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EXECUTIVE SUMMARY

Under Contract No. 278-0288-00-C-4026-00 with the United States Agency for International
Development (USAID), Development Alternatives, Inc. (DAI) is performing an Industrial
Wastewater Discharge Prevention (IWDP) Program in Amman, Jordan. The IWDP
Program is one of the four components of the Water Quality Improvement and
Conservation (WQIC) project funded by USAID. The Program is being performed by DAl
with full coordination between the Jordanian Ministry of Water and Irrigation (MWI) and
the Amman Chamber of Industry (Chamber). Harza Consulting Engineers and Scientists
(Harza), Chicago, Illinois, USA, and Science Applications International Corporation (SAle),
Falls Church, Virginia, USA, have been retained as the subcontractors to lead the audits.
The Royal Scientific Society (RSS) of Jordan was selected as the local consultant to assist
the lead consultants in the audit site visits and report preparation.

This program includes conducting the Pollution Prevention/Wast Minimization (PP/WM)
audits, Feasibility Studies (FS), and design demonstration units at selected industrial
facilities. Based on a ranking methodology, the PPIWM Committee selected ten industries
with potential needs for PP/WM audits. One of these industries is the vegetable oil refining
industry. The SAIC/RSS team conducted an audit of the Universal Modern Industries
Company, Limit"ed (UMIC), representing the vegetable oil refining industry, as the first step
of the IWDP Program. This report summarizes the results of the audit.

AUDIT

The facility audit was conducted on January 7 and 14, 1995. The UMIC Manager and Head
of the Operation Section and the audit team toured and inspected the facility. A follow-up
\isit was conducted on January 14, 1995 to collect additional information and to collect
wastewater samples.

AUDIT FIl\;DINGS

The findings presented below on water use and waste disposal practices at the UMIC facility
are based on information collected during the facility audit through interviews and
discussions with UMIC employees, observations made during the site visit, and data
provided by UMIC both before and after the site visit.

Vegetable Oil Refining Processes at "L?vIIC

The UMIC facility refines four oils: refined, bleached, and deodorized (RBD) palm oil,
RBD palmoline, semi-degummed corn oil and semi-degummed soya oil. The current
production rate is 170 to 180 tons per day (Tjday). The UMIC facility operates two
different types of refining processes, chemical refining and physical refining. Process
operations consists of: .

• Crude oil transfer to storage tanks;
• Chemical refining operations: degumming and neutralization, bleaching, and

lilf'!_ in .-
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deodorization;
• Physical refining by steam stripping;
• Cooling and fi1 tering; and
• Packaging.

Additionally, the UMIC facility operates two separate cooling water systems, a central steam
boiler system, and a water softener unit.

Water Usage and Balance

The UMIC facility receives its water from the Zarqa Free Zone groundwater wells. Most,
approximately 72 percent, of the water the facility uses is first treated using an ion-exchange
unit. The four largest consumptions of water at the facility are for:

• Steam for refining and producing vacuum, and cooling water for the barometric
condensers, 41 m3I day;

• Washing the oil in the neutralization operation, 24 m3/day;
• Boiler blowdown, 20 m3Iday; and
• Cooling the heat exchangers, 20 rn3/day.

Other water uses that total approximately 42 m3I day include floor and equipment cleaning,
live and closed-loop steam heating, laboratory tests, chemical solutions, spill ciean-up, and
sanitary.

.The UMIC facility uses approximately 147 m3/day of groundwater, most of which is treated
\\ith a water softener before being used for steam generation, process washwater, and
cooling purposes. In general, water use at the facility is not excessive (1.2 m3IT of refined
oil); however, opportunities for conservation do exist.

With the addition of the physical refining operation, the quantity of cooling water has
increased. This is overloading the cooling to\ver so that the facility is removing the cooling
water and refilling the cooling system \\ith fresh water. The daily average blowdown is
estimated at 4.2 m3/day, but may be much higher since the facility hauls in fresh water and
hauls away the contaminated cooling water. The frequency of hauling, the number of tanker
trucks, or the quantity hauled is unknown.

\Vastewater Discharges

The major wastewaters generated at the facility are:

• Neutralization washwater, 24 m3/day;
• Boiler blowdown, 20 m3I day;
• Floor and equipment washwater, 10 m3/day;
• Steam condensate from tanker truck heating, 8.4 m3/day; and



barometric condenser and heat exchanger cooling towers, spill clean-up, and sanitary.
Typical pollutant parameters include: fats, oil, and grease (FOG), biochemical oxygen
demand (BODs), chemical oxygen demand (COD), total suspended solids (TSS), and total
dissolved solids (IDS).

Steam losses to the air occur through leaky flanges, valves, and pipes. Steam condensate
and cooling water leaks from equipment collect on the floors. Frequent spills occur in the
following areas:

• Tanker truck unloading;
• Caustic soda solution mixing; and
• Filling area from the filling machines and leaking containers.

Treatment

The wastewater treatment system consists of acidification, oil/water gravity separation,
neutralization, aeration, coagulation, clarification, and evaporation. No flow monitoring bas
been performed. Except for the acidification treatment unit, the treatment system is not
being operated. Upon start-up of the system, operational difficulties were encountered and
the system is being repaired.

Air Emissions

There were no significant air emissions identified. Leaks in steam pipes contribute water
vapor and small amounts of fatty acid components. The manual loading of powdered
chemicals (e.g., sodium hydroxide and bleaching earth) produce brief localized areas of
particulates. .

Solid \Vastes

The two major solid wastes generated at the facility are soapstock and spent bleaching clay.
The soapstock is sold to a saponification plant (soap factory). The spent bleaching clay is
sent to another facility that burns it.

Storm 'Vater Management

Solid and drummed liquid raw materials, products, and wastes are stored throughout the
c~nc facility. V.,rhile some containment measures exist, many of the containers are stored
on bare ground. Leaks and spills due to loading and unloading tanker trucks create oil
contaminated ground. During storm events, spills from vegetable oil storage tanks and fuel
tanks could be discharged to the wadi. While this is an infrequent occurrence, it results in
the discharge of untreated wastewater to the wadi.

Data Gaps

Data gaps exist in water quality and water quantity measurements. No water or wastewater
metering devices exist to provide accurate measurements of the quantity of water consumed
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or the wastewater generated by the individual process operations. The facility's total water
consumption is measured by a main water meter; however, the facility also hauls water to
the facility. The quantity of wastewater generated is unknown; wastewater is hauled off site
for disposal. This wastewater has been sampled in the past by WAJ.

PP!\VM AND WATER CONSERVATION OPPORTUNITIES

The UMIC facility already practices some PP/WM and water conservation practices such
as recirculating the cooling water. Additional opportunities identified during the audit are
summarized below. Some actions that the facility should initiate immediately are:

• PP IWM and Water Conservation Policy - Establish a PP/WM and water conservation
policy as part of the nSICO management operating philosophy and distribute it to
all employees. Implement the policy through specific goals and targets. Make it
each person's responsibility to identify PP/WM and water conservation opportunities
and implement any established PP jWM and water conservation measures.

• Monitoring Program - Develop and implement a plan to monitor all water uses and
wastewater flows by installing flow measuring devices. All flows should be recorded
daily for a period of 12 months. Develop and implement a plan to sample
wastewaters at least once a month for a period of 12 months. Establish sample
collection procedures.

• Emplovee Training - Develop and implement an employee training program that
includes periodic refresher courses regarding the JISICO facility's PP/WM and water
conservation policies and procedures and proper training in the use of new equipment
or practices. Staff should also have the opportunity to provide input regarding
additional PP/WM or water conservation activities and should be provided \\ith
incentives for program successes.

• \Vater Balance and Reduction Goals - Create an overall plant water balance that
identifies all uses and routes of disposal and then establish a plan to reduce water use
by specific amounts in each segment of production.

• Preventative and Corrective Maintenance Program - Develop and implement a
preventative and corrective maintenance program for equipment, pipes, and
structures.

PPj\VM Opportunities

The PP/\VM techniques that the facility could implement immediately are listed below.

• Operation of the Wastewater Treatment Svstem - The wastewater treatment system
should be full\' evaluated to assess influent and effluent flows and treatment
efficiency. In particular, monitoring of the hydraulic and organic 10adinO" to eac f



treatment system should be conducted. This assessment should also evaluate the
need to segregate and separately treat process wastewaters.

Other PP/WM techniques that should be investigated for feasibility studies and possible
short- and long-term implementation are listed below:

• Softener Regeneration - Instead of sodium chloride, use a regeneration chemical that
is less harmful to the environment, such as acetic acid and ammonium hydroxide.
This chemical substitution would reduce the high concentrations of sodium and
cWoride salts in the wastewater.

• Wastewater Treatment System Design Modifications - Investigate design
modifications, including replacement of existing equipment, and additional treatment
that will enable recycle or reuse of treated wastewater.

• Crude Oil Ouality Control - Investigate the cost/benefit of obtaining a higher quality
crude oil to reduce water consumption during refining and wastewater generated.
Work with suppliers, shippers, and transport companies to establish standard shipping
and transport practices that would reduce the time in-shipment and storage, the
number of transfers that occur, and the oxidation that occurs during shipment and
storage.

'Vater Conservation Opportunities

The water conservation opportunities are summarized below. Table EX-l provides potential
techniques and the estimated savings for water conservation. As much as 73 to 97 m3/day
water savings could result from the implementation of these techniques.

Those techniques which the facility could implement immediately are:

• Cooling Tower Optimization - Assess design or operational modifications for the
current cooling tower or explore new cooling tower designs to minimize the
evaporative losses and increase the concentration cycle.

• Boiler BlowdO'wn Reuse - Reuse boiler blowdown as floor washing and spill clean-up
water.

• Steam Leak Prevention and Control - Implement a more rigorous preventative
maintenance program to prevent leaks and a rapid response repair program to fix the
leaks as soon as they occur.

• Good Housekeeping - Develop and implement floor cleaning and spill cleaning
procedures that focus on water conservation.

• Domestic \Vaste Treatment - Reduce domestic water use by employee av,:areness and
installation of water conservation equipment.

E5
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• Barometric Condenser and Steam Vacuum Optimization - Evaluate the current
process operational procedures to optimize reductions in steam and cooling water.
More process control instrumentation, more accurate instrumentation, or faster
feedback could enable greater process control that would minimize water losses or
decrease water usage. -

The following techniques require further investigation for feasibility studies and possible
short- and long-term implementation:

• Centrifuge Optimization - The centrifuge operation could be optimized to avoid build
up of soapstock within the centrifuge to eliminate cleaning of the centrifuges every
48 hours.

• Wastewater Reuse - Investigate reuse of the following wastewaters:

Neutralization Washwater - Investigate the feasibility of the options for
reducing the generation of wastewater and reuse of washwater from the second
and third centrifuges in the neutralization operation, as identified in this
report.

Softener Regeneration Wastewater - Treat the wastewater, usmg reverse
osmosis, and reuse.

Barometric Condenser Cooling Water - Treat the cooling water, to recover
fatty acid material, and reuse as cooling water.

Live Steam - Reuse the condesate resulting from the live steam heating of the
tanker trucks as washwaterin the neutralization operation.

• Live Steam Heating Elimination - Eliminate use of live steam for heating by using
a closed-loop heating coil or a system such as the Dow-Therm closed-loop system.

• Softener System Upgrade - Continue with plans to install a larger capacity softener
unit. A unit that is optimally sized for the facility's operations \\-ill reduce the
frequency of regeneration. Use a newer state-of-the-art ion-exchange resin system
that is regenerated with less solution and, therefore, generates a smaller volume,
more concentrated wastewater.

• \Vater Cooling Svstem Elimination - Investigate the use of a non-water cooling system
for the heat exchangers.

• Process Equipment Design Modification - Explore design modification to the process
units, the barometric condensers, and the steam vacuum system that would decrease
the overall water quantity (cooling water and steam).

Storm 'Vater and Solid \Vaste

E6



Develop and implement practices to minimize storm water run-on and run-off and maximize
recycling solid wastes.

E.
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Table E-l - Potential Water Savings

UMIC

Production Water Conservation Current Projected Projected Percent
Operation Technique 'Vater Water Water Decrease

Consump- Consump- Savings in Total
tion tion (mJ/day) Water

(m3/day) (mJ/day) Consump-
tion

Clean 1. Closed.loop air radiator 20 0.0 20 13.6

cooling cooling system

tower

Chemical 2.a. Treat and reuse all 25.35 5 20.35 13.8

refining washwater

2.b. Treat second centrifuge 14 6 8 5.4
washwater and reuse in
third centrifuge

2.c. Reuse third centrifuge 25.35 20.35 5 3.4
washwater in second
centrifuge

Boiler 3. Boiler blowdov.n reuse after 21.1 4.2 16.9 11.5

treatment

Process 4. Modify design or optimize 120 108 12 8.0

Equipment operations

Tanker 5. Capture and reuse live steam 8.4 0.0 8.4 5.7

Truck or eliminate live steam
heating of tanker trucks

Floor 6. Reuse the boiler blowdown 5 0.0 5.0 3.4

washing without treatment

Cooling 7. Optimize to decrease 47.7 43.0 4.7 3.2

tower evaporative losses and
increase concentration cycle

Softener 8. Reuse treated regeneration 6 .., 4 2.6-
wastewater

Cooling 9. Treat bleed-off and reuse 4.2 0.2 4.0 2.6

tower

Softener 10. Increase capacity 6 4 2 1.3

E8
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Mainte- 11. Use dry cleaning methods and 10 8 2 1.4

nance and install water conservation

sanitary devices

Acidifi- 12. Eliminate live steam heating 1A- 0.0 1.4 1.0

cation

Spill 13. Improve spill control and 4 3 1 0.7
clean-up

Centrifuge 14. Treat and reuse washwater 1.0 0.0 1.0 0.7

and filter

Steam 15. Reduce steam leaks 1.0 0.5 0.5 0.35
System

Centrifuge 16. Optimize to reduce cleaning 1.0 0.7 0.3 0.2
frequency

Total I -

I
-

I
50 - 73

I
73 - 97

I
49 - 66

ISavings

co
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1.0 INTRODUCTION

This report presents the findings of an audit conducted to evaluate the Pollution Prevention
and Waste Minimization (PP/WM) and water conservation opportunities for the Universal
Modern Industries Company, Limited (UMIC) facility located in the Zarqa Basin near
Amman, Jordan. The report includes a project background and objectives, provides
documentation of the on-site evaluation of the facility's current operations, discusses water
use and disposal practices, and provides recommendations for PP jWM opportunities.
Additional information including industry background, audit procedures, and an overview
of the facility's operations, are provided to support the audit findings and recommendations.

1.1 Background

Under Contract No. 278-0288-00-C-4026-00 with the United States Agency for International
Development (USAID), Development Alternatives, Inc. (DAI) is performing an Industrial
Wastewater Discharge Prevention (IWDP) Program in Amman, Jordan. The rWDP
Program is one of the four components of the Water Quality Improvement and
Conservation (WQIC) project funded by US.AJD. The Program is being performed by DAl
with full coordination between the Jordanian Ministry of Water and Irrigation (MWI) and
the Amman Chamber of Industry (Chamber).

The IWDP will be performed in three phases. The first phase requires completion of tea
PP/WM audits by DAl and its sub-contractors. The second phase requires completion of
Feasibility Studies (FS) for four of the audited facilities. Finally, demonstration projects \viIl
be completed for two selected FS facilities. Based on a ranking methodology, the PP jWM
Committee selected' ten industries with potential needs for PPjWM audits. One of these
industries is the vegetable oil refining industry.

Harza Consulting Engineers and Scientists (Harza), Chicago, Illinois, USA, and Science
Applications International Corporation (SAlC), Falls Church, Virginia, USA, have been
retained as the sub-contractors to lead the audits. The Royal Scientific Society (RSS) of
Jordan was selected as the local consultant to assist the lead consultants in the audit site
visits and report development. The SAICjRSS team conducted an audit of UMIC as the
first step of the IWDP. This report summarizes the results of the audit.

Due to the scarcity of water in the Zarqa Basin, as well as the need to minimize the release
of pollutants into waters of the basin, it is in the best interest of industries to conserve water
and implement effective PP/WM practices. Companies practicing PP jWM and water
conservation programs will more efficiently utilize scarce resources and minimize their
impact on these resources. The hierarchy of PP jWM and water conservation practices
includes:

1. Reduce waste genetation

• Substitution of less polluting raw materials in product manufacture;

1
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• Alteration of products manufactured to eliminate need for use of polluting
materials;

• Replacement or upgrading of outdated or inefficient process equipment; and
• Development of employee training programs to ensure employees can efficiently

manage raw materials and resources.

2. Reuse waste materials prior to disposal

• Reuse of uncontaminated raw materials and resources (including water);
• Reprocessing of previously discarded materials (e.g., off-spec materials, used

materials); and
• On-site recovery of reusable materials (e.g., used solvents, waste heat, scrap).

3. Recycle waste materials.

4. Treat wastes and dispose of residues.

The PP/WM audits performed during this program will identify and evaluate available
PP/WM and water conservation opportunities and. will provide site specific
recommendations to assist the study industry in developing a comprehensive water
conservation and PP jWM strategy.

1.2 Objectives

The facility PP/WM audits are designed to assess potential opportunities for PP/WM and
water conservation that may exist at the study facilities. The goal of each audit is to identify
and evaluate all possible PP jWM, wastewater clean-up, and water conservation techniques
that are appropriate for the study facility.

The specific objectives of this audit are as follow:

1. Review general industry background data and identify "state-of-the-art" wastewater
management and processing practices.

2. Work on site with industry representatives, the MWI and the Chamber officials, and
other interested parties, to review current processing procedures and identify possible
options for PP jWM and water conservation.

3. Prepare a report that evaluates possible PP/WM and water conservation alternatives
and provides recommendations and follow-up actions to the industry.

In order to complete the first objective, a comprehensive literature review was performed
by the lead consultant. Following completion of the literature review, an on-site audit of
the UMIC facility was performed. The audit was performed with close consultation of
industry representatives to ensure that they were aware of and supported proposed actions.
Audit activities included the careful gathering of baseline water use and waste generation
data, identification and assessment of potential PP jWM and water conservation options, and

2
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solicitation of ideas and proposals from management and production line staff.

1.3 Report Contents

This repon provides the findings of the audit conducted at the UMIC facility on January 7
and 14, 1995. The report provides recommendations for the development of a site-specific
program that meets the specific needs and goals of the UMIC facility. Audit
recommendations include both PP/WM techniques (e.g., water conservation techniques,
housekeeping practices, alternate waste disposal practices, etc.) and suggestions for PP/WM
training for facility staff and studies to assess program successes.

The report is organized into eight sections that provide a brief description of UMIC's
vegetable oil refining operations (Section 2.0), a description of the audit procedures (Section
3.0), a description of the water use practices and wastes generation activities at the facility
(Section 4.0), a discussion of possible PP/\VM opportunities (Section 5.0), a discussion of
the water conservation opportunities at the facility (Section 6.0), the audit conclusions and
recommendations (Section 7.0), and the suggested follow-up actions (Section 8.0).

Several appendices are also included in the report to provide supporting documentation and
reference materials. The appendices include a copy of the audit questionnaire (Appendix
A), information provided by the UMIC facility (Appendix B), an overview of regulations
applicable to the discharge from UMIC (Append LX C), site visit photographs (Appendix D),
references used to prepare the audit report (AppendLx E), and the PP/WM Background
Report (Appendix F).

3
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2.0 PROCESS OVERVIEW

Edible vegetable oils are derived from the seeds of such plants as soybean, corn, and palms.
First, crude oil is manufactured by an extraction process. The oils are extracted from the
seeds by mechanical or hydraulic pressing or solvent extraction. The crude oil must then
be refined to make the oil acceptable for edible purposes. The refining process removes
undesirable taste and odor producing components such as free fatty acids (FFA),
phosphatides, and unsaponifiable components such as sterols and tocopherols; undesirable
coloring pigments such as carotenoids and chlorophyll; and metals such as copper and iron.
Typical refining operations consists of: degumming, deacidification (or neutralization),
bleaching, hydrogenation, winterization, and deodorization. Further details on these refining
operations are provided in the background material in Appendix F.

2.1 Vegetable Oil Refining in Jordan

There are eight vegetable oil refining facilities in Jordan. The Universal Modem Industries
Company, Ltd. (UMIC) facility is the oldest. UMIe was established in 1982 and the facility
began production in 1986. With the addition of the physical refining process in late
December 1994, the facility's production capacity has increased to 200 tons per day (Tj day).
It operates 24 hours per day (ms/day), six days a week, with a current production rate of
170 to 180 T jday. The number of employees is 140. The facility refines 4 types of oils:
palmoline, palm oil, corn oil, and soya oil to produce numerous vegetable oil products
packaged and labeled for many customers. About 40 percent of the product is for the local
market and 60 percent for export.

2.2 Process Operations at the Universal .Modern Industries Co., Ltd. Facility

Described below is each sequential process operation performed in the facility to refine
crude oil.

2.2.1 Crude Oil Transfer and Storage

The crude oils are imported from various countries. For example, refined, bleached, and
deodorized (RBD) palm oil and palmoline are imported from Malaysia. Pretreated
(semi-degummed) crude corn oil and soya oil are imported from the United States,
Turkey, and other countries. The crude oil is transported from the crude oil factories
to storage tanks at the shipping ports, then onto ships, then from the ships to storage
tanks at Aqaba. From the storage tanks at Aqaba, the oils are transported to the UMIC
facility by tanker trucks of approximately 50 cubic meters (m3

) capacity. At least 4
tanker trucks arrive each day. The crude oils are pumped from the tanker trucks to
heated storage tanks. Corn oil arrives and stays in a liquid state, regardless of
temperatures. In the \vinter, the temperatures require soya oil to be heated to prevent
winterization (a separation of the oil) during storage. If palm oil and palmoline arrive
in the solid state, live steam is injected into the tanker to heat the oil. The liquid oil is
pumped to the storage tanks and the water is transferred to the wastewater collection
tank.
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There are 6 storage tanks, three with a capacity of 750 m3 each, one with a capacity of
1,400 m3, and two with a capacity of 2,000 m3 each for a total storage capacity of 7,650
m3

• Each storage tank is designated for a specific type of crude oil so there is no mixing
of crude palm oil with crude corn oil. The crude oils in. the tanks are kept warm by
closed-loop low pressure (3 bars) steam coils in the bottom of the tanks.

Due to the number of transfers that occur during shipping from the crude oil refineries
in other countries to the UMIC facility, the crude oil comes into contact with oxygen.
During extended periods of storage hydrolysis occurs and the FFA concentration
increases. To prevent hydrolysis, storage time at the UMIC facility is reduced by
practicing the "first in, first out" method. Once a storage tank is filled, the crude oil is
processed until the storage tank is empty. No new shipments of crude oil is pumped into
that storage tank until it is empty.

2.2.2 Chemical Refining

At the UMIC facility, two different refining processes, chemical refining and physical
refining, are conducted. The process operations of chemical refining are described in
this section and the process operations of physical refining are described in Section 2.2.3
below.

Com oil and soya oil are refined by the chemical refining process. Process operations
include degumming and neutralization, bleaching, and deodorization and are described
below. Figure 1, Chemical Refining Water and Process Flow Diagram, provides a flow
diagram of the sequence of these process operations.

Degumming and Neutralization



55 percent total fatty matter and 35 - 40 percent moisture).

The crude oil and caustic soda (and phosphoric acid) mixture is centrifuged to
separate the oil and the soapstock.. The soapstock is discharged from the first
centrifuge and falls by gravity through a vertical pipe to large polypropylene bags
or drums. This soap~tock is sold to a saponification plant (soap factory).

Second and Third Centrifuges - The oil is heated by a closed-loop steam heating
coil. Water is added to the oil in-line and mixed. The water removes the
soapstock that remains from the first centrifuge operation. The oil/water mixture
.is separated by a second centrifuge. The wastewater from the second centrifuge
is pumped to a collection tank and then pumped with the wastewater from the
third centrifuge to a 760 m3 capacity storage tank..

The oil is again heated, water added in-line and the oil and water mixed as
previously described. This oil/water mixture is pumped to a third centrifuge for
separation of the oil and water. The wastewater from the third centrifuge is
pumped to a collection tank where it is mixed with the wastewater from the
second centrifuge and is then pumped to the 760 m3 capacity tank..

Dryer - The oil from the third centrifuge is sent to a dryer to remove water. The
dryer is a cylindrical vessel under vacuum. The oil is sprayed into the vessel
where, under vacuum, water vapor is removed.

Barometric Condenser - The stearn is condensed by cooling water in a 2-stage
barometric condenser. Both the steam condensate and the cooling water,
containing small quantities of free fatty acids, are returned to an outdoor pit,
called the chemical refining hot well. From this hot well, the water is pumped to
the physical refining hot well and then to an induced draft evaporative cooling
tower. The cooled water from the cooling tower is reused by recycling back into
the condensers. No make-up water is needed for the cooling tower. Usually,
there is a balance between the quantity of water condensed from the oil and the
quantity of water evaporated from the cooling tower. Sometimes there is more
water condensed than evaporated; this occasional wastewater (4.2 m3jday) is
discharged to the wastewater collection tank for subsequent treatment or is
pumped into trucks for disposal. This blowdov,,'I1 or bleed-off is necessary to
prevent buildup of free fatty acids and total dissolved solids (IDS) in the cooling
water.

Bleaching

After the phosphatides and free fatty acids are removed in the degumming and
neutralization operation, color-producing compounds in the oil are removed in the
bleaching operation. This operation is described below.

Bleacher - The oil is transferred from the dryer to an intermediate storage tank
and then pumped to bleacher. The bleacher is a closed tank under vacuum. This
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vacuum is generated by a vacuum pump. Bleaching earth (clay) is added to the
tank and the oil and clay are mixed using a ribbon blender in this tank. The
temperature of the mixture is increased to 90 to 95 degrees Celsius (OC) by steam
heating coil in the bottom of the tank. Both oil and clay are being continuously
added to the tank and as the mixture level rises, the mixture overflows through
a line to the filters.

Filters - There are two filters that operate alternately. The oil is strained through
perforated elements under 4-5 kilograms per square centimeter (kg/cm2

) of
pressure with the clay remaining on the elements. As a layer of clay forms on the
filter elements, the pressure changes. At a specified pressure or time interval, the
flow of oil to the filter is stopped; the oil is pumped to the other filter.

Steam is injected into the filter to remove the oil in the clay layer that has
accumulated on the filter elements. The steam/oil mixture is collected in an open
tank where the steam escapes and the oil (1 to 1.5 m3 per filter cycle) is
recovered. From this tank the oil is pumped into the oil line prior to the first
centrifuge.

Air is then passed through the filter to dry the clay layer. Then a vibrator shakes
the filter elements and the clay cake falls off the elements and is transported by
screw conveyor to containers for disposal.

Deodorization

The degummed, deacidified, and bleached oil contains short chain fatty matter and
volatiles, such as ketones and aldehydes, that produce undesirable odors. These
odor-causing molecules are removed in the deodorizer. The deodorization operation
is described below.

Deodorizer - The filtered oil is pumped into a deodorizer. The deodorizer is a
sealed vessel containing four trays under vacuum. The oil enters the fourth tray
through a pipe where it is heated. The oil is then pumped to the first tray at the
top. The first tray is equipped with a thermal oil coil that heats the oil to 200°C.
Stripping steam is injected into the oil through a perforated pipe located in the
bottom of the tray. As the steam rises through the oil, the short chain fatty
matter, ketones and aldehydes, are transferred from the oil to the steam. The oil
is pumped to the cooling operation. The steam is drawn off at the top of the
vessel and sent to the primary condenser.

Primary Condenser - In the primary condenser, oil and fatty acids are condensed.
This condensate is collected and sent to the soap plant.

Barometric Condenser - The stearn is next condensed in a three-stage barometric
condenser. The condensates and the cooling water from each of the three stages
flow by gravity to an open pit outdoors, called the chemical refining hot well.
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Evaporative Coolin~ Tower - From the chemical refining hot well, the oil/water
emulsion is pumped into the physical refining hot well and then into an
evaporative cooling tower. The cooled water from the cooling tower is reused to
cool the condensers.

Cooling - The oil is cooled using a shell-and-tube heat exchanger. Non-contact
cooling water is circulated around a tube containing the oil. The non-contact
cooling water is continuously recirculated through a cooling tower, referred to as
the "clean cooling tower".

Filtering - The oil receives a final filtering by one of two cloth filters, operated
in parallel. Antioxidants and preservatives such as citric acid, benzoic acid,
sodium benzoate, butylhydroxyanisol (BRA) or butylhydroxytulol (BHT) are
added after filtering before being pumped to the final product storage tanks and
the filling operation.

2.2.3 Physical Refining

Palmoline and palm oil are refined by the physical refining process, which began
operation in late December, 1994. As previously mentioned, the facility receives oil from
Malaysia that has already been refined, bleached, and deodorized. However, because
of the contamination and degradation that occurs during storage and shipping, the oil
must be refined again. Figure 2, Physical Refining Water and Process Flow Diagram,
provides a flow diagram of the physical refining process operations. The refining
operations are accomplished in one unit, referred to as the steam stripper. The
physically refined oil and the chemically refined oil share the same lines and machines
for crude oil transfer and storage and final product storage and filling.

Stearn Stripper - The physical refining process uses stearn stripping to deacidify
(remove the free fatty acids), bleach, and deodorize the crude oil all in one operation.
At the higher temperatures used in physical refming, the redish carotenoids are
converted into colorless alpha and beta carotenes; thus rendered colorless \vithout the
use of bleaching earth.

The RBD palm oil or palmaline is pumped from the crude oil storage tank to a
receiving tank and then to the steam stripper. This closed cylinder, containing 6
trays, is under vacuum. The vacuum is produced by steam. The tank was originally
designed to be operated in a semi-continuous mode, but has been modified to
operate in a continuous mode.

The tank contains 6 trays through which the oil flows from the top tray successively
through each tray to the bottom tray.

Before pumped to the first tray at the top, the crude oil is preheated in the sixth tray.
The crude oil enters the sixth tray through a heat exchanger. The heat from the
refined oil in the sixth tray (at 230°C) raises the temperature of the incoming crude
oil at 80°C to ISO°C. This preheated crude oil is then pumped to the first tray where
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a steam heating coil in the tray maintains the temperature of the oil at 150°C. Steam
is injected into the oil from a perforated pipe in the bottom of the tray. The oil
overflows through a pipe to the second tray. In the second tray, the oil is heated by
a DowTherm heating coil to 240°C. The fluid in the heating coils is diphenyl and
diphenyl oxide that is heated by a boiler in a closed-loop system.

The oil successively overflows into the third, fourth, fifth and sixth tray where live
steam is injected into the oil from a perforated pipes in the bottom of the trays. The
oil temperature decreases in each tray: 235°C in the third tray, 230°C in the fourth
tray, 230°C in the fifth tray and 170°C in the sixth tray.

The vacuum continuously removes the vapors being formed. These vapors are
condensed in the condensers and the oil is cooled and filtered as described below.

Primary Condenser - Fatty acids are removed in the primary condenser. The fatty
acid wastestream is collected and sold to a saponification plant.

Secondary Condenser - Additional fatty acids are removed in the secondary
condenser. The fatty acid wastestream is combined }Vith the fatty acid wastestream
from the primary condenser and sold to a saponification plant.

Barometric Condenser - Steam and light volatiles (short chain fatty acids) enter a 3
stage barometric condenser. The condensate and cooling water from each of the
three stages flows by gravity through three individual. pipes to the hot well. The
water in the hot well is pumped to the cooling tower to be cooled and reused for
cooling the condensers.

Evaporative Cooling Tower - The hot well is divided into seven pits of different sizes
and configurations. Fatty acid deposits that form in the condensers float on the
surface of the water and are removed by manually skimming them over the side wall
into a soapstock collection pit. The water flows through a series of six pits before
being discharged to an evaporative cooling tower.

Cooling - The oil is cooled by a shell-and-tube heat exchanger using non-contact
cooling water. The non-contact cooling water is continuously recirculated to the
clean cooling tower.

Filtering - The oil receives a final filtering by a series of two cloth filters before
being pumped to the final product storage tanks and the filling operation.
Antioxidants and preservatives such as citric acid, benzoic acid, sodium benzoate,
butylhydroxyanisol (BHA) or butylhydroxytulol (BHT) are added after filtering.

2.2.4 Process Control Tests

Process control tests are performed on the oil throughout the refining process beginning
with the crude oil when it is received, after each process operation and the final product.
These tests determine the FFA content, phosphatides, moisture, peroxide, melting point,
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rancidity, and color. Adjustments are made to the caustic soda concentration and
quantity and bleaching earth quantities if the tests indicate concentrations of undesirable
components are exceeding final product specifications.

2.2.5 Filling

As described previously, the refined oil from the steam stripper or the deodorizer is
cooled and filtered and is then pumped to the final storage tanks for the filling
operation. The filling operation is described below.

Storage Tanks - The oil from the deodorizer in the chemical refining operation and
the oil from the steam stripper in the physical refining operation are pumped to
storage tanks located outdoors next to the packaging building. There are 12 tanks
each with a capacity of 50 m3

• Each tank is designated for a specific type of refined
oil. The oil is kept cool in these tanks by a heat exchanger.

Packaging Tanks - The oil is pumped from the outdoor storage tank to a packaging
tank inside the packaging building. Additives such as aromas and food grade coloring
agents (meta-carotenoid) are added to the oil in these tanks. There are four of these
packaging tanks, each designated fOf a specific type of refined oil. These packaging
tanks allow the oil to flow by gravity to the filling tanks. These packaging tanks are
cleaned periodically to remove any impurities that settle to the bottom of the tanks.
Cleaning is done by manually wiping the tanks: no water is used.

Filling Tanks - The oil flows by gravity from the packaging tanks to the filling tanks
located above each of the filling machines. An emusifying agent is added. in the
production of margarine.

Filling Machines - There are several filling machines, each designated for a specific
type of oil and size of container.
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3.0 AUDIT PROCESS

The objective of the audit was to identify the potential for PPjWM, water conservation, and
wastewater cleanup for the vegetable oil refining industry. The following subtasks were
undertaken to complete the audit:

• Audit Coordination;
• PP jWM Background Material Preparation;
• Pre-Inspection Meeting;
• Audit;
• Post-Inspection Meeting; and
• Audit Evaluation Report.

This section briefly describes the activities conducted under each of these subtasks.

3.1 Audit Coordination

The audit was coordinated through the Chamber and the MWI. The Chamber informed the
UMIC facility about the intent and schedule of the audit prior to the site visit. An audit
questionnaire, specifically developed for this PPjWM project (Appendix A), was included
with the request. The UMIC staff were requested to complete the questionnaire prior to
the audit. The UMIC staff were also requested to furnish an overall water flow balance,
process flow diagram and description. and facility layout. This information, where available,
was furnished to the audit team prior to the site visit to the facility. Copies of these
materials are included in the Appendix B of this report.

3.2 PP/WM Background l\'Iaterial Preparation

In order to review general industry background data and identify " state-of-the-art ..
processing and waste management practices pertinent to PP jWM, a comprehensive
literatu're review was performed. The review included searches of the U.S. EPA Pollution
Prevention Information Clearinghouse (PPIC) repository, on-line library catalogue databases,
review of PP jWM bibliographical references, and personal contacts with pollution
prevention specialists. A copy of the background report is provided in Appendix F.

3.3 Pre-Inspection Meeting

The UMIC facility audit including the pre-inspection meeting, was conducted on January
7, 1995. The initial audit team consisted of the following personnel:

Ms. Rania Abdel Khaleq
Mr. Waleed Hussein
Dr. Shawn Niaki
Mrs. Mary Waldron
Dr. Omar Jabay
Dr. Riyad Musa

Ministry of Water & Irrigation
Water Authority of Jordan
Program Director, DAI (Harza)
Lead American Consultant (SAlC)
Local Consultant (RSS)
Local Consultant (RSS)
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The representatives for the UMIe facility included:

Eng. Fawzi G. Saman
Eng. Adul Azziz

Manager, UMIC
Head, Operation Section, UMIC

The intent of this meeting was to inform the UMIC facility staff about the conduct and the
objective of the audit, and to familiarize the audit team with UMIC's process as it related
to the fresh water utilization, wastewater generation, treatment and disposal, water recycle
and reuse and the overall water management at the facility. The audit team explained the
purpose of the audit to the UMIC facility staff.

3.4 Audit

The facility audit was conducted on January 7 and 14, 1995. The UMIC Manager and Head
of the Operation Section and the audit team toured and inspected the facility. Upon
completion of the facility tour, the audit team and facility representatives continued
discussions regarding overall water usage and wastewater management practices currently
employed. Additional questions regarding process operations, water use and wastewater
generation and disposal were presented to, the Manager and a second visit arranged.

Mrs. Mary Waldron, Eng. Rania Abdel Khaleq, and Dr. Omar labay visited the facility
again on January 14, 1995 to collect additional follow-up information and to collect
\vastewater samples. During this second visit, additional information was provided by the
UMIC Manager.

3.5 Post-Inspection Meeting

Post-inspection meetings between the audit team and the UMIC representatives were held
on both audit days. Data gaps and the preliminary impressions regarding PP jWM and
\vater conservation opportunities were discussed. The facility staff were responsive to the
team's suggestions and agreed to help with any additional data gathering requests.
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4.0 AUDIT FINDINGS

The findings presented below on water use and waste disposal practices at the UMIC facility
are based on information collected during the facility audit, through interviews and
discussions with UMIC employees, observations made during the site visit, and data
provided by U:MIC both before and after the site visit.

4.1 Water Usage and Balance

The UMIC facility receives its water from the Zarqa Free Zone groundwater wells. Most,
approximately 72 percent of the water the facility uses is first treated using an ion-exchange
unit. The four largest consumptions of water at the facility are for:

• Generating process steam used for refining the oil and producing vacuums;

• Washing the oil in the neutralization operation;

• Cooling the barometric condensers; and

• Cooling the heat exchangers.

