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EXECUTIVE SUMMARY

Development Alternatives, Inc. (DAI) under Contract No. 278-0288-00-C-4026-00 with the
United States Agency for International Development (USAID) is performing an Industrial
Wastewater Discharge Prevention Program (lWDPP) in Amman, Jordan. This Program is one
of four components of the Water Quality Improvement and Conservation Project (WQICP)
funded by USAID. This program is being performed by DAI with full coordination between
the Ministry of Water and Irrigation (MWI) and the Amman Chamber of Industry (Chamber).
Harza Consulting Engineers and Scientists (Harza), Chicago, United States (U.S.), was retained
by DAI to lead the IWDPP. The Royal Scientific Society (RSS) of Amman, Jordan was selected
as a local consultant to assist Harza with the IWDPP. This Program includes conducting the
PP/WM audits, feasibility studies, and designing demonstration facilities at selected industrial
facilities.

Based on a ranking methodology, the PP/WM Committee has selected ten industries with
potential needs for PP/WM audits. The purpose of the audits is to assist the industries in the
Amman-Zarqa Basin in assessing pollution problems and developing alternative solutions to
achieve desired levels of PP/WM, water conservation, and wastewater treatment appropriate for
the selected industry. One of these industries is the Yeast Industry. The Harza/RSS team
conducted an audit of Yeast Industries Company, Ltd., representing the first step of the IWDPP.
This report summarizes the results of the audit.

PROCESS AND FACILITY DESCRIPTION

The YIC is located on the north bank of the Zarqa River in an agricultural area near the western
perimeter of the Ruseifa, Jordan. The facility produces fresh compressed and dry active baker's
yeast. The facility started production in 1978. In 1992, the facility produced 2,582 tons of
compressed yeast and 865 tons of dry yeast (95 to 98 percent solids) which is equivalent to about
2,600 tons of wet filtered yeast with 30 to 32 percent solids. On a wet basis (about 30 percent
solids), YIC produces about 5,200 tons of yeast per year, which is about 87 percent of the
facility's total production capacity (6,000 tons per year). The facility operates 24 hours per day
and seven days a week. The facility employs about 70 people.

The facility occupies 10,000 square meters of land and consists of a main production building
which houses the fermentors, dryers, packaging equipment and plant offices. Also, there is a
small utility building which houses two boilers for process steam production and five air
compressors which supply air to the fermentors. Outside of the facility buildings, there are
molasses storage tanks, water cooling towers, and an abandoned wastewater treatment plant.

The YIC facility operations include two main categories. They are:

• Yeast Production Operations; and
• Ancillary Operations.

ES-1
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CURRENT ENVIRONMENTAL AND MAINTENANCE PROGRAMS

The current and anticipated environmental programs at YIC include the following:

• Conserving chemicals and reducing pollution discharge through CIP systems for
the caustic soda wash.

• Conserving and reducing pollution discharge by using steam sterilization rather
than a chemical/water mixture.

• Optimizing the fermentation process by replacing manual operations with
automation.

• Selling boomed salts for commercial use.

• Investigating the use of a "Decanter" device to reclaim sugars from the molasses
sludge. This will reduce organic pollutants in the sludge disposed.

• Optimizing nutrient doses used for yeast growth.

• Relocating the filter press to avoid spills of yeast and loss of filter cake.

• Installing a new fresh yeast packaging line to reduce loss of fresh yeast during
packaging operations.

ENVIRONMENTAL REGULATIONS AND GUIDELINES

Jordan currently has no comprehensive law to control water, air and soil pollution. However,
industrial wastewater discharges are regulated by the Jordanian Standard 202, adopted in 1981
by the Department of Standards and Specifications and revised in 1990. Standard 202 regulates
industrial wastewater discharges to rivers, wadis. groundwater. the sea, and reuse for irrigation.

Drinking water quality is regulated by Jordanian Standard 286. Moreover, it is a common
practice to use the Food and Agriculture Organization (FAO) guidelines as a reference.

AUDIT

The initial facility audit was conducted on March 11 and 14, 1995. The audit team accompanied
by two YIC representatives, toured and inspected the facility. An audit questionnaire was used
to address specific details of the manufacturing process.

A subsequent visit was conducted on March 18, 1995, at which time the audit team collected
grab samples of the final wastewater effluent and the three separator effluents. The audit team
also conducted cursory treatability studies on the separator effluents and final effluent using lime.

ES-2
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ferric cWoride, alum and hydrogen peroxide reagents.

AUDIT FINDINGS

Water Usage

Water for industrial use at the YIC facility is obtained from a private groundwater supply well.
The facility uses this water primarily for (as a percentage of total fresh water consumed):

• Process Operations (66%);
• Equipment Cleaning (18 %);

• Cooling (9%);
• Sterilization (3 %);
• Floor Washing (3%); and
• Regeneration and Other (1 %).

Water used for domestic purposes in entirely supplied by WAJ. An overall water balance across
the facility is presented in Table ES-I and is illustrated on Figure ES-I.

Wastewater Sources

The main wastewater sources at YIC are:

• Centrifuge Separator Discharges (390 m3/day);
• Tank Washwater (54 m3/day);
• Wastewater Treatment Plant Washwater (50 m3/day);
• Floor and Lab Wastewater (21 m3/day);
• Filter Washwater (10 m3/day); and
• Filtrates (10 m3/day).

The residual molasses liquor discharged from Separator # I is the most concentrated wastewater
generated at the facility. Wastewater effluent from Separator #2 is moderately high with respect
to organic loading, next to the Separator #1 effluent. Other combined discharges could be
considered to be dilute wastewater. The YIC does not have a program for monitoring water use.
wastewater discharges and air emissions. The wastewater sources are summarized in Table ES
2.

The total facility industrial wastewater discharge amounts to about 545 m3/ day. All the
industrial wastewater is discharged to an off-site landfarm except for a portion which is lost due
to evaporation, fugitive steam, and product moisture. These water losses (91 m3/day)
correspond to approximately 16% of the total wastewater discharge.

ES-3
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Storm Water

All storm water is discharged to a nearby Wadi through natural grade.

Solid Wastes

The solid wastes generated at the YIC facility include:

• Spilled yeast recovered through the dryer exhaust cyclone;
• Packaging materials (wax paper, aluminum foil, cardboard);
• Empty plastic bags;
• Empty plastic carboys;
• Broomed salts;
• Domestic wastes; and
• Automobile tires.

The YIC disposes most solid wastes at a local landfill. However, plastic bags are given away
and broomed salts are sold to the public.

Air Emissions

Air emissions at the facility are not measured or monitored. However, there are four likely
sources of air emissions at the facility:

• Fermentors;
• Steam Plant Boiler;
• Fluidized Bed Dryer; and
• Abandoned Wastewater Treatment Plant.

Volatile organic compounds (VOCs), sulfur and nitrogen oxides and particulate emissions are
of particular concern.

CONCLUSIONS

Several PP/WM and water conservation opportunities exist the YIC facility. By implementing
the following measures, the pollution load is expected to be reduced by about 15 to 20 percent
and the total water consumption can be reduced from 636 m3/day to 438 m3/day, resulting in a
30 percent reduction. Figure ES-2 presents the proposed water usage plan and Table ES-3
summarizes the proposed water reduction, recycle and reuse. Identified PP/WM and water
conservation opportunities are noted below:

1. The organic load generated at the facility could be minimized through:

• Process optimization and automation;

ES-4
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• Process automation with incremental feed additions rather than manual batch
operation;

• Fermentation process control through exhaust monitoring and feed back control;
• Minimizing tank cleaning frequency;
• Countercurrent washing of yeast including reuse of filtrate;
• Good housekeeping;
• Sweeping or dry vacuuming floors; and
• Implementation of new technologies or installation of new reSInS for water

demineralization.

Water savings should result from the PP/WM measures described herein. In addition,
water conservation can be achieved through implementation of:

• Installation of an air cooling system;
• Use of dilute wastewaters to clean wastewater conveyance piping instead of fresh

water;
• Tank cleaning frequency minimization and use of last rinse water for the first

rinse of the next cleaning cycle: and
• Filtrate recycling.

Other PP/WM and water conservation opportunities such as vented steam capture and
recycle, and separator effluent evaporation and recycle may exist which may require new
process applications or modifications and which may be relatively more difficult to
implement. However, PP/WM and water conservation opportunities not evaluated at his
time should not be eliminated from consideration. as their feasibility can only be
determined through more intensive study and evaluation.

In the future, if YIC implements a vented steam capture and recycle system and a
separator effluent evaporation and water recovery system, the effluent flow and pollution
reduction could be as much as 60 percent. As previously stated, however, this may not
be economical in the foreseeable future.

RECOMMENDATIONS

To achieve PP/WM and water conservation objectives, our recommendations are:

1. Install devices to monitor discharges from all processes and cleaning operations including
equipment and floor cleaning. Generate and maintain an accurate measurement and
balance of facility water use. Water and wastewater flows should be monitored daily.

Design and implement a wastewater sampling and monitoring program to cover all
wastewater sources identified in this report. All wastewaters be monitored for pH,
BODs, COD, TSS, TDS, NH4-N, T-N and T-P.

ES-5
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For the first year, a monthly sampling frequency should provide the YIC management
a fair idea of the pollutant loads in different wastewater streams. The final effluent,
however, should be monitored weekly, except for flow and pH which should be recorded
daily. The sampling frequency can be adjusted to quarterly sampling upon process
optimization.

Also, initiate fermentor exhaust sampling and monitoring program to monitor VOC
emissions.

3. Optimize, modify and upgrade the molasses preparation and fermentation systems
through automation and process monitoring, and incremental-feed system implementation.

4. Optimize tank cleaning systems by minimizing the washing frequency and using the last
rinse water for the initial rinse of the next cleaning sequence.

5. Recycle and reuse filtrate and implement counter-current yeast washing system.

6. Establish and implement rigorous equipment cleaning and floor cleaning procedures to
conserve water.

7. Optimize cleaning methods by carefully studying current procedures, washing time,
solution concentration, water temperature, intensity of application etc. By applying an
appropriate combination of these elements to each type of tanks can reduce water use.
Establish protocols and procedures.

8. Explore feasibility of sterilization steam recovery. Optimize the regeneration process and
explore the use of new technologies and resins.

9. Improve housekeeping and implement a spill prevention and control and countermeasures
program. Use dry vacuum techniques instead of washing spills into the drain.

10. Segregate Separator #1 effluent and other dilute wastes. Use existing wastewater tanks
to store them separately. Use a portion of the dilute wastewater , rather than using fresh
water, to clean and flush the wastewater equipment and conveyance piping system.

