to purify m'argin waste walter, it is required to take various kinds
of methods into account, i.e. to puriy margin waste water directly, to decrease the volume
of waste water so that its treatment may become much easier, to improve the olive oil
production process so that less margin is discharged, and to reduce poliutant contained in
margin. Other methods are to collect valuable materials from margin or to take advantage
of margin’s property (ex. combustion quality) to use it in the production process.

{1 Exist_ihg Treatment Technologies

Various kinds of existing margin treatment methods are given in Table IV-8. The
table shows that almost all kinds of treatment methods have been developed, and
theses on the treatment of margin may fotal more than 1,000.

The treatment technologies may be classified largely into about 10 categories, and
they can further be divided into about 30 subdivisions ranging from the method which
uses natural purifying function to the most basic physico-chemical treatment method,
biological treatment method, or concentration method combined with oil production
process. | | | ' |

Among these technologies, the biological treatmient is the most popular, particularly
the biological treatment of anaerobe, followed by the concentration method utilizing
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the heat of combustion (Grignon burning boiler). Various methods are under investiga-
tion for treatment after concentration, i.e. recovering valuable materials contained in
margin or recycling oil in the extraction process by mixing margin with paste or raw
grignon or using it as fuel for the grignon boiler.

The outline of major technologies is given in Table V-9,

The table shows there are many methods to be devised by adopting or rejecting

elementary technologies.

It is also feared that a new method may result in 2 margin treatment process, which
is larger in scale and more complicated than the existing olive oil productlon process,
and an unbalanced production process on the whole (especially for operanonal and

technical requlrements), if necessary precautions are not taken.
{(2) Considerations on Process Improvement

It should be carfully studied to improve the process only with the purpose of purifying

margin waste water.

For instance, the continuous method which causes less pollution of margin waste
water and produces olive oil with superior acid value and the adoption of a new
process to use grignon, which is now sold to soap factories, with margin inside the

factory can be considered.
However, the following points should be censidered carefully.

1) The change of process on a large scale will affect the business condition of the

factory.

2) The pressing method (batch method) itself is a simple process. In case where
multiple processes are adopted in a single factory (i.e. simple labor-intensive factory),
it is unbalanced to introduce more complicated waste treatment system into the
factory, if viewed from operational and technical requirements. (A seasonal factor

in operation should also be considered.)

3) Process improvement should be considered to cover about 250 small-scale olive

oil factories in Sfax.

It is recommended to integrate several small-scale factories into a large factory and
treat waste water on a large scale. Another recommendation is not to change the
present system nor the process in each factory and limit its improvement IOISimple
rationalization by merely collecting margin discharged from each factory for treatment.
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Table IV-8: Classification of Various Margin Treatment Methods

Currently Available

Broad classification

Subdivision

Using natural purify-
ing power

Using for agriculture (as fertilizer)
Scattering over the olive firm (as fertilizer)
Discharging into the river

Drying in the lagoon

Scattering over the sand to use as fertilizer

Using as fertilizer
and food for animals

Mixing with agricultural residues, grignon, etc. or fermenting
to make fertilizer

Mixing with agricultural residues, fermenting and drying to-
make peliets and using as food for animals

Making food through the fermentation of margin

Physico-chemical
freatment

B

Condensation method (lime/soda persulfate/iron sulfate/
electrolytic condensation) o
Filtration concentration method (UF/RO/porous resin)
Saponification treatment

Activated carbon treatment and ulirasonic wave treatment

Heat utilizing treat-
ment

Drying by burning grignon

Thermal concentration by buming grignon
Atomized firing '

Making fuel (Ash is used for fertilizer)

» Treatment
by freezing

~Concentration through freezing

Biological treatment
‘+ Anaerobic

Fermenting anaerobe and recovering methane

* Aerobicé

S

Biclogical treatment of aerobe

Recovering valuable
1 materials

Recovering polyphenol compound (as anti-oxidant)
Recovering aromatic compound and alcohol
Recovering nitrogen and protein '
Collecting potassium chloride

Others

Using for civil engineering works (agricultural mainfenance
and brick production) ' :
For sampler and activated carbon (mixed with grignon)

1
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3.4 SIOS-ZITEX (SATHOY)

(1) Introduction

There are two soap factories in operation in Sfax, Both SIOS-ZITEX and SATHOP
adopt almost similar drainage systems. Therefore, this section describes the process
improvement of SIOS-ZITEX only.

At SIQS-ZITEX, waste water is discharged from several places. Here we discuss on
waste water discharged from the saponification tank which is most closely related to

process improvement.

For improving the existing process without changing too much, the simplest way is
‘to recover valuable materials contained in waste water and reflect them as reduction

from expenses for waste water treatment.

The valuable materials in waste water discharged from the soap factory are as

follows.
» (lycerine: 2 - 8% (content)
» Salt: 2-3%
« NaQH: 3 - 4%

Here we cxamine the recovery of glycerine (sodium chloride is recovered at the
same time) which is the most valuable in all and whose process has already been

established in variously,
2) Glycerine

The composite system and natural system (glycerine is produced as a by-product of
soap) are available for the production of glycerine. The natural method was popular in
Japan in the past, but the adoption of composite system is increasing nowadays. (The
import of soap has béen increased.)

Glycerine is used in all areas of industry thanks to its various features such as
physical properties (hygroscopicity, solubility and viscosity), chemical properties (re-
activity due to three OH groups) and nonpoisonousness to organism. The main use of
glycerine is as follows, and it is regarded as an effective chemical product.
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Table IV-10 Use of Glycerine

Classification

Use

Food

Solvent (perfume, colorant), crystallization inhibitor _
(sugar), refrigerant (frozen food), lubricant (food processing ma-
chine) '

For medicine

For cosmetics
For lubricant
For tobacco

Enema, tincture, ointment, mental stabilizer, heart medicine (nitro-
glycerine)

Dryness inhibitor, viscosity adjuster

Oxygen compressor, non-oil soluble lubricant

Leaf shape collapse inhibitor, dryness inhibitor

For cellophane
For urethane foam
For monoglyceride

For resin

For explosive

Plasticizer (absorption i0-20%)

Raw material (glycerine + PO/EO + diisocyanaie)

For food, medicine, cosimetics, emulsifier for construction
(monodiethyl)

Water-proof lacquer, varnish, paint {ester gum), for coating (alkyl
resin) '

Dynamite (nitroglycering)

To meet the requirements above, the quality standard of glycerine is classified as

follows.
Table IV-11 Quaiiiy Standard of Giycerine (Japan)
Type _ Description and subdivision: _
Pharmaceutical Approved by Japanese Pharmacopocia (84-87 wt%, p=1.221-1.230).

glycerine (PG)

» Concentrated glycerine (95 wi% or above)
» Glycerine for cosmetics (ineeting the raw material standard of
cosimetics)

Refined glycerine -

RG)

'Meeting the 318 refined glycerine standard (95 wt% or above)

« Glycerine for resin {passing the heat run test)
» REdible glycerine (passing the test of the Food Sanitation Act)

Dynamite glycerine
(DG)

Meeting the JIS requirements of dynamite glycerine (98.5 wi% or
above), slightly yellow-colored
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The U.S. standard of glycerine is as follows.

Table IV-12 Quality Standard of Glycerine (1.8.A.)

Type Description
USP grade Almost similar to concentrated glycerine approﬁzed by the Japanese
Pharmacopoceia '
BP grade Similar to the USP grade, pz1.260
CP grade Almost similar to the USP grade

Industrial glycerine
Dynamite grade

Light-yellow, p21.262
Large difference in color, (121.262

(3) Outline of Process for Recovering Glycerine frofn Soap Waste Water _

Generally, glycerine has been produced by recovering from soap waste water. The
volume of soap waste water discharged at SIOS-ZITEX is 7m? daily and contains about
5% of glycerine, sodium chloride, NaOH and impurities.

The process of concentration reﬁnefy method which is most popﬁlar now in soap
production allows to collect high-guality glycerine efficiently.

Since soap waste water contains various kinds of impurities, it is required to remove
them compietely through chemical treatment before conducting concentration refinery.

The concentration process consists of double-effect vessel, concentration vessel and
refinery vessel, and glycerine and sodium chloride are recovered at the same time.

(4) Description on Recovery Process

The flow sheet of recoveﬁng glycérinc is given in Fig. IV-13, and the recovery
process is explained along the flow.

1) Settler (2 units)

Two units of settlers are used to remove impurities in soap waste water. The
stationary settlers separate and eliminate fatty acid or soap content as much as possible.

2) Neutralizer

Alkalinity (caustic soda) contained in waste water is mixed with hydrochloric acid
and neutralized (Sulfuric acid is also available.) '

4-44



dwnd Wnnsea = "d'A
weas = WES JHEn

wieid deos o} wmal YBS

WOWIEEL} JOJEM BISEM O ]
sanpisey

QN Bisem . y
sbeiors , f L 12853A . - sanEsaL
suussf|n [ossan L] — —, M sonpIsey UONED serpisay _ME bz - .M,m
pausiulg Buuio|eosg Nis | Wis ) . 1S Hund -N moo, djeanay  iemes
@

igyem .

SULSDAID) paysiuld
AsEepM

Aalll4 -

8w - webe  {OH
Bupendeon

lopeiodea] )

I3t

UIOBH 1y >

IOJRAUBIUOY jy et
|
N
e

L
(@ Joierodeag i >

v

12002

"dA Uy I
i A d'A

Aeao2ay auliadAlp) 10 j8ayUs Mojd £L-Al "Big

4-45



3) Coagulator

Aluminum sulfate is added in the coagulator, and coagulation refinery is con-
ducted to separate residual oil emulsion into metallic soap (aluminum soap) and
colloidal sediment of sodium hydroxide. Alun can substitute for aluminum sulfate.

Additionally, lime is added and mixed, then forced filtration is conducted at PH
4.5 to scparate various kinds of impurities contained, fatty acid or soap content

completely.
4) Purifier

For concentration to be followed, soda ash (sodium carbonate) is added and mixed,
and forced filtration is conducted at PH 8.5-9.0 again.

Residues carried out twice through above-mentioned forced filtration include me-
tallic soap (aluminum soap), colloidal sediment of sodium hydroxide and aluminum

soap.
5) Evaporator (2 units) and Concentrator

The evaporators (2 units) consist of double-effect vessels. After glycerine is heated
and concentrated to 40-60% in the second vessel, it is transfersed to the concentrator,
where glycerine is heated at 60-80°C and concentrated to 80-50% under a reduced
pressure of 50-100 mmilg to obtain crude glycesine. Sodium chloride crystallized at
the bottom of above-mentioned three vessels is recovered in a form of slurry and can

be used again for soap production.
6) Rectifier and Air-Cooled Heat Exchanger (3 units)

Crude glycerine is transferred to the rectifier to be heated at approximately 200°C
and distilled under a reduced pressure of 40-50 mmnkig, then condensed in the three
units of air-cooled heat exchangers to obtain glycerine with a density of 98% or
above at an yield of 80-90%.