These and other operations and activities that consume water are discussed below. Table
1. Water Balance, presents a breakdown of water consumption. Figure 3, Water and
Wastewater Flow Diagram, provides a water flow diagram for the entire facility.

4.1.1 Process Steam

Steam is used for the following purposes:

• Deodorization Operation - Live steam is used to remove odor-causing impurities
from the oil. The condensed steam is reused as cooling water for the barometric
condensers.

• Physical Refining Operation - Live steam is used to remove FFA, odor-causing
impurities and color. The condensed steam is reused as cooling water for the
barometric condensers.

• Generation of the Vacuum - Steam is used to create the vacuum in the physical
refining operation (steam stripper) and in the chemical refining operations (for
the dryer and the deodorizer).

Figure 4, Steam Flow Diagram,. provides a steam flow diagram. The UMIC facility uses
a central boiler system to generate all of the steam used throughout the facility.
Softened water is used in the boilers to produce the steam. Chemicals for scale and
corrosion prevention and control, anti-oxidants, and anti-foaming compounds are added
to the boiler feed water. The facility has 4 boilers available; one v..ith a capacity of 8
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tons per hour (TIhr), two with capacities of 3 TIhr each, and one with a capacity of 2
T Ihr. Usually, the largest one is used with the three smaller boilers as backup. Make
up water is added to the boiler system to account for steam losses through leaks and due
to evaporation. Based on information provided by UMIC, an estimated 57 m3/day of
softened water, or approximately 42 percent of the total water consumption at the UMIC
facility, is used to generate steam. .

4.1.2 Neutralization Washwater

Softened water is used in the neutralization operation for washing the oil, to remove the
soapstock. The UMIC Manager estimates that the quantity of water is 1 m3/hr or 24
m3/day. The second centrifuge uses approximately 400 liters per hour (L/hr), and the
third centrifuge uses approximately. 600 L/hr. The washwater, separated from the oil in
the centrifuges, flows by gravity through two pipes, one from each centrifuge, to a
collection tank. From the collection tank the combined washwater from the second and
third centrifuges is pumped to the wastewater collection tank for treatment to recover
the soapstock.

4.1.3 Cooling Water

The UMIC facility uses a water cooling system for the barometric condensers. There are
3 barometric condeusers:

• one for the physical refining operation;
• one for the chemical refining dryer; and
• one for the deodorizer.

The water in the system is continuously recirculated and cooled by one cooling tower.
The condensate generated by the barometric condensers is added to the cooling water.
No make-up water is needed, as the condensate from the barometric condensers equals
and sometimes exceeds the evaporative loss from the cooling tower.

Water in the heat exchangers is cooled by a separate cooling tower, referred to as the
clean cooling tower. An estimated 20 m3

/ day of make-up water is added to this cooling
system.

4.1.4 Process Equipment \\'ashing

Water is used to clean the centrifuges in the neutralization operation and the filters in
the bleaching operation. This equipment washing is described below.

• Centrifuge Equipment Washing - The three centrifuges are washed with water
once every 48 hours to remove accumulations of solidified soapstock. This
equipment cleaning wastewater is discharged to an outside collection pit and
hauled by trucks for disposal on land near the facility.

e Filter Equipment Washing - Steam is used to recover oil from the clay layer that

14

- ....-



is formed on the filter elements. The oil/steam mixture is transferred to an open
tank where the steam escapes to the atmosphere and the oil is returned to the
neutralization operation. Water is also used to clean each filter once a month.
Each filter is cleaned with caustic soda solution and steam, then rinsed with water
and steam. This wastewater is pumped to an outside collection pit where it is
pumped into trucks for disposal on land near the facility.

4.1.5 Other Water Uses

Water is used for various other purposes throughout the facility. These miscellaneous
operations are described below. The amount of water used by these operations is
difficult to quantify.

• Floor Cleaning - Water is used for cleaning floors in the filling/packaging
building, the laboratory, and throughout all the process operations (neutralization,
bleaching, deodorization). Some of the soapstock collected for the saponification
plant is used with water to clean the floors.

• Chemical Solutions - Water is used in the dissolution of solid chemicals to make
the sodium hydroxide solution, the sodium chloride solution, the calcium
hydroxide solution, and the aluminum sulfate solution.

• Steam Heating - Low pressure (3 bars) steam is used in closed-loop heating coils
in the crude oil storage tanks. .

• Live Stearn Heating - Live steam heating is used in the following three areas:

When necessary. live steam is used to heat the crude oil in the tanker
trucks prior to pumping into the crude oil storage tanks;

Preheating of boiler water; and

Heating of wastewater in acidification treatment.

• Laboratory Tests - Over 180 tests are conducted a day for process operation
control. Samples of the oil are brought to the laboratory in containers. Any
unused portions of the samples are collected in a bucket and returned to the
refining plant. Water is used to clean the glassware and other testing equipment.

• Clean Up of Spills - Water is used to clean up any spills from crude oil transfer
from tankers to storage tanks. The six crude oil storage tanks are located on a
concrete pad \vith a wall around the tanks, but the pumping from tanker truck to
storage tanks is conducted outside of this containment. If a storage tank overflows
during filling or spills occur during the pumping operation, any clean spill
materials are captured in containers and sent to the chemical refining plant.
Material too dirty to refine is collected in drums and sold to a saponification
plant.

15

1I1~. r~r ~



The ground is washed with hot water using high pressure, low volume hoses. This
wastewater is directed to a pit where it is pumped to a storage tank and sent to
the acidification treatment process.

• Wastewater Treatment System - Live steam is used to heat the washwater for
treatment in the acidification units (wooden tanks).

• Sanitary - The UMIC facility uses water for sanitary purposes, such as toilets and
lavatories. Based on 140 employees, the quantity is estimated at 10 m3jday.

4.2 Wastewater Discharges

Wastewater is generated from process operations, utilities, and other operations. These
wastewater sources are described below. Figure 3, Water and Wastewater Flow Diagram,
provides a block flow diagram of the wastewater generation, reuse, and final disposal.

4.2.1 Process Wastewater

Wastewater generated by process operations where the water used in the process comes
into direct contact with the product are described below. In general, these wastewaters
will be contaminated with some of the oil product and the contaminates in the oil such
as FFA

• Neutralization \Vashwater - The washwater from the second and third centrifuges
contain soapstock and, therefore, contains high concentrations of BOD and oil
(principally fatty acids and phosphatides). An estimated 24 m3jday of wastewater
is generated and discharged to the outside collection pit or to the wastewater
collection tank for treatment.

• Centrifuge Equipment Cleaning Wastewater - The wastewaters generated by the
cleaning of the centrifuges contain soapstock and thus would contain high
concentrations of BOD and oil. This wastewater is discharged to the outside
collection pit for disposal by trucks onto land near the facility.

• Filter Equipment Cleaning Wastewater - The monthly cleaning of the filters
results in a wastewater containing TSS, primarily the bleaching earth, and oil.
This wastewater is discharged to the outside collection pit for disposal by trucks
onto land near the facility.

• Cooling Svstem Bleed-Off - With the addition of the physical refining operation,
the quantity of cooling water has increased. This is overloading the cooling tower
so that the facility has to remove the cooling water and refill the cooling system
with fresh water. This discharge contains emulsified oils from the condensate
generated by the barometric condensers and may be high in IDS. The daily
average blO\vdown is estimated at 4.2 m3jday, but may be much higher.
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4.2.2 Water Softening Regeneration and Boiler Blowdown

Both the water softening and boiler systems generate wastewaters as described below.

• Softener Regeneration - The UMIC facility uses a water softener to treat its water
supply for the boilers and the chemical refining neutralization washwater. The
softener is regenerated every 16 m3

• Therefore, the frequency of regeneration will
vary, but on average this regeneration is performed 4 to 5 times a day. Each
regeneration produces a wastewater discharge of 1.0 to 1.5 m3 containing salts and
IDS. This wastewater (approximately 6 m3jday) is discharged to an outside
collection pit and hauled by trucks for disposal on land near the facility.

• Boiler Blowdown - Operation of the boiler for steam generation requires periodic
blowdown to prevent solids buildup. The blowdown wastewater contains
corrosion control chemicals, such as sodium sulfate, and IDS. Approximately 20
m3 j day is discharged.

4.2.3 Other Wastewater Discharges

Other activities generating wastewater at the facility are described below.

a Floor Cleaning Wastewater - Floor cleaning wastewater contains oil, TSS, and
BOD. This wastewater is discharged to the outside collection pit for disposal by
the trucks onto land near the facility.

• Sanitary Wastewater -The 6 toilets and washrooms at the facility produce an
unknOVv11 amount of sanitary wastewater.

• Laboratorv - The majority of the wastewater from the laboratory would corne
from washing of the glassware and other testing equipment. A small amount of
wastewater is generated from the discharge of spent chemical reagents.

• Spills, Leaks and Clean Up from Process Operations and Materials Handling and
Storage - Leaks, spills, and the clean up of these generate an unknown quantity
of wastes. Areas where storage, handling, loading, unloading, or waste disposal
activities occur provide opportunities for spills and leaks that result in
contamination of the soil and groundwater. The materials that are spilled include
crude and refined oils, caustic soda, sulfuric acid, bleaching earth, soapstock, and
wastewater. The areas where such spills and leaks are evident are shown in
Figure 5, Facility Location Plan, and described below:

Crude oil spills occur where the crude oil is unloaded from tankers to storage
tank. There is no containment structure or concrete pad at the unloading
area; thus, crude oil spills are discharged directly to the soil. As much oil as
possible is collected; the clean oil is refined and the dirty oil is sent to the
saponification plant. Wastewater generated from cleaning the spill area is sent
to the facility'S acidification treatment unit.
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- The soapstock discharged from the neutralization's first centrifuge is collected
in drums or bags; however, oily deposits on floor indicate that material has
spilled from the drums or bags.

Condensate and cooling water leaks from equipment collect on the floors and
can flow through holes in the floor to floors below or to the ground.

Steam losses to the air occur through leaky flanges, valves, and pipes.

Drums were stored on the ground outside the buildings. No cover or
containment was provided around these drums. During a rain storm,
contaminants from these drums could be collected by the stormwater and
eventually drain to the wadi.

Fuel oil spills are visible on the ground around the two fuel oil tanks.

Spills occur in the filling area from leaking containers. Refined oil spilled
from the filling machines is captured in shallow trays under the filling
machines.

Spills of sodium hydroxide solution and solid sodium hydroxide occur around
the sodium hydroxide mixing and storage tanks.

4.3 Wastewater Treatment System Processes

The components of the UMIe facility's wastewater treatment system are described below.
Figure 6, Wastewater Treatment Process Flow Diagram, provides a block flow diagram of
the system.

• Wastewater Collection Tank - Wastewater is stored in a 760 m3 tank. The tank
is heated with a closed-loop steam heating coil.

• Acidification Unit - The acidication unit consists of 4 wooden tanks, but only 2
tanks are operated. Approximately 7 m3 of wastewater is added to each tarue
Sulfuric acid from a 100 kilogram (kg) container located outdoors is pumped to
each tank and the wastewater is heated to 1000 e using live steam from perforated
pipes installed at the bottom of the tanks. The addition of this live steam increases
the quantity of wastewater to 8.5 m3

•

The steam is shut off and the wastewater remains undisturbed for 16 hours to
form two distinct layers; oil on top and water on the bottom. The oil layer is
drained into 250 kg drums and then the wastewater is pumped to the gravity
separation basin. Approximately 400 kg of oil is recovered from each batch of
wastewater treated (200 kg from each wooden tank).

• Gravity Separation Basin - From the wooden acidification tanks wastewater is
pumped outdoors to an open concrete basin. Oil is skimmed from the top of the
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basin with a manually operated pump.

• Oil Separator - Wastewater is then pumped to an oil/water separator. The oil
is collected in drums and the wastewater flows by gravity to the neutralization
basin.

• Neutralization Basin - Wastewater flows by gravity to an open concrete basin.
Solidified soapstock can be manually skimmed from this basin.

• Aeration Basin - Calcium hydroxide (Ca(OH)2) is added to adjust the pH of the
wastewater to 6.5 or 7. Approximately 20 bags (each bag 20 kg) of calcium
hydroxide is used per month. Sludge in aeration tank is removed and dried.

• Chemical Coagulation and Clarification - From the aeration basin the wastewater
is pumped to the coagulation/clarification tank. Aluminum sulfate (A12(S04)3)
solution (5 kg per 100 liters of water) is added at a rate of 15 mL/hr. Sludge is
collected in drums for disposal. The wastewater flows by gravity to an evaporative
cooling tower.

• Evaporative Cooling Tower - The final unit of the wastewater treatment system
is an evaporative cooling tower that evaporates the treated wastewater effluent
from the clarifier. Evaporation is aided by a steam·heating coil in the wet well
of the tower. The design evaporation rate is 18 m3

/ day. Due to operational
difficulties this unit is not used.

Upon start-up of the system, operational difficulties were encountered and the system is
being repaired. The various treatment units may not have been sized to fit together, so that
each unit operates at its optimum hydraulic and organic loading rates. The current
decanting of oil from the acidification unit leaves too much oil with the water. The manual
removal of oil and sludge from the gravity separation unit and the aeration basin creates
turbulence that remixes these contaminants with the water, reducing the removal efficiency
of the units. The use of live steam for heating in the acidification unit dilutes the
wastewater.

·t4 Air Emissions

There were no significant sources of air emissions. Leaks in steam pipes contribute water
vapor and small amounts of fatty acid components. The manual loading of powdered
chemicals (e.g., sodium hydroxide and bleaching earth) produce brief localized areas of
particulates.

4.5 Solid \Vastes

The major solid wastes generated at the facility include oil from spills, leaks, and clean up
that cannot be refined, soapstock, spent bleaching clay, and wastewater treatment sludge.

Spill clean up practices attempt to recover most of the crude or refined oil that is spilled.
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This oil is returned to the refining process. Oil that is too dirty to be refined is collected
in containers and sent to the saponification plant.

The soapstock is generated from several sources:

• Neutralization's first centrifuge;

• Deodorization barometric condensers; and

• Physical refining fatty acid condensers and barometric condensers.

The soapstock from the neutralization centrifuge and the physical refining fatty acid
condensers are collected in containers and sent to a saponification plant. The fatty matter
from the barometric condensers collect in the hot well pit and are skimmed into containers
and discharged into a pit beside the acidification treatment unit. This fatty material in the
pit is periodically treated in the acidification treatment unit to recover soapstock that is
collected in containers and sent to the saponification plant.

Approximately 1 T / day of spent bleaching clay is generated. This waste is hauled to a
facility that burns it.

Sludge that is generated by the wastewater treatment system will be collected in drums or
tanks. Since the system is not op.erating at this time, no data is available on the amount of
sludge generation.

4.6 Storm Water Management

There are numerous (at least 22 material storage tanks, 2 fuel oil tanks, wastewater
collection tank) storage tanks located outside the buildings. Only the 6 crude oil storage
tanks have a spill containment structure around them. Spills, leaks and overflows from these
tanks contaminate the outside of the tanks and the surrounding ground. In addition, there
are open collection pits, open trenches, and cooling towers containing process water or
wastewater that are exposed to rain. Most of the wastewater treatment units are located
outside. Storm water running on and off these structures contributes undesirable pollutants
such as TSS, IDS, Oil and BOD to the surrounding soil and groundwater. The facility has
completed the installation of a large underground concrete tank to collect and contain the
storm water.

4.7 Data Gaps

Data gaps exist in water quality and water quantity measurements as noted below.

4.7.1 Water Quality

The facility does not conduct water quality tests on any of the wastewaters. However,
WAJ has monitored the facility's wastewater discharge. The analytical results of the
WAJ monitoring, conducted from February 1990 through December 1994, are presented
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in Table 2, WAJ Wastewater Discharge Monitoring Analytical Results. No FOG
analyses have been conducted. The BODs concentrations have ranged from 55 milligram
per liter (mg/L) to 49,680 mg/L. The IDS concentrations have ranged from 376 mg/L
to 66,510 mg/L These data, collected monthly for four years, reveals a highly variable
wastewater that cannot meet the Jordanian Standard 202 for discharge to wadis or reuse
for irrigation without treatment.

Sampling of various wastewaters within the facility were conducted as part of this audit
on January 14, 1995. The wastewaters, except softener regeneration and boiler
blowdown, were analyzed for FOG. Selected wastewaters were analyzed for IDS, TSS,
and BODs. The analytical results of this sampling are presented in Table 3, Sampling
Analytical Results. The extremely high FOG concentrations (47,571 mg/L and 38,838
mg/L) of the neutralization washwater wastewater suggests that this wastewater may be
amenable to soapstock or oil recovery by gravity separation before being treated with
sulfuric acid for further soapstock or oil recovery. The FOG concentrations of the
cooling water from the barometric condensers and the hot well and coolin towewell reveal the ~" ......+;
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5.0 POLLUTION PREVENTJON AND WASTE
MINIMIZATION OPPORTUNITIES

The term PP/WM, in this report, refers to the reduction or elimination of the amount of
waste before it is generated. During the audit of the UMIC facility, conducted on January
7 and 14, 1995, PP/WM opportunities were identified. The focus of the audit was on
PP/WM and water conservation techniquies that would reduce the volume and pollution
load of the wastewater generated at the UMIC facility and/or being discharged into the
wadi and Zarqa watershed basin. Several PP/WM opportunities related to storm water and
solid wastes were also identified. In addition, several PP/WM techniques described in this
report could result in the recovery of useful materials by the UMIC facility. These PP/WM
techniques are provided in this section while the water conservation techniques are
presented in Section 6.0.

The UMIC facility has recently completed installation of a wastewater treatment system.
However, this system was not operating at the time of the site visit. Currently, the facility
is storing wastewater in the wastewater collection tank and in an outside collection pit that
is occassionally pumped and discharged to land near' the facility. The discharge from the
UMIC facility is governed by Jordanian Standards 202, which limits industrial point source
discharges to wadis and rivers. A comprehensive overview of the Jordanian Standards 202,
and other applicable regulations, is provided in Appendix C. A comparison of these
standards with 1994 discharge data is provided in Table 3. There has been no discharge
data collected from the wastewater treatment system.

At the UMIC facility, the follov.ing PP/WM 'practices are being implemented:

• Production Schedule Optimization - The production schedule is designed to eliminate
the need to clean the process oil lines between the different oil types. Palm oil is
refined, then palmoline, then corn oil, and then soya oil. The refined oil that is
produced at the beginning of the refining process is a mixture of the two oils but
becomes diluted in the final product storage tanks.

• Inventory Control - To reduce the storage time of the crude oil, the storage tanks are
not continually filled with new shipments of crude oil. A tank is completely filled and
the crude oil processed until the tank is completely empty before the tank is filled
again. This "first-in, first-out" inventory control minimizes the increase in
phosphatides while the crude oil is in storage.

Currently, the facility has many different types of additives based on customers'
specifications and different adhesives for attaching the customer's labels. The UMIC
Manager plans to reduce the number of additives and adhesives to minimize the
inventory of small quantities and wastage.

• Storage Tank Cleaning - A tank is cleaned and inspected after the third emptying of
the tank. Depending on the production rate and schedule, the interval between
cleaning may be 1.5 months for the palm oil and 3 months for the soya and corn oils.



The eXIstmg tanks have flat bottoms, so some oil remains in the tank bottom.
Cleaning consists of manually scraping the oil towards a sump pump that is located
below the bottom of the tank.. As part of the facility's plan for increased production
capacity, 2 new tanks for palm oil will be installed. These new tanks will have cone
shaped bottoms.

• Off-Spec Material Reuse - If the final product does not meet specifications, it is
returned for further refining.

• Recovered Oil Reuse - Clean crude oil spilled during the transfer from tanker trucks
to the crude oil storage tanks is collected in containers and transferred to the crude
oil storage tanks. Contaminated crude oil from these spills is collected, treated, and
sold to a soap plant. Spills of refined oil in the filling area are collected and returned
to the crude oil storage tanks.

• Soapstock Recovery - In the refining process, soap is formed in the alkaline
neutralization of free fatty acids. The UMIC facility captures this soapstock and sells
it to a saponification plant.

• Quality Control Tests on Crude Oil Shipments - When the facility receives RBD palm
oil from Malaysia that meets the specifications for "the finished refined product, then
the RBD oil is transferred to final product storage tanks for the filling operation with
no refining conducted at UMIC.

• Process Control Tests - Tests on the oil are conducted before and after each step in
the chemical refinining process and throughout the physical refining operation. These
tests establish the quantities of raw materials, such as caustic soda, washwater, and
bleaching clay to be added. This testing optimizes the addition of raw materials. For
example, if the oil contains less phosphatides, less caustic soda and washwater are
used.

• Spill Control and Containment - The storage tanks are equipped with a float level
indicator on the outside of the tanks to indicate the level of oil in the tanks. The
crude oil storage tanks are on a concrete pad 'Nith a spill containment wall around
them.

Further PP/WM opportunities exist and are identified in this report. These opportunities
identified for the UMIC facility are grouped into three general categories:

• Process Control;
• Materials Handling and Storage; and
• Control of Other Waste Generating Activities.

The PP/WM opportunities identified for each of these categories are provided in the
following sections.

5.1 Process Control
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While the PP/WM opportunities identified in this section are intended to reduce waste
generated, changes to process operations may result in unanticipated consequences. The
UMIC facility should fully evaluate the options presented before modifying process
operations.

• Neutralization Washwater Reuse - Some options for reducing the generation of
wastewater from the second and third centrifuges in the neutralization operation are:

Process the oillcaustic soda mixture with water in a countercurrent centrifugal
contaetor. Then treat the wastewater in a decanter followed by a cation
exchange resin column and reuse in the centrifugal contactor;

Segregate and treat the wastewater by gravity separation followed by hydrogen
ion-exchange columns, then reuse the treated wastewater as washwater; and

Treat, if necessary, and reuse the washwater from the third centrifuge as
washwater for the second centrifuge. This will result in a saving of
approximately 5 m3Iday.

Treat the second centrifuge washwater discharge to recover the soapstock and
reuse this washwater for the third centrifuge washwater. This would reduce
the need for fresh washwater. The current volume of washwater used in the
third centrifuge is 0.6 m3/hr. Recycling of this stream, therefore, would
eliminate the consumption of approximately 8 m3/day of water.

Treat all of the washwater by acidification to recover the soapstock for sale to
·a saponification plant and reuse the treated washwater for heat exchanger
cooling and cleaning equipment, floors or spills.

• Crude Oil Quality Control - The UMIC facility could investigate the cost/benefit of
obtaining a higher quality crude oil. Crude oils with less phosphatides and free fatty
acids will require less raw materials such as caustic soda, steam, and washwater to
meet specifications. If the facility can increase the number of shipments of this better
quality oil, it will reduce water consumption and wastewater generated. UMIC could
establish specifications for crude oil quality that suppliers should meet; if the
shipment does not meet the specifications, it will not be accepted by UMIC.

UMIC could work with its suppliers, shippers, and transport companies to establish
standard shipping and transport practices that would reduce the time in-shipment and
storage, the number of transfers that occur, and the oxidation that occurs during
shipment and storage. Some options are:

Nitrogen layer in tanker trucks and ships; and

Shipping the crude oil in the same tankers from the crude oil facility to the
UMIC facility. The railroad uses this system, referred to as "piggyback". The
tankers are driven to the ships, disconnected from the truck cabs, loaded into
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While the PP/WM opportunities identified in this section are intended to reduce waste
generated, changes to process operations may result in unanticipated consequences. The
UMIC facility should fully evaluate the options presented before modifying process
operations.

• Neutralization Washwater Reuse - Some options for, reducing the generation of
wastewater from the second and third centrifuges in the neutralization operation are:

Process the oil/caustic soda mixture with water in a countercurrent centrifugal
contactor. Then treat the wastewater in a decanter followed by a cation
exchange resin column and reuse in the centrifugal contactor;

Segregate and treat the wastewater by gravity separation followed by hydrogen
ion-exchange columns, then reuse the treated wastewater as washwater; and

Treat, if necessary, and reuse the washwater from the third centrifuge as
washwater for the second centrifuge. This will result in a saving of
approximately 5 m3

/ day.

Treat the second centrifuge washwater discharge to recover the soapstack and
reuse this washwater for the third centrifuge washwater. This would reduce
the need for fresh washwater. The current volume of washwater used in the
third centrifuge is 0.6 m3/hr. Recycling of this stream, therefore, would
eliminate the consumption of approximately 8 m3

/ day of water.

- Treat all of the washwater by acidification to recover the soapstock for sale to
a saponification plant and reuse the treated washwater for heat exchanger
cooling and cleaning equipment, floors or spills.

• Crude Oil Quality Control - The UMIC facility could investigate' the cost/benefit of
obtaining a higher quality crude oiL Crude oils with less phosphatides and free fatty
acids will require less raw materials such as caustic soda, steam, and washwater to
meet specifications. If the facility can increase the number of shipments of this better
quality oil, it will reduce water consumption and wastewater generated. UMIC could
establish specifications for crude oil quality that suppliers should meet; if the
shipment does not meet the specifications, it will not be accepted by UMIC.

UMIC could work with its suppliers, shippers, and transport companies to establish
standard shipping and transport practices that would reduce the time in-shipment and
storage, the number of transfers that occur, and the oxidation that occurs during
shipment and storage. Some options are:

Nitrogen layer in tanker trucks and ships; and

Shipping the crude oil in the same tankers from the crude oil facility to the
UMIC facility. The railroad uses this system, referred to as "piggyback". The
tankers are driven to the ships, disconnected from the truck cabs, loaded into
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wastewater. Use of soapstock may be contributing to the oily floors and surfaces.
The facility could, on a trial basis, use soapstock in one area and detergent in another
and compare the results.

• Containment structures should be repaired and maintained to ensure their proper
operation. Where drains are located in these containment structures, they should be
closed under normal circumstances, and opened only to remove uncontaminated
storm water or wasbwater.

• Any open containers, such as buckets used to collect process control samples for the
laboratory, should be fitted with tight fitting lids and kept sealed when not used.

5.3 Control of Other Waste Generating Activities

Several additional PP/WM actions do not relate directly to process operations or to the
handling and storage of materials. Instead, these opportunities address the treatment and
disposal of softener regeneration wastewater, sanitary wastewater, solid wastes, and the
operat.ion of the wastewater treatment system. Opportunities in these specific areas are
provided in the following sections.

5.3.1 Softener Regeneration and Sanitary \\'astewaters

The following PP/WM opportunities relate to the softener regeneration wastewater and
sanitary wastewater at the U!\HC facility:

• Softener Regeneration - Instead of sodium chloride, use a regeneration chemical
that is less harmful to the emironment, such as acetic acid and ammonium
hydrmdde. This chemical substitution would reduce the high concentrations of
sodium and chloride salts in the wastewater.

• Softener System Upgrade - Continue v,:ith plans to install a larger capacity
softener unit. A unit that is optimally sized for the facility's operations \\i11
reduce the frequency of regeneration. Use a newer state-of-the-art ion-exchange
resin system that is regenerated with less solution and., therefore, generates a
smaller volume, more concentrated wastewater.

• Softener Regeneration \Vastewater Reuse - The softener regeneration waste\vater
could be treated using reverse osmosis and reused.

• Domestic Waste Treatment - The UMIC facility could construct an engineered
septic tank with a suitable leachfield to treat the domestic wastes generated by the
facility. The treated water leaving the leachfield will support vegetation.

5.3.2 Wastewater Treatment System

The proper design and operation of the wastewater treatment system is critical to the
prevention of pollution at the UMIC facility. The following suggestions are provided to
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ensure proper design and operation of the \',:astewater treatment system:

• The UMIC facility should investigate segregation of the different wastewaters to
enable the most appropriate treatment to be used for each wastewater.
Wastewaters containing high concentrations of oil in emulsion should be treated
by acidification. These wastewater should not be diluted with other \vastewaters
(such as boiler blowdown, softener regen'eration waste\vater, tloor cleaning
wastewater) containing low concentrations of oil;

• Redesign acidification treatment unit to improve capture of oil. Eliminate use of
live steam for heating the unit;

• Operate treatment system daily to improve removal efficiency and decrease odors.
The treatment train (particularly the oil/water separator and the aeration basin)
operate optimally in a continuous operating mode rather than a batch operating
mode. Storing the wastewater for a long period of time \\Iill promote
biodegradation, causing odors;

• Conduct an engineering analysis to determine if the treatment units are sized
properly;

• Investigate the treatment efficiency of each of the treatment units and where
necessary modify the design or operation;

• Conduct an engineering analysis to determine the optimum detention time in the
gravity separation tank and the aeration tank;

• Add automatic, continuously operating oil skimming devices and sludge removal;
and

• Replace the evaporative cooling tower with an ion-exchange resin system or a
reverse osmosis system that would enable reuse or recycle of the treated water.

5.3.3 Process Solid Wastes

The following PP/WM opportunities relate to the treatment and disposal of solid wastes
generated by the UMIC facility:

• Bleaching Clay Optimization - The UMIC facility could investigate optimizing the
addition of bleaching clay to reduce excess. This would reduce amount purchased,
reduce losses of oil in the spent clay, lengthen the filter cycles, and reduce the
quantity of spent clay generated.

• Bleaching Earth Filter Cake Recvcling - The UMIC facility could investigate
alternative uses for the filter cake. These are not PP/WM measures, but UMIC's
uncontrolled disposal of this material as a waste could be improved by considering
this material as a beneficial resource or raw material for another industry. For
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example, the clay content of the cake may make the cake a suitable raw material
for soil conditioner to improve sandy soils. The cake could also be used as raw
material in the production of poultry feed or other domesticated animal feed.

• Sediment Control - The UMIC facility could investigate possible ways to minimize
sediment in the final product packaging tanks. Less sediment in these tanks would
result in less frequent cleaning, less waste to be removed, and higher quality
product. One method to reduce sediment generation would be installing an
ultrafiltration unit before the tanks.
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6.0 WATER CONSERVATION OPPORTUNITIES

Water conservation is an extremely important concern in the Zarqa Basin and throughout
Jordan. The limited water resources require that businesses and industIy view water as a
valuable raw material and optimize its use. In order to optimize water use, business and
industry should carefully monitor flows and uses within facility operations and develop a
written strategy to coordinate water conservation activities.

The UMIC facility already practices the following water conservation techniques:

• CoolinC Water Reuse - Cooling water in the heat exchangers is continuously
recirculated from the heat exchangers to a cooling tower.

• Steam Condensate Reuse - The steam, used in both the chemical refining and the
physical refining processes, is captured, condensed, cooled by a cooling tower, and
reused as cooling water.

• Air Cleaning of Lines - The UMIC facility uses air or nitrogen rather than water to
clean process lines. In the filling operation, the lines are cleaned with air or nitrogen
at the end of each day and between swithing the oil types. Process oil lines are rarely
cleaned; when necessary air or nitrogen is used to clean the lines.

While water conservation is an important concern, the use of water at the UMIC facility is
necessary for the production of a high quality product. The water conservation opportunities
identified in this report, therefore, should be evaluated by the UMIC facility to assess .
possible adverse impacts on production processes. A summary of these opportunities and
the projected water savings are provided in Table 4.

6.1 Process Control

A number of water conservation opportunities involving water uses were identified in
Section 5.0. These were:

• Washwater Reuse - UMIC could treat the centrifuge washwater discharge to recover
the soapstock and reuse this washwater in the centrifuges or as cooling water for the
heat exchangers or for cleaning of equipment, floors, and spills.

• Centrifuge Optimization - The centrifuge operation could be optimized to avoid build
up of soapstock \vithin the centrifuge to eliminate cleaning of the centrifuges every
48 hours.

• Softener Svstem Upgrade -. Install a larger capacity softener unit to reduce the
frequency of regeneration. Use a newer state-of-the-art ion-exchange resin system
that is regenerated with less solution and, therefore, generates a smaller volume,
more concentrated wastewater.
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• Spill Control and Clean-up Procedures - Improve spill control and spill clean-up
procedures.

Additional opportunities are presented below.

• Cooling Tower Optimization - The UMIC facility could assess design or operational
modifications for the current cooling tower or explore new cooling tower designs to
minimize the evaporative losses and increase the concentration cycle.

• Boiler Blowdown Reuse - The UMIC facility could use boiler blowdown as floor
washing and spill clean-up water.

• Steam Leak Prevention and Control - UMIC could implement a more rigorous
preventative maintenance program to prevent leaks and a rapid response repair
program to fix the leaks as soon as they occur.

• Water Cooling System Elimination - The UMIC facility could investigate the use of
a non-water cooling system for the heat exchangers. Using a non-water cooling
system would eliminate the clean cooling water makeup (20 m3jday). Eliminate the
heat exchangers that use water to cool the product. Two potential non-water cooling
methods are:

Installing a non-water based closed-loop cooling system or an 'air cooling
system; and

Pumping the heated oil through a heat exchanger located in the crude oil.
storage tanks; this will eliminate the water cooled heat exchanger needed to
cool the heated oil and the steam heating coil needed to heat the crude oil.

• Barometric Condenser Cooling Water Reuse - UMIC could treat the cooling water
to recover fatty acid material. This recovery of the fatty acids would improve the
water reused for cooling and eliminate the bleed-off discharge.

• Live Steam Heating Coil Elimination - Use a closed loop heating coil in the tanker
trucks and acidification tanks instead of live stearn.

• Live Steam Reuse - Reuse the water from the live stearn heating of the tanker trucks
as washwater in the neutralization operation or treat and reuse for other purposes
such as floor or equipment washing.

• Process Equipment Design Modification - The UMIC facility could explore design
modification to the process units, the barometric condensers, and the steam vacuum
system that would decrease the overall water quantity (cooling water and steam).
Some possible modifications are:

Optimum volume units for the dryer, bleacher, deodorizer, and steam stripper;
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For the deodorizer and steam stripper, design modifications for increasing the
ratio of the oil surface area to the total vapor space; and, optimizing the
contact between the steam and the oil by using smaller perforations on the live
steam pipes;

Installing a system that will operate under lower pressure (the higher the
pressure, the more steam required);

Decreasing the distance between process units, boosters, and condensers;

Reducing the temperature of the cooling water; and

Replacing the chemical refining process with a physical refining process for
com oil and soya oil. The physical refining process eliminates the washwater.
Installing a new system, rather than retrofitting an old system, may be less
costly, will provide more opportunities to design and incorporate water
conseIVation, pollution prevention, and waste minimization into the new
system. If production costs are reduced by 50 percent using the physical
refining process, the investment recapture period may be acceptable.

• Barometric Condenser and Stearn Vacuum Optimization - The UMIC facility could
evaluate the current process operational procedures to optimize reductions in steam
and cooling water. More process control instrumentation, more accurate
instrumentation, or faster feedback wuld enable greater process control that would
minimize water losses or decrease water usage.

6.2 Other Water Uses

In Section 5.0, the following PP/WM technique was also a water conservation technique:

• Softener Regeneration Wastewater Reuse - The softener regeneration wastewater
could be treated using reverse osmosis and reused.

Additional water conservation opportunities in the areas of cleaning and domestic water use
are presented below.

• Cleaning - The UMIC facility indicated that approximately 10 m3
/ day of fresh water

was used for floor washing and equipment cleaning activities throughout the plant.
A reduction in the water used and the associated wastewater generated could be
achieved by developing and implementing floor cleaning and spill cleaning procedures
that focus on water conservation. Such procedures should address:

Cleaning first with dry methods;

Collecting liquid spills with vacuum devices; and

Replacing all low pressure hoses \\lth high pressure, low volume hoses.
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Assuming that these measures would reduce overall cleaning water use by 15 percent,
a savings of 7.5 m3

/ day is estimated.

• Domestic Water Use - Reduce domestic water use by employee awareness and
installation of water conservation equipment.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

)uring the audit conducted at the facility, UMIC staff and management were extremely
lelpful in providing access to facility operations and in providing requested information.
lle staff and management of the UMIC facility also eA-pressed a sincere interest in reducing
urrent wastewater generation and water consumption practices at their facility. During the
,udit, and subsequent sampling visit, the audit team collected baseline information and
onducted an initial assessment of the opportunities for the application of PP/WM and
later conservation techniques. The findings of the audit and the PPjWM and water
onservation options were presented in Sections 4.0, 5.0, and 6.0 of this report, respectively.

lased on the process evaluation and the assessment of PP/WM and water conservation
pportunities conducted during the audit, the audit team identified the following conclusions
nd recommendations. The audit conclusions are provided in Section 7.2 and the
~com.mendationsfor PPIWM and water conservation techniques are provided in Section
.3.

1 Success Stories

etween 1976 and 1979 the Lou Ana Foods facility in the U.S. more than doubled its
'oduction but without increasing its wastewater volume. This was accomplished by
iminating the use of once-through cooling, recovering the washwater from the continuous
,apstock acidulation process and reusing as cooling water, and reusing the steam fro;:} the
IOtinuous vacuum bleacher as cooling water in a closed-circuit system. The facility was
so faced with designing and building a wastewater treatment plant that would meet
lStewater discharge standards of 15 mgjL for BODs, 20 mgjL for TSS, and 10 mgjL for
)G. The facility built a water pollution control facility for $2.2 million that reduced the
)Ds from '10,850 mg/L to 16 mg/L, TSS from 12,461 mgjL to 66 mgjL, and FOG from
107 mg/L to 4 mg/L. (Morris, 1981)

Ie Toei Chemical Co., Ltd. in Japan collects the soapstock and the spent clay generated
lm 6 vegetable oil refining facilities and from these materials manufactures fatty acids, fats
d oils, and derivatives used in industrial applications such as additives to paints and
mting inks and oils for rolling of iron and steel. The soapstock is treated with sodium
droxide to further saponify the fatty acids, then subjected to a pressure decomposition
)Cess followed by sulfuric acid treatment and then a solvent wash. Solvent and fatty acids
~ separated by centrifuges and the crude fatty acids are then refined through a distillation
)Cess. Oil is recovered from the spent clay through a solvent washing process and the clay
.ncinerated. (Daido, 1987).