11. Explore installing an air cooling system to replace the existing wet evaporative cooling
system.

12. We concur with the following recommendations made in the WEC report:

The outdoor above-ground diesel storage tank and acid tanks should have a containment
dike built around it such that this dike could contain the volume of the tank in case of
tank failure or rupture. It is also a safe operating practice.

ES-6
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The underground storage tank of diesel fuel should have a management program whereby
on a weekly basis the plant logs usage, receipt of fuel, and tank inventory by level. By
keeping this type of log, the plant should be able to balance fuel use from the tank and
detect a leak, if it occurs, at an early stage.

13. The YIC should develop an environmental management program to include:

• Establishing an Environmental Department with dedicated personnel and sufficient
resources;

• Writing an environmental policy complete with missions, visions, goals, policies
and a future work plan. The PP/WM and water conservation goals need to be
established to achieve the PP/WM program, in line with the Ministry goals; and

• Developing training and incentive programs for all YIC personnel.

14. Consider the following PP/WM and water conservation items for feasibility levels
studies:

• Process modifications and upgrading through automation;
• Optimization of tank cleaning system: and
• Implementation of air cooling system.

Although the above items will, if implemented, reduce the organic pollution and
wastewater volume by 15 to 20 percent, we strongly feel that YIC should undertake
thorough feasibility level efforts to determine a cost effective treatment for processing
the final wastewater. Some of the options we recommend for the YIC's consideration
are as follows:

• Total wastewater attenuation, filtration and land application.
• Total wastewater coagulation, dissolved air flotation, filtration and land

application.
• Total wastewater coagulation, clarification, anaerobic biodegradation treatment

followed by off-site land application.
• Segregation of concentrated and dilute waste; treatment of concentrated waste by

coagulation, and dissolved air flotation; mixing with dilute wastewater; filtration
and land application of combined wastes.

• Segregation of concentrated waste and treatment by coagulation, clarification,
anaerobic biodegradation; mixing treated waste with dilute waste; filtration and
land application of combined wastes.

In all above options, the following will apply:

• Land treatment should be thoroughly pilot studied, designed, constructed,

ES-7
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operated and monitored throughout the life cycle.

• Sludges produced should be dried using sludge drying beds and dried sludge
either marketed or disposed.

• Existing wastewater treatment equipment should be used to the fullest extent.

• An on-site anaerobic biotreatment, if operated, will generate relatively minimum
sludge. It will produce methane gas which can be flared or used as a fuel for the
boiler, if feasible.

ES-8
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Table ES-1
OVERALL WATER BALANCE ACROSS FACILITY'

Yeast Industries Company

Water Inflow (mJ/day) Water Outflow (mJ/day)

Well Water Pumped 626 Separator Discharge 390

Molasses Moisture 10 Cooling System 56

Tank Washing 54

WWTP Cleaning 50

Floor/Lab Washing 21

Boiler Make-Up Water 20

Filter Cleaning 10

Filter Press and RVF 10

Dryer Exhaust 10

Product Moisture 10

Regeneration 3

Chiller Make-up 1

Valve Operator 1

TOTAL 636 636

1 Domestic water is supplied by the Water Authority of Jordan and domestic wastewater
is discharged to the on-site septic tank. Daily domestic water consumption is 10 m3

.

I.*' if_ 1.1 .'



Table ES-2
SUMMARY OF WASTEWATER SOURCES 1

Yeast Industries Company

I Source I Volume (m3/day) I
Process Wastewater

Separator Discharge 390
Filter Press and RVF Filtrates 10

Equipment Cleaning Wastewater
Tank Washwater 54
WWTP Cleaning 50
Filter Cleaning 10

Floor Washwater (including lab) 20

Cooling System Wastewater 6

Regenerant Wastewater 3

Valve Opener Wastewater 1

TOTAL 545

I Domestic wastewater is generated at a rate of approximately 10 m3/day.
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Table ES-3
PROPOSED WATER REDUCTION, RECYCLE AND REUSE'

Yeast Industries Company

Water Usage (m3/day)
Source

Current Projected Savings

Separator Discharge 390 330 60
(including filtrate
return)

Cooling System 56 6 50

Tank Washing 54 27 27

WWTP Cleaning 50 0 50

Floor/Lab Washing 21 13 8

Boiler Make-Up Water 20 20 0

Filter Cleaning 10 8 2

Filter Press and RVF 10 10 0

Dryer Exhaust 10 10 0

Product Moisture 10 10 0

Regeneration 3 2 1

Chiller Make-up 1 1 0

Valve Operator 1 1 0

TOTAL 636 438 198

1 Domestic water is currently consumed at VIC at a rate of approximately 10 m3/day. It
is expected that consumption can be reduced by 20 to 40 percent.

2 If in the future, an Overcash Water Recovery System is implemented to recover separator
#1 effluent, an additional 120 m3/day water can be saved thereby reducing the pollution
load and water usage by 50 to 60 percent.
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1.0 INTRODUCTION

This report presents the findings of an al!dit for pollution prevention, waste mmmuzation
(PP/WM) and water conservation for the yeast industry in Jordan using the Yeast Industries Co.
Ltd. (YIC) as the basis. The report includes project background infonnation and objectives,
brief process and facility descriptions, audit process details, potential for PP/WM and water
conservation, conclusions, recommendations, and follow-up actions.

1.1 Background

Development Alternatives, Inc. (DAI) under Contract No. 278-0288-00-C-4026-00 with the
United States Agency for International Development (USAID) is perfonning an Industrial
Wastewater Discharge Prevention Program (lWDPP) in Amman, Jordan. This Program is one
of four components of the Water Quality Improvement and Conservation Project (WQICP)
funded by USAID. This program is being perfonned by DAI with full coordination between
the Ministry of Water and Irrigation (MWI) and the Amman Chamber of Industry (Chamber).
Harza Consulting Engineers and Scientists (Harza), Chicago, United States (U.S.), was retained
by DAI to lead the IWDPP. The Royal Scientific Society (RSS) of Amman. Jordan was selected
as a local consultant to assist Harza with the IWDPP. This Program includes conducting the
PP/WM audits, feasibility studies, and designing demonstration facilities at selected industrial
facilities.

The PP/WM techniques are defined as any techniques to prevent or reduce waste generation by
source reduction or recycling activities. These activities must reduce either the volumes or the
concentrations of pollutants generated prior to treatment, storage, or disposal of the waste.

Based on a ranking methodology, the PP/WM Committee has selected ten industries with
potential needs for PP/WM audits. The purpose of the audits is to assist the industries in the
Amman-Zarqa Basin in assessing pollution problems and developing alternative solutions to
achieve desired levels of PP/WM, water conservation. and wastewater treatment appropriate for
the selected industry. One of these industries is the Yeast Industry. The Harza/RSS team
conducted an audit of YIC. representing the first step of the IWDPP. This report summarizes
the results of the audit.

1.2 Objectives

The objective for conducting a PP/WM audit of the YIC facility was to understand the water,
wastewater, and associated waste management practices currently employed at the facility and
to identify opportunities for PP/WM and water conservation that may exist at the facility.

The findings of the audit were used to develop recommendations and follow-up actions to assist
YIC in assessing the extent of pollution. Suggested approaches for water conservation and
process modifications to achieve additional PP/WM and water conservation are provided.

1
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1.3 The Report

This report contains a description of the yeast manufacturing process, audit procedures, audit
findings, opportunities for PP/WM and water conservation and conclusions derived from the
audit finding. Recommendations and follow-up actions necessary to assess the extent of
pollution as well as to implement PP/WM and water conservation measures at the VIC facility
are also included.

Appendices attached to this report include suppon information obtained during the audit and
additional information provided by the industry. Appendix A contains the audit questionnaire
used to obtain the necessary information about the facility. Appendix B is a collection of
support documentation provided by the VIC. A copy of Harza's Background Material Repon,
including references, is included as Appendix C. Applicable Jordanian regulatory standards for
water quality are included in Appendix D. Photographs taken of the facility during the audit are
included as Appendix E.

This audit repon provides the information required to conduct a PP/WM and water conservation
feasibility study of the yeast industry in Jordan. using VIC as the basis. The findings of the
PP/WM and water conservation audit conducted for the VIC facility are presented herein.

2
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2.0 PROCESS AND FACILITY DESCRIPTION

2.1 General

The YIC is located on the north bank of the Zarqa River in an agricultural area near the western
perimeter of the Ruseifa, Jordan. The facility, which began production in 1978, produces fresh
compressed and dry active baker's yeast. In 1992, the facility produced 2,582 tons of
compressed yeast and 865 tons of dry yeast (95 to 98 percent solids) which is equivalent to about
2,600 tons of wet filtered yeast with 30 to 32 percent solids. On a wet basis (about 30 percent
solids), YIC produces about 5,200 tons of yeast per year, which is about 87 percent of the
facility's total production capacity (6,000 tons per year). The facility operates 24 hours per day
and seven days a week and employs about 70 people.

2.2 Facility Description

The facility occupies 10,000 square meters of land and consists of a main production building
which houses the fermentors, dryers, packaging equipment and plant offices. Also, there is a
small utility building which houses two boilers for process steam production and five air
compressors which supply air to the fermentors. Outside of the facility buildings, there are
molasses storage tanks, water cooling towers, and an abandoned wastewater treatment plant.

The YIC's production processes is included as Figure 1. As shown on the figure, YIC's
operations are typical for a facility having a two-vessel main fermentation stage.

All process water is supplied by groundwater obtained from a private well. The total facility
water consumption is estimated by YIC to be about 630 m3/d, or 150,000 to 180,000 m3/year.
Based upon this water consumption rate, approximately 30 m3 of water is used to produce one
ton of wet yeast product (0.3 ton dry yeast product). The COWl consult/Royal Scientific
Society report states that estimated water consumption rate is rather high compared to typical
European rates of 30 m3 of water per ton of dry solid yeast.

Water is also used for cleaning equipment such as machinery and tanks as well to meet the
considerable demand for cooling water used in the fermentation process.

The wastewater generated at YIC is currently discharged to a land application farm in
cooperation with the local municipality. This practice began when the YIC's wastewater
treatment plant failed and the facility had no other outlet to discharge their wastewater.

The YIC facility operations fall into two main categories. They are:

• Yeast Production Operations; and
• Ancillary Operations.

Descriptions for each of these operating areas are provided below.
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2.3 Yeast Production Operations

The yeast production process includes five (5) basic unit operations. They are:

• Molasses Preparation;
• Fermentation;
• Product Recovery;
• Product Dewatering; and
• Product Packaging.