7y Decolorizer

Since crude glycerine obtained as in a manner described above is slightly colored
(light yellow) by decomposition and sometimes gives out a bit of smell, it is required
to mix with activated carbon in the decolorizer and conduct forced filtration,

In some cases, it is diluted with distilled water to obtain glycerine of required

density.

The arrangement drawing of facilities for recovery process is given in Fig. IV—M
and main equipment are given in Table IV-13.
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Fig. IV-14 Arrangement Drawing of Glycerine Recovery Facilities

Operator Switch & (32nf)
oom room <

N i+ ;
: {} e = Ground Floor
i ! ! 2
fE-‘ E Waste solids area E g (96m’)
! €9’ TSNS FUS U I
,_ i2m J
rh th h
L k3 P i
Cheimcals @
charge area ,l%k ¢
& 2nd Floor
£ A + A (@6r)
NN ¢ @ |
«@x &
&
i) h -
g t t
fab! faal b &
[Ar LY g H N ] OF
D @
ROOF q_f*:{, $
J” GZE—TD Q} : 3rd Floor
ot g i & @2m’)
®
® B
H Tie] 1} m
1 LIJ 3

4-47



Table IV-13 List of Main Equipment (Glycerine Recovery Facilities)

Ttemn Quantities Specification
Columns _
Evaporator I 1 500 ¢ x 3000H, C.S., Pall Ring with Reboiler
Evaporator If 1 500 ¢ x 3000H, C.S., Pall Ring with Reboiler
Concentrator 1 400 ¢ x 4000H, C.S., Pall Ring with Reboiler
Rectifier 1 300 ¢ x 5000, C.S., Pall Ring with Reboiler
Vessels and Tanks
Settler 2 Cone Roof, Cylindrical, 8 m? PE
Neutralizer 1 Cylindrical, 4 m?®, PE with mixer
Purification Vessel I 1 Cylindrical, 4 n?’, PE with mixer
Purification Vessel 11 1 Cylindrical, 4 m?, PE with mixer
Evaporator Feed Vessel 1 Flat Bottom, Cylindrical, 4 m?, C.S.
Concentrator Feed Vessel 1 Flat Bottom, Cylindrical, 2 m?, C.S.
Crude Glycelin Storage t Vertical Cylindrical, 1 m?, C.S.
Accumulator 1 1 Vertical Cylindrical, 0.5 m3, C.S.
Accumulator 11 1 Vertical Cylindrical, 0.5 m?, C.S.
Condensate Vessel 1 Vertical Cylindrical, 0.2 m®, C.5.
Decoloring Vessel 1 Conical Bottorn, Cylindrical, C.S. with mixer
Finished Glycerin Storage 1 Cone Roof, 3 m?, C.S., for 1 week storage
Heat Exchangers
Evaporator Condenser 1 Shell and Tube, C.S./C.S., 3 m?
Concentrator Condenser 1 Shell and Tube, C.8./C.S., 3 m?
First Stage Air Fin Cooler 1 Air Fin, C.S,, 2 m?
Second Stage Air Fin i Air Fin, C.S,, 2 m?
Cooler _
Third Stage Air Fin i Air Fin, C.S., 2 m?
Cooler ' '
Final Condenser 1 Shell and Tube C.8./C.8., 2 n*
Filters '
Filter 1 1 Press Filter, Aluninum
Filter 11 3 Press Filter, Aluminum
Filter 111 1 Press Filter, Aluminum
Vacunm Pumps '
Vacuum Pump 1 1 Nash Pump, CS
Vacuum Pump I 1 Nash Pump, CS
Vacoum Pump HI 1 Nash Pump, CS
Pumps 10 Centrifugal, 30488 and C.S.
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(5) Material Balance

When glycerine is recovered through above process, various kinds of assistant agent and
utilities are used. The entire material balance is as shown in Fig. IV-15.

Fig. IV-15 Material Balance of Recovering Glycerine

Chemicals
HCI (35w1%) 54kg/d Steam
Soda Ash 26kg/d
Slake Lime 26kg/d Power ,
Aluminum Sulfate 64kg/d Bt/d 96kWHM
. . CwW CW Relumn
Activated - 2 5 6
_W_ﬁCarbon Tko/d 2vd |ovd | vd l T A}m
Waste Wator | fa\::fo ; Recelfler i ? |
irom Stream Cancentrator Y.__ | Product Glycenne
No.16 0.32vd ._'
7m¥d =
Glycelin
Content .
0.35¢d & Condensate Retum
Waste to Boiler, 3t/d .
Activated
Carbon
- Approx
1kg/d -
i Waste Water
Residues ! to Treatment, 8v/d
Approx T
4 100kg/d

Salt Return Siurry: 215kg/d
(as NaCl: 86kg/d)

As shown in the figure above, the recovered percentage of glycerine is 91%.
0320035 X 100 = 91% |

The quality of recovered glycerine at this time can be gained as following two cases
by changing the operational conditions.
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Table IV-14

Quality of Recovered Glycerine

Item Refined glycerine Pharmaceutical glycerine
Density d' 1.2626 - 1.2647 1.2241 - 1.2252
PH 57-66 58-6.7
Glycerine content 99.0 - 99.7% 84.3 - 84.7
Chlorine (as NaCL) <0.001% <0.001%
Ash tr tr
Non-volatil content 0.01 - 0.03% 0.01 - 0.03%
Soap content (as Na2O) <0.0 1%' <0.01%

Note: The figure above shows the quatity of glyéeﬁne in the position with ** marks

in Fig, IV-15.

The volume of waste water discharged from the factory (No. 16) increases from 7m?
to 8m? daily, while the degree of pollution decreases in the recovery process of glycerine.

The quality of this waste water is as follows.

The quality of waste water after recovering glycerine (the quality of waste water in

the position with an * mark in Fig. IV-15)

Flow

Density of residnal glycerine

CODecr
BOD

S8

8 m3/day

2,400 ppm

1,500 ppm

Nep

(6) Examination of Profitability in Brief

2,000 ppm

The profitability of facilities for recovering glycerine will be discussed below.

® & & 6

By using the above data, annual expenses for recovering glycerine are calculated as
follows. However, the depreciation rate is regarded as 10%, and a total of tax, insurance,

repair cost and interest as 12.4% of all investment.

Expenses for facilities: ¥203 million
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Annual recovery of glycerine: (.32 tons/day x 330 days/year = 103.6 tons/year

Labor cost: ¥1.08 million (¥45,000/month X 2 persons X 12 months)

Variable cost: ¥6.216 million (Chemicals and utility cost)




* Fixed cost 1 ¥46.552 million

{Construction and facilities 1 ¥45.472 million)
(Labor cost : ¥1.08 miilion)
¢ Variable cost . ¥6.216 million

* Cost (fixed cost + variable cost): ¥52.768 million
» Sales amount : ¥28.512 million
The period of time for return on investment is calculated from the formula below,

Investment Investment

POT - :
Pretax profits + Depreciation . Sales amount — Cost + Depreciation

203,000/(28,512 — 52,768 + 20,300) = 51

Therefore, investment on these facilities is problematical but the pollution load of
waste water may be decreased and the scale of waste water treatment facilities may be
smaller. It is required to compare the case of glycerine recovery plus waste water
treatment facilities with the case of waste water treatment facilities only.
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3.5 SMCP (TMOC)

SMCP/TMC has a definite plan for business in the future and is installing facilities along
the plan, which includes facilities for environmental pollution control. Under these circum-
stances, the factory’s main subject of envirommental pollution control is te recover chromic
salt, However, as we consider that it is very ditficult to make a profit for the enterprise if its
scale is not big to a certain degree, we only introduct the current world conditions of
recovering chromic salt,

(1) Recovery of Chromic Salt from Chromic Tanning Waste Water
1) Conditions of various countries

The circulatory utilizing system of chromic tanning waste water is broadly divided
into two methods, i.e. one is to use chromium-contained waste water directly as next
tanning water in the direct circulation system, and another is 1o precipitate and
separate chromium as chromium hydroxide from chromium-contained waste water
with alkali, and dissolve it with sulfuric acid to recycle it as tanning agent.

There is a limit in the direct circulation system, because soiuble salt, oil and
protein are accumulated increasingly as recycling of waste water is repeated. There-
fore, it is required to precipitate, separate and collect chromium-contained sediments
from waste water which exceeds the limit of validity and decrease or eliminate the
amount of soluble salt, oil and protein contained in waste waster to recycle it as
solution of sulfuric acid.

The following documents are available for direct circulation system.

Williams, D.A.: U.S. Pat. 2,110,187 (193._3)

Schulls, G.W. and Schubert, A:PB Report, 12,672 (1945)

‘Harnley, I.W.: JLAL.C.A., 46,169 (1951)

Klanfer, K.: JA.L.C.A., Supplement, No. 15,29 (1970)

Hauck, P.A: LAL.C.A,, 67422 (1972)

Harenberg, O., Heldemann, E. und Allam, S.8.: Das Leder, 25,219 (1974)

Robinson, J.W.: Leather and Shoes, 168,38 (1976}

Qe ® 6 6 6

®

Robinson, Jr.J.W. and Howard, J.W.: Leather Manufacturer, 93, No. 8, 12
(1976) '
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©® Constatin, J.M, and Stockman, G.B.; Das Leder, 31,52 (1980)
Emanuelsson, L, Persson, C. and Horrdin, 8. Ibid, 32,125 (1981)

According to Ir. P.J. Van Vlimmeren, president of Iustitute for Leather and Shoe
Research (TNO) of Netherlands who visited Japan in 1977, the most efficient pre-
cipitant for this method is magnesium oxide, which is effective in producing firm
sediments (10% Cr20s/wet weight) and features quick sedimentation (about 2.5m/h),
a smaller amount of residual chromium (5 mg Ci/l) coexistent with formic acid and
phosphate, and a comparatively low pH of supernatant (pH 8-9). Further, precipitated
chromium hydroxide can be recycled as tanning agent by dissolving and adjusting it
with sulfuric acid without any technical problems and deterioration in the quality of
finished products.

The Japanese Association of Leather Technology visited major Buropean and
American research institutes, leather factories and waste water treatment plants in
1976 and reported that recycling of chromium from chromic tanning waste water
through the sedimentation of chromium hydroxide was widely adopted by TNO of
Netherlands, Centre Technique du Cucr (CTC) of France, BASF of Germany, and
Carl Freudanberg Co. (a general manufacturer of leather related products in Weinheim)
of Germany.

The system to precipitate, separate and dissolve chromium requires large-scale
facilities and equipment' like chemical reactor to collect chromium as chromium
hydroxi'de', dehydrator to remove water frb_m precipitated flocs, and homogenizer to
dissolve chromium with acid. Beside, it reqﬁires a number of operators and huge
expenses for the operation of these facilities and equipment. The system is suited for
use in large factories but not for use in small factories. This is one of strong reasons
why the direct circulation system is strongly recommended. -

2) Practical Examples in Japan

This section outlines the “Experiment in Collecting Chromic Salt from Chrome
Tanning Waste Water and Tanning with Recycled Chromium™ which was conducted
at the Tokyo Metropolitan Leather Technology Center in Tokyo in 1988.