Conclusions

sed on the findings of the audit conducted on January 7 and 14, 1995, the audit team
!eloped the following conclusions regarding the operation of the UMIC facility:

1. There are no internal water or wastewater measuring devices. The quantity of water
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used by the individual operations are based on the UMIC representatives' estimates.

2. The u~nc facility uses approximately 147 m3/day of groundwater, most of which is
treated with a water softener before being used for steam generation, process
washwater, and cooling purposes. Major water uses include steam generation,
neutralization process washwater, contact and non-coptact cooling water, and cleaning
activities. The four largest consumptions of water at the facility are for:

• Steam for refining and producing vacuum, and cooling water for the
barometric condensers, 41 m3

/ day;
• Washing the oil in the neutralization operation, 24 m3/day;
• Boiler blowdown, 20 m3

/ day; and
• Cooling the heat exchangers, 20 m31day.

Other water uses include floor and equipment cleaning, steam heating, laboratory
tests, clean-up of spills, water for chemical solutions, and sanitary uses. In general,
water use at the facility is not excessive; however, opportunities for conservation do
exist.

3. The major wastewaters generated at the facility are:

• Neutralization washwater, 24 m3/day;
• Boiler blowdown, 20 m31day;
.. Floor and equipment washwater, 10 m3Iday;
• Steam condensate from tanker truck heating, 8 m31day; and
• Softener regeneration bac~'wash, 6 m3/day.

Other wastewaters include blowdown from the barometric condenser and heat
exchanger cooling towers, spill clean-up, and sanitary for a estimated discharge of
approximately 16 m3/day. The total wastewater disharged is estimated to be
approximately 84 m3/day. Typical pollutant parameters include: FOG, BODs, COD,
TSS, and TDS.

4. With the addition of the physical refining operation, the quantity of cooling water has
increased. This is overloading the cooling tower so that the facility is removing the
cooling water and refilling the cooling system with fresh water. The daily average
blowdown is estimated at 4.2 m3/day, but may be much higher.

5. Steam losses to the air occur through leaky flanges, valves, and pipes. Condensate
and cooling water leaks from equipment collect on the floors. Frequent spills occur
in the following areas:

• Tanker truck unloading;
• Caustic soda solution mixing; and
• Filling area from the filling machines and leaking containers.

6. The wastewater treatment system consists of acidification, oil/water gravity
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separation, neutralization, aeration, coagulation, clarification, and evaporation. No
flow monitoring has been performed. Operational difficulties were encountered upon
start-up of the system. Repairs are currently being made to the system. The various
treatment units may not have been sized to fit together, so that each unit operates
at its optimum hydraulic and organic loading rates. The current decanting of oil from
the acidification unit leaves too much oil with the water. The manual removal of oil
and sludge from the gravity separation unit and the aeration basin creates turbulence
that remixes these contaminants with the water, reducing the removal efficiency of
the units. The use of live stearn for heating in the acidification unit dilutes the
wastewater.

7. The two major solid wastes generated at the facility are soapstock and spent
bleaching clay. The soapstock is sold to a saponification plant (soap factory). The
spent bleaching clay is sent to another facility that bums it.

8. Solid and drummed liquid raw materials, products, and wastes are stored throughout
the UMIC facility. While some containment measures exist, many of the containers
are stored on bare ground, with drainage to the wadi. Leaks and spills due to loading
and unloading tanker trucks create oil-contaminated ground. During storm events,
spills from vegetable oil storage tanks and fuel tanks could be discharged to the wadi.
While this is an infrequent occurrence, it results in the discharge of untreated
wastewater to the wadi.

'.3 Recommendations

~ased on the PP jWM and water conservation opportunities identified and discussed in
ections 5.0 and 6.0 of this report, the following recommendations are provided. These
ecommendations are grouped into five categories:

• PP jWM Policy, Monitoring, and Training;
• Operational Modifications;
• Process Modifications;
• Good Housekeeping; and
• Control of Other Waste Generating Activities.

he opportunities recommended in this section relate to both PP jW1\1 and water
mservation techniques.

7.3.1 PP/WM Policy, Monitoring, and Training

The following recommendations address the development and implementation of:
management PPjWM policy; monitoring programs that will provide data to assist in
evaluating the feasibility and success of PPjWM techniques; PP/WM and water
conservation goals; employee training; and preventative and corrective maintenance
program.

1. PPIWM and Water Conservation Policy· The UMIC facility should establish a
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PP/\V1v1 and water conservation policy as part of UMIC management operating
philosophy and distribute it to all employees. Implement the policy through
specific goals and targets. Make it each person' s responsibility to identify PP/\VM
and water conservation opportunities and implement any established PP/\VM and
water conservation measures. Show management commitment to the policy by
implementing the following actions:

• Designate a PP/WM and water conservation coordinator to effectively
implement the program.



All flows from the above devices should be recorded daily for a period of
12 months. Record the water used for each cycle of the softener
regeneration.

• Develop and implement a plan to sample the follo\',ing wastewaters:

Physical refining barometric condensers;
Chemical ref~g barometric condensers;
Second centrifuge;
Third centrifuge;
Before and after each wastewater treatment unit;
Wastewater collection tank;
Outside collection pit;
Boiler blowdown;
Softener regeneration wastewater;
Heat exchanger cooling tower; and
Barometric condenser cooling tower.

Conduct a short-term intensive sampling for FOG, BODs, TSS, IDS, and
hardness. This short-term sampling program should collect and analyze
samples daily for one month. The results should be evaluated and the
sampling program modified where necessary. Continue a long-term
sampling program for monitoring the wastewaters at least once a month for
a period of 12 months.

3. Emplovee Training - No PP/WM program will be successful if employees are not
aware of the program goals and trained to effectively implement these goals.
Employee training should include periodic refresher courses regarding the UMIC
facility's PP j\VM and water conservation policies and procedures and proper
training in the use of new equipment or practices. Staff should also have the
opportunity to provide input regarding additional PP jWM or water conservation
activities and should be provided with incentives for program successes.

4. \Vater Balance and Reduction Goals - To begin a successful water conservation
program, plant management should determine the minimum quantity of water
needed for each specific process operation. The first step in the program requires
an inventory of all water uses throughout the facility. This inventory should then
be used to create an overall plant water balance that identifies all uses and routes
of disposal. Management should then establish a plan to reduce water use by
specific amounts in each segment of production.

5. Preventative and Corrective Maintenance Program - Where new equipment or
processes are implemented to achieve a PP/WM or water conservation objective,
the UMIC facility should provide ongoing maintenance and upkeep of this
equipment. The success of any PP/WM project can be compromised if new
equipment falls into disrepair, or if new processes are not correctly applied.
Establishment of a long term maintenance schedule 'Will help to ensure successful
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operation.

7.3.2 Operational Modifications

The following operational modifications should be implemented immediately:

1. Cooling Tower Optimization - Assess design or operational modifications for the
current cooling tower or explore new cooling tower designs to minimize the
evaporative losses and increase the concentration cycle.

2. Boiler Blowdown Reuse - Reuse boiler blowdown as floor washing and spill clean
up water.

3. Steam Leak Prevention and Control - Implement a more rigorous preventative
maintenance program to prevent leaks and a rapid response repair program to fi.x
the leaks as soon as they occur.

4. Good Housekeeping - Develop and implement floor cleaning and spill cleaning
procedures that focus on water conservation. Such procedures should address:

• Cleaning first with dry methods;

• Collecting liquid spills with vacuum de\ices; and

• Replacing aU low pressure hoses \liith high pressure, low volume hoses.

5. Domestic Waste Treatment - Reduce domestic water use by employee awareness
and installation of water conservation equipment.

6. Barometric Condenser and Steam Vacuum Optimization - Evaluate the current
process operational procedures to optimize reductions in steam and cooling water.
More process control instrumentation, more accurate instrumentation, or faster
feedback could enable greater process control that would minimize water losses
or decrease water usage.

7.3.3 Process Modifications

The following long-term design modifications should be investigated. These
recommendations would require investigation of major process redesign, installation of
new equipment, or reconfiguration of piping, pumps, and equipment.

1. Centrifuge Optimization - The centrifuge operation could be optimized to avoid
build up of soapstock within the centrifuge to eliminate cleaning of the centrifuges
every 48 hours. Some options are:

• Add a gravity separation tank prior to the centrifuges to remove the larger
particles that clog the centrifuge lines; and,
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• Operate a series of centrifuges with the first centrifuge designed to remove
the larger particles and the subsequent centrifuges improving the separation
efficiency.

2. \Vastewater Reuse - Investigate reuse of the following wastewaters:

• Neutralization Washwater - Some options for reducing the generation of
wastewater and reuse of washwater from the second and third centrifuges
in the neutralization operation are:

Treat the second centrifuge washwater discharge to recover the
soapstock and reuse this washwater for the third centrifuge
washwater;

Treat, if necessary, and reuse the wastewater from the third
centrifuge as washwater for the second centrifuge;

Process the oillcaustic soda mixture with water in a countercurrent
centrifugal contactor. Then treat the water in a decanter followed
by a cation-exchange resin column and reuse in the centrifugal
contactor;

Segregate and treat the wastewater by gravity separation followed by
ion-exchange columns, then reuse the treated water as washwater;
and

Treat for recover of the soapstock and reuse the treated washwater
for cleaning equipment, floors or spills.

• Softener Regeneration \Vastewater - Treat using reverse osmosis and reuse.

• Barometric Condenser Cooling \Vater - Treat the cooling water to recover
fatty acid material and reuse as cooling water.

• Live Steam - Reuse the condensate resulting from the live steam heating
of the tanker trucks as washwater in the neutralization operation.

3. Softener Regeneration - Instead of sodium chloride, use a regeneration cherrtical
that is less harmful to the environment, such as acetic acid and ammonium
hydroxide. This chemical substitution would reduce the high concentrations of
sodium and chloride salts in the wastewater.

4. Softener System Upgrade - Continue with plans to install a larger capacity
softener unit. A unit that is optimally sized for the facility's operations \'lill
reduce the frequency of regen~ration. Use a newer state-of-the-art ion-exchange
resin system that is regenerated with less solution and, therefore, generates a
smaller volume, more concentrated wastewater.
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5. Live Steam Heating Elimination - Eliminate use of live steam for heating. Use
a closed loop heating coil in the tanker trucks and acidification tanks instead of
live steam.

6. \Vastewater Treatment Svstem Optimization - Investigate design modifications,
including replacement of existing equipment, and additional treatment that will
enable recycle or reuse of treated \'¥astewater.

7. Water Cooling System Elimination - Investigate the use of a non-water cooling
system for the heat exchangers. Two potential non-water cooling methods are:

• Installing a non-water based closed-loop cooling system or an air cooling
system; and

• Pumping the heated oil through a heat exchanger located in the crude oil
storage tanks; this will eliminate the \vater cooled heat exchanger needed
to cool the heated oil and the steam heating coil needed to heat the crude
oil.

8. Crude Oil Quality Control - Investigate the cost/benefit of obtaining a higher
quality crude oil to reduce water consumption and wastewater generated. Work
with suppliers, shippers, and transport companies to establish standard shipping
and transport practices that would reduce the time in-shipment and storage, the
number of transfers that occur, and the oxidation that occUrs during shipment and
storage.

9. Process Equipment Design Modification - Explore design modification to the
process units, the barometric condensers, and the steam vacuum system that would
decrease the overall water quantity (cooling water and steam).

7.3A Good Housekeeping

• Spill Control and Clean-up Procedures - Improve spill control and spill clean-up
procedures. Some PP/WM measures are:

Use a vacuum pump instead of shovels.

Install a pump in the trays underneath the filling machines to capture oil and
return to filling machines or packaging tanks. This immediate capture of the
oil will prevent contamination of the oil so that it will not need to be refined.

Conduct quality control checks on containers to detect leaks before using
containers; this will prevent leaks from defective containers. Purchase from
suppliers that will provide better containers.

• Construct covered concrete loading and unloading areas and storage areas for raw
materials, products and wastes. These areas should also have containment dikes.
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The different materials should be kept segregated from others. These measures
will isolate spills, prevent soil contamination, and eliminate storm water runoff.
Eliminate any drains in containment structures and keep these structures repaired
and maintained.

• Seal any holes and drains in the floors to prevent the discharge of spills and leaks
to clean areas.

• Use treated wastewater to clean floors and equipment and to clean up leaks and
spills throughout the UMIC facility. If the soapstock is contributing to the oily
floors and surfaces, substitute detergent.

• Any open containers, such as buckets used to collect process control samples for
the laboratory, should be fitted with tight fitting lids and kept sealed when not
used.

7.3.5 Control of Other Waste Generating Activities

Several recommendations relating to the management of storm water, solid wastes, and
sanitary wastes are provided below:

1. Bleaching Clay Optimization - Investigate optimizing the addition of bleaching
clay to reduce excess. This would reduce amount purchased. reduce losses of oil
in the spent clay, lengthen the filter cycles, and reduce the quantity of spent clay
generated.

2. Bleaching Earth Filter Cake Recvcling - Investigate alternative uses for the filter
cake, These are not PP/WM measures, but UMIC's uncontrolled disposal of this
material as a waste could be improved by considering this material as a beneficial
resource or raw material for another industry. For example, the clay content of
the cake may make the cake a suitable raw material for soil conditioner to
improve sandy soils. The cake could also be used as raw material in the
production of poultry feed or other domesticated animal feed.

3. Sediment Control - Investigate possible ways to minimize sediment in the final
product packaging tanks. Less sediment in these tanks would result in less
frequent cleaning, less waste to be removed, and higher quality product. One
method to reduce sediment generation would be installing a circulation pump or
an ultrafiltration unit before the tanks.

4. Domestic Waste Treatment - Construct an engineered septic tank with a suitable
leachfield to treat the domestic wastes generated by the facility.
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8.0 FOLLOW-UP ACTIONS

To ensure the success of a PP/WM or water conservation project, a facility implementing
specific actions must follow-up on these actions to ensure that the goals of the project are
achieved. It is imperative, therefore, that the UMIC facility follow-up implementation of
any of the recommendations of this report with activities such as increased monitoring of
water use and disposal, ongoing maintenance and upkeep of new equipment, and conduct
of periodic training and instruction for management and production line staff.

1. The first item of action is to establish a PP/WM water conservation policy as part of
UMIe management operating philosophy and distribute it to all employees.
Implement the policy through specific goals and targets.

2. Develop and implement a plan to install water and wastewater measuring devices on
selected operations. Initiate monitoring of wastewaters for selected pollutants.

3. Develop and implement employee training.

4. Develop water balance for facility and determine \vater conservation goals.

5. Develop and implement a preventative and corrective maintenance program for
equipment, pipes, and structures. Eliminate the cause of spillage. Do not just wash
it down the drain.

With respect to the PP/WM and water conservation techniques recommended in Section
7.0, the UMIC facility should follow-up on all of the elements that it determines are
productive. Implementation of these recommendations will reduce water consumption and
pollutant loadings. In particular, the UMIC facility should follow-up on the following
recommendations:

6. Cooling Tower Optimization - Assess design or operational modifications for the
current cooling tower or explore new cooling tmver designs to minimize the
evaporative losses and increase the concentration cycle.

7. Boiler Blowdown Reuse - Reuse boiler blowdown as floor washing and spill clean-up
water.

8. Steam Leak Prevention and Control - Implement a more rigorous preventative
maintenance program to prevent leaks and a rapid response repair program to fix the
leaks as soon as they occur.

9. Good Housekeeping - Develop and implement floor cleaning and spill cleaning
procedures that focus on water conservation. Reduce floor cleaning wastewater by
developing and implementing ffoor cleaning and spill cleaning procedures that focus
on water conservation. Such procedures should address cleaning first with dry
methods, then collecting liquid spills with vacuum devices, then using water
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conservation equipment for final cleaning. Floor drains should be fitted with tight
fitting seals or plugs.

10. Sanitary and Other Miscellaneous Water Use - Reduce miscellaneous water use
and the associated wastewater by developing and implementing procedures that
focus on water conservation.

• Provide water conservation awareness training to employees on a periodic
basis.

• Install, as much as possible, water conservation equipment such as flow
regulation devices, flow restrictors, flow shut-off devices, overflow
preventers, and low volume spray nozzles. Different types of water saving
equipment include:

Flow Regulation Devices. \Vhen these devices are inserted into a
water line, increasing pressure restricts flow to a constant needed
rate.

Flow Shut-Off Devices. The most useful devices are finger operated
shut-off valves, or guns, \\<ith nozzles on the ends of cleanup hoses.
\Vhen finger pressure is released, water flow stops.

Nozzles. Nozzles use less water than drilled pipe sprays. For faster,
more efficient cleaning, a "Vee· type nozzle is preferred, as this
nozzle forms a fan shaped chisel pointed spray.

Overflow Preventors. These devices are. employed to prevent
overflowing of containers, tanks, or reservoirs, thus stopping waste
of water or release of wastewater. Most of these devices are usually
float or electronic probe operated.

11. Initiate an investigation (engineering analysis) of the following long-term design
modifications:

• Wastewater Treatment Design Modifications - Conduct an engineering
analysis to modify and upgrade the current wastewater treatment system to
enable reuse of treated wastewater.

• Boiler Blowdown Reduction - Investigate reducing the quantity of boiler
blowdown.

• Wastewater Reuse - Reuse neutralization washwater, cooling tower
blowdowns, softener regeneration wastewater, and boiler blowdown.

• Softener - Use of a regeneration chemical that is less harmful to the
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environment, such as acetic acid and ammonium hydroxide to reduce the
high concentrations of sodium and chloride salts in the wastewater.

• Heat Exchanger Cooling Water Elimination - Investigate non-water cooling
systems.

• Cooling Water Optimization - Investigate ways to reduce the quantity of
water needed for cooling and lost to evaporation and blowdown. Some
options to explore are:

Increasing the concentration cycle of the cooling towers; and

Decreasing blowdown quantity.

• Live Steam Heating Elimination - Eliminate use of live steam for heating.

To ensure that UMIC management are kept updated on "state-of-the-art" technologies, the
MWI and the Chamber should be consulted on a regular basis. Periodic site visits should
be arranged for the M\VI and the Chamber staff so that they might provide additional input
and suggestions.
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"VATER IN

Table 1 . Water Balance

IJM:IC

WATER OUT

Source Rate, Source Rate,
m3/d m3/d

Well water 146.8 Makeup water for barometric condenser cooling 41.0
tower

Neutralization washwater 24.0

Boiler blowdown 20.0

Makeup water for clean cooling tower for heat 20.0
exchangers

Floor and equipment cleaning 10.0

Live steam for tanker truck unloading 8.4

Softener re"generation bach.-wash 6.0

Barometric condenser cooling tower blowdovm 4.2

Sanitary 10.0

Live steam for wastewater acidification 1.5
I

General steam use losses 1.0

Sodium chloride solution 0.7

TOTAL 146.8 146.8



Table 2 - WAj \Yastewater Discharge Monitoring Analytical Results

UMIC

Date BOD IDS TSS COD NH4 • Fe ABS P04 pH

02/19/90 2,411 7,096 1,672 6,993 7.04 14,100

02/26/90 20,448 66,510 29,400 187,563 57.6 5,700

03/12/90 4,384 9,020 3,020 20,509 49.0 223

03/27/90 1,004 376 164 2,464 29.0 64

04/09/90 6,090 1,652 2,154 14,247 11.0 870

04/18/90 3,920 1,841 2,863 9,608 33.3 125

OS/29/90 5,780 24,086 8,560 12,070 73.0 9,800 8.78

06/14/90 2,093 9,292 98 4,175 119.0 - 0.3 1,930 2.0

06/23/90 576 1,554 42 1,163 6.4 0.4 88 5.3

07/17/90 2,256 9,226 626 4,308 60.7 0.5 210

09/01/90 2,030 6,890 774 4,104 16.64 500

09/20/90 1,180 11,440 150 1,799 21.8 2.8 10.65

10/31/90 5,133 21,882 1,604 11,160 102.4 2,970 1.4

11/26/90 1,734 2,344 1,280 3,893 13.95 10.0 21.0 5.5

12/15/90 1,534 12,065 3,975 4,708 53.76 0.5 1,850 3.2

01/30/91 807 18,138 3,964 6,633 27.5 1,860 3.4

02/18/91 5,433 19,811 6,281 11,320 32.15 4.0 3,800 3.2

03/21/91 14,720 9,892 28,136 118,400 188.8 12.0 445 5.0

05/14/91 3,788 10,122 2,176 9,310 31.0 1,600 5.3

OS/23/91 2,200 21,526 750 18,398 25.7 18.3 1.5 0.74 11.8

07/02/91 5,133 18,720 460 10,580 38.0 1.0 3.0 7.8

11/25/91 55 2,214 224 128 2.5 2.2 5.0 8.2



Date BOD IDS TSS COD NH4 Fe ABS P04 pH

01/13/92 4,128 8,652 206 7,277 19.0 4.0

02/12/92 5,957 6,891 928 11,009 45.0 10 6.4

03/12/92 2,078 5,544 133 4,250 5.17 5.0

OS/20/92 10,928 1,000 62 23,639 - 8.3

08/18/92 49,680 29,600 18,273 104,738 31.0 5.6

08/24/92 3,800 5,712 271 7,532 2.43 1.4 4.4

10/31/92 5,005 8,392 744 8,333 13.8

12/10/92 3,280 11,048 362 8,328 25.0 170 2.1

01/06/93 1,460 5,946 210 3,327 13.8 2.5

01/22/93 1,442 3,594 90 2,625 4.2 107 2.4

01/07/93 1,460 5,946 210 3,327 13.8 2.0

02/01/93 5,302 7,938 820 11,300 2.3 2.0

03/09/93 . 4,114 6,309 1,069 6,000 908 4.3

03/11/93 7,228 9,755 1,380 48,461 83.0 1,130 4.0

04/24/93 12,072 4,493 1,483 18,180 138.0 11.0

05/11/93 7,398 11,396 820 10,155 0.00 10.5

06/12/93 8,600 10,482 294 11,149 29.0 900 4.0

07/12/93 4,302 7,380 438 9,863 18.0 2.0

07/17/93 3,257 5,098 160 4,618 55.0 1,015 2.4

08/02/93 2,364 4,922 210 4,016 34.0 2.6

09/07/93 4,104 5,828 188 9,757 3.0

10/11/93 3,780 5,680 374 6,274 79.4 4.0

10/27/93 1,404 6,372 232 2,328 46.1 492 1.2

11/16/93 2,563 6,158 268 5,395 1.9

12/6/93 2,084 9,777 205 4,821 42.4 2.3

12/9/93 6,629 1,790 8,224 36,258 2.4 624 2.5



Date BOD IDS TSS COD NlL Fe A13S P04 pH

01/01/94 3,514 7,208 696 5,297 28.0 2.0

01/13/94 1,733 5,160 174 2,975 14.0 426 3.1

02/12/94 3,450 9,200 410 5,605 14.4 1.5

02/24/94 3,425 6,970 334 5,675 34.6 1,150 1.6

03/22/94 9,900 15,570 1,557 37,459 7.61 640 6.3

04/13/94 9,179 11,243 1,043 19,120 35.2 14 1,000 6.8

05/02/94 6,552 9,852 613 10,230 150.4 2.6

05/07/94 5,980 10,652 905 8,400 200.0 954 2.9

06/07/94 22,758 9,707 15,600 37,933 192.0 6.4

07/06/94 15,400 9,980 12,650 34,567 145.9 6.8

07/12/94 7,627 3,953 1,420 18,129 64.0 6.4

08/24/94 15,950 20,660 6,520 40,196 32.0 1,488 7.1

09/07/94 6,936 8,751 3,567 11,174 64.0 7.0

10/01/94 11,825 20,495 3,360 22,195 90.0 6~1

10/29/94 2,986 14,058 532 5,809 128.0 1,000 2.1

11/01/94 8,102 30,600 7671 13,670 54.0 440 5.2

12/06/94 2,362 5,210 368 3,890 22.0 170 4.1

- Not Determined

Source: Waleed Hussein, WAJ
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Table 3 . Sampling Anal)1ical Results

~nc

rameter FOG· BODs· COD· TDS' TSS· SS· pH FFA Moisture
% Content

impling %
)cation

andards 5 50b 150 3,000e 50 - 6.5
202

AOl I 11 29.8

A02· 47,571 52,194 10 1.79

A03 38,838 48,684 9.4 23.87

A04 523 1,175 3,508 318 5.2

A06 4.1

A07 455 5.2

A09 568 1,601 3,508 322 5.8

AlO 0 3,006 8.3

All 117,228 6.75

A12 27,605 8.9

A13 151 16,415 23,565 7,530 2,090 6.35

11ts are mg/L.
onthly Average.
)S limit is subject to the TDS concentration in the water supply and the water basin affected.
Soapstock wastestream from first centrifuge in chemical refining neutralization area
Washwater wastewater from second centrifuge in chemical refining neutralization area
Washwater wastewater from third centrifuge in chemical refining neutralization area
Condensate and cooling water from dryer and deodorizer barometric condensers
Condensate and cooling water from fatty acid condenser in cheIllical refining deodorizer
Condensate and cooling water from main hot well pit for physical refining
Cooling water from wet well under cooling tower
Cooling water from heat exchangers' cooling tower
Softener regeneration wastewater
Boiler blowdown
Wastewater collection tank
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Table 4 - Potential 'Vater Sa\-ings

C)<UC

Production Water Conservation Current Projected Projected Percent
Operation Technique 'Vater 'Vater \Vater Decrease

Consump- Consump- Savings in Total
lion tion (m3/day) Water

(m3/day) (m3/day) Consump-
tion

Clean l. Closed-loop air radiator 2D 0.0 20 13.6

cooling cooling system

tower

Chemical 2.a. Treat and reuse all 25.35 5 20.35 13.8

refining washwater

2.b. Treat second centrifuge 14 6 8 5.4
washwater and reuse in
third centrifuge

2.e. Reuse third centrifuge 2535 20.35 5 3.4
washwater in second
centrifuge

Boiler 3. Boiler blowdown reuse after 21.1 4.2 16.9 11.5
treatment

Process 4. Modify design or optimize 120 108 12 8.0

Equipment operations

Tanker 5. Capture and reuse live steam 8.4 0.0 8.4 5.7

Truck or eliminate live steam
heating of tanker trucks

Floor 6. Reuse the boiler blowdown 5 0.0 5.0 3.4

washing without treatment

Cooling 7. Optimize to decrease 47.7 43.0 4.7 3.2

tower evaporative losses and
increase concentration cycle

Softener 8. Reuse treated regeneration 6 2 4 2.6
wastewater

Cooling 9. Treat bleed-off and reuse 4.2 0.2 4.0 2.6

tower

Softener 10. Increase capacity 6 4 2 1.3

Mainte- 11. Use dry cleaning methods and 10 8 2 1.4

nance and install water conservation

sanitary devices
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Acidifi- 12. Eliminate live steam heating 1.4 0.0 104 1.0

cation

Spill 13. Improve spill control and 4 3 1 0.7
clean-up

Centrifuge 14. Treat and reuse washwater 1.0 0.0 1.0 0.7

and filter

Steam 15. Reduce steam leaks 1.0 0.5 0.5 0.35

System

Centrifuge 16. Optimize to reduce cleaning 1.0 0.7 0.3 0.2
frequency

Total I -
I

-

I
50·73

I
73 - 97

I
49 - 66

ISavings

/
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Facility Name:

ATTACHMENT A
AUDIT QUESTIONAIRE

II SITE DESCRIPTION II

Facility Name:
Area:

Telephone: V 9 1& 4 6 CJ 0 :5
t.'fa .or Product s:

Production Rate:
SIC Codes: '0::.~ 17-0 f-/ebv(j
Major Source9 of ~astewater Di~Chas;es:

'2= B V t' (eir b( oLs..: d (Sl.y 1/1

:s -- S ef~e VI & c r"ee ,,1 0 leo rh'0 Vi -k.wu.....L.c~k~c..'-.~r-:,~l.{w.(---l..c.L\-\O-------

4- E0/ UA it'~ ef.eevvt { '1'13 t?vvt ov- k/O'.1· ~

5- 8/~cI- C?/I'/ 1!<9fr1 p0ro nw fy,c ClPIAdeVlf'afe

6'- I (J t e.. l.A/vt-toa..d~; S'~ct/vv\- CovL c1.eM .(wf. (
2_ /1tlcJ e KCf1a111g-eV c(efVYL. C6~1-'LV bCL~

Stxn-t:-fc.vv ~ LV a (fQ- Wo- ~<:IJ

II
Ii
II

"I



IIIi fa(;~':" ..... ~y Name:

'\~QICP 'l'lASTE

~~~----

Operation Type:
II PROCESS INFORMATION II

-t/"Continuous
Batch or Semi-Batch

Discrete
- - Other _

I
\/....... 1Measurements

Document Comolete? Current? Document I'i
1l- -+-_-.:t..::Y~/..:..N...:..)_ _t---.:.(-Y.:..../-N.:...}-_+_---N-u-m....:b....:e:..:r__-;l

Y Y i

---,I
--------- II

-------i'
--------il
--------- l~

Analyses/I\ssavs
Stream

!'./
"t

,N

y

---1J--
,,)

.i0

------il
----I!
---~----- II

,I

--------- j!

--- Ii
!



WQICP h'ASTE ?-HNHH7.A'T'TnN AUDIT

U 11-11(

fr==========================
,I

sA ICc" ,1/ R. S. S' [!
-7 -1-35 j\

II

I:

I:
II
'II,
II
Ii
II
il
I',I
'I!i
I'

'I

-----c-- !i
II
I'
Ii

---II
)1

Stream.Jio.

::::SC;UPTION'

Strea~ No.

_L::o!V,--,-,-C.-/A_ I
____ I

---I
I

_...L-f'--"'YC-
I

_.c-J--,-~__ i
_____ 1

I
~-~·--·-I
_____ 1

---r---II
/V~

--<-=-jTr\J-'-'---.-14"'--- !--'----""---'.--'--'-- i
--'N-+'--,
__.cJ--=- I

---j,!\.,-"....;-I.......,.:-,A,,--_ II

• J Ll

Material

,
.;:..:.:;::=~~::.....I..::...L--..::~~.::=..!..=:~~------l

, .
("..I.<"'-'-'4d-'--J4--'-~~J.,A....j"_6lt.C_...".....Pl..G'-~;;44-~+-J,.~. ( d

1\

f------.-----..---------1!
,I
I

II----~-__o:_------=--....-+~~~---+--~---+---'------ll

--!I
I
II
\1

~;L)eal1l nUllIber, If ilpp.l.lcablp., s::ould c01'respc.;,:,,; U ..' lllc~e ,-,sed 011 pi"aCes:.;
[101" diagram

2, e.g., pipeline, tank truck, eLc
3. e,g., drum, paper bag, tank, etc.
'1. e.g., outdoor, wal'ehouse, underground, abo';egl':)unc:i, etc.
5. e.g., pump, forklift, cCllveyor, etc.
G. e.g., crush and dump, clean and recycle, reLU1';1 to 5upplicl', etc.

nr"C""T AII"""( /lPII COpy

,
rI\

\,



Fac-i 1 it y Name:
WQICP WASTE MINIMIZATION AUDIT

M1C Auditor/Firm:SAIC R,~.
Date: -----.::....:--

INDIVIDUAL WASTE STREAM
CllAR1I.CTERIZATION

Stream NO. ~1-=- _1.

2.

(page 1 of 4)

Waste Stream Name/ID: Neu.+rJl'~'U\AS ;t
Lh("[..t\vt~ ~fc.. Wc< a..r I

Waste Characterization (attach additional sheets with composition
data, as necessary)

Gas Liquid Solid - - - Mixed pha~e

Density kg/M J

pH
/1 CO 0 High Heating Value Cal/kg _
Flash Point \ water__~t7~/----------

J. Waste Leav~s Pcocess as:

-- air e~lssion ~~astewate: -- solid ~aste

4. Occurrence:
V continuous

discrete
discharge triggered by -~emical analysis __

- ~ other (descr ibel "'--

Type v- pedodic length of period _
-- sporadic

kg per year
kg per

1 <]'Y1 ;/4 v ~ 4 (1 (;' 0 kg per/11,I~
batches per __" __

average range

Generation Rate:
Annual
Haximum
Average
Frequency
Batch Size _

5.

Ecopy
BEST AVAILABL

-ate'. (-~



racility Name:
WQICP WASTE

II MIe
MINIMIZATION '~UDr.;:

Audi tor / i·'i rm:
Date:

I

~. r-j
II

INDIVIDUAL WASTE STREAM I
CHARACTERIZATION i

(page 2 of 4)

6. Waste Origins/Sources
Fill out this worksheet to identify the origin of the waste. If
the waste is a mixture of waste streams, fill 'out a sheet [or each
of the individual waste streams.

Is the waste mixed ..... ith other wastes? ---- Yes -~NO.

Example: formation and removal o( an unc.Jesi l"able compound.
removal of an unconverted input malel-ial, depletion o[
a key component, equipment cleanin9 waste. obsolete
input material, spoiled batch and pl"oduction run,
spill or leak cleanup, evaporative loss, venting
losses, etc.

BEST AVAILABLE copy



II Fac 01 i L ,

1\

~ .
I Ij :',' ,~:

'dQIC? l'lASTE

U.. Hie
MINIMIZATION AUDIT I

~. .;;" j';': ~.~. (7A LC L ks. I1 \ U G ~ '- 0 r l.L ~ ", . ,.) . -1./'v1k I

Da te: 3-' {"V_iS . 'l

INDIVIDUAL WASTE.STREAM
CHARACTERIZATION

(page 3 of 4)

WclS te Stream ~....1-_----------------- _

7. Management Method

Leaves site in bulk
55 gal drum
other (describe) Cc ire cf{?J In 6'tf5VOg e ta.

, P 'r c:ev- n e. C<,..+wt(>vtt.
Disposal rr:equency I\JtJt OfPU(c; bk.
l\pplicable Standards/Regs JcrclO. ala V'l.. k~1UCoWU£ (2. 02 )

r--1anaged

Recycling

Vonsite offs::.:.e
othel." (describei _

direct use/re-use
energy recovery

--- redistilled b'
C-t> other (d,escdbeJ ACid;: ic;0f l;.ILttl H) SQ~(
/·r·C.t. 'l"'e.f'rtovec{, PH aJ;}I.A..[f-u( Q.U.\.C(.t-cLl :.Lvd Ccc"t<.-<.. (
reclaimed material r~tul.-ned to site? 0

Yes No ~llsed by others

Treatment

Final Disposition

residue yield
residue disposal

biological
oxidation/reduction _

V- pH adjustment
precipitation
other (describe) fCC" C I d r Ox," if j&( Q\,.1-",0(

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 of 4)

..... ,-\n\.~

BFST JlV/l I ' t C'" r

T"-.r..... if_ i.'



, _ar.ility Name:
WQICP WASTE MINIMIZATION AUDIT

U /vll C Au d ito r / fir m; 5'-L6~/J"C----,"A<L.U.<..L
Date:

R.S

COlJt as of (quarter and year)

Cost Element Unit Price Reference/Source
JD per

OnlJite Storage & Handling

Pretreatment •
Container

Transportation Fee

Disposal Fee

Taxes

Total disposal Cost

BEST AVAILABLE COpy

--,w•• I'.

I
t>



Facility Name:
WQICP HASTE ~lINIMIZ]>.TIO:; .~\7_-::'-:T

LLM/C Auditor/Firm:
Date: R..

(I WASTE STRElv1 INFORMATION
(one form for each stream)

Stt"eam ID:

II

1.

2.

3.

Meq.fw. /t''t-ofc.'o Y1S 1das]yt;Y1 ~ W~ sl-e iJa+&r
(wastewater, waste oil, stiYl ~ottoms, etc.)

Ce'" I' _ () t-e.. Wa, ('I ' Wa.,i-o-r
Dis c ha rge I de n t i fieat ion: .,.......;"7-rt1'V"--'-.:..--.l.d--,---A'--.,--__---,-_~-~_;_M----l,+._;:_------
(Enter process or equipment. from w1ic discharge')

Stream flow/quality:
minimum flow: L/min-----ma:-::imuin flo· : __-:--__L/min
average flo' : -4 b L/min

4. Is stream continuous orinte~mitter.t?

5. Which of following is tl1e cause of the waste'?

a,

b.

c. Operations

(capacity, pressure, temperature limitations,

(operating rates, ot"der of addition, etc.) Describe:

(leaks, spills, corrosion, etc.)d. Maintenance
Describe:-------------------------------

6. Are the components of the waste stream a raw material (RM), product (P),
useful byproduct (~P§l, nonuseful byproduct (NBP) , solvent (S), catalyst
(e), or an impurity (I) in the raw material?

(Attach analysis records if possible)

Fill out attached Figure 1 fOt" each waste stream

BEST AVAILABLE COpy

T



IIIi r- e. ( . - .:.. .:.. ~ J ~~ame :
h'QICP WASTE MINIMIZATION AUDIT

Au d it:.o r I r- i ::.' In :

Dat.e:

11,.

Component
l;ame

S'-'o·r ...>40 c k .
~ ~LLtL'6 CAc<cA

Cone
(mg!L)

Cnee" One
RM P UBP NBP S

V"I
V

C I

7. Waste stream characteristics -b/pH:-4-L TSS: -JDS: £/10 6
Color: Hardness: Odor: TOC: __ Other; __

8.

9.

Z. Q 1.
c::-it'2::-i~ and dispQsal limi~at.lol1:

t':OL1J

10. Permits relevant to the waste stream dis~o.sit.ion:

11. Current cost of disposal ~nd/or treatment [or this waste stream:

12. If stream is currently being treated, list:

a. Current treatment parameters (chemical consumption, treatment
conditions, etc.):

b. Existing treatment equipment (identify, size and type of
equipment)



Facility N;;;.me:
WQICP WASTE MINIMIZATION AUDIT .
U MIC Auditor/Firm:SA-{C

Da t e: .:-:....~<.--.:::"""-"'oC.-

Other pertinent information: ;\/0



====-":-... .=

Facili.ty Name:
WQICP WASTE MINIMIZATION AUDIT

t..11tf/C Auditor/Finn:
Date:

Recycle
~-----------------

_________:~::~~~~B!~_~_~
)mponent Name
1.,
) .

Process/Equipment
Name/Number I!

Ov~ \Am. 4 M \el '\ {C€,... !4vt~~<f'-",,~~<f~<

Useful Byproducts

'-'§6~fJroZt<-~ f t«.£.

~ a-Cl' ds ..

BEST AVAILABLE COpy

IIII II_ m T



WQICP WASTE MINIMIZATlm~ AL1JIT.
'\1 i"v1fc. Auditor/Firm: .sAlQ

Date: =<--::J....~"---....(;,J.l"\M~

1. St~eam number, 1f app11cable, should correspond to those used on
process flow diagrams.

2. For example, sanitary dump, onsite recycle, dewatering, etc.
3. Rate each stream (W) in ~ach category on a scale from 0 to 10.

II WASTE: STREAM SUMMARY II
Component of Concerns Str No l Stre No Stre N

earn am am 0

Waste ID/Name , •. ~ I ~ •

. :,-"--=---v'"" s. . ~.. -- --<.- ..

Source/Origin A ~ ~ \..,m.~ \.'U IAA" -

.. ,
til rIP Uld.rU ~

\ yr.,3AnnuCll Generation Rate (units )

Overall t.' ([go.....
Component(s) of Concern

Cost of Disposal I
I

Unit Cost (JD per )

Overall (per Year)
>.

Method of M<l nagemen t 2 d-t:,( f{) o.5.e. J D'-\.
~-vvv6.v ~~ te.WO\l~ ~ ~ "~~ ~BL~ QCl1Jr"

v

Priority Rating Criteria] W Rat R*\oI Rat R Rati R
irig ing *w ng *
(R) (R) (R) W

Regulatory Compliance

Treatment/Disposal Cost

Haste Quantity Generated

Waste Hazard

Safety Hazard

Minimization Potential

Potential Byproduct Recovery

Sum of Priority Ranking Scores

Priority Rank ,
..

BEST AflAILABLE COpy

T



Appendix B
Information Provided by the UMIC Facility
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VEGETABLE OIL REFINING FACILITY

1. Has tLe, Cl :,~ ',; - already been degummed or is degunu:::ing part of the alkali
refining process at the facility? If degumming is one of the processes conducted
at the facility is degumming conducted with water, steam, or phosphoric Bcid?

2. Are all processes operated on a batch, semi-continuous, or continuous basis?
~------~--

3. What processes are automated, machine or computer controlled?
;;

Y~/J

4. Is the same equipment used to produce the three different oils, soybean, corn
oil and palmoline or are there separate process lines?

S. What is the volume of bleaching clay used per pound of oil? What is the
production in pound of oil Ber day? How is the amount of bleaching clay to be
added determined?

6. What is the volume of spent clay and how is it disposed?

7. Describe the packaging of the oil into the containers.

8. Describe the equipment and floor cleaning procedures. How often is cleaning
conducted? Hot or cold water used? High volume, low pressure hoses or low
volume, high pressure spray nozzles on hoses?

9. How are raw materials received and handled at the facility? Is the crude oil
received in bulk (tanker trucks or railway cars), barrelsoi drums? Is the.-sodium hydroxide received in 55 gallon drums? Is the sodium hydroxide solution
mixed on-site?

10. Is a catalyst, such as nickel, used in the hydrogenation process?
how much is used?

If '>0,
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Cniversal :\1odern Ind. Co. Ltd

by !vir. Waleed Hussein

llilw ~faterials

Soybean oil, com oil, Palm oil, Sulfuric acid, Sodium Hydroxide, steam, and bleaching
earth and day.

Manufacturing Process Steps

• Oil refining chemically in the refining unit using sodium hydroxide, phosphoric acid
and hot water.

• Oil bleaching under vacuum using bleaching clay with a ratio of 1 to 2 %.

• Oil filtration under pressure to separate bleaching clay using a stainless steel filter.

• Deodorizing under a vacuum and in a temperature of 200°C to 2350C

• Cooling oil using a cooler to 40 to 50°C

• Filling in different containers

Energy Generation Unit

There are three diesel generators 'With capacities of 500 KW, 500 K\\T, and 200 KW.

There are four generators to generate saturated steam

• First boiler generates 3 tons/hour saturated steam at 15 bar pressure

• Second boiler generates 3 tons/hour saturated steam at 15 bar pressure

• Third boiler generates 2 tons/hour saturated steam at 15 bar pressure

• Forth boiler generates 8 tonslhour saturated steam at 1~ bar pressure

the forth boiler is in operation and the three others are stand-by.



J) B,Jilc:- wa:::~ co::~u"': ::0:: :~ :,' ",' \\':ttcr is p3.ssed through::. softener to rCn"l\e
hardness \l2.;;imum :,.:~:-,ess 5::,',_:0 ;oot DC more than 2 p p:i1 S-:: ftcner re'Sin is
regenerated c\ery 1!J ;-:'. ~ This ~::sir. :5 sodium based and is rege::erated by sodium
chloride with a eoncer::~o..tion cr, ::2~ fC',g.l The regeneration is performed 4 to 5 times a
day'.vith 1 rn' The b::':':'.\2.S!1 ·.\.2:e~ is discharge in a pool with a c2pacity of':+O m'
Another 20 rr.: is adde:: :0 this ;:001 from blowdo',\.m water.

.--\n oxygen sC2.venger I ~:)dium sc.:;tatej is added with a rate of2.5 kg daily to the feed tank
directly All anti seaL'.:-.: (sodiu:-:: sulfate) is also added \vith a rate of 1 kg daily to the
feed tank.

b) Cooling Towers

There are two types at' cooling towers. one for cooling purposes and one for generating
vacuum

There is one cooling tC':·, er for cooling purposes fed from a pool with a volume of 34 m3,

The water that is fed te ..:ooler :s :1ot softened water. :\Iake up water is added daily \vith a
volume of 5 to 10 m3 ?'_Jngicides is added to this cooling water with a rate of one liter
every three days

Cooling tower used for ., acuum generation in deodorizing vessel helps evaporating vapors
responsible for odors I:-i this COOling tower there is a build up for water in the pool which
requires bleed offvv'ith 2. rate of 1 to 2 m3 The capacity of this pool is 38m3 There are
two to\vers of this type ::1 the fadity one operating and the other is under testing

c) C!eaning Water

This water is collected on t\\lO impermeable basins one with a volume of3 m3 and the
other with a volume of 10m3 Wastewater passes to the first basin through sewers and
then overflows from the first basin to the second basin. Wastewater is vacuumed by a
tanker and is used in soap unit in the wastewater treatment plant to separate oil from
water.

-- 'WIlt Ii_ I •• T
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Appendix C
Overview of the Regulations Applicable to the UMIC Discharge
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APPLICABLE REGuLATORY CRITERIA

Current Status of Environmental Regulations in Jordan:

In order to assess Universal Modern Industry Company (UMIC) compliance
with applicable Jordanian standards and regulations, it is of importance at this
stage to present an overview of Jordan I s environmental protection control
laws, standards, and regulations. Interestingly, Jordan has no comprehensive
law to control water, air, and soil pollution. However, a Jordaruan
Environment Act (lEA) was drafted two years ago to achieve the principle
objectives mentioned in the National Environment Strategy (NES) for Jordan.
lEA is currently awaiting approval from the Parliament.

In general, the nature of water pollution standards and regulations in Jordan
vary according to sources. Industrial wastewater discharges are regulated by
the Jordanian Standard Specification number 202 (Table' 1) adopted in 1981
by the Department of Standards and Specifications (DSS) and revised in 1990.
Standard 202 regulates industrial wastewater discharges to rivers, wadis,
groundwater, the sea, and reuse for irrigation. This standard covers 37
pollutant parameters and sets maximum allowable concentration limits of
pollutants in the discharged industrial wastewater effluents. Moreover, the
standard also contains narrative conditions to protect public health, aquatic
life, worker health; and groundwater quality. The standard is not associated
with a permitting mechanism and therefore is self-implementing.

Drinking water quality is regulated by the Jordanian standard number 286.
Tables ·2a - . ·2e present quantitative requirements of pertinent
characteristics including physical, chemical, radiation, and health related
issues. With regards to regulations related to the quality of treated domestic
wastewater to be reused in irrigation, Jordan has neither standards nor

C-I



guidelines. However, it is a common practice to use the Food and Agriculture
Organization (FAD) and World Health Organization (WHO) Guidditlc;~ as a
reference.

Tables 3 through 5 are related to the quality of treated domestic
wastewater effluents to be reused in .irrigating agricultural crops. The
remaining Tables 6 - 12 present the tolerance and sensitivity of crops to
salinity and other specific ions like Sodium, Boron and Chloride. These are
adapted from the FAD Guidelines (1985). Treated domestic wastewater is
regulated by the Jordanian Standard 893 (Table 13) adopted in 1994 by
DSS. Regarding air pollution, Jordan does not have any existing standards or
regulations to control air pollution.

Regulations Applicable to the UMIC Discharges:

The UMIC facility generates wastewater from neutralization washwater
operation, boiler blowdown barometric condenser cooling tower blowdown,
softener regeneration, floor and equipment washing, laboratory tests, and
sanitary. All of these wastewater except sanitary, are currently being hauled

. for discharge of wastewater onto land near the facility. Any discharge of
wastewater onto ground would be subject to the Jordanian Standard 202 for
discharges to the wadis or reuse for irrigation. When the UMIC wastewater
treatment system is operating, the treated water is evaporated.

C-2



Table
Summary of requirements of Jordan Standard 202/1991 for disposal of industrial cmucnts.

.. ...._-
- '1a,,;illlum Allowable Limit. (mgiJ)+

Parameter Disposal To
Wadis & Rivers Sea Groundwater Recharge Reuse for Irrigation**

BODS 50M - 50!\1
COD 150M 200 150M -
DO 1* 5* 1* 1*
TDS 3000(1) - 1500(1) 2000 (2)
TSS 50 - - 100 (3)
pH (su) 6.5-9.0 5.5-9.0 6.5-9.0 6.5-8.4
Color (unit) 15 75 15 -
TC - 4 - -
FOG 5 10 Absent 5
Phenol O.CX)2 I 0.002 0.002
MBAS 25 15 -
N03·N 12 (4) - 12 (4) 30
NH3 5 12 5 5
T·N 125 - 50
P04-P 15 - - -
CI 500 - 500 350 (3)
S04 500 - 500 400
F 1.5 - 1.5 -
HC03 - - - 500
Na - - ~O -
Mg - - -
Ca - - - -
SAR - - - 9
AI 5 - 0.3 5
As 0.05 0.1 0.05 0.1
n I - I 1 (5)
Cr 0.1 0.3 0.05 0.1
Cu 2 0.1 2 0.2
Fe I 2 1 5
Mn 0.2 0.2 0.2 0.2
Ni 0.2 0.02 0.1 0.2
Pb 0.1 0.1 0.1 1
Se 0.02 0.02 0.05 0.02
Cd am 0.07 0.02 0.01
Zn 15 - 15 2
CN 0.1 I 0.1 0.1
Hg 0.001 0.001 0.001 0.001
TCC MPN/IOOml 5000 . .
TFCC MPNIIOOml 1000(6) - 1000 (6) 1000 (6)
Nematodes < 1 - - < 1

(+) All units are in mg/l except where noted.
(.) Minimum value.
(..) Depends upon. type and quantity of crops, irrigation methods,soil type, climate & groundwater in the area concerned.
(-) Undetennined.
(M) Monthly average.

Notes:
(I) TDS allowable limit is subjcctto the TDS concenrranon in the water supply and the water basin affecld.
(2) Allowable limits of wastewater reuse determine the degree of restriction (none. slight to moderate, or severe).
(3) Method of irrigation is determined by wastewaler quali1y being used.
(4) Nitrate concentrations allowed are delermined by its concenLrations in the affected walcr basin.
~5) Could reach 3 mg/l.
:6) Geometric "lean.

IIIi 11.10
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Table 23
Jordanian Drinking \Vater Standards

A: Physical characterstics

Parameter Permissible Limit ;\lax. allowable cone. in case

no better source is available

Taste aesthetically acceptable -

Odor aesthetically acceptable -

Color 10 units 15 units

Turbidity 1 unit (JeU) S units

pH 6.5 < pH < 9 I -

Temperature 8 - 2S c

I
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Table 2b

Jordanian Drinking Water Standards

B: Chemical Charecterstics

Parameter Max. Allowable Cone.
mgJI

Pb 0.05
Se 0.01
As 0.05
Cr 0.05
CN 0.1
Cd 0.005
Hg 0.001
Sb 0.01
Ag 0.01

----~".I ••



Table 2c
Jordanian Drinking ~Vater Standards

C: Health related

Max. allowable conc. in case Effects within max.
Parameter Permissible Limit no better source is avialable allowable limits

mg/I

IDS 500 1500 aesthetic
TH( CaC03) 100 500 aesthetic

ABS 0.5 1 indicator

Al 0.2 0.3 aesthetic

Fe 0.3 1 aesthetic

Mn 0.1 0.2 aesthetic

Cu I 1.5 aesthetic

Zn 5 15 aesthetic

Na 200 400 aesthetic

Ni 0.05 0.1 health

Cl 200 500 aesthetic

F 1 1.5 health

S04 200 500 aesthetic

N03 45 70 health

-111111_ in ....,.... .-



Table 2d

Jordanian Drinking Water Standards
D: Radiation

Parameter Maximum limit
Bq/I

Alpha-emitters (except for Radon) 0.1

Beta-em i tiers 1



Table 2e

Jordanian Drinking \Vater Standards
E: Organic pollutants*

Parameter Max. Permissible Cone.
mg/I

A) Chlorinted
Hydrocarbons
Endrin 0.0002
Lindane 0.004

Methoxychlor 0.1

Toxaphene 0.005

B) Chlorophenoxys
2,4-0 0.1
2,4,S-TP 0.01

(Trichlorophenoxy propionic acid)

* Other organic pollutants should nOl exceed the max. allowable

limit set by WHO.
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Tahle 3

Guld~lines for interpretations of waler quality for Irrigation (I)

Degree of res\J1C'oJon on use

Sone Sligh' '0 s".,en:
Potcntwl inilltjoo problem. Uniu modcnJe

Salinuy (alreeu ""'p """....
Ivlilability) (2)
r..c. (or) dSIm < 07 0.7·3.0 > 30
TDS mg/l < 450 450 . 2fXfJ > 2fXfJ

InrlhntiOCl (&lTeeu inJiluotion
tale of water' into lh~ JOil
Evalua'e IllinS (Ee,. and SAR IOse<hcr) (3)

SAR = 0-3 and EC.. > 0.7 0.7·0.2 < 0.2
=>-0 > 1.2 I2·0.3 < 0.3
= f>.12 > 1.9 1.9·0.5 < 0.5
= 12·20 > 2.9 29· 1.3 <1.3
= 20-40 > 5.0 50·2.9 < 2.9

Spcci:ic ioo IOxicity (aIIeeu
uzsitive crops)
Sodium (NI) (4)

Surface ini&lliOCl SAR < 3 3·9 > 9
Sprinkler mlalion mell < 3 >3

Qloride (O) {4}
Surface ini&aioa mell <4 4· 10 > 10
Sprinkla mSltion mell < 3 >3

BoroD (B)(S) mg/l < 0.7 0.7·30 > 30
Tt"loc elemCllII('ec table E4}

MisczlJanc:owe.tre:eu
(&lTceu ros<:q>lJble ""'PO)

Nllrop> (NOloN) (6) mg/l <5 5·30 >30
BlGa't>onalC (HCOJ)
(Ovcrbcad 11rink1inl only) mell < 1.5 I.5.3.5 > 85

pH ~om;al ra.."'lge 6.S· 8.4

(I) Adapted from Unlycnity of Cahfomi.a Commlll<e of CotllulWll> 1974.
(2) Eew means eJectncal conductivity,. measure of l..~C 'tIo"I":.c: sah..,ity. repon.c.d U'l dec.iSK:ml:JU ';C/ mwe a12~ {cS/m) or in uniu milhmhos per cenl,;muer (mrr..holan). Both

are eq\livaJCOL TOO meuu LOlAl dusolvcc solids. reponed &tI malJilrams per hter (m&fL).
(3) SAR means .odium adJD'lnion nUD. SAR is some-urnes rcpor"U:od by Ole: symbol Rl'a. At. ,,"en SAR,lnrihnL.lon rate inO"eUe as

"'a"" salinity maus.... E..lua.elhc poICll.ial inlilln'lOn !,",b1m> by SAR u modified by EC",.
(,c) For AUfac:e i.rri&ation. mOlt tree O"UpI:-&nd ....oody ))lUlU are IGJsiti"c: to sodium IIJld chlonclc; we !.he: v.lua sbown. Most a.ntlUl.I aops are not sc:nsiti'We.. WiLh O'lt'crl1e.ad sprinkle:t

irri,ation IlId low humidi.y «30 pcrccl1'l, sodiwn ODd c..~lor\de mlY
be aboorbcd lhrous)1 lhc !coves of .CtlIillve o-opo.

(S) For horm tolcronces,.et Tibia 16 and 17.
(6) N03-N Dle.ms DilJ'ale nitro&Cll reported in lC:'ms of e.lem cn:.a I cia-o&en (NH4-N and ~&nlc-~ sho\,lkj be included whc:.n wa.new.1Q :1 l:c.i.n& ~led).

Assumptions ig tbe Guide1jnt'

The water qu.hty gulde-hcca in Table 1 are inLc.ndod \0 cover the _M:tc. range of condilJons CJlcounLered in img'led a£T'cutture. Sc:ven! t-SIC assumptions b."e bec:n \.l.Sed to dc!inc Lbe::u
ranee of usability. U the WiLer is UJe4 under J1'eally dlfferUit conditions, the guidelines: may need lO be adJLlsted. \\<"II:::e deVUlLJons fTOr."l L~e assumptions might result in wton&judgcmCDts
on the us.abiLty or. p&l1tcular water supply, especially if It is l borderline casco \Vhcrc SurrlCIc:n1 upc.nc:nc.e. r.cl~ :.nals. rese.arch or obsc.rvallons arc .,...ibblc. the guidelines may be
modir.ecl1O fit local condllions more closely.

Ibf basic .,uumpljoDs in lbf rujdtlints .rf·

Yield Potenti,l' nail prodvclion capabilily of ,II O"Opi. without the use of special pnetica. is assumed when the ruidehncs indica\.e no restriaioas on use.. A ·restriction 011 UK

indicalcO thatlben: many be I limil.l,ioD in choice of ,,",p, or spccial manaSClJlmt mlY be needed 10 moiDl.Iin full production C3p1bili,y. A ·,eslriction on _0 does Il2I indica", lhallbt
WI"" U \JDIIliLoblc for me.

Sj'e Copdjljopt: Soil_~fMS"'lrom s.andy-Ioam 10 clay-loam ,..ilb &oed inlenlal drainlSe. Tbc dima", U semi-oriel to arid ad rointall u I"",. Rainfall does DOt play ali~
",Ie in mt>Clinl ""'p ....Q' dcmassd or lcac:biD& roquiranenL (ill I mOCSOOD diml'" OJ' areal wt>cn: prccip;l.ItioD is lush for pan OJ' a.II of lIle year, Ihe &"iddiDc rcslrietlODI an: lOll _ere.
UDllQ' Ihc hiz,hcr roinfall .ilUatiOOI, inf,llnted water from roinfall is eU=n.e in mcctin& all or pan of the lcachin& rcquin:menL) Drainase u a..umed 10 be Soo<I, with DO IlntoDll'Ol1aI
I hal low "'..... l.Ible pratn' ",ithiD 2 melrtl Df the .Ilfflce.

Methpds and TimiD' qfIrri,atjons· Normal sw1ace or sp-inkler irriptioo methods are used. WiLer I applied infrcqucrnJy. as Deeded, and the c:rop utilius I consida.ble ponioa otlbc
lVailabic ltored soil-,.."..,. (50 pcrc:cnl or more) before lhc Den irri&atiOCl. A.1caIt IS pcn.em oflhc applied WIl\Q" pcra>lalCl belowll>c roo'"""e (Icachins ft"IClion [lJ'] ~ IS f'C"'O"'l). Tbc
cuidcJ.inea arc too ralriaive for specialized irrigation methods, sucb u 1000liud drip iniptiOD. which rauhs in ncar c1aily or fru;~c:nt millions, but an: applicable for Nbsu.rfacc
itrip'iOCl if lurface applied lcachins I.isf... the lcachinS ""lUi=nCllII.

W'lq Urn"e by Cmm' Diffc:rcru O'Ops haye diffuCJlI waLer uptake pancms. bul III take wlter from wherever it is most readily ...,aiJable within Lbe rootin& dqxh. On avenle aben.. «)

pc<"CaIl is usumeel lO be LIlten from lhc upper qllantr of lhc rootin& dcp<h, 30 pcrcem quarter, 20 pcr=. from <he lIlird quana. and \0 pc:rccnIlrom Ihc 10_ qllJlr1a". Each itrip"
leach... the IIppct roo, zone and mainl.lw i. aI I relatively Jow lalini.y. SaIin~y incrcas... willl depth Illd il &=I''''' in Il>c 10__ pan of lhc root ZODe. The lVenze .alinity of lhc~
water is Ulrec times thai of lIle applied "'ala and is reprelenl.ltive of the avenle roo,"""e .alin~y 10 ",hich lhc cl'Oj> rapaDdI. 11>cse conditions TClul, from I IcachinS frxtioD of 1S-2O
pen:asr. JIIld inipliom thal _ timed \0 keep <he en>p adeqlllwy watered a, an times.

Salll lcac:hed from Ibe "PPCl"'-- """e _Illa.e 10 some uttD1 in lite 10__ pan bu, I SIlt balance il ocbicved u Ialll an: moved beIo'" lhc root ZODe by .ufficiclU 1cacltins. The hipa
laliDity in Ibe Iowcr root ZOllO bocom... leu importan' if adequalC moilture is mairuained in lhc upper, °mo~ active· pan Df lhc roo' zone and Ions-,erm IcachirtS is acccmplilhcd.

Rcnric::tion 00 Use; The -Restriction on Uu· snown in Tabte 1 is div idcd into three deuces of severity: Done. sliz,b.t La moderIte., and W:VCR. The divisions are. .omewhat arbitrvy .iDee
chqe occun znodually and Iben: U DO dear-<:u. tre.alcinS painL A chanle of 10.020 percen' above or below I suidelinc VII"" has link lip>iticance if co,"idcred iIl!'"'per pcnpectiore
wi1h olher fac1Dn alJ'ec::tin& yield. Field studies, research lrials and obsc.naLions have led 10 tha.c divisions, but management skill of the waler user can alter them.. Values shown .-e
applicable under DOnnal fJeJd conditions prevlilin& in most irrigated areas in the arirl and se:m)..-arld re£,ions of \he wodd. .

BEST AVAILABLE COpy
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Table 4
Recommended maximum concentrations of

trace elements in irrigation water (1)

Rccommended
maximum

concentration(2)
Element (mr,lL) Remarks

AI (aluminium) 5.0 Can cause non·producllvlly In aCid soils (pH < 5.5). but more alkaline soils at
pH > 7.0 will prec:Dllate the ion and eliminate any tox,cit\'

As (arsenic) 0.10 Toxlc,.ty to plants varies widely. ranging from 12 mgiL for Sudan grass to less

than 005 mgiL for fice.

Be (beryllium) 010 TOXlc,ly to plants '3r,,'.S w"Jly, ranlng from 5 mgiL for kale to 0.5 mgiL

for bush beans.

Cd (C.1dmium) 0.01 TaxI':. ~o bean s bcc.~s Jnd ~umjrs Jt c.oncentrations as low as O. I mg:L IIn nu~rlenl solutions C ..:mscrva.t:'o'e !nnits recommended duc to Its pOlentl;;;'; for I

accum'JIJllOn In rd ..mtS ;md sods to c0nccnlrations tnat :i1J~ ~c bJrT71ful iu humans.

Co (cobalt) 005 TO>lc 10 10mJIU plJnls alai ml:/L in nulrlent solution

Tellds 10 be ;nJC~I\'Jlc;Jhy nCL:H;J1 JnJ :Jlk.:dlmc SOils.

Cr (chromium) 0.10 :'\Ol bene:".]lly rc.:cogml.c..1 as an essential growth c1emel1t. COr1Scn,'allvc llmlls recommended

duc (0 tack af \..:no·.,"-!cd~c on Its lO:ri leit\! to plants.

Cu (copper) 020 TOllc 10 a numba of plants at 0.1-1.0 mgiL in nullient solUlJons.

F (fluoride) 10 [nactlvated by neutral and alkaline ~olls.

Fe (iron) 50 Not toxic to plants :n aerated solis. but can contribute 10 soli aCld,fic.at,on

and loss of availability of essential phosphorus and molybdenum.

Overhead sprinkling may result," unsightly deposlls on plallls, equipment and buildings.

Li (lithium) 2.5 Tolerated by most crops to 5 m!:fl... mobile in soil. Toxic to CitruS at low concentrations

«0075 m!:fl..). Acts s"nrlarly 10 boron.

Mn (rNIIganeses) 0.20 ToXIC 10.3 number of crops 31a few·lenths to. fe ..... m!0-. but usually only in acid soils.

Mo (molybdenum 0.01 ~olloxlC to plants at nonnal concentrations in siol .nd water. Can be tOXIC to li"CSIOC\(

if forage is grown in siols with high concentrations of ovailahle mol"bdenum.

Ni (nickel) O.~J Toxic to a number of plams at 0.5-l.Omg/L; reduced toxicil\' al neutral or alkaline pH.
Pd (lead) 5.0 Can inhlbil plam cell Rrowth at vay high concenUations.
Se (selenium) 0.02 Toxic to plants at conccnualions as low as 0.025 mg/l.. and toxic to livestock

if forage is grown in soils with refalively high levels of added selenium.
An essential elemenl to animals but in very low concentrations.

Sn (tin)

Ti (titmium) EffeClively excluded by plants; specific tolerance unImO\\l1.
W (tungSLcn)
V (vanadium) 0.1 Toxic to many plants at relatively low conc:enualions.
Zn (zinc) 2.0 Toxic [0 many plants alwidely varying concentrations,

reduced toxicity at pH > 6.0 and in fine textured or organic soils.

1- Adapted from National Academy of Sciences (1972) and PraU (1972).
2- lbemuimum concenu:ation is based on a lvater application rate which is consistent

willi good irrigation praClices OOסס1) m31l13 per years). If the waler application rate greatly exceeds this,

the maximum concenuations should be adjusled downward accordingly. No adjustment should
be made for application rales lease than 10 000 m3/ha per year. The values given are for water used
on a continuous basis at one site..

Source: FAO Guidelines. R.S. Ayers & D....... \VeslCOt (1985).

BEST AVAILABLE copy
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Tnble 5

Recommended microbiolugicnl qunlity guidelines fur wastewater use

in agriculture (3)

Category Reuse Exposed Intestinal Faccul \Vastewater

conditions group nematodes (b) eolifurms trcatment expected

(arithmetic (gcllmetrie meun tu :lchieve the

me:," no. of eggs per no.pcr n'quired miuobiologicul

litre (c) ) 100m I) (c) <jtwlity

lrrigalion of Workers, <1 < 1000 (d) A series of stabilization

crops likely 10 Consumer, ponds designed 10 achieve

A be eaten uncooked. public the microbiological

sporlS fields, quaLly indicalCu, or

Ipublic parks, (d) equivalenl treatment

lrrigation of Workers <1 No slandarJ Retelllion in

cereal crops, recommenJed stabilil.ation ponJs
n industrial crops, for 8-10 days or equivalenl

fodder crops, helminth anu faecal colifurm

Pasture and trees (e) remuval

Localized irrigation None Nut Not Pretreatment as rcquirc<.l by

of crops in category applicable applicable Ille irrigalion technology,

C B if exposure of bUI nol less than primary
workers and the public sed irncntal ion.

does not occur

(a) In specific cases. local epidemiological. sociocultural and environmenlal faclors should he l.l~en Ullv aeeullnl, and Ihe gUldclllles rnodillcd accordingly.

(b) Ascaris and Trichuris species and hookworms.

(c) During the irrigation period.

(d) A more slringent guideline « 200 Caecal colifonns per 100 ml) is appropriale for public lawm. such al hVlellawns.

With which the public may come into direct contact.

(e) In the case of fruit trees, irrigation should cease two weeks before frllil is picked, and no fruil should be picked orr the ground.

Sprinkler irrigation should not be used.

Source: Scientific group on health aspects of use of treated wastewaler for agricultural and aqu.,clIllure- W.II.O.- Geneva IH-23 N,jv. IYS'I.



TJbl~ 6

Chloride tol~rJnce of some fruit crop cullivars and rootQo,!\5.(a)

Crop

Avocado
(Persea americana)

Citrus
(Citrus spp.)

Rootstock or cultivar

Rootstocks

West indian
Guatemalan
Mexican

Sunki mandarin. grapefruit
Cleoparra mandarin. Rangpur lime

Maximum permissible
Cl in water

without leaf injury (b).(c)
(mg/L)

180
145
110

600

Sampson tangelo. rough lemon, sour orange, 355
Ponkan mandarin

Citrumelo 4475, trifolate orange,
Cuban shaddock, Ca!amondin,
Sweet orange. Savage citrange,
R~sk cltrange, Troyer citrange 250

Grape
(Vitis spp.)

Stone fruit
(Prunus spp.)

Berries
(Rubus spp.)

Grape
(vi tis spp.)

Strawberry
(Fragaria spp.)

SJltCreek,1613-3
Dog ndge

~lan3..'lJla

Loveil,ShaJiI
Yunnan

Cultiv3rs

Boysenberry
OlaJlie blackberry
Indian Summer raspberry

Thompson seedless. Perleue
Cardinal. black rose

Lassen
Shasta

<)60

710

600
250
180

250
250
110

460
250

180
110

(a) Data are adapted from Haas (13) .
(b) For some crops, the concentrations given may exceed the overall salinity tolerance of that crop and cause some yield

reduction before chloride ion toxicities. Values given are for the maximum concentration in the irrigation water. The
values were derived from saturation exrract data (ECe) by the following relationship: saturation extraction
concentration =15 water concenrration_

(c) The maximum permissible values apply only to surface irrigated crops. Sprinkler irrigation may cause excessive
leaf burn at values far below these, (see Table 3-) 0).

Source: FAO Guidelines, R.S. Ayers & D.W. Westcot (1985).



Table 7

GUIDLINES FOR I:\'TERPRETING LABORATORY DATA ON WA TER SUITABILITY
FOR GRAPES

Degree of Restriction 011 Use

Potential Irrigation Problem Cnita :\ () n e :'Iiglil 10 \loder:lle Snere1

Salinit),3 (affects water availability to crops)

ECw dS/m <1 1.0 - 2.7 > 2.7

Toxicity (Specific ions which affect growth of crop)

Sodium (Na+r'

CWoride (Crr~
Boron (B)

l\Iiscell:.IIleous

Bicarbonate (Hco:.n5
i\itratc-nitrog.::n (l'.'03-N)

mell
mell
mgll

mc/1
mgll

< 20

<4
<1

< 1.5
<5

4 - ]5
1-3

1.5 - 7.5
5 - 30

> 15
> 3

> 7.5
> 30

1. Adapted from Neja et 31. 1978.
2. Special management practices and favorable soil conditions are required for successful production.
3. Assumes that rainfall and extra water applied owing to jnefficicncie~ of normal irrigation will supply the

crop need plus about 15 percent extra for salinity control.
4. With overh~d sprinkler irrigation. sodium or chloride in excess of 3 mc/l under extreme drymg conditions

may ·result in excessive leaf absorption. leaf burn and crop damage. I f overhead sprmklers are used for
cooling by frequent on-off cycling. damage may occur even at lower concentrations.

5. Bicarbonate (HC03) In water applied by overhead sprinklers may C<lu~e while deposits on fruit and J~ves

which reduces market acceptability. but is not LOX ic to the planl.

TableS

PELATIVE SALT TOLERANCE OF VARIOUS CROPS AT GERMINAnON]

Crop----------------------------------------------------sO-percen--t---------
Emergence reduction

(ECe in dS/m)

Barley
Cotton
Sugarbeet
Sorghum
Safflower
Wheat
Beet, red
Alfalfa
Tomato
Rice
Cabbage
Muskmelon
Maize
Lettuce
Onion
Bean

(Hordeum vulgare)
(Gossypium hirsutum)
(Bera vulgaris)
(Sorghum bicolor)
(Carthomus tincrorius)
(Triticum aestivum)
(Beta vulgaris)
(Medicago sativa)
(Lycopersicon Lycopersicum)
(Oryza sativa)
(Brassica oleracea capitala)
(Cucumis -melo)
(Zea mays)
(Lactuca Saliva)
(Allium cepa)
(Phaseolus vulgaris)

]6 - 24
15.5

6 - 12.5
13

12.3
]4 - 16

13.8
8.2 - 13.4

7.6
18
]3

10.4
2] - 24

] 1.4
5.6 --7.5

8.0

I
DaUl taken from M:l:lS (19R4).

..~
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T::lble ·9

Relati'l !Juron toler::lnce of agricullural crops (1), (2)

Yen Sen,itive «o.s mg/L) \tnderllleiv Sen,itivf (1.0·2.0 mg/I

Moderatelv Tolerant (2.0·4.0 rn~/L)

Lemon
Blackberry

Sensitive (0,5·0,75 mg/L)

Avocado
Grapefruit
Orange
Apricot
Peach
Cheny
Plum
Persimmon
Fig, Kadota
Grape
Walnut
Pecan
CoY.lpea
Onion

Citrus Limon
Rubus spp.

Persea amen"canfJ
Citrus X paradisi
Citrus sinensis
Prunus armeniaca
Prunus persica
Prunus avium
Prunus domeslica
DiosPJTos Kaki
Ficus carica
Vitis vinifera
Juglans regia
Carya i/lnoienslS
Vigna unguiculalQ
Allium cepa

Pepper, red
.Pea
CarrOl
Radish
Potato
Cucumber

Lettuce
Cabbage
Celery
Turnip
Bluegrass. Kentucky
OJrs
~1aize

Anlchoke
Tobacco
Mustard
Clover. sweet
Squash
!\·tuskmelon

Capsicum crucum
Pisum sativa
Daw:us carota
Raphanus salivus
Solanum tuberosum
Cucumis sativus

!Actuca sativa
Brassica oleracea capitaL.
Apium graveolens
BrCl!Slca rapa
Poa pratensis
A,"ena sativa
Zea mays
Cynara scolymus
Nicoliana tabacum
Brass/ca jwu:ea
Melitotus indica
Cucurbila pepo
Cucumis melo

Tolerant (~.O·6.Q mg/t)

Very Tolerant (6.0-15.0 mg/Ll

Sensitive (0,75·1.0 rnz/L)

Garlic
Sweet potato
Wheat
Barley
Sunflower
Bean, mung
Sesame
Lupine
Strawberry
Artichoke, Jerusalem
Bean, Kidney
Bean, lima
Groundnut/Peanut

Allium sativum
Ipomoea batatas
Triticum eastivum
Hordeum vulgare
Helianthus anraius
Vignaradiata
Sesamum indicum
Lupinus hartwegii
Fragaria spp.
Helianthus tuberosus
Phaseolus vulgaris
Phaseolus lunalus
Arachis hypogaea

Sorghum
Tomato
Alfalfa
Vetch, purple
Parsley
Beet, red
Sugarbeet

Cotton
Asparagus

Sorghum bicolor
LycopersiconLycopersi(
Medicago sativa
Vicia benghalensis
Petroselinum crispum
Bela vulgaris
Bela vulgaris

Gossypium hirsulum
Asparagus officinalis

(1) Data taken from Maas (1984)
(2) Maximum concentrations tolerated in soil-water wilhout yield or vegetative growth reductions. Boron tot

vary depending upon climate, soil conditions and crop varieties. Maximum concentrations in the irrigatio
are approximately equal to Ihese values or slightly less.

Source: FAa Guidelines, R.S. Ayers & D.W. Westeot (1985).

T



Table 10

Relative tolerance of sele\:led crops tu exchang-:able sodium (1).

Sen sUi ve (2)

Avocado
(Persea americana)
Deciduous Fruits
Nuts
Bean, green
(Phaseolus vulgaris)
Colton (at germination)
(Gossypium hirsutum)
Maize
(Zea mays)
Peas
(Pisum sativum)
Grapefruit
(Cirrus paradisi)
Orange
(Citrus sinensis)
Peach
(PrWlUS persica)
Tangerine
(Cirrus rericulala)
Mung
(Phaseolus aurus)
Mash
(Phaseolus mungo)
Lentil
(Lens culinaris)
Groundnut (peanut)
(Arachis hypogaea)
Cram
(Cicer arierirum)
Co '"'--peas
(Vigna sinensis)

Semj-!o!eranH2l

Carrot
(Daucus cwora)
Clover. Ladino
(Trifolium repens)
Dallisgrass
(Paspalum dilatatum)
Fescue. tall
(Fes/UCa wwuiinacea)
Leuuce
(Lacruca sariva)
Bajara
(Pennisetum typhoides)
Sugarcane
(Saccharum officinarum;
Berseem
(Trifolium a/exandrinum)
Benji
(M e/ilo/us pan'lj7ora)
Raya
(Brassica jUllcea)
Oat
(Avena saliva)
Onion
(Allium cepa)
Radish
(Raphanus sa/lvus)
Rice
(Oryza sativus)
Rye
(Secalc eerewe)
Ryegrass. Italian
(Lolium multiflorum)
Sorghum
(Sorghum vulgare)
Spinach
(Spinada oleracea)
Tomato
(Lyeopersicon esculenrum)
Vetch
(Vieia sativa)
Wheat
(Triticum vulgare)

Io]eranU2)

Alfalfa
(,'.Jedieago sativa)
Barley
(Hordeum vulgare)
Beet, garden
(Bera vulgaris)
Beet, sugar
(Beta vulgaris)
Bermuda grass
(Cynodon dacrylon)
Colton
(cossypium hirsutum)
Paragrass
(Braehicria mutica)
Rhodes grass