Each of these production operations are briefly discussed below.

2.3.1 Molasses Preparation

The primary substrate upon which the yeast culture feeds during the production of yeast
is molasses. This carbohydrate provides the energy, as well as several essential nutrients
and vitamins. necessary to sustain the fermentation process.

The molasses used is either cane or beet molasses. Raw molasses is diluted with fresh
water to reduce its dry matter content from 85 percent to about 35 percent. Once
diluted, the water and molasses mixture is sterilized in one of three (3) molasses
preparation tanks, each with a capacity of 6.5 m3

. The molasses is then clarified through
a cyclone and a centrifuge separator to remove sludge and obtain product clarity. The
clarified molasses is stored in a 18 m3 storage tank for later use in the fermentors to
prepare either mother yeast or trade yeast. YIC is in the process of installing an
additional 18 m3 tank for molasses storage.

If the pH of the molasses is too high during the molasses preparation process, bacterial
growth will occur, therefore, adjustments to the pH are performed during the preparation
process. These adjustments also take place in the sterilization stage, where the pH of the
molasses is maintained between 6.0 and 8.0 to prevent carmelization, or burning, of the
sugars. Molasses is sterilized using high-pressure steam which raises the temperature to
between 38 and 43°C. After sterilization, the prepared molasses is diluted with water.
Then the nutrients and vitamins necessary to support yeast growth are added into the
molasses substrate. These nutrients and vitamins include:

• Urea;
• Mono Ammonium Phosphate:
• Magnesium Sulfate;
• Potassium Chloride;
• Vitamins (C, Bl, B6 and nicotinic acid); and
• Zinc Sulfate.

Based on the production mass balance, it is estimated that between 29 and 30 tons of dry
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molasses (15 percent moisture) is used daily to produce between 15 and 18 tons of yeast.
For dilution and clarification, about 150 m3/day of fresh water is used. About 1.0
m3/day of water is used to operate a valve used to discharge sludge from the centrifuge
separator.

2.3.2 Fermentation

Yeast is grown in a series of fermentation vessels, or fermentors. The process begins
by placing a small "starter" portion of yeast culture into the molasses substrate and
allowing it to grow. Yeast is propagated when the yeast mixture is placed into the next
fermentation vessel, which is equipped for batch feeding of the molasses. Each of the
fermentation stages, the flask stage, the pure culture stage, and the main fermentation
stage, is described in greater detail below.

Flask Stage. The first stage in the fermentation process typically occurs in a laboratory
where a small portion of yeast is mixed with the molasses substrate in an Erlenmeyer
flask. The total contents of the flask are typically two liters (I) in volume. The yeast
is allowed to grow in the flask for two to four days.

The "starter" portion is pure culture. The pure culture is an active strain of the yeast
microorganism which have typically been cultivated in a laboratory.

Pure Culture Stage. The pure culture stage is a continuation of the flask stage. except
that the pure culture fermentation has provisions for sterile aeration and aseptic transfer
to the next fermentation stage. Sterilization is critical. If a sterile environment is not
provided, contaminating microorganisms can easily outgrow the yeast.

The starting culture, grown in a laboratory, is added to the sterilized nutrient solution
(water, molasses and nutrients) in the pure culture tank (9.0 m3 capacity) and allowed to
ferment for 24 hours. Subsequently, the contents of the pure culture tank are transferred
to one of the two main continuous-feed fermentors. YIC is in the process of installing
an additional 9 m3 pure culture tank.

Main Fermentation Stage. In the main fermentors, mother yeast is prepared by
gradual and continual feeding of sterilized fresh water, clarified liquid molasses and
nutrients (urea, mono ammonium phosphate, potassium chloride, magnesium sulfate. and
vitamins) to the pure culture and allowing the yeast to grow under aerobic conditions
until maximum cell multiplication is attained.

Temperature of the fermentor contents is maintained at a constant 30°C by circulating the
contents of the tank through a heat exchanger unit.

This process of cell multiplication, requires a maximum of 26 hours to complete. When
the process is completed, the 80 m3 fermented batch is clarified by passing through a
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centrifuge separator. The recovered yeast mass is then washed with water and clarified
in two subsequent stages using centrifugal separators similar to the Stage 1 separator.
In all three stages of separation, approximately 65 mJ of water is used per ~eparator per
batch. Since about two fermentor batches are processed each day approximately 390 mJ

of washwater and molasses water are generated per day. The separated yeast cream,
called "mother yeast cream", is then stored between 2 and 3°C in a 19 mJ cold storage
tanle The resulting yeast cream is used as an inoculate for the production of six (6)
generations of trade yeast.

The YIC has two main fermentors, each with a holding capacity of 110 mJ' Each batch
processed, produces about 80 m3 volume.

2.3.3 Product Recovery

The trade yeast is the final product. The same fermentation and separation processes
discussed in Section 2.3.2 for mother yeast cream preparation are repeated to produce
trade yeast cream. The dry matter content of the trade yeast cream is about 15-20
percent by weight. Trade yeast cream is stored in three cooled tanks (19 m3 each)
similar to the mother yeast cream tank. The YIC is planning to add an additional 19 m3

trade yeast storage tank. The total water usage, process sequence and wastewater
generated for fermentation and product recovery operations are similar. The wastewater
characteristics may vary somewhat depending upon whether the mother yeast or trade
yeast is being produced.

2.3.4 Product Dewatering

The process use in product dewatering depends on whether, compressed yeast or dry
yeast is produced. The dewatering steps for each product are described below.

Compressed Yeast (Fresh Yeast). As previously stated, compressed yeast product
has a moisture content of approximately 70 percent, which is equivalent to a solids
content of 30 percent. However, yeast recovered from the main fermentation stage (trade
yeast cream) has a solids content of only approximately 20 percent. Therefore, filtration
is used to increase the solids content of the yeast.

Rotary vacuum filters are used to dewater the yeast cream. The outside of the filter
drum is coated with potato starch and salt to aid in the drying process. The yeast is
applied to the filters' rotary drum by spraying the yeast directly onto the drum. A
vacuum is applied to the inside of the drum and as the drum rotates, blades at the trough
remove the yeast. The yeast from the rotary vacuum filters has a solids content of
approximately 28 to 30 percent.

Dry Yeast. Dry yeast is produced by filtering the trade yeast cream through a filter
press to produce a product with a solids content of approximately 30 to 32 percent. The
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yeast is then removed from the filter press, ground and passed through an extruder
(screen) and dried using a fluidized bed dryer.

Hot air is used to dry the yeast. The air is heated using an indirect contact heat
exchanger and steam. Condensed steam is recycled to the boiler. The dried yeast
contains about 98 percent solids and less than 2 percent moisture.

2.3.5 Product Packaging

Fresh yeast and dry yeast are packaged separately. The fresh yeast is removed from the
rotary vacuum drum and processed through an extruder where it is compressed into 1/2
kg cakes. The 1/2 kg cakes are then individually wrapped and packaged.

The dry yeast product is removed from the drier then transferred to a packaging machine
where it is vacuum packaged in either 1 kg brick packages, 500 gram brick packages,
25 kg bags packed at atmospheric pressure, or 100 gram packages packed under nitrogen
flush. The final product is approximately 95 to 98 percent solids.

2.4 Ancillary Operations

To support the commercial production of yeast. a number of ancillary operations are necessary.
These operations include equipment cleaning and sterilization, steam production, equipment
cooling, facility housekeeping, and wastewater treatment. Each of these operations are described
below.

2.4.1 Equipment Cleaning

Throughout the yeast production process, sterilize conditions are an absolute necessity.
If a foreign culture is present inside a reaction vessel, it is likely that its propagation will
rapidly overtake the yeast and spoil the batch. Sterile conditions are also critical given
that yeast is a food product and any foreign cultures present in the final product may be
consumed by human beings.

To assist in assuring sterile conditions, all transfer lines and reaction vessels are
thoroughly cleaned and steam-sterilized on a routine basis. Additionally, the raw
materials which make up the fermentation substrate, such as the molasses, are sterilized
prior to their introduction into the process.

At the YIC facility, all equipment is fully washed, cleaned and sterilized using hot water,
steam and caustic soda after each batch process. The following equipment are cleaned
on a routine basis:

• Molasses Preparation Tanks;
• Clarified Molasses Storage Tanks;
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• Fennentors;
• Yeast Cream Storage Tanks;
• Filters; and
• Wastewater Treatment Plant.

The typical cleaning sequence used for each equipment is discussed below:

Molasses Preparation Tank Cleaning. The cleaning sequence for each molasses
preparation tank is as follows:

5 min - water wash;
5 min - caustic wash (CIP); and
5 min - water wash.

The YIC has three (3) Molasses Preparation Tanks, each with 6.5 m3 capacity. Each
tank is generally washed once per day.

A cleaning-in-place (CIP) system is used for the caustic wash. Approximately 0.85 m3

of water is generated per wash per tank or about 1.7 m3 of washwater is produced per
tank per wash sequence.

Clarified Molasses Storage Tank Cleaning. The cleaning sequence for each clarified
molasses storage tank is similar to that for the molasses preparation tanks discussed
above. However, due to the greater tank capacity, the washwater requirements are
greater. Although the actual water volume is not monitored. it is estimated that about
5 m3 of water is required for each wash. Assuming equal volumes for the first and
second wash, 10 m3 of washwater is generated per wash.

Fermentor Cleaning. The cleaning sequence for each fennentor is as follows:

15 min - cold water;
30 min - caustic wash (CIP):
15 min - cold water: and
120 min - steam sterilization.

Each tank is washed once per day. The steam is vented to the atmosphere. The reported
washwater volume per tank per event is 12 m3

. The total washwater generated from two
tanks is 24 m3/day.

The pure culture tank is also washed using a similar procedure and generates about 5 m3

of washwater per day.

Yeast Cream Tank Cleaning. The washing sequence for each yeast cream storage tank
is similar to the fennentor cleaning sequence, except that steam sterilization is conducted
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for 60 minutes rather than 120 minutes. At least 2 tanks are cleaned once per day.

The washwater generated per tank is about 5 m3 per wash sequence. The total
washwater generated is about 10 m3/day for two tank washings.

Filter Cleaning. The rotary vacuum filter is cleaned twice per day and the filter press
is cleaned once per week. This generates between 10 and 11 m3 of wastewater per day.

Wastewater Treatment Plant Cleaning. Each day after pumping the collected
wastewater to the land application farm, the piping and storage tanks at the abandoned
wastewater treatment plant are washed using approximately 50 m3 of water.

2.4.2 Steam Production

Steam is produced for equipment and raw material sterilization using a packaged boiler
fired with fuel oil.