Fig, 1V-16 illustrates a system of recovering chromic salt from tanning waste
water. '
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P

Fig. IV-16 Chromium Recovery System

Caustic soda ———

Magnesium oxide —

Screen

Submergible
pump

Tanning wasle

water

{4o0n)

Waste water was collected in two 200-liter cans (about 400 liters), and leather

Palymer —————

N

Chemical reaction tank
{(1m®)

Filter ¢loth
cleaning
watsr
¥
Dehtdrator
l Dehtdrated cake

2 C.:é @ Filtrate (collecting chromium)

Slurry supplying pump .
(single-shait eccentric pump)

chips were removed by the 150 um auto screen {wedge wire) and put into the

‘chemical reaction tank. In the chemical reaction tank, after solution of 25% sodium
hydroxide, magnesiur oxide and polymer were added, agitated and mixed, waste

water was transferred to the dehydrator by pump for dehydratidn. It is not desirable
to use iron salt and lime as precipitant and condenser, because the dehydrated cake is

dissolved again to be used again as tanning solution.

Fig. TV-17 shows how to condense tanning waste water.
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“Fig. IV-17 Condensing Method of Tanning Waste Waier

Wasto water

Lr 25% Caustic sodium
l {to reach pH 10)
Forced agitation (5 min.)
L ~ Magnrsium oxide :
l (8,000 mg/ for waste water)
Forced agitation (30-60 min.)
Cationic polymer
(1.5% per sediment wt.)
Forced agitation {10 min.}
- Anionic polymer
l . {0.5% per sediment wi.)

Reduced-speed {3 min.)
agitation

|

Completion of condensation

A recycling test was made to dissolve dehydrated cakes with sulfuric acid for use

“as chromic tanning agent.
The outline of an experimental method is given below.
() Crush dehydrated cakes (65 kg).
(@) wse hot \&atcr (30 kg) to make shurry.

(® Add and mix industrial-use concentrated sulfuric acid (20 kg) gradually to
dissolve dehydrated cakes.

(#) Remove undissolved lumps by using the basket of stainless net (5 mm X
5 mm).

(8) Add hot water (40 kg) and agitate it.
Remove brown oil floated on the suiface.
(® Blow steam into the solution fo heat it up to the boiling point or so.

@ Leave it alone. (weighing 107.65 kg)
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Add 40% caustic soda (weighing 5.8 kg) gradually and adjust pH to be 2.0
(Actually, pH was adjusted to 2.2.)

@ Production of recycled chromic tanning solution (116.3 kg) is completed.

The experiment was conducted by adding new tanning agent to recycled chromic

tanning solution. The volume of additive agent is obtained by deducting the volume

of chromium contained in recycled chromic tanning solution.

1)

2)

3)

&

As a result,

The salt density of recycled tanning solution is very high at 30%. Therefore, when
using it as tanning solution, it is required to dilute about four times as thin as the
original tanning solution. Since the volume of recycled solution is reduced to
1/20-1/100 of the volume of used non-liquid, the entire volume can be reused here.

The characteristics of wet blue are almost same as compared with those of con-

trolled leather.

The properties of product leather are superior to controlled leather-in practicality,
and there is no problem in its physical strength,

Dehydrating filtrate cannot meet the waste water standard of 2 mg/l in entire
chromium. Therefore it cannot be recycled and it is treated as sludge by condensa-

tion and settlement through waste water treatment facilities.

In Japan, no factory is recycling chromium through the chromium hydroxide

settlement system and reusing it as tanning solution. Entire volume is treated as

sludge.
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306 : STS
3.6.1 Production Planning

The current operating time is 16 hours a day on a two-shift basis. If sales can be
increased in volume by sales promotion, the three-shift system of 24-hour operation, six
days a week (off on Sundays and national holidays), will make an increase in profits.

Reasons are given below.

(@ Since the depreciation of equipment and facilities has been finished and the labor
cost is not high, the burden of fixed assels is comparatively light. An increase in
production with low cost can be gouaranteed.

@ Equipment are more efficient rather by using them without interruption than re-
peating start and stop operations. (For the boiler and dryer, the repetition of
thermal stress may be decreased and the working life may be prolonged.)

" (® Planning the same kind of dyeing for a longer period of time will decrease the loss
of dyeing chemicals and production cost.

Therefore, it may cause an increase in the number of laborers, but sales promotion must
be intensified.

3.6.2" Cost Reduction Effect by Récycling Condensed Water

Air used for the dryer is heated by steam, and condensed water of steam is now dis-
charged as effluent, However, condensed water of steam is superior in quality and can be
recycled. About three tons of condensed water is discharged daily at STS. The yearly
operating day is approximately 290 da'y's', and thé amount of condensed water to be recycled
may' be rather small as _shbwn below, but it will contribute to water saving.

The volume of condensed water to be recycled = 3m*day x 290 days/year = 870m*/year
Amount to be recovered = 870m¥/year x 0.106 TD/m? = 92.2 TD/year

" If condensed water. is discharged at 80°C and the temperature of condensed water is
reduced to 20°C, the yearly saving of heavy oil A will be:

870 m® X (80 — 20°C)
=51kl

10,106

.~ Where combustion heat is 10,106 kealkg -
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3.6.3 Introduciion of General Energy-Saving Measures Taken By Japanese Factories

This section introduces the typical models of energy-saving measures and improvement

of waste water in Japanese dyeing factories.
(1) Energy Saving in Dyeing Factories .

When taking energy-saving measures, first eliminate the loss of energy. In other
words, the primary object in daily operation is to eliminate ‘waste’ and it is required to
urge all workers in the factory to participate to take energy-saving measures,

You should take the following points into account.
Make efforts to let workers aware of energy saving and eliminate any loss nearby.
Make a check list and examine each poiat.

Refer to precedents in the factory and cases of other factories.

® © @ ©

Have the results of improvement released, and make good use of them as means

for further awareness of energy saving and as reference cases.
1) Thorough Maintenance of Steam Trap

Check the steam trap for operation carefully, and you will often find troubles. For
cxample, in the factories we. investigated, about 40% of traps had some troubles.
Accordingly, the periodical diagnostic system and thorough maintenance are needed.

2) Recovering Condensed Water

In some dyeing factories, condensed water is not recycled for fear that chemicals
and dyes should be included into the boiler. It should be used as hot water for process
or utilized in the heat exchanger to recycle heat and condensed water.

3) Improving the Operation of Dryer

In some cases, some of the final cylinders of the cyl,inder dfj}er are operated
wastefully, i.e. the cylinder dryer is drying more than required. Loss can be avoided
by SOP such as hutting off steam of the final cylinders according to the type of
preduct on the line. ' -

4) Controlling Exhaust Air Emitted from Hot Air Dryer

To minimize heat energy in exhaust air from the hot air dryer, measure the abso-
lute temperature of exhaust air to control emission. ' '
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5) Recycling the Heat of Exhaust Air Emitted from Hot Air Dryer

Use the heat exchanger such as heat pipes, etc. to apply the heat of exhaust air for
heating supply air. Heat water with waste heat and use hot water for the washing
machine.

6) Mumination Check

Put light out where people are not usually working, and thin out lights to lower the
entire quantity of light.

7) Decreasing ihe Change of Lot

In dyeing factories, especially textile printing factories, printing molds and dyes
are frequently changed according to the alteration of patterns and colors, Loss of
energy and chemicals is quite large during the time of replacement. Accordingly,
bigger the lot becomes, more energy is saved.

(2) Improvement of Waste Water
1) Saving and Changing Chemicals and Agents

Be careful not to prepare too much when you compound chemicals or do not make
mistakes in compounding chemicals. Moreover, examine to replace the present
chemicals with those of smaller pollution load or those which require smaller
quantity to be consumed.

2) Water Saving

By adopting counterflow for washing direction, a considerable volume of water is
saved,

4-59






| VOLUME v

A STUDY OF WASTE WATER TREATMENT -

| AND RECYCLING TECHNIQUE
AND PRECONDITIONS FOR PLANNING






VOLUMEV A STUDY OF WASTE WATER TREATMENT AND RECYCLING

TECHNIQUE AND PRECONDITIONS FOR PLANNING

1. Outline of Technique of Waste Water Treatment and Recycling

1.1  Method of Studying Waste Water Treatment and Recycling

To study the technique, the following factors are related to each other so closely that a

total viewpoint is required for the procedure:

@

® @ ©

® @

Reduction of water use
Recovery of superior waste water through simplified treatment
Pretreatment of inferior waste water

Overall waste water treatment plan and prediction of changes resulting from various

countermeasures

Examination of recycling system of the treated overall waste water
Various case stﬁdy and optimization

Technical and economic evaluation on the above items

These various factors, the main items for study and the methods to study are
shown in Fig. V-1.

12 Noteson Waste Water Treatment

1.21 Nécessity of Countermeasures for Generation Sourse -

~ (1) Prevention of pollutant expansion at downstream

To prevent expansion of pollutant to the downstream areas, waste water must be

treated when it is in a small quantity with high concentration at the generation source

area. Treatment would become difficult after the waste water joins other waste water

- - flow because of the l'arger quantity and lower concentration,

Thus the treatment in early stage will eventually save and reduce the expenses (cost

of construction and operation).
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(2) Prevention of pollutant flow leak by accident or error

Flow leak of pollutant to other system resulting from damage or misoperation of the
treatment equipment must be preveated, since that may contaminate the public water
supply area and underground water, '

{3) Reexamination of pollutant generation sowrce

To reduce the pollutant discharge at the generation source area, the discharge condition
and the production process must be reexamined.

1.2.2 Necessity to Separate Water Discharge Systems

There are different types of pollutant by the generation sources, so that a same type of
pollutant must be separated from others for the treatment. Fuither, clear waste water that
can be discharged without treatment must be separated completely from the waste water to
be treated.

By executing the above mentioned muatters, the construction cost and operation expenses

of the water treatment equipment can be reduced largely.