(Chloris gayana)
Wheatgrass. crested
(Agropyron cristatum)
Wheatgrass, fairway
(Agropyron cristarum)
Wheatgrass. fairway tall
(Agropyron slongatum)
Kamal grass
(Diplaclvafusca)

Adapted from dala of FAa-Unesco (1973); Pearson (1960); and Abrol (1982).
Source: FAO Guidelines. R.S. Ayers & D.W. Westcot (1985).

Illi m. In



Table 11

LABORA TORY DETER\H.'iATIO:\'S :\'EEDED TO EVALUA TE CO:\D.ION IRRIGATIO:\'

WATER QL'ALITY ~ROBLEMS

Water parameter Symbol Unit l Usual range in
irrigation water

---------------------------------------------------------------------------
SALlNITY

Salt Content

Electrical Conductivity ECw dS/m o- 3 dS/m

(or)

Total Dissolved Solids TDS mg/l o - 2000 mg/l

Cations and Anions

Calcium Ca++ mell 0-20 mell
Magnesium \fg++ mell o-5 mell
Sodium :'ia+ me/l 0-40 mell
Carbonate C03-- mell o- .1 mell
Bicarbonate HC03- mell o - 10 mell
Chloride Cl- mell 0-30 .mell
Sulphate SOr- ,nell 0-20 mell

NUTRIENTS2

Nitrate - Nitrogen N03-N mg;1 o- 10 mg/1
Ammonium - Nitrogen NH4-N mg;1 o -5 mg/1
Phosphate - Phosphorus P04-P mg/l 0-2 mg;1
Potassium K+ mg/l 0-2 mg/1

MISCELlANEOUS

Boron B mgtl 0-2 mg/1
Acid I Basicity pH 1 - 14 . 6.0 - 8.5
Sodium Adsorption Ratio3 SAR (me/l)1.2 o - 15

I. dS/m =desiSiemen!meter in S.L units (equivalent to 1 mmho / cm - I millimmho / centimeter)
mg/l =milligram per litre - partS per million (ppm).
mell =milliequivalent per litre (mg/l + equivalent weight =mell); in 51 units, 1 mell = 1 millimol /
litre adjusted for electron charge.

2. N03-N means the laboratory will analyse for N03 but will report the N03 in terms of chemically
equivalent nitrogen. Similarly, for NH4-N. the laboratory will analyse for NH4 but report in terms of
chemically equivalent elemental nitrogen. The total nitrogen available to the plant will be the sum of
the equivalen elemental nilrogen.
The same reponing method is used for phosphorus.

3. SAR is calculated from the Na, Ca and Mg reported in mell.

-, \
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Tahle 12 Continued

Y,cld poIemial

100% 20% 75% 50% O'hr,."mllrn (3)

ECe EC" ECc ,-'.\\ tCe ECw ECc ECI\' Ece ECw

Harding grass (Philiuris lubcrosa) 46 31 5.9 39 7.9 53 II 7 ~ IS I::
Fescue,tall (Feslw;a elalior) 39 26 5.5 36 7.8 5.2 12 78 ::0 13
_Whe.atgrass, sundard crested J .5 " " 60 40 28 65 16 11 2~ 1<)~ j

(Agropyron sibiricwm)
Velch. common 3.0 20 3.2 26 53 3.5 76 5.0 1:: 81

(Vicia angustijolia)
Sudan grass (Sorghum sudantnu) 28 1.9 5. J 3 4 8.6 5.7 14 9.6 26 17
Wildrye, beardless 2.7 18 4 4 29 6.9 46 II 7.4 19 13

(Elymus trllicoides)
Cowpea (forage) 25 1.7 3.4 2J 4.8 3.2 7.1 48 ~ 2 7.8

(Vig/IQ unguicillata)
Trefoil. big (Lotus uliginosus) 2.3 1.5 2.8 1.9 36 2.4 4.9 3.3 7.6 5.0
Sesbania (Stsbania ualtala) 2.3 1.5 3.7 25 5.9 3.9 9.4 6.3 17 11
Sphaerophysa 2.2 1.5 3.6 2.4 58 3.8 9.3 6.2 16 II

(Sphauophysa saull/a)
Alfalfa (Medicago saJi\IQ) 2.0 1.3 34 2.2 5.4 36 88 59 16 10
Lovegrass (EragrOSlis sp.) (9) 2.0 1.3 32 21 5.0 3.3 8.0 53 14 9.3
Com (forage) (maiu) CUa mays) 18 I 2 32 21 5.2 35 86 5.7 15 10
Oover, berseem 15 1.0 3.2 2.2 5.2 39 10 68 19 13

(T"loliW71 aluundrinwm)
Orchard grass 1.5 J 0 3.1 2 I 55 3.7 96 64 18 12
(Dactylis glOmtrala)
FO;l;lail, meadow 1.5 1.0 2.5 1 7 4.1 2.7 6.7 45 12 7.9
(/Ilopecwll$ praunis)
Oover. red (Trijoliumpralense) 15 10 23 I 6 3.6 2.4 5.7 )8 9 S 6.6
Clover, alsika 1.5 10 2.3 1.6 36 2.4 5.7 38 ') S 66

(TrifoliW71 hybridwm)
Clover, ladino (T"folium reptns) 15 10 23 1.6 3.6 24 5.7 3.8 Q 8 6.6
Oover, nl'llwberry 15 10 23 16 3.6 24 5.7 38 98 6.6
(Jrijoliwmfragijtrum)
_Fruit crops (10)
Date palm (Photnu dactyli/era) 40 2.7 68 4 5 II 73 18 12 '" 21
Grapefruit (Curus paradisi) (II) l.8 I :' 2~ 16 34 :!.2 4 ') 33 SO 54
Orange (CurloU sinensis) 1.7 1.1 23 1.6 3.3 22 48 32 SO 53
Pe.ach (PrIUlUS persica) 1.7 11 22 1 5 29 19 4 I " " 65 43_. /

ApricOl (PrlPlW amuniaca) (II) 1.6 11 20 13 2.6 18 3.7 2.5 58 38
Grape (VilloU sp.) (II) 15 1.0 2.5 1.7 4.1 2.7 67 45 12 7.9
Almond (Pr""us dulcu) (II) 15 1.0 20 1.4 28 1.9 4.1 2.8 68 45
Plum, prune (Pr""us donu:..stica) (II) 1.5 10 21 14 2.9 19 4.3 2:9 71 4.7

Blackberry (Rllbus sp.) 1.5 10 2.0 13 2.6 18 3.8 2.5 6.0 4.0
Boysenberry (Rllbus wsinus) 1.5 1.0 20 13 2.6 18 3.8 2.5 6.0 40
SLrawberry (Fragaria sp.) 10 0.7 1.3 09 1.8 12 2.5 I.7 ~O 2.7

(I) Adapted from Maas and HOllman (1977) and Maas (1984). These data should only serve as a gUIde 10 rclalivc
tolerances among crops. Absolule lolerances val)' depending upoo climale, soil condllions and cullural
practices. In gypsitcrous soils, planlS will lolerale about 2ds/m higher soil salinity (ECe) than IIldicaled
but the water salinity (ECw) will remain the same as shown in this label.

(2) ECe means average rOOl zonc salinilY as measured by clectrical conductivity of the saturation e~lr'Cl

0( the soil, reported in decisiemens per meter (ds/m) al 25C. ECw means electical conductivity of the
irrigation water in deci Siemens per meter (dslm). The relationship between soil salinily and water salinity
(ECe=I.5 ECw) assumes a 15-20 leaching fraaion and a 40-30-20-10% water use pauem for the upper 10
lower quarters of the root zone.

(3) The zero yield poc.ential or maximum ECe indicates the theoretical soil salinity (ECe) al which crop growlh
ceases.

(4) Barley and wheat are less tolerant during germination and seedling stage: ECe should nOl exceed 4 - 5 dS/m
in the upper soil during this period.

(5) Beeu are more sensitive during germination: ECe should nol exceed 3 dslm in lhe seedliog area for garden
beets and sugar beeu.

(6) SatU-dwart, short cultivars may be less 10ieranL
(T) Tolermce given is an average of several varieties: Suwannee and Coastal Bennuda grass are about

20% more tolerant. while common and Greenfield Bermuda grass are about 20% less toler311l.
(8) Broadleaf BirdsfOOl Trefoil seems less loleranl than Narrowle.af BirdsfOOl Trefoil.
(9) Tolerance given is an average for boer. Wilman, Sand and Weeping Lovegroiss ; Lehman Lovegross

seems about 50% more toleranL
(10) These data are applicable when rOOlstocks are used Ihat do not accumulale Na+ and O' rdpldly or

when these ions do nOl predominate in the soil.
(II) Tolerance evaluation is based on lree growth and nOI on yeild.

Source: FAO Guidelines, R.S. Ayers & D.W. WestcOl (1285).



Table 12

Crop tolerence and yield potential of selected crops as influenced by
irrigation water salinity (ECw) or soil salinity (ECe)

Yidd polcnLial (2)

100% 90% 75% 50% Oae ,."ax;mum(3)

ECe EC·... ECe ECw ECe ECw ECe ECw ECc ECw

Field crops
Barley (Hortkum Vulgar~) (4) 80 5 3 10 6.7 13 87 18 12 28 19
Couon (GOSrypl1VTl hirswum) 77 5 1 96 64 13 84 17 12 27 18
Sugarbeet (B~ra vulgaris) (5) 70 4.7 87 5.8 11 7.5 15 10 24 16
Sorghum (Sorghum bic%r) 6.8 4 5 7.4 5.0 8.4 5.6 9.9 6.7 13 8.7
Wheat (TriJicwn aurivum) (4), (6) 6.0 4.0 7.4 4.9 9.5 6.3 13 8.7 20 13
Wheat durum (Triricwn rurgidW71) 5.7 3.8 7.6 5.0 10 6.9 IS 10 24 16
Soyabe.an (Glyci~ ma;:) 5.0 33 5.5 3.7 6.3 4.2 7.5 5.0 JO 6.7
Cowpea (Vigrlil wtguiculara) 4.9 :U 5.7 3.8 70 4.7 9.1 6.0 13 8.8
Grounanut (p~ltuJ) 3.2 2.1 3.5 24 4.1 2.7 49 3.3 66 4.4

(Arachis hypoga~a)

Rice (paddy) (Oriza sariYa) 3.0 2.0 3.8 2.6 5.1 3.4 7.2 4.8 11 76
Sugarcane I.7 1.1 3.4 2.3 5.9 4.0 10 68 19 12

(Saccharum officinarum)
Com (maiz~) rua mays) I.7 1 I 2.5 1.7 3.8 2.5 5.9 39 10 6.7
Flax (Ultwn usirarissimum) J 7 I I 25 I.7 38 2.5 59 39 10 6.7
Broodbean (Viciafaba) 1.5 1 I 26 1 8 4.2 20 68 45 12 80
Bean (p,'ur~o/us vulgaris) 1 0 (I - 1 5 10 23 I 5 36 24 63 42

Vegetable crops
Squash zucchini (co"'g~rli!) 4.7 31 58 3.8 7.4 4.9 10 67 15 10

(CuclUbira p~po I'TI./!/op~po)

Beet, red (Bera vulgarlS)(5) 4.0 ' , 5.1 3.4 6.8 .1.5 9.6 64 15 10
Squash, sc:allop 32 2.1 3.8 2.6 4.8 3.2 6.3 4.2 94 63

(Cucurbira p~po I'TI./!Iop~po)

Broccoli 28 19 39 2.6 5.5 3.7 82 5.5 14 91
(Brassica o/~raCta borryris)

Tomato 2.5 17 35 2.3 5.0 3.4 76 5.0 13 8.4
(Layco~rsico.~ ~culc"rwn)

Cucumber (Cucumis sarivus) 2.5 17 3.3 22 4.4 2.9 6.3 4.2 10 6.8
Spinach (Spirsacia o/uuaa) 2.0 1.3 3.3 22 5.3 3.5 8.6 57 15 10
Celery (Apiwn grav~o/utS) 1.8 1.2 3.4 2.3 5.8 39 9.9 66 18 12
Cabbage 18 12 2.8 1.9 4.4 29 70 46 12 8 1
(BrassicIJ oIuocca capilata)
POlato (Solaltum rubuoslVTl) 1.7 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7
Com, sweet (maiu) rua mays) 17 1.1 2.5 1.7 3.8 2.5 5.9 3.9 10 6.7
Sweet polato (lmpo~a bara/as) I.5 1.0 2.4 1.6 38 2.5 6.0 40 11 7.1
Pepper (Capsicum """uum) 1.5 1.0 2.2 I.5 3.3 2.2 5.1 3.4 S.6 5.8
Leuuce (Lac/UCQ sa/iva) 1.3 0.9 2.1 1.4 3.2 2.1 5.1 3.4 9.0 6.0
Radish (Raphanus sa/ivus) 1.2 0.8 2.0 1.3 3.1 2.1 5.0 3.4 8.9 5.9
Onion (Allium cepa) 1.2 0.8 1.8 1.2 2.8 1.8 4.3 2.9 7.4 5.0
Carrot (Daucus carota) 1.0 0.7 1.7 1.1 2.8 1.9 4.6 3.0 8.1 5.4
Bean (Phaseolus vulgaris) 1.0 0.7 1.5 1.0 2.3 1.5 3.6 2.4 6.3 4.2
Tumip (Phaseolus vulgaris) 0.9 0.6 2.0 1.3 3.7 2.5 6.5 4.3 12 8.0
Forage crops
Wheatgrass, un 7.5 5.0 9.9 6.6 13 9.0 19 13 31 21
(Agropyron elongarwn)
WheatgIUS, fairway crested 7.5 5.0 9.0 6.0 11 7.4 15 9.8 22 15
(Agropyron orista/urn)
Bennuda grass 6.9 4.6 8.5 5.6 II 7.2 15 9.8 23 15
(CyttCdOll dactylon) (7)
Barley (forage) 6.0 4.0 7.4 4.9 9.5 6.4 13 8.7 20 13
(Hordeum vulgare) (4)
Ryegrass. pen:nnral 5.6 3.7 6.9 4.6 8.9 5.9 12 8.1 19 13
(Lo/ium ~renne)

Trefoil, narrowleaf birdsfoot (8) 5.0 3.3 6.0 4.0 7.5 5.0 10 6.7 15 10
(Lo/lI.1 cornicu1a/us IUluiJolium)
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Table 13

Summary of requirements of Jordanian

Standard 893/1994 for treated domestic wastewater.

\laximum allowable limit (mg/L)*

Parameter Disposed to wadis, rivers, surface water Reuse for irrigation

bodies, and groundwater recharge

pH 6.5-9 6.5-9

Temperature change (C) <3 -

D.O 21 -

TDS 3000 :WOO (1)

TSS 50(3) / 200(4) 100 (1)

BODS 50(3) /50(4) -

COD 150(3) /150(4) -

NH3 30 -

FOG 15 15

ABS 6 -

C12 0.5 (5) -

Phenol 0.5 -

TFCC MPN/lOOmL <1000 <1000 (6)

Intestinal nematodes <1 <1 (6)

* All units are in mg/L except where noted.

(1) Depends on degree of restriction (none, slight to moderate, or severe).

(2) Depends on method of irrigation.

(3) Conventional wastewater treatment plants.

(4) Waste stabilization ponds.

(5) This is a minimum limit of residual chlorine and it should be linked with total faecal coliform count.

(6) FAa and WHO guidelines and their amendments should be taken imo consideration.
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Site Visit Photographs



Photo 1 - Crude oil tanker
unloading area
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Photo 3 - Crude oil storage tanks
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Photo ~ - Crude oil storage tank spills



Photo 5 - Containment dike around crude oil storage tanks

Photo 6 - Centrifuges In chemical refining neutralization area



Photo 7 - Soapstock discharge
from centrifuge

Photo 8 - NaOH solution mLxing (left) and neutralization wastewater tanks (t,'rltei I
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Photo 9 - Drvcr
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Photo 10 - Steam leaks in
chemical refining area



Photo 11 - Barometric condensers in phvsical rcfinina area
- 0

Photo 12 - Physical refining
process control panel
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Photo 13 - Hot weI! and cooling tower
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Photo 14 - Clean cooling tower (center of picture), cooling tower (left side of picture)
not in operation. hot well for chemical refining cooling water (far left side of picture)
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Photo 15 - Storage tanks for refined oil prior to filling

•

Iw:l i,
- '-:;X' ~... ,.-- ' .

' ~

.-'t I

Photo 16 - Storage tanks for RBD palm oil that will not be refined. just pumped to
filling operation
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18 Clean up orPhoto -.
spill in fillmg area
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Photo 20 - Wastewater
collection tank
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Photo 19 - Outside
collection pit
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Photo 21 - ,\cidificatiol1 tre,tment units

Photo 22 - Oil/water separator
and neu tralization basin



Photo 23 - Neutralization basin

Photo 24 - Aeration basin
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1..2 Objectives

The facility PP/\\'\1 audits are designed to assess the potential for polluti()[1 rr;::n:ntion and waste minimization
at the study facilities. The goal of each audit is to evaluate and identify all p()~siHe PP/\\"\1, wastewater clean
up, and water conservation techniques that are appropriate for the study facility. Audit documentation v,,-ill
consist of a background PPj\\~1 assessment paper aod an audit evaluation report. This document is intended
to serve as the PP jWM background paper for the vegetable oil refining industrial sector.

The specific objectives of this audit are as follow:

1. Re"iew general industry background data and identify ·state-of-the-art" processing and waste
management practices.

.., Work on site v,ith industry representatives, the M\\1 officials. and other interested groups to
review current processing procedures and identify possible PPj\V1Yf options.

3. Develop a report that evaluates all possible PP/\\1\1 alternatives and prmides recommendations
to the industry.

In order to complete the first objective, a comprehensive literature re\iew was performed. This re\iew included
searches of the U.S. EPA Pollution Prevention Information Clearinghouse (PPIe) repository (and its
corresponding database PIES), on-line library catalog databases, pollution PP/W1Yf bibliographical references,
and personal contacts with pollution prevention specialists. The on-line lihary catalog databases accessed
included the OCLe, an on-line catalog of approximately 15,000 libraries in the U.S. and libraries in Canada and
Great Britain; the OLS, the on-line EPA library, and DIALOG, a commercial database containing abstracts of
journal articles, conferences, and government documents. The re"iew resulted in the identification of numerous
references with a range of very general to very specific PP/V/1Y1 techniques. Source documents were assessed
to determine their applicability to this project. Documents pertinent to this project are included as Attachment
A or are listed in Attachments B aod C.

Follov"ing completion of the literature re\iew, the audit team will perform the on-site audit of the industrial
facility. The audit will be performed with close consultation of industry representatives to ensure that they are
aware of and support proposed actions. Audit activities will included the careful gathering of baseline water use
and waste generation data, identification and assessment of potential PP jW1Yf options, and solicitation of ideas
and proposals from management and production line staff.

Finally, the audit fmdings will be summarized and options evaluated in the audit report. The audit will
recommend the development of a site-specific program that meets the specific needs and goals of the audited
facility. Audit recommendations will include both technical PPjWM recommendations (e.g., housekeeping
practices, treatment options, etc.) and suggestions for PPfW1'.f training for facility staff and follow-up studies to
assess program successes.

2
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1.0 INTRODUCTION

1.1 Background

Undel' a contract ~ith the l'nited States Agency for International Development (LJSAID), Development
Alternatives Incorporated (DAl) is performing an Industrial Wastewater Discharge Prevention (fWDP) Program
in Amman, Jordan. The I\\iUP Program is one of the four components of the Water Quality Improvement and
Conservation (WQle) project funded by USAlD. The Program is being performed by DAI \"ith full
coordination between the Jordanian Ministry of Water and Irrigation (MWI) and the Amman Chamber of
Industry (Chamber).

The IWDP will be performed in three phases. The fIrst phase requires completion of ten pollution
prevention/waste minimization (PPj\VIvI) opportunity audits by D.o\l and its sub-contractors. The second phase
requires completion of Feasibility Studies (FS) for four of the audited facilities. Finally, demonstration projects
~ill be completed for selected FS facilities.

Due to the high cost of waste treatment, as well as the need to minimize waste of raw materials and resources,
it is in the best interest of businesses and industries to minimize their waste generating pr:lCtices. Comp:mies
\'oith effective PP j\VM programs may well be the lowest-cost producers of goods due to their effIcient practices.
Waste management practices can include:

1. Reduce waste generation

• Substitution of less hazardous raw materials in product manufacture
• Alteration of products manufactured to· eliminate need for hazardous materials use
• Replacement or upgrading of outdated or inefficient process eq1,lipment
• Development of employee training programs to ensure employees efficiently manage

raw materials and resources..

2. Reuse waste materials prior to disposal

• Reuse of uncontaminated raw materials and resources (including water)
• Reprocessing of previously discarded materials (e.g., off-spec materials, used materials)
• On site recovery of reusable materials (e.g., used solvents, waste heat, scrap).

3. Recycle waste materials

4. Treat wastes and dispose of residues.

The audits performed during this project will evaluate all available waste management alternatives and will
provide site specific recommendations to assist the study industry in developing a comprehensive waste
management strategy.

1
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2.0 INDVSTRIAL HISTORY

2.1 General

Edible vegetable oils are derived from the seeds of such plants as soybean, corn, and palms. The oils are fatty
acid esters of glycerol, commonly called triglycerides. The production of edible vegetable oils can be separated
into two phases: extraction and refining.

The oils are extracted from the seeds by mechanical or hydraulic pressing or solvent eX1raction. The crude oil
that results from the extraction process must be refmed to make the oil acceptable for edible purposes. The
refining process removes components such as free (unesterified) fatty acids, phosphatides, unsaponifiable
components such as sterols and tocopherols, carotenoids and chlorophyll (color), and metals (copper and iron).

2.2 Vegetable Oil Refining Industry in Jordan

There are 8 vegetable oil refining facilities in Jordan. The Universal Modern Industries Company. Ltd. (liMIC)
facility is the oldest. The vegetable oil refining industry in Jordan uses as its raw material the semi-degummed
crude corn oil; semi-degummed soya oil; and refmed, bleached and deodorized palm oil and palmoline. A flow
diagram of the operations conducted by the Jordanian vegetable oil refining facility is provided in Exhibit 2-1.

• Degumming and Neutralization - The degumming and neutralization operations are conducted
in one step. Phosphoric acid is added to the crude oil to removed the phosphatides and a
sodium hydroxide solution is added to remove the free fatty acids. Water is added to the oil
to wash the phosphatides and fatty acids from the oil. Centrifuge separators are used to
separate the aqueous solution from the oil. The aqueous stream from the separators is
wastewater.

• Bleaching - In the bleaching process Activated Bleaching Earth (clay) is added to the oil. The
clay is removed by mtering the miA1ure through filter presses. The filtered oil is sent to the
deodorization process. The filter clay cake contains some of the oil product.

• Deodorization - Steam is injected into the oil under a vacuum to remove undesirable
components present in the oil.

• Packaging - The oil is placed in plastic or tin containers.

• Cooling - The solid oil is cooled in four cooling rooms maintained at a -5 degree Celsius
temperature.

3
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Exhibit 2--1 Process Flow Diagram or Jordanian Vegetable Oil Refining Facility
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3.0 PROCESS OVERVIEW

A flow diagram for a typical vegetable oil refining facility is pro.ided in Exhibit 2-1 and the process operations
depicted are described below.



3.5 Deodorization

Deodorization removes volatile components such as aldehydes' and ketones that are formed by oxidative and
thermal breakdov.'Il of unsaturated fatty acids. A small amount of concentr~ted citric acid solution may also be
added during the deodorization process to remove any metals. Deodorization can be conducted batchv.-ise or
using a semi-continuous or continuous process. The oil is heated and steam is sparged into the oil in the lower
part of an upright cylindrical vessel. As the bubbles form and move upward, volatile components are transferred
to the steam and are removed at the top with the steam.

6
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Exhibit 3-1 Process Flow Diagram or Vegetable Oil Refining
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4.0 WATER USE A.""lD WASTE GENERATION

4.1 Water Use in the Vegetable Oil Refining Industry

Direct contact of water with the oil is inherent in the process itself. Water is used in the neutralization process
as part of the aqueous-based sodium hydroxide solution. Water is used in the bleaching process to clean the
fllter presses. Water is used to generate the steam in the deodorization process. Water is used in the
hydrogenation process to generate the hydrogen gas.

The total water used and wastewater generated will depend on the design of the indi'vidual refmery. One facility
in the United States that had no practices for water conservation or reuse had a water stream of 4,500 gallons
per minute, but implementation of water conservation and reuse is expected to yield a water stream of 200 to
300 gallons per minute. (Grinkevich, 1974) In 1974, an achievable level of water use at a refmery emplo)'ing
conventional processes but practicing water conservation and reuse was reported to be 0.28 gallons of water per
pound of refined oil; even further reductions to this water use may be achievable now. (Grinkevich, 1974)

4.2 Waste Generation in the Vegetable Oil Refining Industry

The largest single waste generated is wastewater contaminated by free and emulsified oil. The primary pollutants
of concern in the vegetable oil refining industry include the follo\\ing:

• Biochemical Oxygen Demand (BOD);
• Chemical Oxygen Demand (COD);
• Suspended Solids (SS); and
• Fats, oils and greases (FOG).

Typical vegetable oil refinery wastewater could have the following pollutant concentrations (Grinke\ich, 1974):

BOD 500 to 6,700 mgfL
FOG 300 to 4,200 mgjL
SS 541 to 5,851 mgjL

The neutralization process which generates a wastewater of approximately 30 cubic meters per day is the major
wastewater stream generated by the Jordanian facility. Other wastestreams include fUter press cleaning
wastewater, process wastewater from the deodorization process and floor wash and equipment cleaning.
Wastewater is probably also generated from leaks, spills, and drainage of pipes, tanks or equipment for repairs
or shutdowns. A solid waste is generated from the fIlter press, an oily clay cake.

4.3 United States Effluent Guidelines

The vegetable oil industry's wastewater is considered to be compatible with the biological treatment commonly
used to treat domestic sewage. Thus, the United States Environmental Protection Agency (US. EPA) has not
established any numerical "effluent limitations" for the vegetable oil refining industry. Those facilities that
discharge to rivers or other surface water bodies are regulated through individual permits that establish
wastewater discharge limits for BODs, TSS, and FOG. Most of the facilities in the U.S. are connected to
municipal sewage treatment plants.

8

T



s.o POLLUTION PREVENTION AND WASTE MINIMIZATION

Unlike other industries such as the metal finishing industry, the vegetable oil refining industry has not received
much regulatory attention. EPA's Office of Pollution Prevention has not developed a specific manual on
pollution prevention techniques for this industry. Some facilities have been required to meet stringent wastev.'ater
discharge limits for BOD, TSS, and oil and grease because of their location on particular rivers or connections
to municipal wastewater treatment plants that cannot accept large pollutant loadings. These facilities have
implemented pollution prevention and waste minimization practices to reduce the pollutant loadings.

The pollution prevention and water conservation practices that have been implemented by the vegetable oil
refining industry have usually been reported under the terms pollution control or wastewater treatment. These
were the terms used in the 196Os, 1970s, and early 19~s; pollution prevention and waste minimization were not
in common use until the late 1980s and 199Os. Thus the papers included in Attachment A or listed in
Attachments B and C do not use the term pollution prevention but instead focus on the treatment of
.vastestreams either to meet wastewater discharge standards or to recover by-products.

rhe industry has recognized the benefits of pollution prevention and water conservation in reducing the volume
)f wastewater that ultimately must be treated before it is discharged. Since the wastes generated by this industry
rre organic and non-hazardO\~,they are often amenable to reuse or recovery. The amount of oil present in the
,'/astes is actually a function of the efficiency of the refining process. This oil represents wasted or unrecovered
Jroduct that can be captured and reused within the process or as a potential usable by-product. The water used
'or refining the oil can also be reused or recycled. Water conservation and PP/\\'1\.1 have been practiced by
nany vegetable oil refining facilities and documented in successful case studies. The PPjWM techniques that
lave been described in the literature sources included in Attachment A or listed in Attachments B and C of this
Japer are summarized in this section.

i.1 Water Conservation Techniques Used b)' the Vegetable Oil Refining Industry

\s water use increases at a facility, its overall waste load increases. Where water is used indiscriminately,
'aluable recoverable oils will be lost. Efficient use of water at facilities will result in lower costs for water
:onsumption and waste disposal as well as increased revenue from reclaimed wastes; Water use minimization
echniques have been successfully demonstrated in a number of facilities and have resulted in substantial cost
,avings.

fo begin a successful water conservation program, plant management should determine the mininmm quantity
)f water needed for each specific process operation. The first step in the program requires an inventory of all
....ater uses throughout the facility. This inventory should then be used to create an overall plant water balance
hat identifies all uses and routes of disposal. Management should then establish a plan to reduce water use by
.pecific amounts in each segment of production. Specific in-plant design modifications and operational controls
lOd procedures should be developed that adhere to the following premises:

• The less water used, the less waste generated.

• Segregation of the individual wastestreams wherever possible to enable recovery or reuse of the
wastes.

• Dilution is not the solution and should be avoided. Dilution decreases efficiency of recovery,
reuse, and treatment and increases treatment and disposal cosls.

9
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• All drains should be equipped with threaded covers to discourage their removal. This \\-ill
reduce the possibility of spills, leaks, and clean up wastewater being flushed with high volumes
of water rather than being contained and perhaps recovered and reused.

• Use of fresh (new) water should be monitored and optimized.

• Wastewater should be utilized wherever possible.

• Dry clean-up should be practiced where appropriate followed by controlled wet clean-up.

One of the ftrst water conservation techniques implemented by the industry decades ago was the replacement
of once-through cooling water with a cooling water recycle system. Process redesign can also result in water
savings. For example, physical reftning does not use sodium Qydroxide and washwater, thus this process
generates less wastewater than alkaline refIning.

The Jordanian vegetable oil reftnery already practices one water conservation technique by reusing the water that
is used to generate the steam. The steam is captured, condensed, and cooled by a cooling tower, then collected
and reused.

Some other specific water conservation methods that may be applicable to vegetable oil refIning operations are
provided below:

• Reuse of the water (after the oil is recovered) from the oily wastewater generated by the
neutralization process;

• Replacement of water-based chillers 'With cryogenic (e:g., nitrogen) type coolers;

• Use of low volume, high pressure sprayers for cleaning operationS; and

• Use of low contamination wastestreams for fIrst cleaning of equipment or floors.

Measures taken to improve overall facility equipment and piping maintenance can often result in water sa\ings.
For example, implementation of a rigorous preventative maintenance program to prevent steam and water leaks
and a rapid response repair program to fIx the leaks as soon as they occur can reduce water consumption.

5.2 Waste Minimization Used by the Vegetable Oil Refining Industry

Due to the nature of wastes generated by the vegetable oil refIning industry, recovery and reuse techniques are
widely practiced. In the reftning process soap is formed in the alkaline neutralization of free fatty acids. The
Jordanian vegetable oil reftnery captures this soapstock and sells it to a saponification plant. A review of the
literature identified many other examples of recovery methods for both liquid and solid wastes generated by these
types of operations.

• Oil in the washwater from the caustic refIning process is recovered using ion exchange, the
water is recycled back to the washing process

• The wastewater from the alkali refIning or neutralization process can be treated by gravity
separation to recovery the oil which can be sold to the saponification plant or reintroduced back
into the crude oil or at the beginning of the neutralization process.
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• The filter clay cake can be land applied to agricultural fields as a soil conditioner or
amendment that may be particularly beneficial to sandy soils. The cake could also be used in
the production of poultry feed or other domesticated animal feed.

• Optimizing the addition of bleaching clay to reduce excess. This would reduce amount
purchased., reduce losses of oil in the spent clay, and increase ftIter press capacity, thus
increasing the process efficiency and reducing production costs.

• The catalyst and hydrogen gas in the hydrogenation process can be recovered and reused. The
hydrogen gas could be dispersed into the oil by means of a sparger in the lower part of the
vessel with an agitator at the top to redisperse the gas leaving the oil surface. In a recirculation
system, gas could be withdrav..n from the hydrogenation vesse~ purified., and recycled to the
sparger together with fresh gas.

• Recovery of phosphatides (can be used to form lecithin) and unsaponifiable components, i.e.,
sterols and tocopherols (possible valuable by-products) from the wastewater.

• The production schedule can be designed to eliminate the need to clean the process oil lines
between the different oil types. Cleaning of the process lines could be done ""ith air or gases
rather than water. It may be feasible to eliminate the cleaning of the lines by capturing the end
of one oil and the beginning of the other oil and returning this mixed oil to storage tanks to
be blended.

• The "fIrst-in, first-out" inventory control system could be implemented to reduce the storage
time of the crude oil, thereby minimizing the increase in phosphatides while the crude oil is in
storage.

•. Any fInal product does not meet specifications could bi:: returned to the beginning of the
refIning process for further refIning, rather than being discarded as waste.

• Any vegetable oil spills could be collected and returned to the refIning process. Any
contaminated spilled material that cannot be refmed could be collected for shipment to a
saponification plant.

• Process control tests could be conducted on the oil throughout the refming process operations.
These tests can establish the quantities of raw materials, such as caustic soda, washwater, and
bleaching clay to be added. This testing optimizes the addition of raw materials. For example,
if the oil contains less phosphatides, less caustic soda and washwater can be used.

• Spill control and containment measures could be implemented to reduce the frequency and
volume of spills and capture the spills for possible reuse. For example, spill containment dikes
could be installed around storage tanks and process equipment. Storage tanks and process
tanks could be equipped with level indicators on the outside of the tanks to indicate the level
of oil in the tanks. Audio alarms could also be installed to provide a warning before overflows
occur.
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In addition, measures taken to increase product yield through optimizing the design or operation of process
equiopment or processing techniques offer ga.ins in pollution prevention. Often automation or computerization
of process controls can result in improved operations. For example, automation of process operations enable
more precise chemical additions that can result in a reduction in the quantity of chemicals used. One of the
most viable PPfWM options is the recirculation of the neutralization washwater, after treatment through a cation
exchange resin. (Eisenhauer, et. al., 1970)

Many vegetable oil refmeries treat the soapstock generated by the alkali reflning process to convert the soapstock
to a commercial product. The treatment of the soapstock with acid produces an acid wastewater. One method
that eliminates the wastewater is the neutralization of the soapstock followed by drying with vacuum evaporation.
(Beal, et. al., 1972)

5.3 Treatment Technologies Used by the Vegetable Oil Refining Industry

Vegetable oil refming wastes are generally in the form of concentrated liquid wastewaters or solid organic wastes.
The liquid wastes are typically discharged to a municipal sewer system, or are treated on-site and discharged to
a receiving water. Solid wastes may be use directly as fertilizers, mixed with feed as a protein supplement,
recovery of oils, or landfilled as solid, non-hazardous wastes.

The liquid wastes generated by vegetable oil refining are characterized by high BOD, suspended solids, and oil.
Several in-plant treatment options are available. These treatment processes can be categorized as physical,
chemical or biological systems. To optimize the recovery of by-products, the treatment design should consider
segregation of the individual wastestreams generated by each piece of equipment or operational unit. Individual
treatment of specific wastestreams can often result in the in-process recycling of the product or raw materials
and concentrated solid or liquid streams that are economically viable as by-products. A schematic diagram of
an integrated waste reduction and wastewater treatment system at a vegetable oil refming facility is provided in
Exhibit 5-1.

5.3.1 Physical Treatment Systems

Physical treatment processes at vegetable oil rerming facilities can include: flow and loading equalization
basins and oil separation units. These processes and their applications are described below.

Flow Equalization:

Flow equalization is a relatively simple process that can yield substantial beneflts \\ith respect to
mitigating shock loads to a municipal treatment plant. Equalization facilities consist of tanks and basins
that hold flows from various processes, mix these wastestreams, and release a wastestream to the sewer
at a relatively constant rate.

Equalization basins allow vegetable oil refining facilities to combine high and low strength wastes and
control the rate of discharge to their own treatment system, or a municipal sewer. This process reduces
the potential for sporadic discharges of high strength wastewaters and allows the facility to release its
wastestream under controlled conditions. These systems are also attractive due to their low capital cost
and minimal operation and maintenance requirements.

Fat. Oil and Grease Removal:

Fats, oils and greases (FOG) can be removed from the wastestream by a variety of methods including
catch basins, skimmers, and dissolved air flotation systems. The treatment and removal of free and
emulsified oils and greases is typically accomplished by gravity separation., physical filtration and/or
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flotation. These treatment processes may be used alone or in combination depending on the nature of
the oils and greases to be treated and the strength of the wastestream.

Catch basins are relatively simple units that trap large solids and floatable materials, but allow
unrestricted flow to the wastestream. Trapped solids and floatables must be routinely removed from
these systems to ensure their proper operation. Removal can be performed manually, or mechanically
using a combination of skimmers, rakes and vacuum equipment.

Skimmers can be used to remove FOG where they are suspended in the wastestream. These systems
allow and encourage the suspended FOG to coalesce on the surface of the separation unit where they
can be removed by manually operated or mechanical skimmers.

Dissolved air flotation (OAF) units are highly effective in removing dispersed FOG from the
wastestream. These units utilize fme air bubbles, which are produced by diffusers in the bottom of the
separation tank, that promote the coalescing of the FOG as they ascend through the wastewater. The
coalesced FOG is then removed by manually operated or mechanical skimmers.

The FOG removal systems described above each require a moderate capital expenditure and must be