Boiler makeup water is passed through a water softener unit prior to use. Sodium
chloride is used to regenerate the softener.

2.4.3 Equipment Cooling

The fermentors and yeast cream storage tanks require cooling due to the production of
heat during the fermentation process. The molasses liquor is cooled by continually
circulating it through a heat exchanger through indirect contact with cold water. The
cooling water is intum cooled through a cooling tower. Each fermentor at the YIC
facility has its own heat exchanger and cooling tower.

The cooling water loses heat through evaporation at the cooling tower. Based on the
estimated makeup cooling water volume and reportedly no cooling tower blowdown, 50
m3 per day water is lost through cooling water evaporation.

Cooling is also required to maintain low temperatures (2-3°C) in the yeast cream storage
tanks. A closed-loop freon refrigeration system is used to cool the cooling water used
to cool the yeast storage tanks.

2.4.4 Facility Housekeeping

Facility housekeeping procedures include routine janitorial services, and floor and
equipment washing. The wastewater generated from these washdowns contain a high
organic content due to residual yeast materials.

In addition to the chemicals used during the production process, caustic soda is used for
cleaning purposes.
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2.4.5 Wastewater Treatment

The YIC has a wastewater treatment plant which is presently abandoned. The plant has
a 300 m3 activated sludge aerobic wastewater treatment system, a 600 m3 equalization
tank, a 100 m3 clarifier, and some small chemical tanks. Reportedly, the plant had never
operated to it's full capacity.

In lieu of using an onsite wastewater treatment plant, YIC operates a land application
farm where the facility industrial wastewater is discharged. This practice began in 1986
in cooperation with the local municipality. In 1986 the land, approximately 1,000,000
square meters, was barren, rocky and unused. YIC installed a 4-inch diameter
distribution pipe from the plant to the farm, approximately 3 km in distance. Three tanks
(15 m3 capacity each) were installed at the land application farm for surge capacity. The
distribution piping was installed to distribute the wastewater by gravity to all parts of the
farm. When the process of land application began, YIC actively began to plant trees and
grass on the farm. Currently, much of the land application farm is covered with grass
and sparsely vegetated with various types of trees.

As wastewater is generated throughout a production day, it is temporarily stored in tanks
at the abandoned wastewater treatment plant. During the morning hours, the plant pumps
the previous day's wastewater to the surge tanks at the farm and the wastewater is
applied to the land. All application of the wastewater occurs between the hours of 7 am
and 3 pm. The application of the wastewater is controlled with valves to discharge the
wastewater over the greatest area possible. Municipal workers work with YIC personnel
to control the discharge of wastewater at the farm. When pumping the wastewater is
complete, approximately 40 to 50 m3 of fresh water is pumped into the tanks at the
abandoned wastewater plant for cleaning and tlushing. This wastewater is then pumped
to the land application farm.

2.5 Raw Material Usage

The YIC s annual consumption of chemicals and fuel oil are presented in Table 1.

2.6 Current Environmental and Maintenance Programs

The current and anticipated environmental programs at YIC include the following:

• Conserving chemicals and reducing pollution discharge through CIP systems for
the caustic soda wash.

• Conserving and reducing pollution discharge by using steam sterilization rather
than a chemical/water mixture.
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• Optimizing the fermentation process by replacing manual operations with
automation.

• Selling boomed salts for commercial use.

• Investigating the use of a "Decanter" device to reclaim sugars from the molasses
sludge. This will reduce organic pollutants in the sludge disposed.

• Optimizing nutrient doses used for yeast growth.

• Relocating the filter press to avoid spills of yeast and loss of filter cake.

• Installing a new fresh yeast packaging line to reduce loss of fresh yeast during
packaging operations.

2.7 Environmental Regulations and Guidelines

Jordan currently has no comprehensive law to control water, air and soil pollution. However,
industrial wastewater discharges are regulated by the Jordanian Standard 202, adopted in 1981
by the Department of Standards and Specifications and revised in 1990. Standard 202 regulates
industrial wastewater discharges to rivers, wadis, groundwater, the sea, and reuse for irrigation.

Drinking water quality is regulated by Jordanian Standard 286. Moreover, it is a common
practice to use the Food and Agriculture Organization (FAO) guidelines as a reference.
Appendix D contains further discussion and summary tables for these regulations and guidelines.

Also included in Appendix D are regulations governing discharge of industrial and commercial
wastewater connected into the sanitary sewer system.
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3.0 AUDIT PROCESS

The objective for the audit was to identify the potential for PP/WM, wastewater treatment, and
opportunities for water conservation appropriate for YIC. The following subtasks were
undertaken to complete the audit report.

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

Activities conducted under each of the subtasks are briefly described below.

3. 1 Audit Coordination

The Chamber infonned YIC about the intent and schedule of the audit. An audit questionnaire
specifically developed for this PP/WM project (Appendix A) was included with the request that
YIC fiII out the questionnaire prior to the audit. The YIC was also requested to furnish an
overall flow balance and a process description. Available information (Appendix B) was
furnished by YIC to the audit team during the audit including the following:

• Estimated Plant Discharges;
• Process Flow Diagram;
• Process Description;
• Steps taken to minimize waste at YIC;
• A copy of the paper presented by Mr. Remon Halteh;
• A copy of the WEC Report dated June 3, 1992; and
• A copy of the 1980 Malcolm Pirnie Report.

3.2 PPIWM Background Material Preparation

The objective of preparing the Background Material Report was to identify the currently
available techniques and "state-of-the-art" technologies being practiced for PP/WM and water
conservation for breweries in the U. S. and elsewhere in the world. This objective was achieved
by performing a comprehensive literature review.

The literature review included the following sources: PP/WM related articles conference
proceedings, books on pollution types and control, and journal articles. In addition to the
literature review, in-house technical expertise at Harza contributed to the content of this report.
Based on the facility operation information that was made available to the audit team and the
information gathered through the available literature, Harza prepared the Background Material
Report (Appendix C). This report includes general information on the yeast industry as well as
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specific information on the process used by YIC.

Harza also prepared a report which included appropriate reference material gathered during the
literature search. This report, submitted separately, contains process and waste management
practices used in similar facilities, primarily in the U.S.

3.3 Pre-Inspection Meeting

The YIC facility audit was conducted on March 11, 1995. The initial audit team consisted of
the following personnel:

Eng. Rania Abdul Khaleq
Eng. Marwan K. Tal
Dr. Shawn Niaki
Mr. Krishna Mayenkar
Dr. Riyad Musa
Dr. Omar Jabay

The representatives of the YIC facility included:

Mr. Remon B. Halteh
Mr. Samir Jouaneh

Ministry of Water and Irrigation
Water Authority of Jordan
Program Director, DAI (Harza)
Lead American Consultant (Harza)
Local Consultant, RSS
Local Consultant, RSS

General Manager
Production Manager

The pre-inspection meeting was held at YIC offices on March 11, 1995. The intent of this
meeting was to inform YIC staff about the objective of the audit and also for YIC staff to
present process details as they relate to fresh water utilization, wastewater generation,
wastewater treatment and disposal, water recycling and reuse, and overall water management
at the facility. The audit team explained the purpose of the audit to YIC personnel. Mr.
Jouaneh provided the audit team a detailed description of the yeast processes, raw materials
usage, products, wastewater sources treatment processes.

3.4 Audit

The facility audit was conducted on March 11 and 14, 1995 and again on March 18. 1995. The
YIC facility designated Mr. Samir Jouaneh to assist the audit team in touring and inspecting the
facility.

On the first day, the audit team toured the entire facility including current land treatment areas.
Mr. Jouaneh explained all processes and operations from molasses preparation, fermentation,
and final packaging. The audit team then visited the currently abandoned wastewater treatment
facility and land application farm which YIC uses to apply wastewater for treatment and plant
growth.

Upon completion of the facility tour, Mr. Jouaneh and Mr. Mayenkar continued discussion on
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the overall water usage and wastewater management practices currently employed. Some of the
specific details, however, remained unanswered during the audit.

Dr. Riyad Musa visited the facility again on March 14, 1995. During this visit, Dr. Musa
discussed water usage in different operations, cleaning operations, cooling system, housekeeping
and also air emissions and solid waste management practices at the facility. Mr. Jouaneh
provided the requested information as much as he could based on the established operational
practices. Because most of the water usages are not metered or monitored, it was difficult to
estimate water consumption for a specific operation.

On March 18, 1995, Ms. Khaleq, Dr. Musa and Mr. Mayenker visited the facility again at
which time they collected grab samples of the final wastewater effluent and the three separator
effluents. The samples were analyzed for Biochemical Oxygen Demand, Chemical Oxygen
Demand, Total Suspended Solids, Total Volatile Solids, Ammonia Nitrogen, Total Nitrogen, and
Total Phosphate.

The audit team also conducted cursory treatability studies on the separator effluents and final
effluent. Lime, ferric chloride, alum and hydrogen peroxide reagents were tested. Based on
the previous results of suspended solids concentrations in these discharges, chemical doses were
adjusted to 20 percent. Peroxide and lime/alum combinations were tested only on the Separator
#3 effluent.

3.5 Post-Inspection Meeting

During the post-inspection meeting held on March 11, 1995, YIC staff and audit team members
reviewed general facility operations and discussed their preliminary impressions regarding
PP/WM and water conservation opportunities at YIC. The facility staff were very responsive
to the audit team's requests and agreed to help and provide additional data, as necessary.

The information and waste management analyses in the subsequent sections of this report are
based on the knowledge gained through audit activities and support provided by YIC staff.
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4.0 Audit Findings

The information obtained during the facility audit through personnel interviews, discussions with
YIC staff, site observations, and technical data supplied by YIC was compiled and thoroughly
reviewed. The findings are presented below.

4. 1 Overall Water Usage and Balance

Water used for industrial purposes at YIC facility is obtained from a private groundwater supply
well. The facility uses this water for (as a percentage of total fresh water consumed):

• Process Operations (66%);
• Equipment Cleaning (18 %);
• Cooling (9 %);
• Sterilization (3 %);
• Floor Washing (3 %); and
• Regeneration and Other (I %).

Water used for domestic purposes in entirely supplied by WAJ. An overall water balance across
the facility is presented in Table 2 and is illustrated on Figure 2.

Based on the YIC water balance, process operations, equipment cleaning and cooling constitutes
93 % of the water usage.

4.2 Wastewater Sources and Discharges

For the water uses discussed in Section 4.1, the major wastewater sources and discharges at the
YIC facility include:

• Process Wastewater;
• Equipment Cleaning Wastewater;
• Floor Washwater:
• Cooling System and Regenerant Wastewater; and
• Domestic Wastewater.