1.3 Qutline of Waste Water Treatment -Techniques
1.3.1 Types of Treatment Equipment
Treatment cquipment is roughly classified into the foﬁowings.
Fig. V-2 shows types and classification of treatment equipmeﬁﬁ
(O  Solid-liquid separator
Physical and chemical treatment equipment

Biochemical treatment equipment

® ® ©

Heat treatment equipment

These four items mostly cover the presently used types of waste water treatment
equipment,’
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Fig. V-2 Types and Classification of Waste Water Treatment Equipment

r— Solid-liquid separator

| Physical & chemcal
treatment equipment

| .. Bipchemical
trgatmant equipment

—r— Precipitation ssparater

- Flolation eeparator

~— Fifiration separater

L~ Gentrifugal separator —E
Neufralization, pH

T adjusting device
OndaUDn reduciion

— Eﬁrac‘mg equipment

— Absasher

lon exchange

[ equipment _

| _ Roverse osmosis
aquipment

-~ Rlectrodyalysar
——~ Activated sludge

- Contact stabilization
- Trickling fiter bed —-i:
- Anaerobic Ireatment

— Lagoon

-~ Heat {rsastrmont equipment —|.—— Drying ecuipmant —L—_

L Evaporator

|-~ Freezing tratment —[

|— Heating trealment

' Incineration equipmen

X Cantrel shali driva typo
ﬂConhr;uious Coniral driva type
ocoufalor — Pedpharal drive fype
Horizonid flow type
— Gontinuous —E Sturry circulation type
Vaitical llow fypo Shidge blanket type
Plain flotation type - {;omplex typa
— Prossudzing typa
E’%ﬁg ntype F Vacuum type
[-— Mechanlcal agitation type
— Diffused airiypa
— Slow filtration . .
Clarificati Gravrty Upwars flow type
ﬁl{ﬁ:'ﬁca"m —{— Rapid fiitration —E Dovnward flow type
: Pmss"”’ Upward dewnward fiow iype
— Precoat filimtfon Co nll UoLS
Dohydrating L3 "
p 7 Prossurg fiitration Farcad filtration .
ﬁILra{ron ] g%tgh Prassurizing leaf filtration
~ Pressuizing horizontal plate filtration
Pressunizing cylinddeal fiitration
Bal;;h —Vacuum leal fitration
|— Vacuum filirglion byp i Rotation cylinder
Gontinuou: Vearical dise
bpa - Hotizontal rotation disc
Horizontal bel*l
= Gm\nxymatun —— Rolation siave
- Throtifing pressuns fitraon —  Roll pressurization, beft pmssunzahon
. Sepamtion plata type
Proaitata Cylinder type
piaton Cecanter typa
genlﬁfufg_al Balch type
shydration _E Conlinucus type
Qyidatan redugtion by chamicals

Elsctiolysis
Oxygen, 0zone, ultraviolst rays

tdonolayar type
Multitayer typa
Fixed type Complax layer typa
Fluid bed type
Continuous type
Tubalai type
Spiral typs

- Holow type

Standard activaled sludge method
Step seqation method ) N .
Gontact stabilization methed (blosomption) Aatation by diffused air

Long aeration methed Mechanical surface setlion
Modifiad aeration method

High-rete asrated sedimentation

Oxidation Feh

Deep shaft

Stendard tickling fitar
High rata lrickling fittar

Solar drying

Drying by heating

Single evaporator

Mulli-affact evaporation method

Mufti-flash evaposmtion mathod Aosorption metrad

Compression method

Dsfemc‘t}éefﬁgamﬁon WT Vacuum relrigeration

rnd'raet rofrigaration Refrigarant direct vontact method
Rotary kiln system

gzhnfgéﬂmem Vaicat multl-stage fumac system
Fluidized bed system
Flash dryar gystent

) Atorized fidng systam

Direct indineration method —E Atomized fluldization system

Waot oxidization system
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1.3.2 Characteristics of Waste Water in the Selected Factories of the Study and
Their Treatment Systems

The types of the selected factories of the study are varied with different characteristics of
the waste water by factory. However, the common treatment objects are such factors in
pollutants as'suspended solids, organic substance (BOD, COD, etc.),rnomlal hexane extracts
(oil and fat, grease, etc.), and pH.

At specific factories, such factors as heavy metals, odor, and chromaticity are also treated.

Table V-1 outlines these pollutants and the primary, secondary, and high-grade treatments
corresponding to them.

Some types.of waste water with high salinity are discharged. In the Sfax area, the supply
water itself has a high salinity. Well water has a high electric conductivity such as 5.5 to 57
ms/cm at the SIAPE, 14.9 to 21,9 ms/cm at the SIOS-ZITEX, and 12.0 to 12.5 ms/cm at the
SMCP. Even city water measured at the TMC showed a level of 2.0 to 2.3 ms/cm which is
an electric conductivity higher than that of the general drinking water in Japan.
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1.3.3  Waste Water Treatment at Selected I'actories of the Study

There are various types of industries in the selected factories of the study at this time, but
basically, they can treat the waste water by combining the following treatment devices that
are widely spread as wasie water treatment equipment:

(1) Screen

Oil separation (oil separator)
Flotation by pressure
Coagulating sedimentation
Biological treatment
Filtration

pH adjustmeni

Reverse osmosis membrane

@ 0 @ 8 ® @ @

Precision filtration

@

1.4 Qutline of Recycling Techniques
Table V-2 outlines recyeling of waste water and the devices for recycling,

Of the items listed in Table V-2, the recycling systems are the devices for coagulating -
sedimentation, activated charcoal absorption, ion exchange, ozone treatment, electrodialysis,
and reverse OSmMosis. A

The following items are related to the water quality problems which occur when the
waste water from those factories are finally recycled:

(@ High concentration of COD or BOD

This is mainly caused by the organic substances that are dissolved in the water. To
remove them, the following methods must be applied: oil separation, activated
sludge, wet oxidation, coagulating sedimentation, activated charcoal absorption,_
ultrafiltration, ete.



(@ Waste water with high salinity concentration

The salinity contained in the water during its circulating use increases in the
concentration because salt is generated during the process by the neutralizing
reaction of acid and alkali, or by dissolution of impurities into the water from the
process.

To remove the salinity, such methods as ion exchange, electrodialiysis, and reverse
osmosis must be applied.
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Table V-2 Outline of Facilities for Water Utilization and Recyecling

‘Treatment equipment

Principle

Main tremtment object

Remarks

Water and air are caused to

Cooling tower Temperature (@ Cooling capacity depends on almospheric temperature varying in
comzct each other so that the summer and winter - :
evaporation latent heat of @ Temperature can not be lowesed than atomospheric wet-balb
water is used for the cooling, temparature (normally it can be Jowered only to 45 C plus
atmospheric wet-buib temperature). .
@ Warer is mainly used for indirect cooling. Highly pobluted water
requires a pretreatment,
g Operation cost is low, .
Problems are noise, scales, slime, anticorrosives, and blow drainage.
Cooling water pool, ditto Temperahire (D Cooling efficiency is lower than that of cooling tower ~ and
requires the site area,
@ Environmental problem may be pecared if odor and noxious
miaterials are conlained.
(3) Qperation cost is very low.
@ Temperarure can not ba 1 d under the atmospheric wet-buibh
temperature,
(& Scrves also &s a sedirentation pond, reservoir, adjustment pond or
spray pond.
Refrigerator, Cooling ( Cooling by lntent heat of | Temperature (@) The operation cost {particularly the energy cost) is high.
ower evaporation of medium : (2 Noise problein exists. * : Ve
with low boiling peint. (@ Problem with removal of iron and salt conteat exists.
@ Cooling by latent heat of (@ Refrigerator technology with high energy efficiency must be
evaporation of water. developed. -
Adjustment tank Watee pool Waler guantity (D Construction methed varies with the water quatity and guantity.
adjustment and (@ Operation cost is very low.
storage @ Can be with techinical ease,
Filtration, Screen, Solids in the water are . 88 Operation cost is low.
Microstrainer, eic. removed by metallic net or 5} Constouction cost of equipment is 1ow.
sand. Can be with technical ease.
Qil separator Coalescer, | Separation by wilizing the BOD, COD, Oil (@ Most widely used in oil refineries.
eic. surface phenomenon of oil content
and water,
Sofid-liquid separator Solids and waier are EOD, COD, 88, (1) Most widely used in coal industry.
separated by wiilizing the Sludge .
physical and chemical
characieristics.
Floation separator Separation by flotation by Qit coptent (D) Widely used in food, oil, chenical, and iron and steel ndustries.
ulilizing the physical and . @ Widely used For water for reatment and washing.
chemical characteristics on
the graint surface. Suitable
for separation of oil content
and fibers in the waste water.
Neutralization, cherical | pH adfusiment and pH and Bacteria (D Used in aft industsies.
feeder sterilization are performed, : (@ Operation cost depends fargely on the raw water quality.
Softener Chemicals are used to reduce | Hardness, Salt (1) Widely used in food, textile, and dyeing industrics.
the water hardness. . (2) Usually combined with sedimentation pond, filrstion device, or fon
: exchange equipment. : : o
(@ Effeclive in preventing the scales and slime.
Activated sludge process | Microorganism Js used to BOD, COD (@ Treamment capacity depends on the water temperalure varying in
equipment clarify the organic matters, summer and winte.
) (@ Since microbes are used, raw water with pasteurizing characigrisiics
. is niot preferrcd. ’
Coagulating Cozgulant is added (o the §8, BOD, COD, {1} Coal, aluminum sulfate, and high polymer coagulant are used in
sedimentation waler to increase the size of | Ingrganic substances many cases. -
B fine suspended mottes in it : @ Consists of achemical injection tank, flocculation tank,
50 5 to Separate the sedimentation tank, etc, .
eoagulated grains (flocks) by @ ‘The required operation largely depends on the quality and quantity
precipitation. of the suspended matter containgd in the water.
Degasifier Gas in the water is removed. | 00, RO @ Effective in preventing meal corrosion,
Activated chareoal Impurides in the walerare | gaD, COD, Ol @ Organic materials with low molecular weight can be removed,
absorber - wemoved by using absorption | content. Odor, Color, | @ Since activated charcoal is expensive, polluted water with high
phenomenon on the surface | ARG Free chivrine concentration must be pretreated, : .
of aclive charcoal. .- @ Usually a regenerasing furnace of active chacooal must be
constmicted as attachment,
Ton exchange equipment | Jorinthe waterisremoved .1 gany. (¥ Chemical Is used to regenarats the ion-exchange resin Polluted
by absorption. water with high concertration must be preireated.3 Even a compact
R , ) . size type is advantageous, C
Qzone treatment Ozoneisused forthe COD, BOD, Bacteria, Very litle sludge is generated.
equipment decomposition by oxidation. | Cylor, Odor, ABS Encigy is consumed in a large quantity.
Electrodialyser Pasltive ion and negative lon | goje @ Electric energy is consumed,
: are se;[::srated electrically for (@ Also used for salt concentration on the other hand.
desalitng and concentration, . )
Reverse osmotic Sult content is removed Salt, organic % Membrarz is expensive.
pressure cquipment theough membrane. substances, bacteria Cara must be taken fos the pretreatment.

Note: Other available methods are optical treatsnent, electeolylic treatment, magnetic reay
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2. Setting of Target Quality of Waste Water
2.1 Outline of Setting
2.1.1 Adjustment of Water System Environment

Today, there has been appeal for a prbtection of the global environment, and the waste
water from honsehold and factories is largely affecting the water system environment. The
influence ranges widely as shown below. '

(1) Influence on public health
(2) Influence on water works
(3) Influence on industrial water
(4) Influence on fishery

(5) Influence on agriculture

(6) Influence on sewer

(7) Eutrophication

For Tunisia attaching a great importance to the tourism, adjustment of the water system

environment must be an important problem to solve.