properly operated and maintained to ensure efficient pollutant removal. The advantages to these
systems, however, can include significant reductions in the FOG, 55, and BOD of the wastestream and
the capture of FOG that can be recovered as a useful product.

5.3.2 Biological Treatment Systems

Because of the organic, biodegradable nature of the pollutants generated by vegetable oil reftning
facilities, a wide variety of biological treatment systems can be applied to these wastestreams. A brief
description of anaerobic and aerobic treatment systems and their application to vegetable oil reftning
wastestreams is provided below.

Anaerobic Treatment Systems:

Anaerobic lagoons can reportedly remove up to 95 percent of BOD and TSS and routinely achieve over
80 percent removal. Anaerobic lagoons are relatively simple to construct and operate and are less costly
than other biological treatment systems. Problems associated ~ith these systems include the potential
for significant odor generation.

Anaerobic contact systems are equally applicable; however, they require significant expenditures for
equipment and operation, and are not widely used. Their advantages include a high BOD removal rate
in a short timeframe. Disadvantages include high cost and operational difficulties.

Aerobic Treatment Systems:

Aerobic treatment processes are generally used by the industry as secondary treatment prior to direct
discharge to a receiving water. The relatively high capital and operation and maintenance costs for these
units generally preclude their use to pre-treat wastes prior to disposal to municipal sewers. A detailed
description of these processes is not provided in this section, but the clifferent types of aerobic processes
includes aerated lagoons, aerobic lagoons, activated sludge, trickling filters, and rotating biological
contactors (RBe).
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reatment of Soybean Oil Soapstock to Reduce Pollution 1

U BEAL and V.E. SOHNS, Northern Regional Research Laboratory,:! Peoria, Illinois 61604,
H. MENGE, Animal Science Research Division, ARS, USDA, Beltsville, Maryland 20705

ABSTRACT

Often soapstock is acidulated to convert this
byproduct of vegetable oil refining to a salable
commodity. The acidic waste water from this treat·
lIent constitutes a significant part of the environmen
III pollution from refineries. A process of neutralizing
I/ld drying was investigated as a nonpolluting method
for upgrading soybean oil soapstock. Neutraliz.ation
with sulfuric acid was conducted in a ribbon blender.
Tbc neutral soapstock was dried to ca. 4% moisture,
alher batchwise in a natural circulation evaporator or
continuously in a scraped film evaporator. The
product is liquid while hot but solidifies to a waxy
lOIid when cooled to room temperature. When added
10 a standard broiler ration, the feed efficiency and
rale of gain of chickens equaled that obtained with a
commercial feed fat added at the same level. The
IOIps[ock products fed, which contained 200-300
ppm xanthophyll, gave significantly better shank
piJlllentation than the commercial fat, which con
u.ined 3 ppm;

I NTRODUCTI ON

Disposition of soapstock from alkali refining of soybean
.. and other vegetable oils has become a problem with
lIIlly refineries because of increased restrictions on envi
IlIlll\Cntal pollution. Acidulation of soapstock, widely used
• convert it to salable fatty acids, produces a su bstan tial
.ount of acidic wastewater containing biodegradable
IIlerial (I). Disposal of the waste is increasingiy difficult
.., costly.

Various other methods of handling soapstock are used or
~c been proposed. Addition of soapstock directly to
&!ted meal is practical under certain conditions. However
• difficulty of handling wet soapstock, preventing micro
W spoilage and avoiding shipping costs often precludes
Kk disposition. National Research Council specifications
.pre that soapstock be neutralized before it is added to a
.-mercial feed (2). A process of drum drying soapstock
~ addition of the dry material to poultry feed has been
"ribed (3). The dried material presents a dust problem in
Mdling and feed mixing. It is hygroscopic and cakes when
CORd. Conversion of acidulated soapstock to fatty acid
.Ihyl esters is another method of producing a salable
JrOCIuct, but again acidulation introduces a disposal prob
q(4).

II this report a process is described for treating
apsloc\( to produce a desirable and salable product
.thout creating either water or atmospheric pollutants. A
~t estimate is given to indicate the economics of the
poposed process whereby soapstock is neutralized and
tel dried by vacuum evaporation. Neutralization converts
IlIPS to fatty acids; the dried product becomes liquid when
rumed to ca. 4S C and remains a waxy solid at room
••perature. The only effluent from the process is evapo
~ water.

'Presented at the AOCS Meelinc, Lo. An,eles, April 1972.
IN. Market. NUll. Res. DiY., ARS, USDA.

Although neutral dried soapstock (NDSS) might be a
source of industrial fatty acids by splitting the glycerides it
contains by continuous high-temperature hydrolysis, the
main value of NDSS would be as a source of energy and
xanthophyll in poultry rations.

Analytical Methoch

Moisture in NDSS was determined by drying a sample to
constant weight in a rotaling flask evaporator (Rinco) while
heating the flask in a water bath at 90-95 C and an absolute
pressure of 0.5 mm mercury. Free fatty acids were
de termined by AOCS Official Method Ac 5-41 and unsa·
ponifiable material by Method Da 10-42.

Total fatty acids (free and combined) were determined
by the gas liquid chromatography (GLC) method of Black
et a1. (5).

Sodium was determined by an atomic adsorption meth
od similar to that described by List et a1. (6). An oil soluble
sodium standard was obtained from the National Bureau of
Standards. The instrument was a Techtron AA 120
equipped with a sodium lamp.

Carotene and xanthophyll were determined by Official
AOAC Method 39.019·31.022.

Phosphorous was determined by the me thod of Truog
and Meyer (7). -

Fatty acid composition was determined by preparing
methyl esters by the AOCS Tentative Method Ce 2-66
(1969 Revision) and analyz.ing by GLC, AOCS Tentative
Method Ce 1·62 (1970 Revision) .

EXPERIMENTAL PROCEDURES

Three lots of soapstock produced in a commercial plant
by alkali-refining crude, nondegummed soybean oil were
obtained at different times. Lot I of soapstock was
converted to NDSS by placing 42.6 lb. in a I cu ft,
stainless-steel, batch ribbon blender and mixing thoroughly.
A 109 aliqu ot of the blended lot was dispersed in 50 ml

Raw Soapstock at 38% Moisture
1100 lb.)

~ r25% Sulfuric
Acid, 112.3 lb.)

Ribbon
Blender

Water to
Vacuum Condenser,

[44.2 lb.}

Neutralized, Dried Soapstock
at 4% Moisture, 168.1 lb.)

FIG. 1. Flow sheet for neutralized, dried soapslocl::.
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TABLE I

Partial ."u1alysij of Neutraliad. Dried SoapSlock (NDSS)
and a Commercial Feed Fat

Soapjtock. lot no. a
Commercial

Composition 2 3 4 feed fat

Total fatty acids, % 71.0 64.0 54.0 97.3
Free fa tty aci ds, % 34.0 28.3 27.1 41.6
Moisture, % 4.6 4.4 5.7 0.0 0.0 1.6
Unsaponifiable, % 2.0 2.0 2.1 0.046
Phosphorous, % 1.04 0.80 1.66 0.0019
Sodium, % 1.8 1.6 4.5 0.0
Carotene, /lg/g 350 575 229 78.0 89.0 4.0
Xanthophyll, /lg/e 202 313 231 40.0 38.0 3.0
Fatty acid composition

C·16 10.1
CI6 16.7 17.6 17.3 25.8
C 18-0, stearic 4.6 4.2 4.4 14.6
C18-1, oleic 15.9 15.6 15.7 37.0
C18-2. linoleic 55.7 55.7 55.4 I 1.2
C 18-3. linolenic 7.1 6.9 7.2 1.3

aLots I and 2 prepared "";th a natural circulation evaporator and used in feeding trials.
Lot 3 prepared with a scraped film evaporator. Lots 4 and 5 prepared by pllot·plant refining
and laboratory·scale drying: lot 4 without and lot 5 with neutralization.

TABLE II

Growth, Feed Conversion and Shank Pigmentation Scores of
&-Week·Qld Straight·Run Broilers

Averages of two trialsa

Treatment

Broiler dietd
NOSS die:e

Weight at
6 weeks, g

1312
1307

Feed conversion b

1.87
I. 91

Shank pigmentation,
Roche yolk color

fan numberc

4.84
6.83 f

a£lChly chicks per treatment in each of the two trials.
bFeed consumed per weight gain.
cRoche color fan, F. Hoffman-LaRoche Co., Ltd., BlSle, Switzerland.
dOlet containinc 4 %commercial feed fat.
eDiet containing 4 %neutralized, dried soapstock (NOSS).
fHlchlY significant (p>-O.OJ).

distilled water, and I% sulfuric acid was slowly added from
a burette with rapid stirring until a pH of 7.0 was reached
that persisted for more than 1 min. From this titration the
calculated amount of 25% sulfuric acid (S .25 lb.) was
slowly added to the soapstoclc while it was being mixed in
the ribbon blender. Mixing was continued for ca. 15 min
after addition of the acid, and a 109 sample dispersed in 50
ml of distilled water gave a pH of 6.9.

The neutralized soapstock was dried batchwise by
drawing it into a small steam-heated, natural-eirculation
evaporator under a 22 in. vacuum and heating cautiously
because of a tendency to foam. As evaporation proceeded,
steam pressure reached 10 psi; when circulation stopped,
the batch was withdrawn into a suitable container where it
solidified to a waxy solid on cooling to room temperature.
A flow sheet of the process and a material balance based on
laboratory tests with soapstock from lot I are shown in
Figure J.

Lot 2 was prepared in the same manner, but lots 1 and 2
were used separately in broiler feeding studies conducted at
Beltsville, Md. Lot 3, not used for feeding, was neutralized
and then dried continuously by a single pass through a
steam-heated, thin f11m (scraped mm) evaporator operated
under an absolute pressure of ca. 5 mm of mercury with
steam at 20 psi in the jacket. Compared with the first two
lots, the product was visibly darker brown, apparently as a
result of the higher temperature (steam pressure) used. The
relation between color and feeding value was not deter
mined. A thin-film evaporator like that used to dry
commercial lecithin should be the most satisfactory drier
for NDSS because the wet material tends to foam and

---.rtf fill n ,.

because its heat sensitivity is similar to that of lecithill.
Lots 4 and S were prepared from soapstoc]c prodlKt\

alkali-refuting crude soybean oil on a continuous pilot p
scale. Lot 4 was dried without neutralization or 0

treatment and lot 5, after neutralization with dilute SIll'
acid. Both lots were vacuum-dried in a rota tina ,
evaporator at 90 C; both were tan in color, while lou
and 3 were brown to dark brown.

RESULTS AND DISCUSSION

The composition of several lots of NDSS prepared ill
pilot plant and laboratory is given in Table J.

Witte and Sipos (3) showed that soapstock dried dim
or after addition of more alkali retained a high xantllorl
content. However when soapstock is acidulated, Ull

phyU is destroyed (8,9). NDSS retains a substantial eml
of both carotene and xanthophyll as shown from ca-p
tions of lots I, 2 and 3. Refuting conditions used for 10'
and 5 were possibly not optimum for removing x:mlbor!
and carotene from crude oil, since the material was III

lower in xanthophyll than the soapstock obtained fnr.
commercial plant and used for other tests. The simibrif}
the carotene and xanthophyll contents of lots" ..
shows that the process of neutralizing and drying s~.
resulted in virtually no destruction of these materials.

NDSS had no signs of microbiological growth or at

spoilage after several months at room temperaluR'.
though solid at room temperature, it liquefies at C'2. ~o

C and is fluid enough at 45·50 C for easy incorporatd'
feed.
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TABLE III

Estimated Fixed Captial Investment for Plant Producing
20,000 lb. Neutralized, Dry Soybean Oil Soapstock Per Daya

Analyse$ were performed by L.T. Black, I.E. McGhee and F.B.
Alaksie--;cz and pilot plant operations by G.W. Nofsinger. Feeding
te$ts ~re directed by C.A. Denton, Animal Science Res. Div.,
Beltsville, Md.

Cost, S

48,000
1000

600
800

1300
16,300
68,000
60,000
12,000
10,000

150,000

IPlant operations: 24 hr/d.y, 300 days/yr.

Equipment delivered

Evap ora tor, agi tile d, thin fUm, 3 16 SS
Pumps, metering
Heat exchanger, 316 SS
Mixer, static, in-line
Pumps, miscellaneous UH

Tanks, process and storage
Equipment delivered, total cost
Installation, piping, wiring, etc.
Engineering fees
Contingencies
Estimated fixed capital investment

moisture will be increased ca. O. I cen ts to 1.65 cents/lb.
In the hypothetical plant, an agitated thin-film evapo

rator is used to remove wa ter from the neu tralized
soapstock. In acrual practice, if a forced-circulation evapo
rator could be substituted for a thin-film unit, capital
Investment could probably be reduced. Since low pressure
steam can be used for the evaporation step, exhaust steam,
if available in a plant, could find application. In the
estimate steam costs are based on the use of high pressure
steam. It is conceivable, therefore, that actual plant
processing costs could be made lower than the listed
estimated costs by adopting certain process modifications.

In previous reports we described a water-recycle process
for washing alkali-refined or hydrogenated soybean oil in
which the water used to wash residual metal ions from the
oil is passed through a cation exchange resin in the
hydrogen form (12,13). The water is then reused. When the
resin is periodicallY regenerated by rinsing it with acid,
excess acid must be discarded. In the proposed ine thod for
treating soapstock, this excess acid plus additional strong
acid could be used for the neutralization step and the water
evaporated in drying the neutral soapstock could be used
for rinsing regenerated resin. Such a setup would provide an
integrated solution to a refinery pollution problem.

kcause of its phosphatide content, the yield of NDSS
~d be higher than for acidulated soapstock. Thus for lot
I,lbc maximum yield of acidulated soapstock from 100 lb.
~ "11' soapstock would be ca. 50 lb., an amount
audmbly less than the 68 lb. of NDSS we obtained. The
j/fertncc in yields would represent the glycerine and
~phatide moieties which would be lost in the waste
-aler from acidulation. They apparently constitute the
IIIlOf portion of the BOD content of the wastewater that
MIlIlrihules to environmental pollution problems.

According to a recent report (10), alkali refining does
~ selectively remove chlorine-containing pesticides from
Il~table oils; therefore soapstock or products therefrom
wd in feeds should not contain significant levels of such
"'Ierials. Another report confirms that it does not (Private
;ullImunication, Wisconsin Alumni Research Foundation).
a....ner deodorizer distillate may contain substantial
JlIl)unts of such pesticides, and it should not be added to
~Js unless analysis shows it to be suitable.

Lots I and 2 were compared with a commercial feed fat
IWJ routinely in broiler rations (Table 1). Two 6 week
~(Jtn& trials were conducted with straight-run broiler
~,ks in which NDSS was compared with a commercial
!tcJ faL Growth and feed efficiency were riot significantly
~trerenl for either diet as shown in Table II. However
£jlrovement of shank pigmentation with NDSS was highly
qnificant. Mortality rates were the same for both treat
lIl'alS and both trials and were not related to the dietary
.pme. Detailed results of the feeding trials will be
~blished elsewhere (II).

A preliminary cost estimate has been prepared for a
;Lin. producing. 20,000 lb. of NDSS daily by the process
h:ribed. The production of 20,000 lb. of NDSS at 3%
lloJIslure would require processing ca. 30,500 lb. of
L:llreated soapstock at 36.5% moisture. For a plant
-rerating 300 days per year, 24 hr a day, the estimated
f.1rd capital investment, as detailed in Table III, is
1150,000. This hypothetical installation is considered an
.,lJunct 10 an existing soybean oil processing plant, and
jlfoumably adequate building space is available for the
?loposed. process.

Estimated processing costs for producing NDSS are ca.
155 cents/lb. Cost items listed in Table IV and included in
;flx:essing costs are sulfuric acid, utilities, labor and
Ilpcrvision (shared with existing plant), mai.I)tenance and
Ilpplies, fixed charges and general plant overhead. Not
=r.:luded in processing costs are cost for untreated soap'
JlQ;k, administrative and selling expenses, interest on
Ilreslment and profit. If the soapstock has a moisture
.'OIItcnt of 50%, the cost to product NDSS with 3%

TABLE IV

Estimated Processing Costs to Produce 20,000 lb.
Neutralized, Dry Soybean Oil Soapstoclt Per Daya

'II. •

Cost item DoUan per day

Raw materials
Sulfuric acld, 98%. 1008 lb., $0.016{1b.

Utilities
Steam, 30,000 lb./day. $0.7SIM lb.
Water. 35,000 gal/day, SO.15IM gal
Electricity, 960 kwh/day, SO.OISflcwh

Ybor and supervision
Operaton. 12 man hr/daY, S4.50/hr
Yboratory technician. 3 man hr/day, $4.00fhr
Supervision, 20% of operator and technlclan
Overhead

Maintenance and supplies, 6%/yr on $150 000
Fixed charges, 13%/yr on $I 50,000 '
General plant overhead

Estimated dally production costs, S/day
Estimated processing COlU, cenu/lb.

22.50
5.26

14.40

54.00
12.00
13.20
15.84

16.13

42.16

95.04
30.00
65.00
62.52

310.85
I.SS

aPlant operations: 24 hr/day, 300 days/year.
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V'Jater-necycle Washing of Refined Soybean Oil:

Plant Scale Eval uation 1
R.E. BEAL, L.T. BLACK, E.L. GRIFFIN, J.C. MENG2 and
G.S. FARMER,J Northern Regional Research LaboratorY,4 Peoria, Illinois 61604

,
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.10ne .of ,?ine papers presented in the symposium "Processing of
Edible Oils, AOeS Meeting, Ottawa, September 19722 .

Anderson Clayton Foods, Sherman, Tex.
3Anderson Clayton Foods, Dallas, Tex.
4ARS, USDA.

EXPERIMENTAL PROCEDURES

•i
soap ca tions wherein the wash wa ter is recycled instead of '
being discarded. Since the usual washing process produces I ;

high biol?gical oxygen demand (BOD) effluent as well asll
Joss of all, the recycle process offers a two-fold benefit ot ,
increasing oil yield and reducing the wastewater eff1uen' ~
and BOD. In order to fully evaluate water recycle washinl'
on a commercial scale, tests were conducted in a produc I
tion refinery at a rate of six tank carrs of oil per day unde:'
a contractual arrangement. These tests provided data for all
assessment of operating factors which could not be ~alisti

cally evaluated in our pilot scale tests.
The test program was conducted in two phases. A serie\ (

of eight 24 hr tests was made wi th three operating Ya;:.blt! 1
at two levels each. At the conclusion of preliminary test.!I
operatin~ conditions were ~elec.ted f~om the results for a :!
day serrucon tmuous operatIon In whIch the recycle washin~

process was used 5 days per week, 24 hr per day, except fo: I

shu t-down penods to be described later. I

t
Analytical

Sodium in refined oil was determined by Dame photom
etry and copper and iron by atomic absorption (4,5). BOC
in wastewater was determined by the standard 5 dal
me thod (6). Free fatty acids were determined by the :\00
method (7). The 8 hr AOM peroxide value was determjr.~

by oxidizing a sample of deodorized oil 8 hr under standare
'conditions (8) and determining peroxides (9).

To determine the susceptibility of refined oil to hyd:~

genation, samples (both unbleached and laboraton
bleached 10.5% Super Filtrol15 min at 105-IIOC] Ol~
were hydrogenated for 30 min in a Parr Autoclave modifirl
with a gas dispersion stirrer, with 0.05% Girdler G-I!
reduced nickel catalyst, at 175 C, 10 psig hydrOgel
pressure. Samples taken after 15 and 30 min reaction wen
analyzed for refractive index (40 C) and iodine value.

Operation

Equipment consisted of two 1500 gal fiberglass ston~

tanks, two 8 ft 3 rubber-lined ion exchange columns t""
stainless steel centrifugal pumps, a flowmeter, heat el
changer, Lightnin no. 2LBS-50 in-line mixer, water wall
centrifuge, 16 ft J of Amberlite 252 cation exchange resJ:'
(Rohm & Haas Co.) and a level control for no. I stor3~

tank. The flowmeter, heat exchanger and mixer were 0:

stainless steel. The centrifuge had stainless discs and dan
but had a carbon steel bowl, dam retainer ring and covel
The retainer ring and cover underwent severe corrosiCll
during the tests and the cover required repair, but the stet
bowl was not affected by the slightly acid wash water. At
pipe and fittings were of fiberglass or stainless stet
cons truction.

A flow diagram of the system for washing alkali-refinr:
soybean oil to remove soap cations is illustrated in Figure r
The original oil was nondegummed crude. Steam condee
sate with pH adjusted to desired level with phosphoric a
was placed in water storage tank no. 2. The water ..
pumped through the flowmeter into the heater togel
wi th alkali-refined, unwashed oil, and then to the mixer
18~190 F and centrifuged. During mixing, sodium jOll.!

the oil exchange with hydrogen ions in the water. Refinti

••ltl

stlul'
tllk 'I

C"lllh,.

1

tJti.. "tUo!'
.,Ul t,IIMS

I \

FIG. 1. Recycle VrAshing flowsheet.

hl••,I"

It"ltf. ".lSh' "lit.. ,~
ad~qd• • ,1ff

ABSTRACT

A series of 24 hr tests was made in a commercial
refinery under eight different operating conditions to
select optimum conditions for a subsequent longer
test of the antipollution recycle-washing process
wherein wash water is recycled instead of being
discarded. Alkali-refined oil was continuously washed
at a rate of 15,000 Ib/hr to remove sodium. Recycied
wash water was then treated with a cation exchange
resin to remove sodium. Two wash water pH levels,
two oil-water ratios and the addition of a sequestering
agent ethylene diamine tetraacetic acid (EDTA) to
wash wa ter were factors investigated. For the longer
test a water pH of j.O and an oil-water ratio of 4: I
we re used, and EDTA was not added. Operating and
analytical data, equipment specifications and cost
data were acquired. The washed oil had a satisfacto
rily low con ten t of sodium, iron and copper. After it
was bleached the oil hydrogenated at a rate compara
ble to that of a conven tionally washed oil. The
bleached, 'deodorized oil had satisfactory flavor and
flavor stability. The exchange resin required periodic
caustic cleaning to maintain capacity. The new
recycle process provides an economic solu tion to the
wash wa ter disposal problem.

INTRODUCTION

Disposal of wastewater from conventional· washing of
alkali-refined soybean oil presen ts a problem to refiners
because of increasingly stringent laws regarding vegetable
oil refinery effluents. About 0.5% of the oil washed is lost
in the wastewater (R.A. Eisenhauer, unpublished data).
Previous small scale tests (1-3) indicated the feasibility of a
process for washing alk~li-refined soybean oil to remove

260
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T ..... aLE 1

Sodium, ppm

1: nwashed
:'10. pH Gll·water EDT ..... 3, % oil

lA :.5 1.5: J 0.0 63 .
i B 2.5 5: I 0.0 47
2A 3.0 5: I O. 40
2B 3.0 5: 1 0.0 46
3.'1. 2.5 2.5: 1 0.01 48
3B 2.5 5: I 0.0 I 34
4.'1. 3.0 2.5: I 0.0 I 50
4B 3.0 5: I 0.01 25

Averages

2.5
3.0

2.5: 1
5: I

:'<0
Yes

aEDTA = ethylene jiamine tetraacetic acid.

';"asr,ed
011

0.6
1.8
1.9
2.1
1.4
0.5
1.3
2.3

Sodium
removed. %

99.1
96.2
95.3
95.4
97.0
98.5
97.4
90.8

97.7
94.7
97.2
95.2
96.5
97.4

wJshed oil from the centrifuge then was vacuum-dried
b<fore subsequent treatment. Water from the centrifuge
was stored in water storage tank no. 1. From there it was
rumped, at ca. 150-1 iO F, through two cation--exchange
f<"Sin columns in series and collected in tank no. 2 for ~euse.

A recording pH meter monitored the water from the
primary ion-exchange column and sIgnaled by a rising pH
... hen regeneration of the primary column resin with
\ulruric acid ',\Ias required. During regeneration of the resin
in this column, recycle water was passed only through the
Il:condary column. After regeneration, the fresh coiumn
!><:came the secondary column. In this manner, the two

columns were alternately regenerated for reuse as 1:J
became exhausted oi hydrogen ions and saturated ·... 1

sodium and other metal IOns.
ReSin regeneration was conducted as follows: (a l T

exhausted resin (8 it 3 ) was backwashed in the column '''''1

100 gal of plant water at a rate of 10 gal/mm. (bl T
washed resUl was back washed ',1o'ith 2500 Ib of 2.5-;1 s:.Jlfu
acid at a rate of 7.5 gal/min (for ~O min). (c) The reSin v.
backwashed with ~.75 gal/min oi plant water for 40 m
(d) The resin was down-rinsed with 20 gal/min of pi<
water for 30 min. (e) The resin was down-rinsed with
gal/ min of recycle wa ter from tank no. I for 10-15 min.

TABLE II

Continuous Runs, Average Data a

Flow,lb/hr Sodium, ppm b

Oil Water pH, from Unwashed Washed Free (atty
Day tank no. 2 oil oil acid, %

1 15,640 3950 2.9 49 2.3 0.065
2 15,830 4000 2.6 58 2.0 0.075
3 15,920 3950 2-8 56 1.8 0.072
4 16,000 4000 2.8 54 2.1 0.065
5 15,670 3950 2.8 20 2.4 0.059
6 15,600 3950 2.9 17 2.6 0.063
7 15,600 3900 3.1 8.7 2.9 0.063
8 15,600 3900 3.0 8.9 2.9 0.063
9 15,710 3900 3.1 31 3.6 0.065

10 16,000 3900 2.8 39 6.4 0.063
11 15,600 3900 2.8 26 1.2 0.060
12 15,600 3900 2.9 28 1.4 0.053
13 15,600 3900 2.9 30 1.8 0.067
14 15,200 3750 3.0 26 1.7 0.050
15 15,000 3650 3.0 32 1.9 0.050
16 14,850 3650 3.0 48 2.5 0.060
17 14,320 3650 3.1 37 2.2 0.060
18 14,890 )S50 3.0 59 3.1 0.068
19 14,660 3700 2.9 35 2.5 0.057
20 10,730 2700 3.0 32 2.3 0.055
21 9530 2350 3.0 23 1.7 0.047
22 12,380 3100 3.0 34 2.3 0.057
23 13,330 3350 2.9 26 0.9 0.053
24 13,380 3350 2.9 35 0.4 0.055
25 13,170 3300 2.9 34 1.8 0.057
26 12,730 3200 2.8 61 1.1 0.080
27 13,470 3350 2.9 31 1.6 0.062
28 13,880 3450 2.9 3S 1.6 0.050

Averlp 14,500 3600 2.9c 35 2.2 d 0.061

aSpot anllyses of samples of washed oil (or iron and copper gave: Fe, 0.02-0.09 ppm;
Cu. 0.02 ppm.

bSodium x 13.2 =somp (theory).
cpH of ~cyc1e water from tank no. 1 to ion <XchJnge column was generally 3.5-5, but

occasionally &-10.
dAverap sodium removat. 93.7%'

-·......-.r_ID T
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T ABLE III TABLE V

Hydrogenation for Soybean Oil Washed
by Recycle and Regular ~Ielhods

Estimated Fixed Capital Investment for Installation of Equipment II

Convert a Normal 12 Tank Car Per Day Refinery System
to a Recycle Water Wash System

TABLE VI

rinse the resin (step e); and (b) using recycle wash wale:
from storage tank no. I to rinse the resin (step e) and th~

adding condensate to tank no. I to replace water removed
Both procedures were found to be successful, but the lat:r
was used because it offered a faster, more steady flow ratr
It was then possible to maintain the pH within desire<
limits in run 2B and succeeding runs.

Continuous Run

Operating conditions used for the continuous run wert
pH of 3.0, oil-wash water flow ratio of 4: I and no EDH
SelectIon of the 3.0 pH was made on the basis of its l~'

corrosive efiect than the 2.5 pH. The flow ratio was chesr.
to give as Iowa ratio as possible and still maintain sor.y.
excess design capabilities of the .centrifuges and their '...·3;:

water discharge piping.
Results obtained during the 28 day continuous run ar.

summarized in Table II. Average sodium removal wr
93.7%. Several samples of washed oil analyzed dUring:n,
run contained 0.02-0.09 ppm Fe and 0.02 ppm Cu.

The quality of bleached oil produced by the recyck
water wash system was equal to the quality of bleached c:r.

produced using conventional washing techniques.
A sample of refined soybean oil washed by the reguJr

method "'i th fresh water and a sample washed by ll't
recycle method were evaluated for their rates of hydroger.J
tion in laboratory tests. Both samples were taken from ll't
vacuum dryers at about the middle of the 28 day tesU
portion of each sample was hydrogenated without bieacl
ing, and another portion of each oil was bleached beforr r
was hydrogenated. Samples hydrogenated 15 and 30 m:
were analyzed for refractive index and iodine value (TaM
Ill). The oil washed by the regular method and not bleac~

hydrogenated substantially faster than the recycle washr:
unbleached oil After both oils were bleached, the differeoc
in rate of hydrogenation was small. Soybean oil is usuaJll
bleached before commercial hydrogenation. In simib

aBased on 38 days of experimental data.
bBased on 300 days per ye:ll estimated production.
cBased on an estimated oil production of 720,000 Ib p~ 6r

Extent of hydrogenationa

Refractive index, 40 C Iodine value

Sample IS min 30 mm 15 min 30 min

Regular ....1lshed
Unbleached 1.46.7 1. 4 609 98.6 83.4
Bleachedb 1.4609 1.4590 85.1 67.8

Recycle washed
Unbleached 1.4656 1.4648 124.2 117.8
Bleached 1.4613 1.4596 88.9 72.6

alnitial refractive in dex: 1.4668. Initial iodine value: 131. 8.
Hydrogenation conditions: J75 C, 10 psig, 0.05% Girdler G-IS
catalyst.

bOo 5% Super Fittrol, 15 min at 105-110 C.

All rinse and regeneration effluents were discarded,
During the 28 day test, it was found that the time between
regenerations dropped from 20 hr to less than 2 hr after ca.
9 days of operation. It was then necessary to soak the resin
in situ with hot 2% caustic solution for 2 hr to remove
impurities. When the resin was then regenerated with acid,
it was restored to a satisfactory capacity. When the recycle
washing system was shut down for longer than I day. acid
was added to the wa ter in the resin columns to inhibit the
growth of microorganisms.

During the course of the experiment. hourly records
were made of the oil flow, wash water flow, pH to the
ion-exchange column, temperature to the ion-exchange
column and temperature from the mixer. The pH to the
heater was monitored every 30 min. and the pH from the
primary ion-exchange column was contL"\uously monitored.
Sampks of the wash water to the heater and from the
centrifuge and of the unwashed and washed soybean oil
were collected every 8 hr for sodium and fatty acid
analysis.

RESULTS AND DISCUSSION

Preliminary Runs

In preliminary runs, pH's of 2.5 and 3.0, oil-water flow
ratios of 5:1 and 2.5:1 and the addition of EDTA were
operation variables examined. The results of the eight 24 hr
runs are outlined in Table 1.

From these results, the best conditions for removing
sodium were pH 2.5 and oil-water 2.5:1. EDTA had
negligible effect.

Difficulty was encountered during the preliminary run
2B in the first attempt to maintain a pH of 3.0. The pH
dropped well below the operational limits of 3.0 ± 0.2.
Consideration of the problem indicated that significant
anion contamination was introduced from the raw water
originally used for the final rinse of the ion-exchange
columns following regeneration. To overcome the problem
two procedures were tried: (a) using stearn condensate to

TABLE IV

BOD Testsa

Cycle
BODS. Water, BOD

mgfliter Ib Ib

(a) Bac Icwash 10,500 830 8.7
(b) Inject acid 2340 2420 5.8
(c) Displace acid 980 1580 1.5
(d) Fast rinse 140 5000 0.9

Total 9830 16.9

aA5suming the final rinse Ce) is made with steam conderuate and
no BOD material is removed.

Eq uirment

Heater
Mixer
Two tanks, fiberglass
Two pumps
Motor control valve
Two cation exchange columns, fully

automated, with 30 ft 3 resin per column

Total equipment cost
Installation (in existing facility)
Estimated fixed capital investment

Estimates Operating Cost for Recycle
Washing of Alkali-Refined Soybe.n Oil

Cost item

Chemicals
H2S04, 66° Be', 240 lb at SO.0335 per Ib
NaOH flakesa

Labor, 4 man-hr per day at $4.00 per hr
Maintenance, 6% on 35,200b .
Resin usage, 20% per year on $ 1500b

Estimated processing cost
Estimated processing cost,C dollars per 100 Ib oil

Cost in doll...

1000
1500
1900
1400
:00

24, :00

S30,200

5000
S35.200

Dollan perilr

8.04

3.08

16.00
7.04
1.00

35.16
0.00411.
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hydrogenations made with samples ,:!..:':'en curing the prelim
l/t~ry :4 hr recycle washing tests, resul,s ',',e re s:r;ll:ar bu t
lhere were smalier differences in hydrogenatlCn rates
between regular washed, unbleached and recycle .... ashed.
unbieached oil.

A sample of soybean all that was recycle ·.1i3shed,
hkached and deodorized (unhydrogenated) in plant quip
ment was evaluated by the Northern Laboratory ,:iste
panel. The bleached color of the oil was 0.4 (L'Y'lDOnd
reu). The average odor and f1avor scores of the deodonzed
(unstored) oil were 7.4 and 7.0, respectively, and aiter 4
Jays of storage at 60 C the scores were 6.1 and 5.3. The 8
hi AOM was 15.0. These values are similar to values usually
ubtained wi th commercial soybean oil and indicate the
recycle washed oil is of acceptable quality.

During recycling of wash water, soluble material accu
mulates in the water. Two gallons of recycle water removed
flam no. I storage tank during the 28 day test was Iyophl
hlcd in a freeze drier. The residue was a soft, brown, hygro
~.:upic material, and the recycle water contaIned 2.4% of this
material. Analysis gave the following values: total m:rogen
I KjeIdahl) 1.54%, phosphorous 6.44%, reducing sugars after
~cid hydrolysis 16.0%, unsaponifiable 0.6'70. EsteniicatlOn
u( a sample with methanol and gas liquid chromatographic
mall' sis of esters showed that the fatty acids had the
composition of soybean oil. The soluble tnatenal :s ev]
Jenl]y largely phosphatides and related materials, but It
Includes no oil per se.

The ion-exchanger columns did not operate :1S long :1S
Ihey theoretically should before requiring regenentlon. The
two 8 ft 3 ion-exchange columns have a theoretical sodium
'~moval capacity of 20.0 lb each. At an oil !low rate of
355,500 lb.per day and a sodium removal level of 30 ppm
(rom the oil, the column should last ca. 48 hr in theory and
ill least 24 hr in practice before requiring regener:1tion.
Flam the data collected, the ion-exchange column lasted an
~Yerage of only 8.9 hr. This indicates that regeneration acid
may have been too weak or insufficient or that partial
fouling of the resin by material in the recycle water lowered
crfective capacity.

Wasteload

Several 5 day BOD tests were run to determine the
dfectiveness in reducing the pollution load of the refinery
uf utilizing the recycle water wash method in processing the
)oybcan oil. It was found that the load produced during
(~ch regeneration amounted to 16.9 Ib of BOD (Table IV).

The average length of service for one column was 8.9 hr
~l <In average flow of 14,500 lb oil per hour. Thus the BOD
III<ld using the recycle washing system amounted to 0.129
Ib BOD per 1000 lb oil production.

Based on an average BOD of 10,400 mg/liter
• t

showed that :.DS it: 5·jD .. as produced [0r every looe
oil produc tlOn.

According to :hese :akulations, it is possible to red:
the normal BOD >:JC :~rom ::Ln approximately six tar.k
per day refinery by [.9 lb/1000 ,b ad produced 9
reducllon) by e:npioytng the recycle method of wa
·,\Iashing.

Cost

For a plant installation in a 12 car per day (720,000'
refinery, the estimated fixed capital investment is 535,::(
:J.Ssuming that a suitable cen trifuge is already available. T
use of two 30 ft 3 columns in a fully automated ion.,
change system would require operallonal labor of ca. 4
per day including routine analysis of samples. With tJ
amount of labor, the cost above the normal refine
expense is estimated to be 50.00488/100 Ib of oil prodl
tion (Tables V and VI). This is partially offset by a wat
savings in the amount of 50.00069/100 Ib of oil prOal
tion. This evaluation of the actual cost for a permane
installation of the water wash system is based on the piJ
test results descnbed.

This procedure eliminates loss of oil during washing
the refined soybean 011, while the conventional .... :1s::.:
produces an 011 loss of ca. 0.5% equivalen t to a cost
SO.05/ I 00 Ib of all processed. Thus the recycle ....·ashi:
process can effect both a substantial reductlon in Be
discharge and an appreciable savings in the cost of pIa
operation.
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hnllled strictly to edible oils but are
~rrlicable also to pt .•;.:t. e oils.
We ~ve ir:stall~d a t we stage system at
~ rdinery in Oklahoma, where the first
~IJF is designed to, and in fact does.
rrmove hydrocarbon,type oils from
:he \io'i!ste stream without the use of
.hemlca!s, and the second stage is used
I" danfy the waste water. The first
\!J"": returns essentially all of the
J\'Jilabie hydrocarbon materials to the
rdlnery where they are reprocessed.
The second stage has effectively elimi
l\;Iled a large ponding system for final
Ir~alment of the waste water before it
JI~h.1rged 10 a federal system.

The electrochemical process has
proven effective In removing fats and
oils without the aid of chemicals at a
large packing plant. The Oow a t this
plant is I :!OO gal/min. Even though the
waste stream is contaminated v,ith
manure. blood, and has a Ouctuating
pH, it is stili possible to recovery fat
down to a level of 20 ppm, and this fat
then is augured directly to a melter for
rendering.

A fat recovery syste m also has been
designed for an edible renderer. The
fats, oils, and greases are removed in
this case in a single stage operation
from a level of 3000-5000 ppm to less

than 100 ppm. The recoveree fat then
is passed through a skimmIngs thic~,

ener where the concentration i~ ir:
creased from 10-45% of hexane ex
tractables. Control equipment which 1$

..,stalled at this plant enables the
system to operate essentially without
attention.

The process also has been installed
in an inedible rendering operation
which was not in trouble with the
sanitary district. This installation was
made at the request of the owner
strictly for economic reasons: the fats
and oils are money and the recovery
from the sewer is profits.

Reprinted with permission from Journal of American Oil Chemis~s Society.

Treatment of vegetable oil refining wastes to conform to
government regulation 1

MOLLIE KAYE CANTRELL and HOWARD F. KE LLER, JR., GBK Enterprises,
Inc., Fullerton, California 92633

T .... BLE 1

Typical Re$ult$ of 5kimmin g Method (I )a

surface more rapidly and completely
than in a simple skimming tank. Hea\'
ler solids v.ill still fall to the bottom

The results, shov.n in Table II,

FOG

3985
3200
2S

55

3680
2700
33

BOD

4010
24~0

38

tmpurity:

Input
Output
Percent removal

bY'product recovery and pollution