Each of these wastewater sources and discharges are summarized in Table 3 and are discussed
below.

4.2.1 Process Wastewater

Process wastewaters are generated primarily from yeast washing and yeast separation
processes. The majority of process wastewater is generated when the fermented liquid
is centrifuged to recover yeast and when this yeast is washed with water to remove
residual molasses substrate. A minor portion of process wastewater results from
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dewatering of the trade yeast cream to recover the final yeast product.

The YIC operates three centrifuge separators. The first separator stage removes the
molasses liquid and generates the most concentrated wastewater. The second wash stage
generates the same volume of wastewater as the first stage but the organic load is about
15 percent of the first separator effluent. The second stage wash generates the same
volume of wastewater but the organic load is about 20 percent of the first stage
washwater or 4 percent of the first separator effluent. At each stage about 65 m3 of
wastewater is generated per batch per wash. The comparison of characteristics of
wastewater effluent from each of the three separators is presented in Table 4.

The filter press and rotary vacuum filter each generate about 5 m3/day of filtrate.
Although volumetrically this represents less than 2 percent of the total wastewater
discharge, characteristically the filter press filtrate resembles Separator #2 (Stage I)
effluent and the rotary vacuum filtrate shows characteristics between that of the Stage I
and II effluents. Summary data for the filter press and rotary vacuum filter effluent is
included in Table 5 and 6, respectively.

The total volume of process wastewater generated from the separation, washing and
filtration is about 400 m3/day. These discharges constitute the major portion (74%) of
the total facility industrial wastewater discharge. It should be noted, however, that none
of the process wastewater meet the criteria required for discharge to the As Samra
Wastewater Treatment Plant.

4.2.2 Equipment Cleaning Wastewater

Equipment cleaning wastewater constitutes the second largest wastewater discharge at the
YIC facility. On a daily basis, the facility cleans molasses preparation tanks (3),
molasses storage tank (1), pure culture tank (1), fermentors (2) and yeast cream storage
tanks (2), and the wastewater treatment plant. The rotary vacuum filter is cleaned twice
a day and the pressure filter is cleaned once a week.

About 114
operations .
discharge.

m3/day of wastewater is generated per day from equipment cleaning
This constitutes about 21 % of the total facility industrial wastewater

4.2.3 Floor Washwater

Floor and laboratory washing generate 21 m3/day of wastewater or about 4% of the total
facility industrial wastewater discharge. Although wastewater characterization data is not
available, floor washwater is expected to contain yeast, spilled chemicals, and other
organic materials resulting in moderate organic loading.
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4.2.4 Cooling System and Regenerant Wastewater

Caoling system wastewater and regenerant wastewater contribute 6 m3/day and 3 m3/day,
respectively, to the total facility industrial wastewater discharge. Although this
constitutes less than 2 percent of the total wastewater discharge, these wastewaters
generally contain relatively high inorganic dissolved solids.

4.2.5 Domestic Wastewater

Domestic wastewater is generated at a rate of approximately about 10 m3/day at YIC
from a total facility staff of about 70 personnel. Comparing general industrial domestic
water use of 0.06 m3 per capita per day, the reported water consumption appears to be
rather high.

4.2.6 Total Wastewater Discharge

Industrial Wastewater. The total facility industrial wastewater discharge, including
50 m3/day of water used to tlush the wastewater treatment plant, amounts to about 545
m3/day. All the industrial wastewater is discharged to an onsite land treatment farm
except for a portion which is lost due to evaporation. The average characteristics of the
final industrial wastewater discharge, as reported in 1991, is presented in Table 7. The
final effluent characteristics data provided by WAJ for 1990 through 1993 is presented
in Table 8.

Although YIC has performed some studies in aSSOCIatIon with Jordan University
concerning landfarming or land application treatment for industrial wastewater, the
physical system as it is operated today does not appear to have been designed to meet
certain minimum criteria. During our visit, it was very apparent that the distribution of
wastewater over the landfarm area was very poor. Plastic pipes and hoses distributing
wastes did not follow any particular pattern. Piping spacing seems to be arbitrary. Soil
did not appear to have been cultivated or turned. At several places pungent odor due to
biodegradation was observed. Gullies were formed and wastewater was flowing through
gullies rather than being evenly distributed. No engineered grading was evident. The
water applied followed natural grade. There were pools of wastewater indicating
possible leaks in the distribution system. In summary, the landfarming techniques did
not appear to have been implemented following specific criteria and wastewater
application rates.

Domestic Wastewater. All of the domestic wastewater generated at YIC is discharged
to an onsite septic system. The septic system, as we understand, are unlined excavations
where human and other wastes are anaerobically biodegraded, while liquid percolates
through the subsurface soil. The accumulated sludge is transported offsite periodically
by authorized waste haulers and disposed at a permitted facility.
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4.3 Miscellaneous Water Losses

A considerable amount of water is lost due to evaporation. Evaporative losses and miscellaneous
water losses at YIC include:

• Cooling Tower Evaporation:
• Sterilization Steam Losses;
• Dryer Exhaust;
• Product Moisture; and
• Other Evaporative Losses

The water losses through evaporation, fugitive steam, and product correspond to approximately
16% of the total wastewater discharge. These wastewater losses are summarized in Table 9.

4.4 Storm Water

All storm water is discharged to a nearby Wadi through natural grade. Storm water is expected
to contain primarily suspended solids since the audit team did not observe noticeable liquid or
solid spills or leaks during the audit visit.

4.5 Solid Wastes

The solid wastes generated at the YIC facility include:

• Yeast recovered through the dryer exhaust cyclone;
• Packaging materials (wax paper, aluminum foil, cardboard);
• Empty plastic bags;
• Empty plastic carboys;
• Broomed salts;
• Domestic wastes; and
• Automobile tires.

The YIC disposes most solid wastes at a local landfill. However, plastic bags are given away
and broomed salts are sold to the public. A summary of the volumes of solid waste generated
at the YIC facility are included in Table 10.

4.6 Air Emissions

There are four notable sources of air emissions at the facility. They are:

• Fermentors;
• Steam Plant Boiler;
• Fluidized Bed Dryer; and
• Abandoned Wastewater Treatment Plant.
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Each of these sources of air emissions are discussed below.

4.6.1 Ferrnentors

The greatest potential source of air emissions is the fermentors. Volatile organic
compounds (VOCs) are generated by the metabolic activity in these vessels and are
ultimately released to the atmosphere. Ethanol, which is formed from acetaldehyde, and
carbon dioxide are of particular concern.

The USEPA estimates the VOC mass emission rate from a typical yeast production
facility at 82 megagrams per year, primarily from the trade fermentors. This rate
corresponds to 0.0005 kg of VOCs per liter per batch of fermentor operating capacity.

4.6.2 Steam Boiler

A variety of air pollutants could potentially be emitted from combustion of fuel in the
boiler. The quantity and characteristics of the emissions produced depends upon the type
of fuel used and the efficiency of the boiler. However, typical emissions usually include
sulfur and nitrogen oxides.

4.6.3 Fluidized Bed Dryer

The fluidized bed dryer is a potential source of air emissions. The dryer suspends moist
yeast on a bed of air to further dry the yeast product. During this process vapors and
fine particulate matter may be emitted.

The particulate emissions from the fluidized bed are reduced at YIC by passing the
exhaust air and vapors through cyclone separators. The recovered yeast is disposed in
a local landfill.

4.6.4 Wastewater Treatment Plant

The abandoned onsite wastewater treatment plant is currently used as a temporary
wastewater storage facility until the wastewater is pumped to the land application farm.
The observations made by the audit team at the land application farm are presented in
Section 4.2.6. With respect to air emissions, the audit team observed some odor during
the audit visit. Since the industrial wastewater at YIC contains high amounts of organics
including ethanol, sugars, urea etc., microorganic metabolic activities result in emissions
of organics. The odor observed by the audit team was an indirect indication that such
activities may be occurring.
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4.7 Treatability Test Results

Preliminary wastewater treatability tests were conducted on March 18,1995 at YIC laboratories
using wastewater samples from Separators #1, #2 and #3 effluents as well as the final wastewater
effluent. The results are presented in Table 11. Due to the limited time constraints, pH, COD
and TSS were selected as test parameters. Our review of the results indicated the following:

• None of the coagulants showed promising results for Separator #1 effluent.

• All coagulants tested showed excellent COD and TSS removals for Separator #2
effluent.

• Lime, iron salt and alum showed good TSS removal but poor COD removal for
Separator #3 effluent.

• Lime and alum combined, as well as hydrogen peroxide alone, indicated between
70 and 75 percent TSS and COD removal for Separator #3 effluent.

• It appeared that at higher pH levels. sedimentation was more effective not
necessarily from metal hydroxides but from certain reactions taking place. The
nature of these reactions is unknown at this time.

In summary, cursory studies indicate that it is prudent to further explore the use of lime and
alum combination and peroxide coagulants to reduce oxidizable hydrocarbons and suspended
solids in the industrial wastewater effluent.

The audit team also collected grab samples of the final combined wastewater and effluents from
Separators #1, #2 and #3. The samples were analyzed for BODs, COD, TSS, NHrN, T-P and
pH. Results are presented in Table 12. These results were compared with the previous results
presented in the WEC report (reproduced as Tables 4 and 7 in this report). The comparison
indicates that BODs and COD results were higher than average for the final effluent, and
Separator #2 effluent. The results were lower than average values reported for Separator #1
effluent but were comparable for Separator #3 effluent. For ammonia and TSS, the result were
generally higher than the past reported values.

4.8 Data Gaps

There are two general areas of data gaps identified during the audit. They are:

• Lack of water and waste quantity information; and
• Lack of systematic water and waste quality information, although some data has

been collected by WAJ and YIC for the final effluent, separator discharges and
filtrates, which are available in the WEC report.
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This infonnation is basic for developing the most cost-effective waste minimization and water
conservation measures. Specific data gaps noted are as follows:

• Water utilization rates and total water quantities used for all the applications and
operations identified in Table 2.

• Total effluent quality data and individual wastewater source quality data.

• Specific wastewater data from the following sources:

Individual Composite Samples from Separators #1, #2 and #3 effluents;
Composite Filtrates;
Composite Tank Cleaning Wastes;
Composite Filter Wash; and
Composite Final Effluent.