2.1.2 Industry and Environment

By the progress of industrial modernization expanding the production system and its
scale, pollution of the environment is increased by the waste water discharged from the
factories. The poliution problem is brought into the public eye when it exceeds the natural
clarification capacity. Except for a very exceptional case, the waste water treatment is -
hardly a profitable work for enterprises. However, the waste water clarification must be
implemented in view of the public nature of the enterprises and public _oﬁinion against the
pollution, and under appropriate legal regulations. Nevertheless, if a high environmental
standard or waste water emission standard is set exceeding the required level, that Will not
only lose the industrial activities bat also generate a gap from the actual situation. In
consideration of the type of industry and the scale of enterprise, it is necessary to establish a
harmonious standard of the environment and discharge to meet the actual develeping scale
of the industries. This means that the discharge standard will have to be established step by

step.
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2.1.3 Reduction of Waste Water Load

Considering the limited natural resources, it is important to utilize the unused resources
in the waste water before treating it. The existence of pollutant in the waste water means
that something of value is stillflowing therein, so that its recovery must be studied first. To
recover it completely, the production process needs to be reexamined, and the operation
method needs to be improved. The result of our survey shows that some companies are
endeavoring such recovery. However, considering the high pollution of waste water, there
is still room for further recovery. It is necessary not only to increase the investment on the
waste water treatment, but also to minimize the amount by recovering the valuable content
therefrom as much as possible, ‘

2.1.4 Necessity of Setting the Target

As mentioned above, the polution loading of waste water discharged from factories as a
result of rationalizing the produétion process at the factories should be minimized, and
discharging of only substances undesirable from an operational view point is the first
choice. Substances unavoidably to be discharged should be disposed by water treatment. In
case wastewater containing such substances is ‘dis'charged into the public water area, a
water quality standard will be required but such standard should adopt values within a
reasonable level so that it can be harmonized with the industrial developmehf. Tunisia has
INNORPI standard as emission standard. This standard is very severe and is deemed hard
to achieve at a single stroke. Therefore, it is proposed that they start the lenient standard in
the begihning and make it severer step by step until the final target can be achieved. Since
Japan has once provided the tentative standard according to the type of industry, the Japanese
standard will be e){plained in the next paragraph, and then the draft tentative standard
_prcvaﬂing in Tunisia will be referred to.
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2.2  Environmental Standard and Waste Water Standard in Japan

In Japan, the quality standard is established separately for the environment and for the
waste water emission, as outlined below.

2,21  Environmental Standard

The basic measures for the pollution protection of water areas is to reduce the pollution
load of the discharge to those areas. To attain this goal, some steps are taken such as
regulations by the law, monitoring by measurement, construction of sewers and waste water

treatment facilities.

The environmental standard on the water quality specifies the water quality level desirable
to be attained and maintained for the public water areas. The standard consists of two
~ factors: one for the protection of people’s health and the other for the maintenance of living

environment,
(1) Standard for people’s health

'This is the minimum standard to be conformed to at any timé'l'egardlch of any other
standards or economic development. Therefore, the numeric values are set to the
maximum level, not the average. Nine items are object of regulations: Cd, CN,
organic phosphorus, Pb, Cr*, As, total mercury, alkyl mercury, and PCB. '

(2) Standard for living environment

This standard is established to protect the living environment regardiess of the direct
relationship with people’s health, and specifies that the value is set as a daily average
to be observed at 75% during the year. This standard proi/ides a water area model
corresponding to the water utilization purpose of each river, lake, and sea. Thus, the
environmental standard for each public water area is set by determining the level for
each item, and specifying the water area model for each public water area. Six items
are objects of regulation in the public sea area (A arca): pH, BOD, 88, DO, oil content,

and number of colitis germs groups.

2.2.2 Wasie Water Emission Standard

The waste water standard is established as the standard for emission of the waste water to
observe the above environmental standard, and is divided into the standard applicable
nationwide, more stringently specified standard and others. These standards are outlined

below.
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(1) Standard applicable nationwide

This standard shows the numeric levels of pollutants that can be treated with the
currently available techniques. Basically, it is applied uniformly to ail public water
arecas. However, the living environment items do not apply to a business companies
smaller than a size 50 m* /day. Table V-3 lists the numeric levels.

Table V-3 (1) Uniform Standard (No. 1)

. Type of harmful substance Allowable limit
Cadmium and its compounds 0.1 mg/l
~ Cyanogen compounds 1 mg/l
Organic phosphide compounds 1 mg/l

{limited to parathion, methyl-parathion,
methyl-dimethon, and EPN) '

Lead and its compounds 1 mg/l
Hexa-chromic compotinds : 0.5 mg/!
Arsenic and its compounds 0.5 mg/l
Mercury, alkyl mercury, & : 0.005 mg/l
other mercury compounds

Alkyl mercury compounds not to be detected
PCB. . 0.003 mg/l
Trichloroethylene 0.3 mg/!
Tetrachioroethylene 0.1 mg/l

Table V-3 (2) Uniform Standard (No.2)

Itemn . Aliowabte Timit
o Except sea area: 5.8 to 8.6
pH Sea area; 3.0109.0 .
BOD 160 mg/l (daily average: 120) mg/
COD ' _ 160 mg/l (daily average:120)  mg/l-
SS _ ‘ 200 mg/l (daily average: 150)  mg/l
n-Hex Exiract (Minerat Oil) - 5 : mg/!
n-Hex Extract (Non Mineral Oil) _ : 30 mg/!
 Phenol , 5 _ - mg/l
Cu B 3 mg/l
Zn - _ 5 mg/l
Soluble Fe 10 . omgll
Soluble Mn 10 mg/!
o T 2  mgll
F L L o 15 " mg/!
Number of colitis germ groups | Daily average: 3,000/cm® :
N . 120 mg/l (daily average: 60)  mg/l
P _ 16 mg/l (daily average: 8) mgfl

5-13



(2) Tentative standard

For the standard related to living environment, a temporarily slack standard is
constituted for some business types to which an application of the uniform standard
may cause an economic difficulty, thus exempting them from such application for a
certatn period of time. At present, this exemption is applied only to tanning and fur
manufacturing industries.

The history of tentative standard for tanning and fur manufacturing industries is
shown in table V-4,

Table V-4 History of Tentative Standard for Tanning Industry

1971 | 1979 | 1984 1989 | 1994

BOD maximum  (mg/l} 2,300 1,100 900 900 160

Daily average (mg/l) 680 | 680 | 120

SS maximum  (mg/l) | 2,000 | 600 soo | 300 | 200

Daily average (mg/l) 380 | 250 | 150

n-Hex extract  (mg/D) 50 50 50 50 30
Cr (me/l) 50 20 20 0 | 2

(3) Regulation of total emission

In a closed water area where the pollution sources are concentrated so intensely that
the environmental standard is hardly attained by the waste water standard only, both
the COD concentration and flowrate are regulated by designating the business types
and establishing a regulation standard of the total COD emission into such water area.

(4) More stringently specified standard

For the water areas for which the uniform standard is considered to be insufficient, a
more stringently specified standard is established by each adminisirative division of
Japan. The more stringently specified standard can also be established for a business
companies discharging less than 50 cubic meters a day.

(5) Standard for prevention of eutrophication

Lakes and marshes are eutrophicated by the nitric and phosphoric content in the
polluted water that flows therein, thus causing troubles by abnormal biological
propagation. To prevent this, the nitric and phosphoric confent is regulated for lakes
and marshes by designating the arcas and business types.
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(6) Pollution prevention agreement’

To maintain the environmental standaed, the local self-governing bodies conclude,
when required, a pollution prevention agreement with the enterprises or industrial
group areas, to set up a stringent waste water standard for the quality regulation.

(7} Discharge standard for sewer

Sewer is a service to receive and treat the waste water from households and factories
and rainwater, then discharge them to the public water area. For the waste water
flowing from factories to the sewer, a standard is constituted whereby a responsibility
is provided for them to set up an equipment for prevention of harmful effects if the
waste water €xceeds the standard. '

(8) Standard of water discharge from sewage treatment plant

This is a standard for discharging water from the sewage treatment plant to public
 water area. -

2.2.3 Subsidy and Taxation Sjrstem

To promote the nongovernmental antipollution measures, several subsidiary steps are
establiShed:ﬁnancially and by taxation. As the financial support, subsidies are furnished at
a low or no interest from corporations, banks, and government finance companies. An anti- '
pollution equipment is also available on lease system, and lease companies are financed by
the subsidy,

* Tax exempt is applied to the waste water treatment facilities, and shortening of their
durability period and special depreciation are also approved.

2.2.4 Comparisons of Standard Values Between Japanese Standard
~ and Tunisian Standard ' '

The Japanese standard values described in the previous section are compared with
INNORPI in Tunisia in Table V-5.

Iri Japan, the envir_onméntal standard and waste W_ater emission standard are separated,
and the emission standard is established to attain the environmental standard. For the
emission standard, in consideration of the conditions of the locations such as the number
and scales of entcfprisés in the area and the river conditions the more appropriate values are
decided carefully. Furthermore, the economic and technical factors are also taken into

* account to provide a tentative standard.
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Table V-6 Comparison of Standards between Japan and Tunisia