control method almost universally by
in d u stries which have significant
amounts of fats and oils in their waste
water streams. The method usuaUy
involves the co mbining of the various
plant waste water streams and dump
ing into a common separation station.
The separation station consists of a
large pit equipped with bottom sludge
removal equiment and a mechanical
skimmer for removing the floating oils
and fats. There is also a drain for

lIislorical and conventional meth
,.Js for the treatment of vegetable oil
"IlJle waur are described. The reS'.JJtJ
"btl/llled and the economics of the
'"llTmus processes for oil'wa ter separa
11/11' are reported. A process utiliZing
Idurive adsorption filtration is de
lai~cL The new regeneration proce
Jure for cleaning the filter media
.111"14'$ for its total reuse. The process
{'",Juees effluent water which will
",mform to existing government regu
;"'11111/1 for oil content. Development
,,',hl' titration re eneration rocell is
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T..... BLE;V

Dirtct C0St C0mp31isam for 500,000 Gal/Day Wastt Water Treatment Systems

......ir flotatIon C...ith chemicals) G3!( Filter ~nit

Aluminum sulfatt 500 ppm

Polymer 2 ppm

H2S04 (concentrattd)b for pH 3·6

Total
daily

Daily need Cnit cost ($)

S150/2100 50.00
gal

Cost factor

NaOH (concentrated)

Labor
Power

SttamC

Disposal of oily sJud~

Required amount

to neutral emuent

I ffian/24 hr

1370 kwh/day

3000 Ib/
gpd

20"751b

3.31b
.~I3Ximin 12

gph

6cen t;lb

S2/lb
S60/ton

S60/ton

S6/hr
S.Ot5/kwh

124.50'

16.60

138.00

138.00
144.00

20.55

F.eql.iire~ 3:=10unt

:'oIone

:'ione
For pH 4 or less

Same
4 Hr supenisory time/week

1500 kwh/day

Sane
?'o'one

L;nlt Tv
Daily cost j~:

nee1 (S) ($

138

DB

4/7 hr 8.00 4.5~

22

3 For air flotation, the cost of treating 1000 gal ~ter with chtmicals i.s S1.27. For GBK system. the cost of treatmg 1000 gal waler IS $.6'
bConlinuous use of acidulation waste wattr rtduces acid consumption proportionately.

eCost of steam ;'aries according to the avaliability of excess steam in the facility.

T ..... BLE V

Equipment Response to Vallous Treatments a

aBOD = biological oxy~n demand, 55 = sU5pended solids, and FOG = falS, oils, and
greases. These are given in ppm.

Treatment system BOD 55 FOG

Raw plant emuent 2635 1400 485
Anaerobic lagoon 475 580 105
Tric klin I filter 296 602 75
Final clarifier 125 110 35
Chlorine contact basin 60 90 IS

Total plant (percent) I 97 94 97

The applicat:on varies from slate
state and from city to city but t

dfect is al'.l.ays to create an unnec
sary added cperating expense ior t
plant.

In the ~:!st, it 1""..25 ::een eCQ:10

lcally unfeaSIble and politically l

necessary for the industry to be c(
cerned 'Nith the removal of the V(

small remaimng quantities of imp~

ties in the waste water stream. Cove:
ment standards were few and were r.
rigidly enforced, and the industry I
been allowed to' discharge re!atiVl
high amounts of pollutants with t
waste water stream, while fines j

violations were nominal.
Technology in industry has rna

tremendous .advances in process i
provements, increases in productivil
and efficiency. With the advent
stricter antipollution legislation
governments throughout the world,
also has become necessary for t
vegetable oil industry, as well as otb
food industries, to seek solutions r
their water pollution problems. Rece
government imposed standards r
FOG and BOD content of waste wat
are strict, and these are being enfore
more stringently than ever before.

While the technology of pollutil
con trol has taken large strides in mal
problem areas, new ideas for metha
of oil-water separation have been fe'
This is, of course, one of the rna
difficult problems in the area of wat
pol1ution control. Skimming of tl
gross amounts of oil in the waste wat
is still an effective and economic
method for the removal of oil. Ho'
ever, the limits now being imposed at
enforced by the government require
more complete removal of oil at
BOD than mere gravity separation (1

afford.
Ca. 5-10 years ago at the time (

the beginning of stricter governmer
regulations, fIltration began to be r
considered as a possibility for an efr~

tive and economically feasible metho

As can be seen, aU of the methods
produce an improved waste stream.
Unfortunately, government agencies
now are requiring that the food indus
try reduce the total output of FOG,
BOD, and solids even further. Regula
tions now in effect require FOG con
tent of no more than 10 ppm in some
cases. Other areas have FOG limits of
100 ppm or less. Surcharges are almost
universally imposed on plants whose
effluents contain a high BOD content.

processors.
These types of biological treatment

systems can be efficient, but variable
operating conditions, such as pH, tem
perature, and bacterial activity, can be
difficult to control. Lagoons, of
course, must be located out-of-doors
and require considerable amounts of
land area due to retention time re
quirements. All of the biological oxi
dation methods are subject to over
loading during peak production peri
ods, and any upset in operating condi
tions for the systems will require hr or
days for correction.

In general, each food processing
plant has not one, but a combination
of methods for treatment of waste
water. In one report (2), results were
obtaifled by treating the raw plant
effluent with the sequence of methods
shown in Table V.

TECHNOLOGY OF POLLUTION
CONTROL

BIOLOGICAL OXIDATION

indicate an improvement in grease
reduction by using an air notation cell,
but the air notation cell appears to
perform ca. equally to gravity separa
tion for removal of BOD and sus
pended solids.

. The efficiency of the dissolved air
notation method of FOG, BOD, and
SS removal from the waste water can
be improved by the use of chemical
nocculants and coagulants. In one test,
alum and a synthetic polymer were
used to enhance the performance of
the method (I).

Table III gives the overal1 average
results of an extensive series of tests
using a combination of alum and
polymer with di$Solved air notation.
This test was performed simultane
ously with the test for air notation
cells above, without chemicals.

Better BOD, solids, and FOG re
moval have been reported by some
sources, when the chemical concentra
tion is increased.

Table IV gives a cost analysis of this
type of operation.

Biological oxidation methods some
times are used for food processors as
secondary methods for removing pol
lutants prior to discharging to a stream
or sewer. Aerated lagoons, anaerobic
lagoons, trickling fIlters, and activated
sludge are commonly used methods,
and all are familiar to vegetable oil

,'\
,\ \
\ \
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TABLE VII

Sample number FOG (ppm) COD (ppm) FOG (ppm) COD (ppm)

1543 280 0.5
1608 815 22tO 1.2 1580
1630 195 2340 2.8 1550
1700 260 2.6
1740 145 2930 39.0 1320
1810 750 2210 12.2 1060
1830 78 14.3
1900 60 19.4
2045 23.5 1.9
2115 16.7 0.6
2130 39.0 1.1
2145 39.0 0.2

T.... BLE VI

Feed

91. 7
1.66
1.66
3.3
0.83
0.83

Percent

12.7
1.5
1.3
0.9
2.5
1.6

FOG (product)
(ppm)

Product

45
53

3040
480

76
49

FOG (feed)
(ppm)

Plant EfOuent Composition

Impuriry sourc~

Deodorizer water
Gravity separation basin
Water wash
Condensate
Acid waste water
Packaging

neously so that vanations in condItion
of the waste water feed stream could
be ignored. Sand S retained 1.3 Ib
oil/ft 3 media at the time of oil break·
t~ough and sand M retained 6.8 Ib
oil,:ft 3 media at the time of break·
through. Equal volumes of wet sand
we re use d for eac h test.

To demonstrate the effect of flow
rate, the above beds were regenerated,
and the flow rate was increased to 20
gpm/ft 2 . Sand S retained 0.6 lb oil!ft 3

at breakthrough, with a pressure drop
of II psi/ft media depth. Sand M
retained 4.8 lb oil/ft 2 at breakthrough
.....ith a pressure drop of 5.2 psi!ft of
media depth.

For all normal sand usage applica
tions, the sands are identical. As a
matter of fact, sand S is the most
frequently used and most highly rec
ommended, because it falls within the
est a blished National Filter Sand rec
ommended ranges, while sand M does
not.

The above noted differences in oil
adsorption and throughput capacity in
the two similar sand filter medias
points out the necessity of properly
designing the bed for the waste stream

15
13
14
IS
J6
24

Pressure drop
(Ib)

Fat, Oil, and Grease (FOG) Response to Treatment

TABLE VIII

Plant Effluent 'Response to Various Water Treatmentsa

1630
1700
1754
1803
1900
2000

a FOG =fats, oils, and greases and COD = chemical oxygen demand.

Sample number

led, tested, and changed. jf necessary.
to maxi mize the efficie
filtration process.

The first step in improvi::g the
filtration process was gaining an under·
standing of the theory of the selectlve
adsorption process. The closest anal
ogy to selective media filtration is
chromatography. The mechanlsm lS

almost identical in that it is a surface
absorption mechanism demonstra ting
a surface saturation migration poten
tial, ....ith total adsorptivity being pro
portionate to surface area. The only
difference seems to be greater quanti
tative adsorption than would be dic
tated by the theory.

The quantity of oil adsorbed is a
function of: (A) particle size distribu
tion within the filter media, (B) flow
rate thorugh the filter in gpm/ft 2 , (C)
oil content of the waste water stream,
and (D) the effect of other constit
uen ts in the waste stream on the
absorptivity of the oil.

As an example of the effect of
particle size distribution, the following
was observed in the quantity of oil
adsorbed by two sands with the same
mesh size nomenclature, but differing
widely in their particle size dlstribu·
tion patterns. (Oil capacity of the bed
was reached at the time oil break
through was observed in the emuent
stream). The sands were both 30 mesh
according to the. suppliers, and flow
tate was held constant at 10 gpm/ft 2 .

The feed fluid was refinery waste
water containing 650 ppm FOG and
120 ppm solids (mostly bleaching
clay). The two tests were run simulta-

of pollution control. For the removal
of solids from liquids, the deep-bed
filter al ways has been recognized as
effective. It also is known that a
granular type filter media used in a
Jcep-bed filter can effectively remove
minute quantities of oil from a wa ler
mcam. However, the major drawback
for using a filtration me thod for the
Il:p~ration of oil and water is that,
until recently, there was no means
whereby the filter media could be
reused after it was saturated with the
(111 from the waste water stream. If the
media has to be dumped each time the
hcJ is saturated with oil, then the
liltration method becomes very costly,
even if highly efficient.

GBK PROCESS

Several years ago, a patent was
Issued for a method in which the filter
media bed was cleaned by introducing
!lllivent or steam into the media then
J\lssing it through the bed in the
JIrection countercurrent to the liquid
Ilow. For the petroleum industry, the
~hove method for cleaning has proved
III oe satisfactory, and GBK has an
~~eement whereby they can sell this
uni1lue system.

GBK tried to apply the steam clean
inG process to edible oil refinery water
fillers and was unsuccessful. The major
pruhlem encountered was due to the
~"ilivity of the unsaturated oils com
(\Ired to the petroleum oils. After
~:~eral steam cleaning cycles, the filter
Uledi:! became cemented together by a
tu~hly polymerized varnish, caused by
lhe sleam cooking, and this was, of
course, impossible to remove.

To avoid the above problem, a
r~Jil'~1 and novel method of chemical
reGeneration was developed and has
t-:.ume a part of the GBK oil-water
ICparation process. This new process
made feasible the use of a deep-bed
filler with vegetable oil processors'
II'asle stream. However, there were
IIlher important problems to be solved
relating to the complete water poUu
lIon pro blems existing in the industry.

To arrive at the level of waste water
purity desirable to conform to govern
ment regulations, it was necessary for
(illK to develop a completely inte
grated, unique, water treating system
for the edible oil industry. To this end,
~ process was developed which has the
c~PJhility of removing and subse
Iluently recovering virtually all of the
falS, oils, and greases from an effluent
1Iream.· The heart of the treatment
J)'stem is selective absorptive fLltration
cOnJoined with chemical regeneration
of the filter media. The efficiency of
the filtration method has been im
proved by GBK, by taking into consid
eralion the many facets of the process.
bch of these process areas was stud-

... l. AM. 01 L CHEMISTS' SOC.• January 19: 5 (Va L. 5:')
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TABLE IX

Palm OiI-GBK Filter Test

Suspended Hexane eODb
Location Product Time pHa solid (ppm) sol uble (ppm) (ppm)

Deodorizer ba.sin In 1:30 pm 2.53 6.7 64 290
Out 1:30 pm 2.60 Less than 1 Less than 5 33
In 1:35 pm 2.54 1.5 50 250

Out 1:35 pm 2.58 Less than I 0.5 50
Gravity separation In 2:57 pm 1.76 11.6 94 350

basin Out 2:57 pm 1.56 Less than I 0.5 75

In 3:07 pm 1.68 2.2 168 570
Out 3:07 pm 1.80 Leu than I Less than 0.5 70

!I1 a particular situation rather than
using a ""niversal" filter sand.

TEST DATA

Initial tests of the system of adsorp
tive filtration on refinery waste water
were conducted on 1-3 gpm slip
strea ms of plant effluent waters or on
streams deliberately mixed to simulate
total plant effluent.

An experimental, small-scale filtra
tion study was conducted at a vege
ta ble oil refining facility to determine
the FOG removal from treatment of a
synthetic waste water which is repre
sentative of the plant effluent pres
ently being discharged to the sewer.
The plant effluent composition tested
is sho own m Table VI.

The average pH of this blended
waste water stream was 4.5 with no
significant change being affected by
the filtration process. FOG for the
feed to the filter was an average of 225
ppm. The average output of the GBK
filter was 7.9 ppm. This represents an
average reduction of FOG content of
96%. The filtration test period ex
tende d over a period of 3 hr, ata flow
rate of I gpm. There were three 1/2 hr
shutdown periods during which the
media was either changed or regener
ated.

The results from the test are given
in Table VlI.

Based upon the significant FOG
and chemical oxygen demand (COD)
reductions with the smaller 1-3 gpm
pilot units, studies were planned in
volving the use of a 100 gpm skid
mounted unit. This filter was set up
adjacen t to the gravity separation
basin which collected the total plant
effluent before discharge to the sewer.
Suction was taken from the "clean"
water section of the basin.

Average input to the filter was 623
ppm of FOG. Ten min prior to taking
sample 1754, 5 gal pure vegetable oil
was injected into the line feeding the
filter to see what increase, if any. in
FOG output would occur. Average
output of the mter was 3.4 ppm of
FOG, representing an average reduc-

apH was adjusted to below 4.0 in every case.
beOD =chemical oxygen demand.

tlon of 99 5% In FOG. T~e pH of the
·... as;e stream ·... as adjusted to ca. 1.0
with H1 S04 injection, prior to filtra
tlon Results of the test are shown in
Table vm.

Length of the experiment was 3-1;2
hr. The pump ·...--as shut off when
pressure drop across the bed reached
24 lb. This had been predetermined to
represe:1t a state of undesirable solids
plugging within the filter media. As
seen above, FOG removal was good,
even with a partially exhausted filter
me dia.

At the request of the refinery man
agement, a second test with the 100
gpm unit was conducted on a day
when palm oil was being processed.
Information desued was related to
removal of 55. FOG, and COO. The
fir>t half of ·.his test was conducted at
the deodorizer basin and the second
half was conducted at the gravity
separation station. The pH was ad
justed to be~ow 4.0 in every case.
Length of t~e fIlter cycle at each test
station was ca. 1 hr. At the end of that
hr, re:inery personnel took two:on·
secutive samples of feed and product
water for analysis. Results were re
ported by an independent laboratory
and are given in Table IX.

The successive steps of scale-up for
tests ....-ere 1·3 gpm, 100 gpm,and 170
gpm. GBK recently has installed a
full-scale plant for a Chicago facility of
an edible oil producer on a waste
water stream averaging 450 gpm of
flow.

The operation is initiated by pres
sured flow from Our effluent stream
into two or three vessels containing
adsorptive me dia. An automatic pro
gramer is set for a specific time cycle
that controls the amount of time the
two vessels receive this flow. The time
cycle can be set for any frequency of
30 minoS hr. At a preset time, one of
these vessels is taken off stream, and
the third vessel comes on stream. The
off stream vessel is regenerated in a
patented process that recovers the oil,
which su bsequently is returned to our
fats acid stock. The off stream vessel
then is backwashed to remove the

~r:trapped solids, and the ve5SC:
on sta:1dby, haVing been re?=::e:;
....ithout loss of adsorptIve medIa.
next cycle of regene~a:;on tJ;:es
second vessel off stream for oil re
ery a:1d solids removal. Du:-u:.g
entire process, two vessels always
filtering and one is in regeneratlOl
on standby.

The automatic programer is ~es;

sive to two other signals that mon
the quality of water from the C
filter system. A signal from a tu
dimeter which is monitoring efflL
from the filter system can instal
override the preset time cycle
cause the standby vessel to come
stream and place in re~eneratlon

vessel which has bee:J longest
stream.

Secondly, a pressure di::~:en

incease sig;:al from a pressu,e 5er
can override the preset time cy:;e
act to remove the oldest ves.;e: ir
the system for regeneration. T:.e p
sure overrIde indIcates excessive so
and oil buildup in the media :-Cd ;
processes a clean vessel into se:v
These back·up override signals all
for 100% recovery by the syste m wi
mamtaining the. filtering efficiency
cases of severe loading by solids or

The ov.erall water treating syst
which has been installed is an SOO g
ca pacity unit. It consists of the fil
pH control· equipment, au[om;
v--alving, flotation vessel, pumps, mi:
peripheral storage tanks, and eqL
ment. Initial performance tests h.
been conducted by both GBK- a.,d
customer. The GBK system has prm
itself to perform within the lirr
imposed by the city and state w
reference to FOG content and SS.

The importance of total autor
tion of the system has been poin I
out by the start-up problems encol
tered in using the system on a manl
basis. The system involves a coml
cated sequencing of valves and otl
equipment to achieve best results d'
ing both" the filtration cycle and I
fIlter regeneration cycle. When man I

operation is used, operator errors qu
frequently upset the normal operati
of the complex system of water tre
ment. This in turn produces pc
average results from the treatme
system. Automatic, programed cc
trois eliminate the need for operata
decrease labor costs. and enable t
fIlters to operate as guaranteed, wit
out the uncertainty of human ~

formance.
Also worth mentioning at this poi

is the necessity of customer control
the flow rates of waste water and t:
impurities in the stream which is f/
to the waste water treatment syster
Data are available which show th
variations in plant operating prcx:
dures can influence the guarantel
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performance of the filter system. For
c~ch individual plant, it is. therefore,
necessary to m3ke 'I spec..:;". c·, ..; .... "on
of the waste water stream and the
sovernment standards which must be
met. Then, we must institute plant
operating changes and controls which
will ensure consistency, within recom
mended limits, of the waste water feed
10 the GBK filter syste m.

The unit currently is being operated
manually. Start-up data are incomplete
at this time, but the following trends

are clear: (A) surcharges for discharg·
ing the BOD to the city sewer have
been reduced to a fraction of the
former amount (from ca. S14,000 to
$3,000 or less/month); (B) threat of
fines for FOG discharge has been
eliminated, as output from the filters
falls within government standards; (C)
oil recovered for resale has increased
by 5000 Ibiday over the old system
(this oil has a current market price of
14.5 cents/lb); (D) the GBK unit
performs as guaranteed when required

operatIng conditIons are fully met by
t!1e customer.
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Operating experience with biological cool ing towers 1

WI LLiAM M. NEUNER and ERNEST K. HOl T, lever Brothers Company,
New York. New York 10022

FIG. 1. Biological cooling tower shown under construction at Lever's Edgewater. N.J .•
plant. Piping in left foreground supplies waler from cooling tower to edible process de
partment.

One of our major water pollution
problems concerns the purification of.
lJlld disposal of or the bottling up of,
"vue wa ter from our edible oil proc·
mlllg plant in Edgewater, N.J., and
0'" fatty acids distillation plant in
!fall/Illond, Ind. It ~s decided to
I/II'~sligate the use of a cooling tower
"1 a means of developing an environ
1IImi for biota growth so that aerobic
l'>c.1ct~ria would feed on the organic
mailer present. This preliminary work
'HIS done in 1966 on a 30. gpm
prolotype tower in Hammond and a
7]0 gpm tower (modified) in Edge
....ula. As a result of this test work,
!.IIiI.' Hoffman cooling towers, with
high jill to volume ratio and abnor
maily large water basins, were pur
chased for our Edgewarer plant and
/lammond plant. The towers were
Cl/1IImissioned in September 1972. The
lower systems are fitted with the
necessary controls to maintain proper
lxlsin water temperature along with
filliomatic feed systems for the nitro
grn and phosphorous reqUired for sat
ulactory biota growth. The Edgewater
tower, with a capacity of 3700 gpm,
has performed satisfactorily with re
glJrd 10 chemical oxygen demand val
Ul'S alld odor problems. There have
hall a few minor mechanical prob
/O//S. The Hammond tower, with a
rapacity of 380 gpm, has had mechan
ical problems which have precluded
sufficient continuous operation to
am:ss it! performance completely.

INTRODUCTION

In the refining of fats and oils for

lOne of seven papers presented in the
.y mflOsiu m. "Ecology - Practical SoJulions
lu Environmental Problems u Practiced in
the: Fou and Oils Industry" at the AOCS
Spnnc Meet;nc, Mexico City, Mexico, April
1974.

use in edible and soap products, high
vacuums are employed. These vacuums
generally are obtained by the conden
sation of steam in barometric con
densers. Part of the process also may
require steaming of the product simul
taneously, and steam and organic
vapors may be generated by the pres
ence of a vacuum and heat. Therefore,

the' condensing water not only is
heated; it picks up organic :-:-:atter
carried out as vapor or steam distilled
from the reaction vessel.

One of our major pollution prob
lems concerned elther the purification
and disposal, or bottling up, of this
waste water, and studies were begun
several year; ago to solve the problem.

J. AM. OIL CHEMISTS' SOc.. January 1975 (VOL. 52)
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ABSTRACT

Research "'as IlI1derraken to inL'esrigare rhe treatment ufpa!m oil mil! t!ffiuenl
(POME) using Ihe fungus Trichoderma viride 10 reduce irs aaSlell'ala
strength. and to recorer Ihe microbial mass. Afore than 95% reduCiion In

Chemical Oxygen Demand (COD) of rhe POME was achiered after 10-14
days offermentation. The fungal biomass produced from the POJf E \I'as
/·37-/'42 gllirre (dry lI'eight) of mycelium with a crude prolein conlellr of
37·6-40·7%.

INTRODUCTION

In Malaysia. palm oil mill effluent (POME) has been found to be one of the
major sources of pollution from the agricultural industry. The palm oil mills
in Malaysia generate annually about 9 million tonnes of effluent and the
volume generated is expected to double by the year 1990 (Chan et al., 1983;
Yeow & Ahmad, 1985). The high organic pollutants of POME need to be
treated before it can be discharged into streams or any other receiving
waterbody. With the rising costs of pollution abatement and the stringent
measures imposed on effluent standards, many palm oil mill operators may
be forced to find alternative methods for pretreatment of the effluent prior to
discharge for secondary or other treatment systems.

Biological treatment of POME to reduce the wastewater strength is one
potential method that can be adopted to alleviate the pollution problem
faced by the palm oil industry. Recently many researchers have resorted to
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the use of micro-organisms to treat food processing wastewaters and POME
(Church & Nash, 1970; Church et aI., 1973; Beuchat et al., 1978; Lemmel et
al., 1979; Barker & Morgan, 1981; Karim & Sistrunk, 1984a,b; Suwandi &
Mohd, 1984). Biological treatment of liquid effluents from food processing
plants has been established for a number of years and is the principle on
which lagooning, activated sludge, and trickling-filter systems are based.
Church et al. (1973) have reported the successful use of the fungus
Trichoderma viride (T. viride) in aerated lagoon and oxidation ditch to treat
corn and pea canning wastes, and greater than 95% Chemical Oxygen
Demand (COD) removal of the wastes was achieved. The fungi have the
ability to convert dissolved and suspended organic matter into a mycelium
that is high in protein content and which can be readily recovered by simpie
filtration or screening. Several researchers (Sinnappa, 1979; Wong et at.,
1980; Quah et al., 1982; Ibrahim et al., 1984) have also studied the anaero bic
fermentation of POME. The anaerobic fermentation process often operates
with relatively long hydraulic retention time which is needed to allow
anaerobic bacterial digestion of POME to take place.

This paper deals with work that was undertaken to treat the POME by
biological means using T. viride with the objectives of reducing the waste
strength of the effluent and recovering the mycelial biomass produced by the
fungus which could be used as a valuable source of protein for animal feed.

METHODS

Raw material

Fresh composite samples of the POME were obtained from an effluent pond
at the Bukit Rajah Estate palm oil mill, Klang, Selangor, Malaysia.

Preparation of inoculum

Strains of Trichoderma viride ATCe 32086 were maintained on malt extract
agar (Difco Laboratories, Detroit, MI) and used as stock cultures. Spores
grown on the malt extract agar were harvested into 200 ml saline solution
(0-85% NaCI) and the turbidity of the solution was adjusted to 75 formazine
turbidity units (FTU) using a turbidity meter (Moniter Model TRM-LD
DIGITAL, Austria). The spore suspension having 75 FTU contained
2·4 x 106 spores/ml measured by a haemocytometer. Five per cent (v/v) of
suspension was used as inoculum. For mycelial inoculation, spores of
T. viride were grown in malt extract broth, incubated at 300 e for 4 days,
using an incubator orbital shaker (Labline Model No. 3521, Malrose Park,

-.JIT II_ III .-
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IL) at 125 oscillations/min. Five per cent (w/v of sample) of the mycelium
was used for inoculation of the effluent samples.

Fermentation experiment

POME was subjected to four different treatments as follows:

Raw POME (control).
Boiled POME (boiled for 10 min and cooled down to room temperature).
Raw POME with 5% inocuium of spores or mycelium separately.
Boiled POME with 5% inoculum of spores or mycelium separately.

Duplicate samples of 300 m! PO~1E in 500 ml flasks were used for each of the
above' treatments and replica ted twice. All the samples (not capped and left
open in the culture flasks) were i~cubated in a shaker incubator (Labline
Model No. 3521) at 125 oscillations/min at ambient temperature
(28C C ±2°C) for a period of 2 ·... eeks. At intervals of 2, 4,6,8, 10, 12 and 14
rla\'S.~amnJ .s- er settlin2 for 30 min, were taken for analysis of COD and



146 ....fohamed Ismail Abdul Karim, Ahmad Qalam Ahmad Kamil

the raw and boiled treated POME samples. The idea of using boiled POME
was to eliminate most vegetative cells of microorganisms present in the
sample thereby reducing growth competition from the inoculated fungi.
However, some spores and thennophilic bacteria which survived the boiling
were found to grow in the effluent and they caused a decrease in COD of the
effluent on incubation.

o Raw POME

o Boiled POM E

• Raw POME with 5% inoculum

• Boiled POM E with 5% inoculum
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Fig.!. Effectiveness of T. viride sporal inoculum on COD reduction of palm oil mill effluent
(POME).
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Turbidity of treated settled effluent

Greater reduction in turbidity of POME was observed with [inoculated
samples (Tables 1 and 2). Greater reduction in turbidity was observed with
the settled POME treated with mycelium than with the sporal inoculation.
The boiled treated samples had a slightly smaller decrease in turbidity than
the raw samples.
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• Raw 1'O..,E with 5% inoculum

• Boiled 1'O..,E with 5% inoculum

1082o 4 6
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Fig. 2. Effectiveness of T. lJiridl' mycelial inoculum on COD reduction of palm oil mill
effluent (paM E).
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TABLE I
Effectiveness of T. L'iride Sporallnoculum on Turbidity Reductions oi Palm Oil ~1ill Effluent

(POME)

Incubation Turbidity ( FTU) readings
days

Treatments 0 2 3 4 6 8 /0 /4

Raw POME (Control) 613 594 557 475 387 263 131 127 114
Boiled POME 649 634 614 526 413 308 188 164 148
Control with 5% inoculum 613 570 439 401 374 243 114 108 92-4
Boiled POME with 5% inoculum 649 591 488 336 238 147 85·8 74·2 70·6

Biomass production and protein content of raw and treated effluent

Results indicated that a somewhat higher recovery of fungal biomass was
obtained from POME inoculated with the mycelium inoculum than the
sporal inoculum (Figs 3 and 4). The fungal biomass recovered from the
boiled and raw POME inoculated with the mycelium inoculum contained
1·42 and Di g/Iitre (dry weight) mycelium, respectively after 10 days
incubation (Fig. 3). On samples inoculated with sporal inoculum, 1·29 and
1·21 gjlitre (dry wt.) mycelium were recovered after 14 days' incubation (Fig.
4). The biomass yield obtained from this experiment was found to be quite
low as compared to the findings of other researchers using filamentous fungi
grown on POME (Suwandi & Mohd., 1984; Barker & Morgan, 1981).
However, their findings were based on using concentrated POME
supplemented with carbon and nitrogen nutrient sources. One possibility of
increasing the biomass recovery yield in our experiment is to add nutrient
supplementation to the POME. However, the objective of achieving

TABLE 2
Effectiveness of T. uiride Mycelial Inoculum on Turbidity Reductions of Palm Oil Mill

Effluent (POM E)

Incubation Turbidit)' ( FTU) readings

days

0 I 2 3 4 6 8 10

Raw POME (Control) 664 657 655 535 497 414 385 263
Boiled POME 723 715 709 684 602 586 472 335
Control with 5% inoculum 664 651 509 385 140 105 89·7 76'1
Boiled POME with 5% inoculum 723 702 460 218 95·7 78·3 70-2 64·0

- 111111_ I"
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• Raw POME

• I Boiled POME

o Raw POME with 5% inoculum

o Boiled POME with 5% inoculum
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Fig. 3. Effectiveness of T. viride mycelial inoculum on biomass weight of palm oil mill
effluent (POME).
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Fig.4. -Effectiveness of T. viride sporal inoculum on biomass weight of palm oil mill effluent
(POME).
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Fig. 5. Effectiveness of T. viride mycelial inoculum on protein content of palm oil mill
effluent (POM E).

maximum biomass production with greater reduction in COD of POME
needs further study.

The crude protein content recovered from the fungal biomass of the
treated POME was found to range from 37·6 to 40·7% using sporal and
mycelial inoculation after 10 and 14 days' incubation (Figs 5 and 6). The
crude protein content of the untreated POME was found to range between
0-42 and 0-55%.

CONCLUSION

Fermentation of the POME by microbiological means can be an alternative
pretreatment technique in reducing the polluting strength of the effluent.
Using the fungal (T. viride) inoculum, more than 95% reduction in COD of
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Fig. 6. Effectiveness or T. viride spora! inoculum on protein content or palm oil mill effluent
(PO\1E).

the POME could be achieved after 10-14 days of fennentation. There was
little difference in COD reduction between the raw and boiled POME
inoculated with fungi. The fungus was able to grow well and compete against
the indigenous flora in the raw POME resulting in efficient reduction of
COD upon incubation. The fungal biomass recovered had a 37·6-40-7%
crude protein content, and a yield of 1,37-1,42 g,Ilitre (dry weight) mycelium.
Further research work is needed to exploit the use of other potentially
available strains of micro-organisms for effective reduction of the pollution
strength of POME, with a shorter incubation period and the possibility of a
higher biomass yield.
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Simple, redund.nt d••ign

Simplicity and redundancy were the keys to designing
and building a system to handle both current and future
needs at minimal cost, said Smallwood, who joined Lou
Ana just one year before the NPOES deadline.

To contain costs, Lou Ana's engineering team
(Cantinu«1 011 next pe<Je)

deadline-Lou Ana was operating a water treatment
plant which not only met but exceeded NPDES (National
Pollutant Discharge Elimination System) standards-and
at a total cost of only $2.2 million.

During the first eight months of operation, typical BOD
(biochemical oxygen demand) of untreated effluent
plummeted from 10,850 mgll to 16 mgll after treatment
COO (chemicaJ oxygen demand) feU from 38,333 mg/l to
161 mgII; 0 & G (011 and grease) from 8,107 to 4; TSS
(total suspended solids) from 12,461 to 66.

In December, 1979, the Lou Ana plant was cited by
Louisiana Stream Control Commission authorities "as an
example of positiYe change which has occurred in the
state" relative to water quality, said Norman J. Small
wood. who was, at that time, vice-president, technical
services at Lou Ana.

The plant already meets stiffer 1984 standards pro
posed by EPA for BOD and O&G, Smallwood pointed
fllter-ean aJ80 meet the proposed 1984 limit on Tss.
BCT (Best ConventJonaJ Technology Reasonably Achiev
able) standards proposed by EPA for food processors
starting July 1, 1984, are: TSS 20 mgJl; BODa 15 mgll;
O&G 10 mgJL (BODa means average BOD over a 5-day
period)

51

At Lou Ana Foods, simplicity and
redundancy were the keys to designing a
system to handle both current and future
needs at minimal cost

liIu!tHtep tnatment 1M'0CMa"1.ou.\na Fooda
~ INa 11.2 millon gaRon....-ct I8goon.

CH~R~ES £.1MORRIS, Midwetlt Editor
What do yOu ao when you have no wastewater

treatment facilities at all and you're given just one year to
ct:lmply with federal pollution-eontrol standards?

That was the problem facing the new engineering team
It Lou Ana Foods, Inc.. nation', largest independent
'l'8getable oil reflner located In Opelousas, La.. back In
June of 1978.

Lou Ana today refines and processes up to 400 million
Ibt. per year of vegetable olls-mosUy soybean, cotton
seed, peanut. coconut and com but aJso palm, palm ker
I'lel, sunflower, safflower and occasionally babassu-into
'quid salad and cooking oils for retai~ food service and
Iood prOCessing markets. Sales in 1979 reached $70 mll
~more than three times the sales volume of $19 mil
~ In 1971, when former management consultant Theo
dor, G. Schad. Jr. purchased the struggling company,
1tIen known as Cotton Products. Inc.

Because new ownership was occupied during the early
701 With restoring the firm to profItability and expanding
~~slneSl base, little attention had been directed
-vd Was1llwater treatment

In 1975, management studied the problem and
::CIUded It dIdn't have the technical resources to
_Ign and build a wastewater plant Deadline for
~PlyingwI1h the Federal Water PoUutlon Control Aet
....., 1. 19n-loomed eYer closer and Lou Ana was still
~argingwastewater Into nearby Tesson Bayou.
~Lou Ana went out and hired the necessary
• Df\&,~ and by June, 1976. was ready to start designing
-.~"'··"lQn control plant .
"-'Ult: By July 1, 1977-the federally-mandated

~ ENGINEERING, July 1981 Reprinted with oermission from =-F~o~o.:::d-2:.En~g~in~e::..:e~r:..:i~n~g,
,~ Chilton Publishing.
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(consisting at that time of Smallwood, production
director Ray Scott and processing department manager
" uren Barnes) functioned as its own design engine~lf

,-,d general contractor, with certain assignments
handled by consulting engineers Domingue, Szabo &
Associates of nearby Lafayette, La. Lou Ana engineers
designed the overall system and many of its
components: collection, pre-treatment, sump-lift and

. gravity-separation systems, for example, are all original
Lou Ana designs. The consulting engineers designed the
biological (aerated lagoon) portion of the system,
prepared bids for equipment and made detailed
engineering drawings. HThe price tag would have been
horrible" had Lou Ana been forced to rely completely on
outside contractors and engineers. said Smallwood, who
conceptualized the entire system and designed many of
its components.

Wastewater from the vegetable oil refining process
contains by weight 0.5 to 5 percent free fatty acids and
glycerine resulting from the breakdown of triglycerldes.
These substances in themselves are non-toxic and
biodegradable but produce strong, rancid odors. These
are joined in the wastewater stream by caustic soda
(sodium hydroxide) used in the chemical refining
process and sulfuric acid used in the soapstock
acidulation process, and these can be harmful.