• Wastewater monitoring data for the following parameters:

pH;
Biochemical Oxygen Demand (BODs);
Chemical Oxygen Demand (COD);
Total Suspended Solids (TSS);
Total Dissolved Solids (TDS);
Total Volatile Suspended Solids;
Ammonia Nitrogen;
Total Nitrogen; and
Total Phosphate.
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5.0 Pollution PreventionlWaste Minimization Potential

The terms pollution prevention and waste minimization are sometimes used interchangeably, but
each term has a different meaning. Pollution prevention means to prevent pollution from
occurring in the first place. It costs 10 to 100 times more to treat pollution once it is created
than to avoid generating it. By employing waste minimization techniques, less pollution will be
created, thus reducing the cost of treating the same.

5. 1 Pollution PreventionlWaste Minimization - Water

As discussed in Section 4.0, the primary industrial wastewater discharges are (as a percentage
of total wastewater generated):

• Process Wastewater (74 %);
• Equipment Cleaning Wastewater (21 %);

• Floor Washwater (4%); and _
• Cooling Water and Regenerant Wastewater (1 %).

To achieve reduction in pollution through waste minimization. we believe that the major focus
should be on process wastewater, equipment cleaning wastewater and floor cleaning wastewater.
Regenerant waste and cooling wastes are generated in very small quantities and it mayor may
not be cost effective to invest in modifying the ion-exchange system.

The available PP/WM opportunities related to wastewater are discussed below:

5.1.1 Process Wastewater

As discussed in Section 4.2.1, the effluent from Separator #1 contributes the largest
organic loading because it is composed of primarily fermented molasses substrate. The
pollution load from Separator #1 can be reduced only by process modifications. Some
of the recommendations are discussed below.

Engineering Controls. Based on available information, the fermentation process and
raw material additions are conducted manually. Due to minimal instrumentation, the
process controls are not precise. The YIC sometimes experiences large deviations in the
final product yield. This also affects the wastewater quality. If excess organic material
or nutrients are added to the batch and are not consumed during the fermentation process,
it will be discharged as wastewater through Separator #1 effluent and to some extent
through other separator effluents. Excess molasses will naturally exert high BODs.
Excess urea and ammonium phosphate will be detected by elevated concentrations of
ammonia, nitrogen, phosphates, etc.

The YIC is currently optimizing the fermentation process through instrumentation,
controls and automation. We recommend that the YIC install state-of-the-art controls to
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monitor chemical additions. This change will not only control fennentor batch quality
but will also control air emissions of ethanol and other hydrocarbons. If the current
process optimization program includes the change of mode of operation, it will certainly
assist YIC to control molasses and chemical additions to reduce excess materials
discharged through separator effluents.

Alternative Fermentation Method. The YIC currently uses a batch fennentation
process. We recommend that the YIC convert to an incremental-feed fennentation
system. Using an incremental-feed fennentation system will maximize the yeast yield
from a given amount of substrate and will require less raw materials. As a result. the
wastes generated during production can be minimized.

Alternative Yeast Washing Method. The YIC can explore counter-current yeast
washing method rather than the current method which involves using two washing stages.
Although this should not have an impact on the organic load, the amount of water
required could be reduced by 10 to 15 percent from the existing yeast washing method.

Miscellaneous Methods. There are other management options available, however,
these options may not currently be cost effective to implement. One of such options is
to segregate Separator #1 effluent from Separator #2 and #3 effluents. The concentrated
wastewater from Separator #1 can be subjected to vapor-compression evaporation to
recover steam and water which can be recycled and reused. The concentrated molasses
sludge can be dried using sludge drying beds and landfilled or. if possible, sold to other
industries which can use the sludge.

The Separator #2 and #3 effluents can combined with other dilute wastewaters and can
appropriately be applied to the landfann.

5.1.2 Equipment Cleaning Wastewater

Equipment cleaning wastewater is generated from tank cleaning, wastewater treatment
plant cleaning and filter cleaning. The organic and inorganic loads generated from
washing operations can only be minimized by reducing the cleaning frequency, if
feasible. For example, yeast cream storage tanks can be washed after two batches
instead of after every batch. Similarly, the clarified molasses storage tanks can be
washed after two or three batches instead of after each batch.

Equipment washing operations should be carefully evaluated. Each rinse and washwater
sample should be taken to detennine the quality. A thorough analysis of the washing
sequence and washing objectives will allow YIC to optimize washing operations.

We do not see any options by itself to reduce the organic load from the wastewater
conveyance pipe cleaning.
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5.1.3 Floor Washwater

Dry materials and yeast on the floor can be removed by sweeping floors and using a dry
vacuum system where possible before washing floors with water. Good housekeeping
practices will help minimize accidental spills and reduce the necessity for floor washing.
A planned preventive maintenance also will help to reduce machinery breakage and the
incidence of spills.

YIC is in the process of installing a new fresh yeast packaging line to reduce lost yeast
and the yeast filter press is being relocated to reduce yeast spills and the loss of filter
cake.

We recommend that the YIC establish a planned maintenance program, develop cleaning
protocols and procedures and adopt good housekeeping management policies.

5.1.4 Regenerant Wastewater

Regenerant wastes, can be reduced if the sterilization steam is recovered, condensed and
reused to reduce the makeup water volume and reduce regenerant waste generation.
Although regenerant waste contributes approximately 1% of the total facility industrial
wastewater, we recommend that YIC review a series of new ion-exchange (IX) resins and
new technologies available in the market. If they are cost effective, the YIC should use
them to reduce TDS in the regenerant wastes. The new systems are discussed below:

New IX Resins and Regenerating Chemicals. A series of IX resins have been
developed to improve demineralization, improve performance and reduce chemical use
in IX modules. The resins are characterized by excellent physical strength as well as
high capacity and regeneration efficiency. These resins could potentially reduce chemical
usage and TDS loading. With these resins, the current practice of using HCI and NaOH
for regeneration can be substituted with more environmentally friendly chemicals like
acetic acid and ammonium hydroxide. Sybron Chemicals of Birmingham. New Jersey
(US) has developed such resins.

New IX System. New compact IX systems have been introduced into the market which
require less chemicals and generate less regenerant wastewater. ECOTECH. located in
Schaumburg, Illinois (U.S.) has developed such a system. The YIC should explore the
feasibility of installing such as a system.

5.1.6 Industrial Wastewater Treatment

We have discussed some of the available options for YIC to explore to reduce pollution
by waste minimization and process modifications. Some of the items are currently being
implemented by YIC.
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We believe that even with implementation of the above discussed PP/WM options, the
total pollution load may not be reduced by more than 15 to 20 percent because the basic
raw material, molasses and fermented products, contribute 90 percent of the organic
load. The reduction of molasses by process optimization and reduction in cleaning
frequency, as previously discussed, will have some impact on waste minimization.
However, since the basic philosophy of PPIWM is to reduce the pollution discharged into
the environment, we strongly believe that in the case of YIC, a proper cost-effective end
of-pipe treatment should also be considered as a PP/WM measure keeping in mind a
broader and regional consideration.

There are several concepts, the YIC can consider. Several of them are as follows:

1. Segregate Separator #1 effluent and other wastes. Install an on-site anaerobic
wastewater system to treat only Separator #1 effluent. Combine the treated
Separator #1 effluent with the remaining wastewater and use a properly designed
land treatment for the combined waste.

2. Segregate Separator #1 effluent and use vapor compression evaporation or a
French Overcash system (Figure 4) to recover water through evaporation and
condensation. The remaining wastewater can be treated by a properly designed
and operated land application farm.

3. Treat combined wastewater with coagulation, dissolved air floatation and filtration
to remove suspended solids and associated BODs, then treat the effluent by a
properly designed and operated landfarm.

In all cases, the sludge generated will be dewatered and dried using sludge drying beds
constructed on the landfarm area available to the YIC. The dried sludge will be
landfilled or sold if such a demand exists.

Based on the economics, the least costly option can be selected. We feel that a properly
evaluated, designed, constructed, operated and monitored land treatment system will
provide a long term solution to waste management not only for the YIC but for other
industries in Jordan. This issue could be considered as PP/WM issue on a regional or
national basis.

5.1.7 Domestic Wastewater Treatment

We recommend, if possible, that YIC discharge the domestic wastewater to the city
sewer system. If this is not cost effective, then a concrete septic tank and an engineered
leach field should be installed for proper waste management. Furthermore, proper
periodic maintenance will ensure good septic tank performance.
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5.2 Pollution Prevention /Waste Minimization - Solid Waste

All solid waste generated at the facility are disposed offsite.

Some of the recommendations made in previous sections such as good housekeeping, planned
preventive maintenance, spill prevention and control program should assist the YIC in
minimizing solid waste generation.

The YIC is also implementing a program, as previously discussed, to reduced yeast spills.

5.3 Pollution PreventionlWaste Minimization - Air

At YIC, the main emission sources are fermentors, the dryer, and the wastewater treatment plant
including the land application farm. Currently, no air monitoring is performed and no emissions
data exist.

To control fermentor emissions, the process control measures such as incremental-feed system
implementation can control ethanol formation during fermentation. By matching the addition
of substrate to the yeast's growth curve, a low excess-sugar concentration can be maintained by
sufficiently aerating the fermentor and in turn maximizing the yeast's respiratory activity. The
result is a greatly increased final yield and a decreased VOC emission rate. Since the majority
of yeast growth occurs in the main fermentation stages, it is most beneficial to equip the main
fermentors with incremental feed systems.

We do not recommend any other technologies to treat fermentors exhaust at this time. We do
recommend, however, that YIC initiate monitoring of the fermentor exhaust on a monthly basis
for total hydrocarbons. Depending upon the results, plans can be developed for further actions.

We also concur with the following recommendation made in the WEC report dated June 1992.
It is reproduced as originally printed.

"The plant should investigate and purchase a flame ionization detector for the purpose
of analyzing the stack emissions of the fermentation vessels for total hydrocarbons. The
emissions of total hydrocarbons during the fermentation process are directly related to
the fermentation process and would allow plant personnel to monitor and optimize this
process. By plotting these emissions over time, and by finding optimum emissions at
cenain points in the fermentation, the plant could better control their fermentations so
that the possibility of over feeding, and thus the over reduction of organic waste can be
controlled. Funher, this will improve the quality ofthe yeast produced by TIC, since this
instrument would allow them to keep control from batch to batch and thus have a more
uniform product. With a more uniform product, comes a more uniform wastewater".

The dryer exhaust air is passed through a cyclone to recover yeast dust. However, the
efficiency of this system is not monitored.
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With respect to the land application farm and wastewater treatment plant, we believe that a
properly designed, constructed and operated land application farm will reduce emissions and
odors that the audit team experienced during our visit.
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6.0 Water Conservation Potential

As previously discussed, 94 percent of the water use at YIC is for process and equipment
cleaning while 6 percent is used for other purposes. The process water and tank: cleaning water
requirements are critical to maintain product quality. We have, therefore, identified certain
water conservation opportunities, which will need to be evaluated against their potential impact
on product quality as well as their capital cost. The suggested water conservation opportunities
are noted below.