I 1 h ¥ kX TURL SR ]
EXVIRONNENTAL EX T SSION STAKDARD PEISSHIN STAKDARD
STAXDARD § . CINKORPE)
FOR TF YHEFDRA 'pDRE STRIRGENT 3T. [EXCLUSHYE ERISSLON | PUBLAC EYISSI0N
HEALTH LIYIXG STANDARD XEK, SEA OF XASRINAD FACILITIZSFRON SEVAGE SEA 10 SEYAGE
(PUBLIC FISHERIES BETAGE TR.[(GENERAL)Y | TREATNENT ITREATREXRT
. N _SEA A) ] o | PLANT PLANE PLANT ___|
Cd g/l 0.01 0.1 0.1 0. 005 0.1
EN sg/l KoT DETECY H 1 0. 45 0.5
RGANIC P ep/] KOT DETECE t ]
't ngfl .1 1 1 0.5 |
Erif ug/l 0.05 0.3 [ 0.5 0.5
T s sg/l 0. 05 0.5 .5 0-1 0.1
£ Toral agf} 9. 068% ¢. 998 RQT QETECT 4. 081 q.4at
ig Alky? ¥O0T DETECT KOT DETECT; L‘OT DETECT
It} sg/1 KOT DETECT 0.003 0.993
HRICHLORDETRYLENE agil 6.3
TETRACHLOROETHYLENE agll 0.1 _ -
pH 1.8-8.3 | 5.0-9.0 - 5.8-8.8 5-9 £.8-8. 6 5.5-8.5 £.5-%
BOD g/l 160 AYE. 90 RYE, 20 [10] 20 100
C0D An ag/l ? I8¢ AYE. - 98 RYE, 20 :
0D Cr ug/l 90 igdo
£S g/l 25 200 RYE. 120 AYE. 40 600 70 k1] 400
FEDIMENT al/l 0.3 -
] sgdfl »>1.5 ... | | ——
Fi%lt TIa KO DEFECT 20 30
AENERAL ug/l ] - 5 1] 10
KON EIKERAL gl 30 - MAK. 1 ag
HLBRINE SOLYEXT ag/l : 095 0.1
ABS ug/i 2 5
FHERDL LI 5 - 3 109 4. 05 |
| COXSUNPTION  mg /1 . 222
) g/t 3 1 s ]
2n g/l 5 5 i 5
Fe nglt 14 10 1 3
an =g/ ] - 1 1] i I
Cr g/t 2 - t 2
Lra3 ag/l ? 2
¥ ag/l 15 15 5 3
5 wg/l 2 3
CPLOY BACILLYS 100al LOD0EPN D.20G/cal 3.000/583 2. Q09
BTREFTOLOCCUS L0004 1ads]
BALNONELLA NOT DETELT
CHOLERA RACILLUS - - — NOT_DETECT
FEXF. L 3 - 3 ERY
3] e/l T 100
T12: sg/l 0.0% 1
16z agfl 9.0% 4.5
S04 g/ 100§ {00
PG agfl Nl 19
Hg ag/l ane 360
wg/) 1604 59
Ka agfl - 160¢
Ls ag/l - -
Al - ag/t R | 5 19
EDLOR T T -
P =g/l 16
{1k} uzfl 90 99
Ko ag/l El 14
Hi-X eg/fl . 36 100
T e/ | 129 A :
B ag/l 0 3
33 g/l ] Z
Xo agfl 3 ]
Co =g/t 2.5 b5
Rr2 ag/l [N} : 1
e agfi 1 e
e ag/l 2.1 0.1
Be ngsl 0.05 0.03%
Bb eZ/l 0.1 0.2
Ki gl ? ki
fe ag/l 0.5 Pi
] Y14 _ 9.091F  0.01
GRICUETURAL CEEMICALS ¢ag/fl | N 0.003 9. gF 3




In Tunisia, on the other hand, a nationwide uniform standard is applied, which is waste
water emission standard, and not the environmental standard. In the emission standard,
various items other than those in Japanesc standard are set up on highly stringent levels,
and these are on an intermediate position between the environmental standard and emission
standard in Japan; Further, the emission standard for public sea specifies the standard for
discharging S04 which is anion of salt.

It is difficult to say which one of these two standards is better. The best way will be to
adopt the standard best-suited to conditions of the respective country. However, S04 is
contained in sea water in general, and regulating SO4 merely increases the investment on
water treatment.

2.3 Establishment of Tentative Waste Water Emission Standard in Tunisia

Tunisia has INNORPI standard as the emission standard, but it has so many paragraphs
and severe standard values compared with the Japanese emission standard. We propose
Tunisia to set up the tentative standard and achieve INNORPI standard at the extreme end.

Japan advised Tunisia at the Sth field survey to set up the tentative standard and Tunisia
presented Japan her draft tentative standard.

Table V-6 shows a comparison of the tentative standard values presseuted by Japan and
Tunisia. This table excludes items which are not analyzed at this study or items which are
deemed unrelated.

It should be noted that the Tunisian draft tentative standard specifies standard values for
Cl and SO4 when waste water is discharged to ONAS Sewage Treatment Plant. Tunisian
side strongly insisted on necessity of controlling salts at the 5th field survey because water
treated at ONAS Seéwage Treatment Plant is utilized for irrigations. Though removal of -
salts during waste water treatment would require an immense investment and the subsequent
increase in costs for producing irrigation water, we have taken up this for our considerations
as a case study. |
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Table V-6 Tentative Standard

TENTATIYE STANDARD TENTATIYE TURISTA ]
(YAPAN PROPOSAL) STANDARD EMISSION STANDARD
CTUNISEA : i
PROPOSAL) CINNORPI)
E¥ISSIOR ENISSiON EWISSION EX1SSI0N EXISSION -
{ TQ PUBLIC TO SEWAGE T0 SEVAGE TO PUBLIC TO SEVAGE

SEA MREAT, PLANT [TREAT. PLANT SEA TREAT. PLART
d wg/l 0. 0405 0.1 0.1 ¢.005 9.1
CN ng/l 0.0% 1 0.5 6. 05 0.5
DRGANIC P mg/l - 1 - - -
L ag/l 0.5 1 1 0.5 |
Cr+6 g/l .5 0.5 0.5 g.5 6.5
Crtd g/l 2 2 2 2 2
i s ng/l ¢.1 0.5 0.1 ¢.1 0.1
Hg Total~ ag/l 9,001 4. 01 9. 0% 4.001 4. 41
DH 6.5-8.% 5.0-9.¢ 5.0-9.0 §.5-8.5 6.5-3
58S ng/l 30 300 200 30 400
80D og/l 3¢ 500 800 30 409
EQD Cr ng/l 40 2000 2000 90 1509
DIL eg/l 20 5t 50 20 30

NIiNERAL mg/l 10 - . - : 10 10

NGK MENERAL ng/l - - - - -

HENOL g/l 0. 05 5 5 0.05 i
Cu ag/l 1.5 3 3 1.5 1
A og/t i} 10 £0 1¢ 5
Pe eg/l - {q 0. 1 5
¥n ng/l 1 10 3 1 i
¥ zg/} 5 15 i5 5 3
S ag/l 2 - - 2 3
COLON BACILLUS 2. 000 - - 2, 400

/100nl /100e]

STREPTQCOCCUS 1,060 - - 1. 000

‘ /10081 ’ /104a1
SALYONELLA ABSENCE - - ABSERCE
TEXP. * ¢ 35 - - 39 35
L1 ng/l - - 2000 - 700
12 CY'TR 0. 05 - - 0. 05 1
cid2 ng/l 0. 05 - - 0. 05 0.5
504 ug/1 - - Looe 1000 400
Po4 ag/l g.! - - 0.1, 16
31 ag/fl 20040 - - 2000 300
X g/l 1600 - - 1960 - 50
‘Ra ng/} - - - - 14440
La ag/l - - - - -
n ag/1 5 - - 5 10
LOLOR 160 - - 100 -
NO3 g/l 30 - - 50 59
N2 ung/i 5 - - 5 14
NE4-N g/l i - - b 106
- K ng/1 - -
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3. Classification by Quality of Dischargéd Water in Factories and Technical Studies
31 Classification by Quality of Discharged Water in Factories
311  Preparation of the Table of Waste Water Quality

Table V-7 Shows the table of the results of simplified analysis.

3.1.2 Classification of Waste Water by Quality

There are three main factors of water quality that are important for the waste water
treatment and recycling as follows: '

(1 Concentration of organic substances
(@) Concentration of salinity
(3 Concentration of solid substances

From the simplified analysis items, these factors are represented by chemical oxygen
demand (COD cr), electrical conductivity (EC), and suspended solids (SS), respectively,
and are classified as follows according to the concentration:

(1) Concentration of organic substances
To be divided into three ranks as below.
(1 Waste water with high concentration of organic substances: CODcr = 1000 mg/l

- (2 Waste water with medium concentration of organic substances: 1000 mg/! >
CODcr 2 100 mg/!

@ Waste water with low concentration of organic substances: 100 mg// > CODcr
(2) Concentration of salinity

.To be divided into three ranks as below.

(1 Waste water with high concentration of salinity: EC = § ms/cm

@ Waste water with medium concentration of salinity: 5 ms/cm > EC = 0.5 ms/cm

(® Waste water with low concentration of salinity: 0.5 ms/cm > EC
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(3) Concentration of solid substances

To be divided into three ranks as below.

O
&)

Waste water with high concentration of solid substances: $S 2 400 mg/}

Waste water with medium concentration of solid substances:400 mg/i > SS 2 100
mg/l

Waste water with low concentration of solid substances: 100 mg/l > SS

The above classification criteria were applied to prepare the table of classification |
by waste water quality as shown in Table V-8.
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Table V-7 Result of Primary Analysis (1/2)

A. PRINARY ANALYSIS (44 POINTS)
BAMPLING BANPLING ' . ANALYSIS ITERSCR) :
POINT DATE [TURBIDITY p K CONDUCT' TY] 8. SOLID [ C 0 Der BOD n-HEX DO
. deg, as/en ng/L ng/l ag/l ng/l wg /L

SPE-DI 16/87/62 2 7.2 9. T ] 4 1) & 1
SPE-0)1 | 15/07/82 13 7.2 5.5 5 1 .4
SPE-1) 10/07/92 130 2.4 22.Q §2 199 e 3 4.5
SPE-1] 15/07/92 ol 2.0 19.9 2 120 b 4 3.1
SPE-13 [ 10/07/92 30 1.2 48. 0 16 240 .- 16 3.5
SPE-13 15/0%/9¢2 ] 1.3 38.1 -2 240 F-- .4 3.5
SPE-14 10/67/92 2 il 59.0 3 35¢ $ 6.8
SPE-14 | 15/07/92 -8 1.2 59.1 4 211 -- 9 2.8
SPE-17 10/07/92 >999 2.1 18. 0 31060 8700 o 4 5.7
S§PE-17 | 15/07/92 >938 2, 19. 5 210000 5400 2200 39 1.5
SPE-18 ]110/07/92 119 7.3 8.9 160 199 -- 3 1.8
SPE-18 15/07/92 50 9.9 6.7 1 210 £30 -3, 3.6
SPE-1¢ 10/87/92 25 1.8 24.0 | 229 -- 10 4.2
SPE-19 15/07/92 11} I.7 20.1 11 220 == 5 3.8
SPE-20 10/07/92 14 I. 8 19.0 | 21 269 _40 6 3.9

| SPE-20 15/07/92" [ 1.9 14. 7 1 410 == : 11 3.8
SKb-11 10/07/92 14 7.9 §2. ¢ G0 240 290 60 0.4
SKRD-12 10/07/92 12 1.3 5.0 29 LR t4¢ L 0.5
SND-13 10/07/82 63 7.4 57. 19 510 150 X i 0.3
SZT-01 [ 11/07/62 10 7.5 1 - 2.4 9 (] 5_ 3 4.8
$2T-41 14/07/92 1] 7.1 2.1 9] 2 ] - 4.2
$2T7-09 11/07/92 148 6.7 21.9 1 24 3 3 2.4
SEY-99 1 14/07/92 i _ 5.9 14. 9 18 170 33 - 2.3
SZT-11 11/07/92 [ T.7 ] 16.9 8 230 21 3.3
82T-11 14/97/92 1 1.8 17.9 3 8340 33 4 3.5
SZT-12 /061792 1 4. - 14,2 1l 2000 700 | 23 3.3
SZT-12 14/07/92 20 4.6 15, L¥ 2000 12 39 |
SZT-13 12/97/92 8498 3.9 14. ¢ 220000 1764908 2706¢ 1604 g.3
SZT-13 114/07/92 : -
$2T7-14 11/07/92 695 §. 2.5 20000 §5000 23009 1800 1.8
SZT-14 ;.14/07/82 . : —
SZT-15 11/07/92 31 7.5 30. 6 28 1604 1i1); 14 0.7
SZT-1% 14/07/82 21 1. 24.5 2§ 1590 i3 Y 9.3
SZT-16 11/87/92 »9489. 12.3 91.17 740 44000 1500 3300 0.3
SZT-16 14/07/92 >899 12. 6 2109 2600 29000 |  13¢00 5500 ¢
SZF-17 -4 18/07/92 L5 it.7 35.0 580 62 149 34 |- 2.8
SZT-3T -{ 14/07/9%2 980 P2.0 ) ~58.3 1 1300 550 4590 20 ] 1.5
SZT-138 11/797/92 B 8. 2.6 1 131 26 A 4. %
$ZT-18 14/07/92 2 8.0 2.9 ] 32 179 4 3.9 .
$ZT-1§ 11/087/92 110 5.1 14. ¢ 14 94 230 4 3.
SZT-19 [14/07/92 709 6.1 14 2900 $400 230¢ 33 9.2
S2T-20 11/07/92 A0 8.8 2.4 4 - 64 ] L b}
SZT-20 |14/07/92 165 1.8 2.3 3 331 250 29
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A. PRIMARY ANALYSIS (44 POLINTS)