Wastewater also contains phospholipids (mostly from
soybean oil but found to lesser degree in corn,
cottonseed and peanut oils); color pigmeRts such as
carotene. chlorophyll, and xanthophyll plus gossypol
from cottonseed; some residual protein meal from the
crude-oil extraction process; traces of sugars and other
carbohydrates; additional impurities removed from
acidulated soapstocks, a by-prOduct of the caustic
refining process marketed by Lou Ana as a feed
ingredient (Soapstocks, like any other fats, contain 9
calories per gram and are thus nutritionally valuable.)

Lou Ana's wastewater treatment system was designed
not only to purify this type of effluent at an average 1977
78 volume of 121,000 gal per day and to meet NPDES
standards in effect at that time, but to handle the
additional effluent load from a planned (since completed)
$7 million expansion of refining facilities (which more
than doubled production capacity) and to meet future

S2

EPA standards at minimum modification cost
"You can't design a system for what your volume ~

today or what it will be next year, but for what it will be·
or 10 years from now-plus a safety factor," adds owM.
chairman and CEO Ted Schad. "You have to providt
adequate drainage and base your design on worst-C3$!
possibilities-and thank God we did," says Schad
recalling what can happen near the hurricane-prone G
Coast "We had a record 15-1nch rainfall in the
Fourteen inches fell on Lake Charles; Opelousas had
inches In just a few hours. Our drainage system was a
to handle it"

In addition to meeting these criteria, system desigr
included prevention of possible oil spills plus control ant
counter-measures capability should a spill occur.

System components are of simple design to minimiZf
maintenance and labor costs. Wastewater treatme~!
facilities at most vegetable oil refineries are too elaborall
and too complicated, said Smallwood. and are therefor!
not well maintained. Oil/water separation systems. fet
example, usually incorporate API separators wilr
horizontal baffles requiring costly manual scrape-dowr.

FOOD ENGINEERING. July 19:
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or lat traps which also require manual cleaning. Lou
. Ana's oil/water separators, on the other hand. are simple

gra':ity-separation decanters designed to minimize the
; co~' ,f recovering floating oils and fatty acids. and made
j ot :iberglass reinforced plastic (FRP) to prevent

Icorrosion and minimize maintenance. All system
components In contact with acidic Oow pH) wastewater

I
are made of FRP. Smallwood pointed out Smallwood once

. worked at a vegetable oil refinery where the wastewater
I system was fabricated of epoxy-painted steel "It failed,"

I
,he said. "because the design engineers lacked practical

experience. Our system was designed by people with
: operational experience In the real world."
I ,\nother factor In containing construction costs: The

Lo Ana design takes advantage of natural topography
tor gravity flow of water to collection pumps.

Redundancy In the system allows components to be
shut down for cleaning or repair without disrupting
system operation and also provides backup should any
Component fall. Four gravity-separation tanks are
available, for example. although the system can run on
two. Eight flow-equallzatlon (surge) tanks are provided,
although only four are needed at anyone time. All pumps
are installed in pairs so system operation will not be
jee-oardlZed by pump failure. "The system is very forgiv
in,_ ., said Smallwood. "It was designed to be that way."

Thr.. typ.- 01 effluent

The Lou Ana system handles three categories of water
effluent:

1. Process wastewater-which contains some vege
table oils, ~udge from crude oi~ and processing re
agents;

2. Rainwater runoff-which washes away drips and
Sj:':!ls from tank cars. tank fields and truck loadlng/
u, oadlng s1atIons;

3, Cooling water-uncontaminated wellwater
CIrculated once through a closed pipe/coil system to
COntrol process temperatures.

Process wastewater is piped for gravity discharge into

FOOD ENGINEERING, JUly 1981

a collection sump adjacent to the main processing
bUilding where it is sampled and analyzed for abnormal
conditions, then flows via gravity through an
underground line to the pre-treatment sump.

To contain rainwater runoff, outside areas subject to
oil leaks. drips and spills (such as tank areas) are
equipped with concrete mats and ringed with dikes.
Underground pipes direct rainwater to a second
colleetlon sump adjacent to the pre-treatment sump,
then to the pre-treatment sump via a connecting line
between the two sumps. This connecting line
incorporates a remotely-operated shutoff valve actuated
by a raln-gauge device. Here's how it works:

In a heavy rainfal~ 011 spillage is washed away in the
Initial downpour and conducted to the pre-treatment
sump. If rainfall continues for a prolonged period and
reaches the preset level in the rain-gauge. the gauge
transmits'a signal to a contrOller, which closes the valve
in the connec:tino line between the two sumps. allowing
rainwater-which Is essentially pure by this time-to
reach a high-level overflow line, which' then conducts
rainwater to the cooling water outfall (If rainwater runoff
were allowed to now indefinitely into the pre-treatment'
sump the entire system would be overloaded, Smallwood
pointed out The other design alternative-sizing the
system to handle complete rainfall load-was not
economically feasible.)

Uncontaminated cooling water discharges into a flash
tank. where any steam generated vents into the atmo
sphere, and remaining water is pumped to two oil/water
separating decanters connected in series. This feature
assures that any entrained oil-which could possibly
contaminate cooling water in event 01 coil failUre, for ex
ample-will be removed. Spent cooling water discharges
from the second decanter through a weir box and a final
gravity separator, then on to the cooling water outflow.

W proce.

The wastewater treatment train combines chemical.
mechanicaJ and biological processes:

(Contittu~ on nelrl~I
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WASTEWATER TREATMENT SYSTEM
PERr=ORMANCE (1977-78) t

NoW: NPDES limit COfIdltiona given in ".,.."IhNJS

Treatment Performance
with Respect to NPDES Umits

Performance 'or ElIch
Treatment Train Proceu

Flow Rate (MGD)
BOO (Ib./day)
O&G (Ib./dey)
TSS (Ib./day)
pH

1. pH Adjustment: Wastewater pH must be adjusted to
a range of 2.0 to 3.0 to achieve optimum gravity separa
tion of floating oils. A control loop in the pre-treatment
sump monitors incoming wastewater and controls the
addition of sulfuric acid into the sump to lower pH to the
required degree.

1. Gravity Separation 01 Oils: pH-adjusted wastewater
is pumped from the pre-treatment sump to four decan
ters for separation of floatable oils. The wastewater
stream enters the first two decanters (connected in par
allel) through a horizontal distributing nozzle located In
the center of each vessel Oil separation occurs in the
central zone of each vessel; oils float to the top and are
pumped off dally by a swinging suction pipe. Water is
continually drawn off via gravity underflow to the second
two decanters, also connected in series, to repeat the
process. Some solids settle to the bottom, from which
sediment is periodically removed by valving one set of
decanters out-of-service. The system is de~ned to op
erate on one set of gravity-separation decanters, since
the succeeding surge tanks (see below) double as grav
ity-separation tanks. GraVity separation removes 90 per
cent of the pollutant load from the wastewater stream.

3. Flow Equalization: Eight 12,lX>O-gaL capacity holding
tanks accumulate a minimum of , 6 hours wastewater at
a flow rate of 85 gpm to equalize wastewater flow to the
dissolved-air flotation unit Flow equalization alloWs opti
mum operation of the OAF unit; the hold tanks also func
tion as settling tanks for further removal of sediment and
as gravity separators for further recovery of oiL As with
the gravity-separation decanters, hold tanks can be indi
vidually valved out of service without disrupting system
operation. .

4. Neutralization: As wastewater is pumped from the
hold tanks to the OAF process. caustic soda is injected
into the water stream at the suction side of the transfer
pump to neutralize pH to about 7.0. Neutralization is con
trolled by an automatic control loop; a manual control is
provided for backup.

S. Dissolved Air Flotation: Neutralized water and a ca
tionic polymer coagulant are discharged into a two-com
partment flocculation tank equipped with high and low
speed mixing agitators. Water overflows from the floccu
lation tank into a coagulation tube centered in the OAF
cell then underflows through six exterior riser tubes to 8
peripheral collection ring at the top for recycle pressur
ization and discharge Into the aerated lagoon. Water re
cycled at about 360 gpm is fully pressurized and Injected
with an anionic polymer coagulant aid before discharge
back Into the coagulation tube. Floating oils are removed
by a rotating skimmer at the top of the tank. The OAF
unit is sized to provide a surface loading of less than 3
gpm/sq. It Dissolved air flotation removes an'additional
9 percent of the pollution load.

I. Biological Treatment An aerated lagoon with a ca
pacity of 1'.2 million gallons and normal w4ter depth of
16 It separated into two sections by a redwood baffle,
accomplishes biological treatment and removes the re
maining 1 to 2 percent of the pollutant load. Aeration is
achieved by eight 4O-hp floating aerator sprays. Uquid
fertilizer is injected Into lagoon influent to supply micro
bial life with nitrogen and phosphorous. The perimeter
wall of the lagoon is lined with concrete to prevent ero
sion of the landscaped earthen dike forming the lagoon.
At current influent rate, the lagoon provides 90 days re
tention time.

7. Clarification: Treated water is pumped from the la
goon to a clarifier for separation of biological sludge.
Clarified water flows via gravity to a final monitoring sta
tion; sludge is recycled back to the inlet side of the 18-

WASTEWA TER TREA TMENT ...
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Waste.a.., neutrauz.cs 10 pH 7.0 wi1tI c.ustIc 1Od.. I.
",umped 10 the fIocculdon tlnk, afIown ,ising aboYe the
.u~ tana In foftground, wfMlre mnalning oila ..
coagulated with • c:MIonic pcHymer~ul..t befClf'e
flowing into thed~ air ftogtion unit.

goon. The clarifh!r Is sIzed for an overflow rate of 45
gpd/aq. fl of sur1ace area and retttntJon time at 3 hOOrs.

&. Final Monitoring: Prior to OYtfaJl discharge, tJ"eate
water floWi through a monitoring station for flow m~
urement sampling and recording of pH. Samples (
treated eff1uent are analyZed weekly for BOD, COD, TS:
and O&G by an Independent, outside laboratory. .

With 18 hours holding capacity, the OAF unit Is Opef

aled only 8 hours per day; the clarifier is operated an.
treated water discharged only during periods when It'\.
OAF is operating. This allows operating those system
only during the day shift, when maximum attentIon am
control can be given to thefr operation.

Onglnal operating cost (as shown in Table) for the en
tlre system Is $8.89 per 1000 gallons of treated effluerll
Depreciation has since increased this cost to a 19SC-a
figure of $10.86 per 1000 gallons.

Skimmlnp, ipent • .-th to farm

Vegetable 011 residues from lou Ana's wastewate
plant and spent bleSshlng earth from the company's oil
bleaching operation are hauled by truck to a nearb.,
company-leased 140-acre farm and worked into the SOl

as fertilizer.
The oil resIdue-skimmings and sediment consistin~

of 55 percent water plus emulsified vegetable oil and lat·
ty acids-are agricultural in origin and thus have soil-en·
rlchment properties. Spent bleaching earth-betonite
clay with about 25 percent (by weight) entrained vege·
table oil-was formerly dumped as landfill on another
nearby farm but has also been approved for soil enrich·
ment by state health and environmental au Ihorities.
(Bleaching earth Is used to remove color pigment~..
carotene and chlorophyll-from refined oils.)

Spent earth disposal has traditionally posed a problem
(Contitlu.c 0/1 n.xt .,.gfI)

Doubles production capacity ~._lBII: _
Between 1976 and 1979 Lou Ana

Foods increased Its vegetable oil
refining capacity from 190 million
Ib~ 10 400 million Ibs. per year with a
Si -nillion capital-expansion
pr~gram which includes:

-A major expansion and update
or the caustic refining process;
-A new 3O,000-1b. per-hour

single-sheal deodorizer with steam
refining capability, plus a continuous
bleaching system, which became
Operational in June, 1979. Both
systems were designed and built by
EM I Corp. EMI designed the
bk ·:ching system around Lou Ana's
sP int-earth disposal method:
Instead of the screw conveyor
COmmon to most systems, the Lou
Ana plant features a unique spent
earth discharge chute from filters
direct to dump trucks, which haul
sPent-earth dally to the Lou Ana
farm.

- Ten million Ibs. of crude-oil
SIc-rage capacity-5 giant tanks of 2
tr.. 'on Ibs. capacity each-were
a<: ed to the S million Ibs. capacity
Onginally available.
. -Eight million Ibs. of deodorized

011 storage capaety-4 tanks of 2
lI'IIl1ion Ibs. capacity each-were also

~OOD ENGINEERING. July 1981

added to bring total reflned-oil
storage capacity to 15 million Ibs.
Additional tankage for both crude
and refined oils was necessary to
handle the many different types of
oils refined by the company. Tank
field expansion, completed early In
1980, includes diked concrete ma1s
with underground drains linked to
the wastewater system, as described
earlier, to contain oil spills and
raInwater runoff.

-Expansion of Lou Ana's fleet of
leased jumbo tank cars (capacity
150.000 Ibs. each) to 235; plus an
overhead tank-car Washing system
to allow dual use of tank cars for
haulln~-In crude oils and shipping
out refined oils. "'We're one of the
few refiners who deal In so broad a
range of oils," said Norman J.
Smallwood. former vice-president of
technical services at Lou Ana

-Improved lab facilities. In
addition to sampling and testing
Incoming crude-oil shipments for
freedom from solvents (hexane used
in the extraction process~FFA
content, odor. navor and
appearance-and outbound oils for
odor, flavor, appearance. color.
grade and price-lou Ana's

laboratory now monitors each step
of the refining, bleaching and
deodorizing process hourly to assure
that oils are within acceptable
processing limits for each stage. Lab
equipment Includes moisture
analyzers, spectrophotometers for
color analysis, deep-fry units for
testing the frying characteristics 01
each oil sample, and an atomic
absorption instrument which
measures trace metals and minerals
in parts-per-mllllon-"not a standard
test In the industry," said Smallwood.

In addition to upgrading
production, the new continuous
deodoriZing and bleaching facilities
have improved by-prodUct yield,
Smallwood pointed out lou Ana
markets deodorizer distillate to
chemical manufacturers Who in tum
recover sterols and tocopherols
(Vitamin E) from the distillate.
Sterols-basic "building blocks" for
hormones-have pharmaceutical
applications, Including blrth-amtr04
pills. Vitamin E Is a natural
antioxidant used to extend shelf life
in many food prodUcts. The
deodorjzer pulls-off about one-third
of the tocopherols in the distillate.
said Smallwood.•

/
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A CASE STUDY ON SUNFLOWER
SEED OIL INDUSTRIES WASTE
CHARACfERIZATION,
CLASSIFICATION AND TREATMENT

Fiisun $engUl

Dokuz EyliJ University. Faculty of Engineering and Architecture.
Deparrment of Environmental Engineering, Bornova. lzmir, Turkey

ABSTRACT

The sunflowe~ seed oil indust~y is one of the most important indust~ial

secto~s. As a pa~t of the ag~o-industry, sunflower seed oil production makes a
significant contributlon to envi~onmental pollution in T~rKey. A lot of
re~~arch 3tud1e3 are Known to ~e ?er~~r~ed on :he char~c~erizatlon and
treat~ent of olive 011 production wastes ln Turkev. but the nature. a~ount.

waste :cads and t~eat~ent of the wastewaters _roduced by sunflower seed 011
indust~les have not been studled to a g~eat extent.

In this study. a typical sunflowe~ seed oil ~ef~nery in the city of !tmi~ was
selected as ~epresentative of this sector. Method of p~oduction is evaluated
and the refinery is investlgated for the characteritation of its wastewaters.
During the fl~st part of the test progta~, quality of combined and sepa~ate raw
effluents was investigated. Possible physical-Chemical treat~ent alternatives
were studied using benCh-scale labo~ato~y models. Based on these studies. the
most practicable and efficient co~bination of treatment operations and
processes were pointed out. Waste seg~egation possibilities for minisization.of
wastewater quantities are investigated. In these investigations treated effluent
quality has been evaluated with respect to the discharge parameters set by the
present Turkish environmental legls1ation.

KEYWORDS

Sunflower seed oil refinery effluents; wastewater cha~acterization: emulsion
breaking; acid cracking: chemical coagulation.

I NT RODUCTION

Turkey produces above million tons of sunflower seed according to 1985
projections of the State Statistics Institute. Approximately 300 000 tons of
raw and 110 000 tons of refined edible oil have been produced in the same year.
(DIE, 1985; OPT. 1985).

The raw sunflower aeed oil can be obtained by using one of the follOWing
methods: mechanical press method, press-extraction method and direct extraction
method. All the three methods are in use in Turkey for the production of raw
sunflower seed oil. Press-extraction method is the &Dost ~idely used sethod in
Turkey, but IDOst of the sunflower seed oil Is produced in primitive presses
having a total press capacity of 150 000 tons, working only a few &Donthll during
the year. They have saall capital investIDents, but are not efficient In
production. More aodern edlble oil plants use up-to-date extractlon processes
for the production of sunflower seed oil, too. Three such plants are operating
in Trace and there are two more in the Marmara Region (TOB!TAK, 198_).

Effluents of sunflower seed oil refineries originate from neutralization,
~interitation, condensation processes and coollng operations. At the
neutralization stage impurities in the raw oil are lIettled with caustic soda
and the settled &Daterial is removed. Thus, wastewaters originating froa the

24\
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neutralization proce~~ are the mo~t polluted one~ produced durigg the refining
of oil.Temperat~res of the~e effluent~ are between 50 and 70 C. Amount of
wastewater generated at thi~ ~tage is 10-20 \ of the oil charged into the
neutralization boiler. Other wa~tewaters produced from refinerie~ are wa~h

waters, which do not have as high pollution load~ as the neutralization proce~s

wastewaters. Effluent~ of the winterization proce~~ are obtained during the
cleaning of press filters and di~charging of boiler water~. Refining of raw oil
con~i~ts of a serie~ of operations utilizing pre~surized ~team; thu~

condensation ~nd cooling waters are also produced as wastewaters. Amounts of
such water~ are too high, but their pollutant concentrations are weak. Total
amount of effluent~ i~ 32 - 46 \ of ~oap production on a wei~ht basi~. As in
the soap production cau~tic ~odu is used; soap production wastewaters contain
high alkalinity, high turbidit~ and suspended ~olids, a~ well as high COD and
BODS value~.

OIL AND GREASE REMOVAL METHODS

Control of oil and grease i~ a ~tringent requirement of municipal authorities
responsible for permitting connection of industrial wa~tewaters into the ~ewer

system. Oil and grease tend to clog the sewer pipes and PUlllpS and create diffi
culties in the municipal wastewater plants.Thus oil and grease limit~ are to
be considered along with other indicator parameters 3uch as 900, pH, total
suspended solids in sewer discharge standards. Industries are asked to remove
oil and greasy material from their wastewaters in order to utilize the economic
and other advantages of pretreatment and Joint treatment. In domestic wa~te

waters, oil and grease concentrations may rll!1ge from 30 - 50 mg/l, whereas wa~te

water~ from communities with industrial contributors usually have higher
concentrations (Tsugita and Elli~, 1QB1).

free oil and grease which is not emulsified, present~ no ~erious problem with
re~pect to its removal from water because it will tend to float and
agglomerate. The surface layer of oil ar,d grease can then be mechanically
Skimmed off the surface. Emulsified oil. however, stays ·in suspension causing
severe ~eparation problems. That is why oil and grease treatment maybe
categorized into two ~tages:fir~t-~tage treatment can be utilized ·to ~eparate

free flotable oil and grease from water. At this stage, the treatment process
involves gravity separation of the greasy material, which is equally effective
in removing grease~ and non-emulsified oil~. The simplest form of thi~

first-~tage treatment is the grease interceptor or grea~e trap. The typical
~rocess for oil and grea~e removal, particularly in situation~ where
emul~ification exists, i~ a gravity separator followed by a second-~tage unit
u~ing one of the several methods for breaking the oil and grease emulsion that
pa~ses through the first - stage uni t. In the secol"d stage physical, chemical
electrical and biological methods exist for breaking oil and grease emulsions.
Chemical methods are presently in wide use. in conjunction with physical
removal methods. EmulSions can be broken by chemicals that will balance or
reverse the surface tension on each side of the interfacial film. neutralize
stabilizing electrical charges, or precipitate emulsifying agents. Common
chemicals that have been utilized to break emulsions or coagulate the colloidal
particles inclUde alum, ferrous sulfate, ferric sulfate or chlor1de. sodium
hydroxide. calcium chlor1de. sulfuric acid, lime, soda, borax, sodium sulfate
and commercial organic treating chemicals. After chem1cal additions freed 011
and grease is concentrated and removed by a suitable physical process such as
dissolved air flotation. Coagulation uti11zing aluminum or iron salts has been
effective for de-elllUlsHyinC 01ly wastes. but the precipi tated sludges are
difficult to dewater and the volume of slUdge generated and requiring ultimate
d1sposal creates an additional problem (Eckenfelder. 1980).

Physical methods used to break emulsions include heating. centrifugation and
filtration. Centrifugat10n breaks oil emulsions by separating the oil and water
phases by centrifugal force. Such centrifugation procedures are best applied to
oily sludges or small volumes of 01ly wastewaters. filtration has also been
used with some success, a~ have high-rate sand and diatomaceous earth filters
(Tsugita and Ellis. 19B1).
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CHARACTERISTICS Of WASTEWATERS ORrGISATI~G fROM
SUHFLOWER SEED OIL ?RODUCTION IN TURKEY

243

In this study a typical sunflower seed oil refinery in t~e city of !zmir was
selected to represent the edible vegetable oil industries. In the plant, 5000
tons or sunrlower seed oil and 2000 tons of soap were produced in 1987. Raw oil
is supplied rrom Trakya Region. Refined sunflower seed oil 13 sold to the
inner and southern regions o( Anatolia. Refining processes which are used in
the plant are neutralization, drying, decolorization, boiling, deodorization,
cooling and wint~rization. A ~ixture30f municipal and ground water is used at
the rate of 40 m Iday, of which 30 m Iday is discharged as wastewater. The
sources of wastewaters are ~ainly neutralization and soap production processes.

In th~ city of !zmir, sewer ~ischarge limits apply to in~ustries located wit~ln

the Metropolitan area. Therefore wastewaters of this ediole oil refinery ~ust

be pretreated for 011 and grease removal. 3efore selection of a pret,.eat::lent
proce33 3cheme,a ~tudy for c~aracterizat1on and t~eatacillty of the ~di~~e 011
refinery wastewaters must be pe,.formed.Wastewater characteristics of this
selected sunflower seed oil factory were examined by the DEO. Ceparemeoe of
Eovi,.oomental Engineering during years 1986 and 1987. Experi~eneal results are
submitted in Table 1 (DEU, 1386, 1987).

TABLE 1 "Ilia.! telola ter Char~cterization of t!1~

Sunflower Seed Oil fac tory

WII salDple pH BOD COD Oil-g,.ease Sustlended 3~1~~3

rmg 11) (",g/l) (",g 11 ) (:nS/l)
Soao prod.
(18.3.1986) 11 .5 33000 71000 6"55 9070
·Soa p prod.
(8.4.1986) 12.6 70000 100800 31690 13450
ilefining
(16.5.1986) 12 29920 15045
COllposited 12.4 39360 35400

In another study, the same properties of wastewaters ori~inating Crom different
processes or the same factory were studied. The results are sUlDmari~ed in Table

2(Oktay, 1986).Different salDples taken at different dates are numbered as I
and·II •.

TABLE 2 Wastewater Cha,.acteristics of Sunflower Seed
Oil Refinery Processes

WW sample Temp. Oil-grease BOD COD SS pH
( C) (mg/l) (mgl1 ) (lIg/1) (lIg/1)

Heutrarlzatlon process wastewators
I 65 145520 155800 275000 13.8
II 60 132700 143600 270800 13.7

First wash wa t ers rollowing neutrallzation
I 50 3540 4760 9280 13.3
II 55 3720 11870 9630 13.5

Second wash wators rollowing neutralization
I 56 3320 3750 8780 12.6
II 55 3250 3700 8690 12.5

Winteri:ution process wastewaters
I 70 350 525 980 11
II 75 525 8110 1430 12

Condensation process was te wa t e rs
I 35 40 60 35 7

Soap production wastewaters
I 55 420 65000 120000 13550 13.4
II 65 740 77500 140000 12500 13.9

In a third prograll aiming at the wastewater characterization of this rerinery,
wastewater samples froll diffe,.ent production stages were collected at dirrerent
dates and analyzed. Table 3 Shows the results of this last study.
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Duri~g the experi~ental ~tudie~ COD. 30D , Oil and ~,ea~e and Su~pended

Solid~ determlnatlon~ we~e carried out a~cordlng to the tecnnlques glven In
Ame,lcan Standard Methods (A?HA, 1981).

TABLE 3 Wa~tewater Characterlzation of the Sunrlow~r

Seed 011 ractory Located in hml r

WW ~ample pH 011-g~ea~e COD SS.
(mg/l ) (mil; 11) (mil 11 )

Reflnlng proce~~ wa~tewater~

I (4.11.1988) 11.0 597 78~0

II (19.12.1988) 11 .3 230 10~0

III (3.5.1989) , 0.0 1012 3360 ~33

Soap productlon wastewaters
I (~.11.1988) 12.5 166 19200
II (19.12.1988) 12.0 380 186~0

III (3.5.1989) 11 .3 56~ .8000 1766
Combined "'a~tewate~

I (17.10.1988) 1 3 . 0 2900 13600 2~ 0
II (3.5.1989) 12.0 688 5""0 8115

HODEL STUDIES ON TREATABILITY Of WAS:EWATERS

Phy~lcal-chemlcal treatment ~tudle~ .ere ca~~ied out on co~po~ite ~ample~

obtalned by comblning effluent~ f~am ~everal proce~~e~ of the rerlne~y on the
first run and on combin~d wastewa~e~s ~ro~ 30a~ and refinery processes. 7hese
.studies were con~ucted by t~o grcu?s of ~e~earche~s in ~he .scope or
dl~~ertatlon the~l~ wo~k~ (Oktay, : 986; Yda~r~:ll ana Sanca" 1988). A laboratory
bench-~cale te~t model wa~ u~ed In both of the ~tudle~, however, coagulants and
coagulant a1d3 used 1n the jar :ests w~~~ di-rrerent in both
ca~e~. In the flr~t ~tudy, many coagulant~ ana polyelectrolyte~ were tested far
the treat~ent of composited wa~tewate~~ of the ~unflower ~eed 011 factory.
Arter determinlng the optlmal te~t condltlon~. coagulatlon efficiencie~ have
been found by adding approprlate do~e~ of feS0 4 and reS0 4 and A-470 type
anion1c polyelectrolyte at pH 6.5. Re~ult3 obtained by tne~e chem1cals are
given 1n Table 4.

TABLE 4 Jar Te~t Re~ult3 ~ith feSO.~

~~.An10n1c ?alyelectrolyte

75

69

71

73

66

Removal
eff.
(S)

De,und (COD)

35650

28750

33350

31050

39100

Erf.
cone.
(mgll )

Chemical Oxygen

77

73

74

70

72

(reS0 4 )
1 15000

65 51750 59
71 47150 65
75 35650 69
77 27600 76
69 41400 64

~ulfate.an10n1c polyelectrolyte

Err. Removal
cone. erf.
(mg/l) (S)

Oil-g~ea~e

ferro sulfate
31500
11340
9130
7870
7250
9750

Ferro

o
0.5
1.0
1.5
2.0
3.0

1.0 gIl
+2 IIgll 9450
1 .5 gIl
+2 IIlgl1 8500
1.5 gIl
+3 IIgl1 8200
2 gIl
+3 mgll 7250
2g/1
+4 mgll 8800

Coagulant
do~e

(gil )

When alum "'aa ua"d aa a coagulant, the optlmum pH range "'as found to be between
6.5 to 7.0. L1ae and alum were added until the pH reached 7.0. Result~

or this experlment are pre~ented 1n Table 5.
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Chemical coagulation with lime was also tried'in these effl~ent3. Again, pH of
the wastewater sample was reduced to pH. 2.0 by adding concentrated H SO~

and then lime, During the test, 90 ~ pure reactive lime (CatOH) )
was used as coagulant. Lime and cationic polyelectrolyte addition alterna€ive
was also tried. The re~l'.Jlts are given in Table 6.

TABLE 5 Jar Test Results With ..
Alum and Alum+Cationic PE (K-570)

Oil-grease Chemical Oxygen Demand ( : 00)
Coagulant Err. Removal Err. Removal

dose conc. e fr. cone. eff.
(g/1) (:llgll ) (~) Img/l) (~)

Alum (A!8(S04)3· 18 H
2

O)
0 410 0 - 144000

0.5 12100 69 43100 70
1.0 11100 73 34600 76
2.0 6200 85 18800 87
3.0 1700 96 4000 97
4.0 1800 96 4800 96
5.0 2250 94 10000 92

Alu:ll ... Pnlyelectrolyte
0 .'000 144000

2 gil
... 3 mgll 5450 85 28900 80
3 gil
+3 mg I I 2400 9 4 7100 95
3 gil
... 4 mgll 3300 92 11 500 92

·For the treatment of wastewaters of sunflower seed oil factory which were
exallined in this study, acid craCking for· je-emulslf1cation plus chemical
coagulation methods have been used. First, the pH of the oily wastewaters was
lowered to pH: 2.0 with the help of concentrated sulfuric acid. After breaking
the oil and grease emulsion, freed oil and ;rease were removed by phase
separation and then chemical coagulation method was applied. By using the jar
test apparatus, coagulant and polyelectrolyte doses have been determined.

TABLE 6 Jar Test Results Obtained with Lime and
Lille+Cationlc Polyelectrolyte(K-570)

011- rease (COD)
Erf. Rellloval
cone. eff. cone.
(lIg/1) (S) ( mgll)

0
Lime (Ca{OHJ

2
J

9800029700 -
3.0 14800 50 46050 53
4.0 101100 65 35300 64
5.0 3250 89 9750 90
6.0 1800 94 5100 95
7,0 2950 90 10800 89

Lille ... nonlonie polyelectrolyte
0 29700 98000
5 gil
... 2 mg/l 5900 80 18600 81
5 gil
+3 IIgll 11200 86 15600 811
5 gil
... 4 IIgll 4800 84 16000 811
6 gil
+2 IIIgll 3300 89 7800 92
6 gil
+3 IIIgll 3000 90 10000 89
6 gil
.4 IIIgll 2900 90 10800 89
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In tn1s ~erle3 of experimental studies, tr.e characteii~tlc~ or tne effl~~nt~ or
a sunflowel" seed oil factol"y were :-e-examined as pl"esented in Table 5.

In performing tne tl"eatability study in this pl"ogram acid cracking for
de-emulsification of oil and grease W&8 conducted as a separate process. At this
stage, pH of the effluents was reduced to 2.0 and the freed oil and grease was
removed by phase separation. The I"esults of acid cracKing method are given in
Tabla 9. Coagulation with lime and polyelectrolyte was tried after the pH of
the supel"natant was adjusted to pH. 6.0, pH. 7.0 and pH. 8.0 at different
series. At each series. selected doses were applied in separate beakers and
anionic-type polyelectl"olyte was added.

In the fil"st sel"ies of tests, composited effluents from several processes from
the oil I"efinery were treated .Chemical coagulation process consists of 2 lllin\.ites
of rapid mixir.g with lime solution, then 45 ",i:1utes of slow mixing, .. it~ 60
min for settling. when feS0 4 was used as coagulant, efficiencies of 76 .,., fol"
COD and 77 .,., for oil and grease with 2 gIl feS0 4 were found (Table 4). If
alum was used on the other hand, efficiencies obtained were.96 .,., oil and grease
removal and 96 'l'. COO I"emoval (Table 5). !iesults with lime and lillle.nonionic
polyelectl"olyte are given in Table 6 . Best efficiencies were 95 .,., for COC and
94 .,., for oil and grease.

In the second part of the treatability studies. efficiencies obtained after
~ulrurlc acid a~~it1on to break emul~lon~ and s~~seq~-ent ~ha3e se?a~atlon are
found to be higher. These results are give~ in Table 7. fel" this alternative
process reeoval ef~ic1encie3 obtai~ed ~~~ oil a~~ g~~a~~ .e~e 5e-;6 ~ and for
C:JD 52-57 .,.,. when this fil"st - stage ':.I"eatlllent "s (-ello'wed ":Iy cr.e:::ical
coagulation utilizing lime or aluminum salts this precess is shown to be more
effective for' the ..astewaters. espec:'all)/ if li",e and anionic polyelectrolyte
(?raestnl 2430) were used for pH adjustment and effectiveness of ccagulation
increases (Table 8).

TABLE ~ Test Results of Acid Cracking Method

Oil-grease Chemical Oxygen
De ma n d (COD)

Wastewater pH Efr. Removal Efrluent Removal
Sample conc. e ff. cone. err ..

(reg / 1 ) (S) (~.e /ll ('l'.)

Co",b~ned ww (17.10.1908)
Ra w ww 13 2900 13600
oil ski .... ed 2 360 86 6400 53

Rerinery process ww (4.1'.1988)
Ra w ww 11 597 7840
oil skimmed 2 211 96 3360 57

Soap production ww (4.11.1988)
Raw ww 12.5 166 19200
oil skimmed 2 18 89 9300 52

TABLE 8. Results of Chemical Coagulation Carried out with Lime
and Polyelectrolyte Arter the Removal of

Oil and Crease from the Composited Sample (17.10.1988)

Eff. Removal
conc. .ff.

(mg/l> ('!o)

13600

Chemical Oxygen
Demand (COO)

Relloval
err.

('!o)

Oil-grease

Err.
cone.
(as/I)

2900

Chemical
addition

(lIgl1)

pH: 6.0
6 mg/l PE 1920 86
10 IIg/1 PE 200 93 1760 87
12 IIg/l PE 1440 89
14 mg/l PE 1600 88
100 IIg/l Al'lDl+
10 mg/l PE 870 80 2680 80
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Re~ult~ obtained at the ~econd part of the ~tudy are given in Table~ 7.8.9. In
thi~ ~erie~ of ~tudie~, refinery and ~oap production effluent~ are treated
~eparately. Te~t re~ult~ indicate that acid cracking and oil ~eparation is to
be followed by lime. polyelectrolyte coagulation. Then. sludge volume~ to be
formed from the treatment of refinery wastewaters will not be as high as the
amount of sludges to be obtained from the treatment of soap production
wastewaters.

TABLE 9. Experimental Results of Acid Cracking
• Chemical CoagUlation Test~

Oil-grease Chemical Oxygen
Dellland (COO)

93 .4

14.7

22.8

20.0

a8 .0

46.7

40.5

63.0

66.7

4200

4350

17600

16000

- .J

5440
4640

1100

438

350 89.6
(3.5.1989)

48000
25600

Eff. Removal
conc. eff.

(mg/l) (\)
( 12. 'l • 19 59 )

6400

99 • ~

98

99.4 432 93.3
waste ..ater (3.5.1989)

3360
2000

..a~tewater

17.7

'8 .4

21 • a

Removal
e fr.
(,,)

90.1

55.7
(3.5.1989)

...a~tewa~er

p:-ocess

vv.

3D

production
564
460

100

Err.

7

7.3

7.6

10.1

10.7
Scap

11.8
2

10

6 30
Refinery

10 1012
2 aD a

10.6 250
Combined

12 688
2 570

pi<

Refinery proce~s

12 4840
2 80
6 60

Rav. vw.
oil skimmed
oil skimmed
+lime added
oil skimmed
+ 11me added

Ra v vw
oil skimmed
oil skimmed
.lime added
oil skimmed
.lime added

Raw 101101

oil skimmed
+11me added
oil skimmed
.11me added
oil skimmed
+3.0 mgllPE

Rav vv
oil skimmed
oil skimmed
.. lime added
oil skimmed
+ lime added

'/lastewater
sample

DISCUSSION OF RESULTS

According to the Turkish Water Pollution Control Regulation passed in 1988, the
discharge limits into the severage system are given on the basis of guidelines
for municipalities that want to have such provisions to be: pH 6.5-10.0,
suspended solids 500 mgll, oil and grease 250 mg/l, tar and petroleum oils 50
mg/l; che.ical oxygen demand 4000 mgll, sulfate 1000 .g/l.

Sunflower seed oil effluents investigated in this stUdy are oily, turbid,
alkaline and yellowish-brown in color. Most important pOllutants in samples are
oil and grea•• , chemical oxygen demand (COD) and biochemical oxygen demand
(BOD) which are present in excessive amounts. The wastewater qualities obtained
from the pretr.atment studies that were carried out ahow that the pretreatment
standarda for the discharge into the sewerage system have been met in most of
the cases. Che.ical treatment alternative without using acid cracking was not
so effective as acid cracking plus chemical coagulation .ethods. Although many
chemicals can be successfully used in the de-elllulsify1n, process, sulfuric acid
was found tu be the ~ost ~fficic~t. Acid cracking ski •• ings containing oily
lIIaterials lIIay be recovered and returned to the process in order to be used as
acid oil or for production of soap. This may reduce the a.ount of sludge to be
formed in the treatlllent plant.
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f~r acid cracking of refinery proce~~ ~a~te~ater~, the required acid ~a~ D.~

11m 3 ~a~tewater. Sulf'Jri~ acid wa~ concentrated (98 ,; pure, SOH). A!Ilount of
acid re q uired

3
for combined efrluent~ of refinery and ~oap production wa~ found

to be 2.0 11m ww.For the ad~u~tment of the pH from 3 to 7, a!llount~ of
required lime (90 ,; pure) were ,found to be 0.6 kglm ~w for refinery
prcce.!s wa~te .. ater and 0.6 'Kg I=.""' ww for combined wastewaters.

CONCLUSION

In the city or :zml~. sewerage ~y~tern C~i.~tructicn project :s underway and
t~e responsible authority (!ZS~) ceciared :~a: ~t w~ll accept ~nd~~trial

was~ewaters into the sewerage system pr~v::ec t~at the ~re:rea~ed water
quality will be in compliance with the local di~charge limits,
Effluent quality ar~e~ t~ese ~re:rea~me~: ~:ages was ac:eptat:e ~or

c:~charg~~g ~nto t~e se.e~age ~ys:e~; ~u: :r.~~f;~c~ent for C:~charge

~~to the receivir.g wate- .~u~, :~:s e:~~le ell refine;y ~ay :~~~harge ~ts

t~eated wastewater~ :~to ~e~er ~ys:e~, becau!e ~~e propc~ed p;~tieatrnen:

3cheme or acid craCKing (a:_::~::a~i=~ a~~ p~a~e ~~:ara~ion) ~ollcwed by
:l~e coagulation, giye~ out a ~~~~lcien~:v go~~ ~~a~i:y e~~l~en: ~o; the
'!.erage !y'te~.
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Attachment A (continued)

Selected Papers on Pollution Control for the Vegetable Oil Refining Industry

The follov.lng materials have no copyright restrictions.

Dearborn Environmental Consulting Services. Evaluation of Physical-Chemical Technologies for Water Reuse,
BYproduct Recoverv and Wastewater Treatment in the Food Processing Industrv, Report No. EPS 3-WP-79-3.
Water Pollution Control Directorate, Emironment Canada, April, 1979.

Gill, Donald F. et.a!. '"Treatment of Effluent Waters From Vegetable Oil Refining", EPA 600/2-76-294, Office
of Research and Development, U.S. Environmental Protection Agency, December 1976.
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