6. 1 Process Optimization and Modifications

We believe that by improving process control and instrumentation, and carefully monitoring the
actual process water requirements versus actual water usage, water consumption can be reduced
by optimization. Water conservation opportunities through process optimization are considered
to exist for:

• Stage I and Stage II yeast washwater;
• Use of filtrate as part of Stage I washwater;
• Use of Stage II centerate as part of Stage I washwater; and
• Molasses preparation process.

Process optimization can generally be achieved through the following:

• Monitoring of process variables including flow rates, water to molasses ratio,
temperature, feed and product quality, etc.;

• Developing optimum operating conditions based on the data; and

• Controlling process water use by installing flow-control valves, and timers.

The YIC may be able to reduce process water consumption without affecting the product quality
through optimization. Other opportunities specific to molasses preparation water and product
recovery water are discussed below.

Molasses Preparation Water. Fresh water is used to dilute the molasses in the molasses
preparation process. The fresh water could potentially be replaced with recycled molasses tank
(and other molasses equipment) rinse water.

Product Recovery Water. Fresh water is currently used to rinse the centrifuged yeast in the
product recovery process. The fresh water could potentially be replaced with recycled centrifuge
effluent, filtrates from both filters, or fermentor cleaning water. If the solids loading in these
process waters is too high to be used effectively, the wastewater could be pretreated by being
clarified, filtered, and mixed with fresh make-up water.
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In addition, new processes can be investigated such as recycling the product recovery rinse
water. In a process reported in a French publication (ref.: Overcash), the spent rinse water and
the centrifuge effluent are evaporated and then condensed and recycled to other facility
processes. The solids are processed as products including potassium sulfate and concentrated
protein. In addition, the process has been claimed to reduce the BOD and COD levels in the
wastewater from the product recovery process by approximately twenty times. A flow diagram
of the process is provided as Figure 4.

The applicability of these improvements may be subject to cleanliness requirements. However,
since surge tanks and/or gravity separators would be required to store the recycled water,
sterilization could be performed as necessary.

In addition to the above, a properly instituted maintenance program encompassing preventative
maintenance can conserve energy and water. We have assumed about 10 percent probable water
savings through process optimization. Extensive process modifications may not be cost effective
at this time.

6.2 Tank Cleaning Frequency Reduction

The tanks cleaning frequency can be reduced. Instead of cleaning each tank after each batch,
some of the tanks such as yeast cream storage tanks, and molasses storage tank can be cleaned
after every other batch without adversely affecting yeast quality. In addition, the last rinse water
can be stored and used as a first rinse for the subsequent cleaning operation of the same tanks.

With the combination of these two measures, the anticipated water savings for tank cleaning
water could be as much as 50 to 60 percent. It is certainly recognized that storage of rinse
water and recycling will require installation of piping, pumps, electrical controls and
instrumentations.

6.3 Steam Recycle

A state-of-the-art fermentation facility operated by the Pfizer Corporation in Connecticut (U. S.)
captures spent sterilization steam. Instead of being discharged to the atmosphere, the spent
steam is condensed and disinfected in a catch compartment before any effluent leaves the plant.
This condensate could potentially be recycled into another process at the facility.

This option may not currently be cost effective but should be evaluated and explored in the
future.

6.4 Floor Washing

Floor washing procedures unless properly established, monitored and managed can result in
wasting hundreds and thousands of cubic meters of water every year due to complete lack of
controls, non-awareness of water as a commodity and no incentives to save water. The
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following water conservation measures, if taken, could assist YIC in reducing floor washwater:

• Sweep up dried materials instead of washing them into the jrain;
• Eliminate the causes of spillage, such as leaking pipes and accidental loading,

transfer, and storage area spills;
• Use dry vacuum techniques to clean up material spills instead of washing them

down the drain;
• Use timer controlled valves for controlling washwater. This will help reduce the

amount of water used for each washing;
• Utilize water saving equipment as much as possible. Different types of water

saving equipment include.

Flow Regulation Devices. When these devices are inserted into a water line, they
restrict flow to a constant rate.

Flow Shut-off Devices. The most useful devices are finger operated shut-off
valves. or guns, with nozzles on the ends of cleanup hoses. When finger pressure
is released, water flow is stopped.

Nozzles. Nozzles use less water than drilled pipe sprays. For faster, more
efficient cleaning, a "Vee" type nozzle is preferred.

Overflow Preventors. These devices are employed to prevent overflowing of
containers, tanks, or reservoirs, thus minimizing spills.

• Perform floor washing only on an as-needed basis; and
• Improve housekeeping by developing and implementing strict operating protocols.

We believe by establishing procedures and schedules for floor washing and using a dry vacuum
system, floor washwater can be reduced by 30 to 40 percent.

6.5 Replacing Evaporative Cooling with Air Cooling System

YIC should explore the use of an air cooling system using an indirect contact heat exchanger and
air as a cooling medium. This will eliminate 100 percent of the evaporative cooling water loss
which is currently estimated to be about 50 mJ per day.

6.6 Miscellaneous Reductions

The filter washing sequence and regeneration process should be carefully reviewed, studied and
optimized. Careful studies may show that desired results can be achieved by:

• Reducing the duration of the cleaning cycles; or
• Reducing the amount of water required per cycle; or
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• A combination of both.

Operating procedures can be developed to ensure that washing and regeneration are conducted
when necessary based upon operating parameters. Such optimization and use of new resins and
technologies could reduce water consumption by 20 to 30 percent.

6.7 Wastewater Treatment Plant Cleaning

It is estimated about 50 m3 of water is used daily to flush wastewater conveyance piping and
associated accessories. To reduce this water requirement we recommend to segregate industrial
wastewater into the following categories:

• Concentrated wastes from Separators #1 and #2: and
• Dilute wastes from other sources.

The estimated amount of concentrated wastes and dilute wastes are 260 m3 and 235 m3
•

respectively. The YIC can use existing storage tanks to contain both wastes. While pumping
the wastewater to the land application farm. concentrated and dilute waste can be combined at
a volumetric ratio of 1 to 0.7. Thereby. when the entire concentrated waste is pumped, 50 m]
of dilute wastewater will remain which can be used to flush the concentrated waste holding tank,
piping and other accessories.

6.8 Domestic Water Use

The YIC employs about 70 people with a reported domestic water consumption is about 10 m]
per day. For a manufacturing facility, an acceptable figure is 0.06 m3 per day per capita. The
total anticipated domestic water consumption for the YIC facility is about 6 m3 per day.
Therefore, it appears that there is opportunity for improvement to reduce domestic water
consumption. Domestic water reduction can be achieved by the following measures:

• Meter water consumption on a daily basis by installing a flow meter on the main
supply line;

• Provide water conservation training to YIC staff;
• Install automatic water shutoff valves on sinks and hoses;
• Install aerated shower heads, that control water flow but provide the same

sensation and cleaning efficiency of high water flow shower heads;
• Modify toilets to control the flush water volume by providing a partition and

adjusting the float height;
• Implement drip or trickle irrigation techniques to irrigate gardens; and
• Routinely check all plumbing, faucets and other outlets and repair leaky pipes,

valves and faucets.

By implementation of the above PP/WM methods, it is expected that domestic water
consumption and wastewater generation can be reduced by 20 to 40 percent.
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6.9 Conceptual Water Balance

The PP/WM and water conservation solutions integrated into a single program will offer the
great water savings. Using the current estimates for YIC water usage, a proposed conceptual
water management plan was developed (Figure 3). This scenario includes the following PP/WM
and water conservation measures:

• Modify the molasses preparation and fermentation processes through
instrumentation, controls and automation; and

• Implement an incremental-feed fermentation process;

• Modify and optimize the tank cleaning schedule;

• Install a counter-current yeast washing process including filtrate recycling;

• Modify the wastewater treatment plant cleaning procedures;

• Use water saving equipment and good housekeeping practices to minimize
floor cleaning, and leakage losses;

• Replace the wet evaporative cooling system with an air cooling system;

A summary of the projected water usage and savings for individual water sources for this
scenario is presented in Table 13. As can be seen from the table, implementing the above
PP/WM and water conservation measures can potentially reduce fresh water requirement to 438
m3/day from 636 m3/day, and result in a 30 percent savings.

This conceptual water balance illustrates a scenario which we believe is feasible. However, it
should be noted that this water balance is not the only possibility. Other PP/WM and water
conservation opportunities such as vented steam capture and recycle, and separator effluent
evaporation and recycle may exist which may require new process applications or modifications
and which may be relatively more difficult to implement. However, PP/WM and water
conservation opportunities not evaluated at his time should not be eliminated from consideration,
as their feasibility can only be determined through more intensive study and evaluation.

In the future, if YIC implements a vented steam capture and recycle system and a separator
effluent evaporation and water recovery system, the effluent flow and pollution reduction could
be as much as 60 percent. As previously stated, however, this may not be economical in the
foreseeable future.
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7.0 Conclusion and Recommendations

Water plays a critical role in the yeast manufacturing process. The primary use of water is for
preparation of molasses substrate and washing residual molasses liquor from yeast after its
formulation. About 66 percent of the total water consumed is for yeast processing.

7.1 Conclusions

Based on the audit findings, the following conclusions are made:

1. The main wastewater sources are:

• Centrifuge Separator Discharges (390 m3/day);
• Tank Washwater (54 m3/day);
• WWTP Washwater (50 m3/day);
• Floor and Lab Wastewater (21 m3/day);
• Filter Washwater (10 m3/day); and
• Filtrates (10 m3/day).

The residual molasses liquor discharged from Separator #I is the most concentrated
wastewater generated at the facility.

3.

4.

5.

Wastewater effluent from Separator #2 is moderately high with respect to orgamc
loading, next to the Separator #1 effluent.

Other combined discharges could be considered to be dilute wastewater.

The organic load generated at the facility could be minimized through:

• Process optimization and automation;
• Process automation with incremental feed additions rather than manual batch

operation;
• Fermentation process control through exhaust monitoring and feed back control;
• Minimizing tank cleaning frequency;
• Countercurrent washing of yeast and reuse of filtrate;
• Good housekeeping;
• Sweeping or dry vacuuming floors; and
• Implementation of new technologies or installation of new resms for water

demineralization.