Table V-7

Result of Primary Analysis (2/2)

BAYPLING BANPLING ANALYSIS ITEMS(E) -
POINT DATE [[URBLDITY o I CONDUCT' TY] 8. SO0LID. | C 0 Der BOD n-HEX DO
. deg. ns/cn ag/l ng/L og/l . ng/L mg /L

SNC-¢1 _[§9/07/92 94 7.4 12. 5 1 15 i 1

SNC-01 | 14/07/92 0 7.1 12,0 1 21 16 -- 3.5
SYC-1Y | 09707792 ¥948 5.8 "84 2709 50000 5204 270 :
SMC-11_ | 14/707/92 500 7.1 15. 0 99 4610 13009 210 1.9
SNC-12 [ 03/07/92 2989 12 25.3 7208 140900 170000 260

SHC-12_ | 14707792 3589 12.0 18. 0 97040 8800 6000 310 0.1
SNC-13 |[08/07/92 7989 8.1 3.1 1700 550000 59900 490

SHC-13 [ 14/07/92 2949 3.4 25. 7 324 5000 112000 510 1.9
SNC-14 | 09/07/92 3999 3.7 1§. 5 3200 £40000 170000 §2000

SHC~14 | 14/07/92 29499 B. 4 12.5 1308 180090 140000 41000 6.4
S¥C-15 1 08/07/92 3999 §.4 15.6 424 43000 8000 EE]]

SHE-15 | 14/07/92 29359 1.8 13.0 440 4100 2700 230 1.5
SHC-16 | 09/07/92 | 288 3.0 11.§ 350 11009 2408 261 R
SNC-18 [ 14/01/92 440 3.6 76.0 180 720 19040 330 1.4
THC-01 1 08/07/92 3 7.1 2.0 2 8 0.4 2 -
TEC-01 | 14/07/92 0 5.6 2.3 0.8 4 - 5.4
TEE-11 1 09/07/92 5898 3.2 38. 0 §30 9704 1 949 '
THC-11 | 14/07/92 ¥999 3.4 27. 0 260 7200 2300 ~1200 i.3
THC-17 109707/42 1999 4.9 36.0 690 53040 1200 810

THC-12 | 14/07/92 >999 5.0 31,0 280 10009 1500 160¢ 4.3
THC-13 109/07/92 83 3.6 25. 0 54 6400 - 2900 21 -
TNC-13 | 15/07/82 125 3.2 19. 3 37 10000 . 5500 19 3.9
STS-0F [ 10/07/92 <1 < 0.1 3 -
STS-01 | 15/07/92 ] 8.0 2.3 <1 <6 <6 —~ . 18
STS-13_ | 19/07/82 2999 10.3 1i-1 170 19000 -~ _160

§TS-13 | 15/07/92 2999 11.3 22.0 10 2.1 48000 440 0
$T8-16 110707792 g 8.8 2.8 12 160 oz 3 -
STS-16 | 15/07/92 20 9.8 2.9 § 410 130 4 4.2
ST5-19 | 10/07/92 »993 5.4 2.6 30000 130000 1 230

5Ts-19 | 15/07/92 2999 1.8 2.8 37006 160000 100000 1 0.1
$TS-20 [10/07/82 98 11. 3 12. 0 36 510 - 1 -
STS-20 | 15/07/92 10 11.1 5.2 13 54 41 200 1.2
$TS-21_ 1 09/07/92 ig 1.3 34.0 3 2000 - 4

STS-21 [ 15/07/92 g 7.3 35.0 2 15 1 - 4.6
08S-11 - 1 10707/82 224 1.3 6.2 100 240 45 9 1.4
oXS-11 | 13/01/92 150 1.6 5.0 200 360 230 13 0.5
ONS-11 -| 14/07/92 6501 1.3 4.8 770 149 ¢
ONS-1] | 16/07/92 160 7.6 6.0 159 340 280 R 0.5
ONS-12 [ 10/07/92 220 1.8 5.5 149 210 39 1 0.5
oNS-12 | 13/07/92 200 7.8 5.3 119 19¢ 71 i2 2.3
ONS-12 | 14/01/92 . 230 7.1 5.2 130 9 1.8
ONS-12 | 16/07/92 230 7.8 5.3 130 280 - 150 -- 4.6
ONS-13 | 10/01/92 120 1.9 5.5 13 410 74 4 5.3
oNS-13 | 13/01/92 150 7.8 5.2 £ 230 43 3 3.8
ONS-13 | 14/07/92 180 7.8 5.2 50 4 3.7
0NS-13 | 16/07/%2 206 1.4 5.5 24 214 86 -- 4.5
XRG 10/07/92 Y989 4.8 39.9 3200 180009 27000 320 0.2
¥RG 14707792 2999 1.5 -- 6000 74080 290 0
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Table V-8 Classification of Waste Water by Quality

Organic substance
and salinity

A, Less solid matters

Suspended solid matters (SS: mg/l)

100 >SS

B. Medium solid matters
400>85= 100

C. Highly solid matters
S8 =400

1. High concentration
of organic matter
and high salinity

SZT-12, 8£T-15,
TMC-13

SMC-16

SPB-17, SZT-13,
SZT-16, SZT-17,
SZT-19, SMC-11,
SMC-12, SMC-13,
SMC-14, SMC-15,
TMC-11, TMC-12,
STS-13, STS-19,
MGR

2. High concentration
of organic matter and
medium salinity

SZT-14

3. High concentration
of organic matter and
low salinity

SND-12, SND-13

4, Medium
concentration of
organic matter and
high salinity

SPE-11, SPE-13,

SPE-14, SPE-19,

SPE-20, SND-11,
SZT-11, SZT-20,
STS-16, STS-20,

ONS-30

SPE-18, ONS-11,
ONS-12

5. Medium
concentragion of
organic matter and
medinm salinity

6. Medium
concentration of
organic matter and
tow salinity

7. Low concentration
of organic matter
and high salinity

STS-21,

8. Low concentration
of organic matter
and medium salinity

SZT-18,

9. Low concentration
of organic matter
and low salinity

Remarks

Woaste water with high concentration of organic matter: CODer 2 1,000 mg/

2 100 mgf!

- Waste water with mediumconcentration of organic matter: 1,000 mg/l>CODcr

Waste water with low concentration of organic matter: 100 mg/! > CODer

Waste water with high salinity content: EC 2 5 ms/fem
Waste water with medium salinity content: 5 ms/cm > EC = 0.5 ms/cm
Waste water with low salinity content: 0.5 msfom > EC

For two or more analysis results, the average was used
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3.1.3  Utilizing Method of Table of Classification by Waste Water Quality

The following items can be studied using the Table of Classitication by Waste Water
Quality: |

(1) Necessity of pretreating inferior waste water
(2) Study of recycling ‘supei‘ior waste water of good quality

(3) Determination of superior waste water and inferior waste water using the system
diagram of waste water
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3.2 Study of Pretreatment Technigue
3.2.1 Necessity of Pretreatment

Waste water cannot be treated immediately when it is too much polluted (with high
concentration of organic matter, salinity, solid matter, or oil content). Even when the immediate
treatment is enabled, a large scale of equlpmem must be installed at a high cost of construction
requmng 4 hlgh operatlon cost as well,

In such case, some pretreatment must be applied to the waste water to ease the operation of
equipment for the subsequent treatment and reduce the cost of construction and operation.

3.2.2 Selection of Waste Water Requiring Pretreatment
The waste water requiring the pretreatment has been selected by the fo]lowing criteria:
(1) Waste water with high concentration of organic matter: CODcr > IOOO mg/!
Waste water with high salinity: EC > 5 ms/cm
Waste water with high concentration of solid matter: SS > 500 ms/!

Waste water with high oil concentration: Oil > 100 ms/l

@ ® @ ®

pH: 5 >pHande-I> 10

By the above criteria, the waste water that needs the pretreatment is specified in
Section 5.3,

3.2.3 Determination of Necessity of Pretreatment

For each factory, the necessity of pretreating the inferior waste water was determined.

(1) SIAPE

The waste water to be studied for pretreatment are waste water symbol SPE-13 and
SPE-14.

Particularly important is scrubber. wras'te watelf; of which the inferior quality item is

pH(l.1t01 2) and fluorine. It also deteriorates the PH of joint flow with waste water

" from the reactor and the total waste water (1.8 to 1.9). Thus a pH and fluorine treatment
‘equipment is requu‘ed ' '

SPE-17 has inferior 'quality item pH (1.8 to 2.1), 8S (31,000 to 210,000 mg/l), .and
COD (5,400 to 8,700 mg/l). However, it is not an object for pretreatment because it is
recovered and recycled already.
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(2) SNDP

No waste water that particularly needs pretreatment is discharged from the SNDP.

(3) UPOTS

The waste water to be studied for prefreatment is the waste water symbol MGR. Its
inferior quality items are pH (4.6 to 4.8), 88 (3,200 to 6,000 mg/h), COoD (180,000 mg/
1) and oil (290 to 320 mg/l). o '

Since the COD concentration is high, method of biological treatrnent 'Qr wet oxidation
must be studied as pretreatment equipment. '

(4) SIOS-ZITEX

The waste water to be studied for pretreatment is waste water symbol SZT-13. Its
inferior quality items are pH (14), SS (222,000 mg/), COD (17{) 000 mg/D), and
concentration of oil content (1,800 mg/l).

Inferior quality items of waste water symbol SZT-14 are concentration of solid
matter (20,000 mg/l), concentration of organic matter (65,000 mg/l) and concentration
of oil content (1,800 mgfi). '

Inferior quality item of waste water symbol SZT-15 is COD (1,600 mg/l).

Tnferior quality item of waste water symbol SZT-16 are SS (740 to 2,600 mg/l), COD
(29,000 mg/D), and concentration of oil content (5,500 to 9,800 mg/)).

Therefore, by collecting the above types of waste water, and after separating the oil
and solid matter, the pretreatment method must be studied. By such scparahon of oil
and solid matter, the concentration of organic matter is largely reduced.

(5) SATHOP

The waste water to be studied for pretreatment is waste water symbol STP-13. Its
inferior quality items are pH (10.5), 88 (840 to 2,600 mg/5), and COD (58,000 to 65,900
mg/l). ' :

For waste water symbol STP-16, the inferior quality items are COD (95,000 to
189,000 mg/f) and concentration of oil content (1,400 to 1,643 mg/l).:

Therefore, by collecting the above types of waste water, and after separating the oil
and solid matter, the pretreatment method such as biological treatment must be studied.
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(6) SMCP/TMC

The waste water to be studied for pretreatment are waste water symbol SMC-11,

SMC-12, SMC-13, SMC-14, SMC-15, SMC-16, TMC-11, TMC-12, and TMC-13.

- ‘This means that all types of waste water have high concentration of $8, COD, and high
concentration of oil content,

At present, the tanning is operated at two divided factories, but in October 1992,
they will be united into one factory so that a preireatment such as biological treatment
must be studied after collecting all waste water from them and separating the oil
content and solid matters.

(7) STS

The waste water to be studied fof pretreatment is waste water symbol STS-13, and
the inferior quality items are pH (10.3 to 11.3), COD (2,583 to 19,000 mg/), and
concentratiion of oil content (400 to 760 mg/l). '

The inferior quality item of waste water symbol STS-19 are COD (130,000 to
160,000 mg/]) and concentration of oil content (7 to 230 mg/l). '

The inferior quality item of waste water symbol STS-21 is COD (15 to 2,000 mg/i).

Therefore, pretreaiment method such as biological treatment of these types of waste
water must be studied by collecting them.

~ For the oil content, pretreatment is not required in particular because most pilrt of the
oil is considered to be decomposed microbiclogically by the pretreatment of organic
matter,

(8) ONAS

The ONAS ‘does not particularly accept any waste water to be studied for pretreatment,
so it is therefore not object of study for pretreatment. '
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3.3 Study of Waste Water Treatment Technique by Factory

To study the waste water ireatment technique, it is impoxtant to grasp as an integral
system the individual freatment equipment which are listed in Figure V-2, “Types and
classification of waste water treatmnent equipment”, so as to obtain the most effective
treating effect with the minimum combination of the treatment equipment,

To study the waste water treatment technique, the performance and characteristics of
waste water must be checked completely along with the past records of similar treatment

equipment,

The main operation of waste water treatment equipment is the primary and segondary
treatment described in Table V-1, “Characteristics and Treatmeni System of Waste Water
by Type of Industry”. The tertiary treatment is performed chiefly for recycling of the waste
‘water., Howe{rer, in case there is a severe regulation standard on the water discharge, up to
the tertiary treatment may be applied.

This study is based on Tabk: V-6, “Tentative Standard”, and the matexials to be studied
for treatment at each factory are described below. |

3.3.1 SIAPE
- Materials to be studied for waste water treatment
@ SEP-13 .
: ' : (improvement of pH, removal of SS, oil content, and fluorine)
@ SEP-14
@ SEP-18  : (improvement of pH, removal of $S and oil content)

By treating the above sources of waste water, improvement is expected on the
water quality of SEP-19 and SEP-20. COD in the waste water is also somewhat
high so that the method is its reduction will be studied.

3.3.2 SNDP
- Materials to be studied for waste water treatmeint
(1 SND-11: (removal of oil content)

The performance is not sufficient by the simplified oil separator which is currently
installed.
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333 UPOTS

- Materials 10 be studied for waste water treatment

®

MGR: (removal of organic matters and SS)

Concentration of the organic matters and SS contained in the margin is considerably
high, so that a wide range of treatment method will be studied, such as physical and
chemical treatment, biological treatment, and combustion method.

303.4 SIOS "ZITEX

Q@ @ ® ® @ ®

Materials to be studied for waste water treatment

SZT-11: removal of organic matter
SZT-12:
SZT-13:

SZT-14: > removal of organic matter and SS

SZT-15:

SZT-16: )
SZT-17: (zemoval of organic matter and S8)

By treating the above sources of waste water, improveinent is expected on the quality
of 5ZT-19 total waste water.

335 SATHO?

- Mateérials to be studied for waste water treatment

® @ 8 6

STP-11: removal of organic matter '

STP-13:.

STP-16:  removal of organic matter and SS
| STP-18: |

By treating the above sources of waste water, improvement is expected on the quality
- of STP-19 total waste water.

The quality of waste water of STP-11 and STP-18 was estimated from the analyzed
value of SIOS-ZITEX.
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336 SMCP/TMCP

- Materials 1o be studied for waste water treatment

@ SMP-11:

@ SMP-12:

@ SMP-13: } (pH adjustment and removal of 88, oil content and organié ‘matter)
@ SMP-14:

& SMP-15:

® SMP-16:

@ TMC 1L

TMC-12:

@® TMC-13:/

Chromium waste water is excluded from the study because it is already under
construction by planning,.

3.3.7 STS

- Materials to be studied for waste water treatment
STS-13: Y
STS-16:
STS-19: T (pH adjustment and removal of SS, oil content and

STS-20: | suspended organic matter)

©@ ® @ &

STS-21: /

STS-16,8TS-20,and STS-21 are less polluted. However, sincé_ the factory discharges
small quantity of waste water and each process is performed by batch process, all
waste water from the factory is to be studied for treatment.
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3.3.8 ONAS (Of¥ice National de I’ Assainisseanent)
- Objective substances to be disposed from waste water are;
(O SS (Suspended solid)
@ oD (Chemical oxygen demand)
(3 - BOD (Biological oxygen demand)

Since waste water from various factories will be flown into ONAS sewage treatment
plant, the amount of S5, COD, BOD and the volume of incoming waste water will be
increased. These items as well as the existent facilities will be the objects of our study.
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4. Preconditions for Planning the Waste Water Treatment and Recycling
Technique by the Type of Factory

4.1 Case Setting-up of Waste Water Treatment

The eases of waste water treatment for selected factories will be settled up. The cases are
classified by the standard to be applied, namely the tentative standard proposed by Japan,
the tentative standard proposed by Tunisia and INNORPI standard, and the destination of
treated waste water, namely ONAS plant and the sea area. Further, a case of the rationalized

s0ap manufabturing plant is included.

Case No.1 represents the tentative standard proposed by Japan, No.2 the tentative standard
proposed by Tunisia, No.3 INNORPI standard, Symbol A the destination being ONAS
plant, symbol B the destination being the sea area and Case No. 4 represents a rationalized
soap manufacturiﬁg plant. This can be simplified as follows:

Case No.

1

1

Designation
A (ONAS)
B (Sea area)
A (ONAS)
B (Sea area)
A (ONAS)
B (Sea area)

A (ONAS)

Standard to be applied ~ Remarks
Tentative standard proposed by Japan
Tentative standard proposed by Japa_n.
Tentative standard proposed by Tunisia

Tentative standard proposed by Tunisia

INNORPI standard
INNORPI standard
Tentative standard Rationalized

proposed by Japan soap plant

Table V.-9 shows standards applied to respective factories.
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Table V-9 A Table of Cases for the Selected Factories

Emission Standard
Factory | Case No. T.S. proposed by Japan T.5. proposed by Tunisia INNORPI S.
ONAS Sea | ONAS Sea ONAS | Sea
A B A B A B
SIAPE . | 1 1B
2 - 2B
UPOTS 1 1A
y2 2A
3 3A
SIOS-ZITEX 1 1A
2 24
3 3A
3 3B
4 4A
SATHOP i 1A
' | 2 2A
3 3A
3 3B
4 4A
SMCP | 1 1A
2 2A
3 | 3A
3 3B
STS A R R V.
2 | 24
| ; : _ —— _ : "
ONAS 2 2B

Notes: 1. Case No4A is a case of the rationalized soap manufacturing plant.
2. Cases No.2B and 3B are applying the same emission standard.

3. Inflows to ONAS Plant are assumed to have been discharged from respective factories with the
same tentative standards proposed by Japan.
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Table V-10 shows the waste water quality standard for various substances under tentative
standard proposed by Japan, Tunisia and INNORPI standard as shown in Table V-6. '

Table V-10: Waste Water Quality Standard under Various Cases

TENTATIVE STANDARD TENTATIVE TUNTS I A -
(JAPAN PROPOSAL) . STARDARD ENISSION STANDARD
(TURISIA
PROPDSAL) (INNORP])
EXISSION | ENISSION | ENISSION | ENISSION | EKISSION
TO PUBLIC |TO SEWAGE | TO SEWAGE |T0 PUBLIC |TO SEFAGE
SEA TREAT. PLANT [FREAT, PLANT SEA TREAT. PLANT
CASE 1A, 44 18 24 34 28, 3B
cd e/l 0. 005 0.1 0.1 0. 005 0.1
Lo vg/} 0.5 0.5 0.5 0.5 0.5
Crtd ng/l 2 2 3 2
pH §.5-6.5 5.8-9.0 5.0-9.0 | 6.5-8.5 | 6.5-9
55 ag/l 3¢ 800 500 30 400
ROD g/l 30 800 800 30 400
£op Cr ug/} 90 2000 2000 90 1600
DIL g/l 20 50 50 20 30
NINERAL ng/1 10 - . 10 10
PHENOL ag/l 0.05 5 5 0. 05 1
Fe rg/l 1 16 10 1 5
R ug/1 5 15 15 5 3
LOLON BACILLUS 2, 000 - - 2, 000
/100al] - /100l
STREPTOCOCCUS 1,000 - - 1,000
: /100a2 f100sl
SALYONELLA ABSENCE - - ABSENCE
C1 s/l - - 2000 - © 700
504 ng/1 - - 1900 1000 400
b0 4 g/l 0.1 - - 0.1 i
X ag/1 1000 - - 1000 50
NH4-N eg/l 30 - - 30 100
Note: Items considered to be unrelated to case setting-up were excluded.

As seen in Table V-9, waste water in Cases 1A, 2A and 3A except Case of SIAPE is
treated at respective factories and sent to ONAS sewage treatment plant for treatments (o
the level as specified in INNORPI standard for discharge to the sea area. ansequently;
waste water under any cases in Sfax districi is in compliance with INNORP! standard for _
discharge to the sea area. It may be possible to consider that waste water from all factories
is sent to ONAS plant without treating at the respective facfories but foially treated at
ONAS plant. However, this possibility was excluded from our study for the following

reasons.,
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