6. Water savings should result from the PP/WM measures described herein. In addition,
water conservation can be achieved through implementation of:
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• Installation of an air cooling system;
• Use of dilute wastewaters to clean wastewater conveyance piping instead of fresh

water;
• Tank cleaning frequency minimization and use of last rinse water for the first

rinse of the next cleaning cycle; and
• Filtrate recycling.

7. The facility does not have a program for monitoring water use, wastewater discharges
and air emissions.

8. Implementation of the PP/WM and water conservation measures could reduce pollution
load by 15 to 20 percent and hydraulic load by 30 percent.

9. Other PP/WM and water conservation opportunities such as vented steam capture and
recycle, and separator effluent evaporation and recycle may exist which may require new
process applications or modifications and which may be relatively more difficult to
implement. However, PP/WM and water conservation opportunities not evaluated at his
time should not be eliminated from consideration. as their feasibility can only be
determined through more intensive study and evaluation.

In the future, if YIC implements a vented steam capture and recycle system and a
separator effluent evaporation and water recovery system, the effluent flow and pollution
reduction could be as much as 60 percent. As previously stated, however. this may not
be economical in the foreseeable future.

7.2

1.

,..,....

Recommendations

Install devices to monitor discharges from all processes and cleaning operations including
equipment and floor cleaning. Generate and maintain an accurate measurement and
balance of facility water use. Water and wastewater flows should be monitored daily.

Design and implement a wastewater sampling and monitoring program to cover all
wastewater sources identified in this report. All wastewaters be monitored for pH,
BODs, COD, TSS, TDS, NH4-N, T-N and I-P.

For the first two years, a monthly sampling frequency should provide the YIC
management a fair idea of the pollutant loads in different wastewater streams. The final
effluent, however, should be monitored weekly, except for flow and pH, which should
be recorded daily. The sampling frequency can be adjusted to quarterly sampling upon
process optimization.

Also, initiate fermentor exhaust sampling and monitoring program to monitor VOC
emissions.
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3. Optimize, modify and upgrade the molasses preparation and fermentation systems
through automation and process monitoring, and incremental-feed system implementation.

4. Optimize tank cleaning systems by minimizing the washing frequency and using the last
rinse water for the initial rinse of the next cleaning sequence.

5. Recycle and reuse filtrate and implement counter-current yeast washing system.

6. Establish and implement rigorous equipment cleaning and tloor cleaning procedures to
conserve water.

7. Optimize cleaning methods by carefully studying current procedures, washing time,
solution concentration, water temperature, intensity of application etc. By applying an
appropriate combination of these elements to each type of tanks can reduce water use.
Establish protocols and procedures.

8. Optimize the regeneration process and explore the use of new technologies and resins.

9. Improve housekeeping and implement a spill prevention and control and countermeasures
program. Use dry vacuum techniques instead of washing spills into the drain.

10. Segregate Separator # 1 effluent and other dilute wastes. Use existing wastewater tanks
to store them separately. Use a portion of the dilute wastewater to clean and flush the
wastewater equipment and conveyance piping system rather than using fresh water.

11. Explore installing an air cooling system to replace the existing wet evaporative cooling
system.

12. We concur with the following recommendations made in the WEC report:

"The outdoor above-ground diesel storage tank and acid tanks should have a
containment dike built around it such that this dike could contain the volume of
the tank in case of tank failure or rupture. It is also a safe operating practice.

The underground storage tank of diesel fuel should have a management program
whereby on a weekly basis the plant logs usage, receipt of fuel, and tank
inventory by level. By keeping this type of log, the plant should be able to
balance fuel use from the tank and detect a leak, if it occurs, at an early stage."

13. The VIC should develop an environmental management program to include:

• Establishing an Environmental Department with dedicated personnel and sufficient
resources;
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• Writing an environmental policy complete with missions, visions, goals, policies
and a future work plan. The PP/WM and water conservation goals need to be
established to achieve the PP/WM program, in line with the Ministry goals; and

• Developing training and incentive programs for all YIC personnel.

14. Consider the following PP/WM and water conservation items for feasibility levels
studies:

• Process modifications and upgrading through automation;
• Optimization of tank cleaning system; and
• Implementation of air cooling system.

Although the above items will, if implemented, reduce the organic pollution and
wastewater volume by 15 to 20 percent, we strongly feel that YIC should undertake
thorough feasibility level efforts to <:letermine a cost effective treatment for processing
the final wastewater. Some of the options we recommend for the YIC's consideration
are as follows:

• Total wastewater attenuation, filtration and land application.
• Total wastewater coagulation, dissolved air t1otation, filtration and land

application.
• Total wastewater coagulation, clarification, anaerobic biodegradation treatment

followed by off-site land application.
• Segregation of concentrated and dilute waste; treatment of concentrated waste by

coagulation, and dissolved air t1otation: mixing with dilute wastewater; filtration
and land application of combined wastes.

• Segregation of concentrated waste and treatment by coagulation, clarification,
anaerobic biodegradation; mixing treated waste with dilute waste; filtration and
land application of combined wastes.

In all above options, the following will apply:

• Land treatment should be thoroughly pilot studied, designed, constructed,
operated and monitored throughout the life cycle.

• Sludges produced should be dried using sludge drying beds and dried sludge
either marketed or disposed.

• Existing wastewater treatment equipment should be used to the fullest extent.

• An on-site anaerobic biotreatment, if operated, will generate relatively minimum
sludge. It will produce methane gas which can be t1ared or used as a fuel for the
boiler, if feasible.

36

l



7.3 Success Stories

Pfizer Corporation, Connecticut (U.S.) is currently capturing spent sterilization steam from
fermentors for reuse as process water (see Section 6.3). This system is minimizing the pollution
discharge as well as conserving water by reuse.

Technology has been developed to reduce pollution and conserve water in the yeast washing
process. This technology is referred to as "Overcash". In the Overcash system, spent
washwater and the centrifuge effluent are evaporated and then condensed. The condensate is
recycled to other processes and the solids can be processes as products, such as potassium sulfate
and concentrated protein. In addition to, conserving water, the process has been claimed to
reduce BOD and COD levels in the wastewater by approximately twenty times. A flow diagram
for this process is provided as Figure 4.
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8.0 Follow-up Actions

This section contains our recommendations to the YIC concerning follow-up actions required to
meet the PP/WM and water conservation objectives. Although the PP/WM is generally given
priority over water conservation in most countries, due to the limited water resources in Jordan,
PP/WM and water conservation measures should be given equal importance. With this
philosophy, the following actions are recommended in order of their priority.

1. Develop and implement a plan to monitor major process water and/or wastewater
discharges by installing flow measuring devices and establishing sample collection
procedures and protocols. Discharge rates should be recorded daily.

2. Install flow monitoring devices at all key locations to monitor fresh water usage.

3. Study, evaluate and implement options recommended for the PP/WM and water
conservation. Set priority to items recommended for feasibility level studies.

4. Utilize water conservation equipment as much as possible. such as flow regulating
devices, automatic shut-off valves, nozzles and overflow preventors.

5. Initiate fermentor exhaust monitoring which will indirectly assist the YIC in process
control and optimizing yeast yield thereby reducing waste organic loads.

6. Develop protocols and procedures for equipment and floor washing and strictly adhere
to them.

7. Develop a PP/WM and water conservation policy statement as part of the YIC
management operating philosophy and distribute it to all personnel.

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

9. Implement a PP/WM and water conservation through established goals and objectives.

10. Train employees to identify the PP/WM and water conservation opportunities that relate
to their job.

11. Publicize success stories and reward employees that identify cost effective PP/WM
opportunities.

12. Illustrate management efficiency by implementation of the above actions. Reinforce the
PP/WM policy through continued education at work and company functions.

13. Perform a periodic assessment of the PP/WM and water conservation program by key
management personnel, the coordinator and independent experts.
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Table 1
SUMMARY OF ANNUAL RAW MATERIAL CONSUMPTION

Yeast Industries Company

Material Annual Consumption (t/year) Storage Capacity (t)

Beet Molasses 8,000 -

Sulfuric Acid 60 25
(Concentrated)

Nitric Acid 0.5 -

Sodium Hydroxide (flakes) 240 6

Urea 120 100

Calcium Hypochloride 0.1 0.5

Mono Ammonium 72 40
Phosphate

Magnesium Sulfate 24 20

Potassium Chloride 12 2

Formaldehyde 14 20

Antifoam - -

Diesel Fuel 720,0001 50,0001

Sodium Chloride - -

Vitamins - -

1 Units are in liters.
(-) Data not available.
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Table 2
OVERALL WATER BALANCE ACROSS FACILITY'

Yeast Industries Company

Water Inflow (m3/day) Water Outflow (m3/day)

Well Water Pumped 626 Separator Discharge 390

Molasses Moisture 10 Cooling System 56

Tank Washing 54

WWTP Cleaning 50

Floor/Lab Washing 21

Boiler Make-Up Water 20

Filter Cleaning 10

Filter Press and RVF 10

Dryer Exhaust 10

Product Moisture 10

Regeneration 3

Chiller Make-up 1

Valve Operator 1

TOTAL 636 636

1 Domestic water is supplied by the Water Authority of Jordan and domestic wastewater
is discharged to an onsite septic tank. Daily domestic water consumption is 10 m3

.



Table 3
SUMMARY OF WASTEWATER SOURCES'

Yeast Industries Company

I Source I Volume (m3/day) I
Process Wastewater

Separator Discharge 390
Filter Press and RVF Filtrates 10

Equipment Cleaning Wastewater
Tank Washwater 54
WWTP Cleaning 50
Filter Cleaning 10

Floor Washwater (including lab) 21

Cooling System Wastewater 6

Regenerant Wastewater "-'

Valve Opener Wastewater I

TOTAL 545

1 Domestic wastewater is generated at a rate of approximately 10 m3/day.
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Table 4
COMPARISON OF YEAST SEPARATOR EFFLUENT DATA'

Yeast Industries Company

Concentrations (mg/I)2
Parameter

Separator #1 Separator #2 Separator #3

pH (su) 6.1 6.6 6.8

Total Dissolved 51,024 6,371 1,175
Solids

Total Suspended 2,116 170 151
Solids

Total Volatile 30,633 3,672 663
Solids

Total Volatile 2.194 138 128
Suspended Solids

Biochemical 27.334 4,293 960
Oxygen Demand

Chemical Oxygen 58,277 6,626 1.370
Demand

Iron 18.5 2.2 0.3

Ammonia Nitrogen 230 30 4

Total Nitrogen 3,035 252 39

Total Phosphate 9.8 6.2 3.6

1 From WEC Report dated June 3, 1992.
2 Except as noted
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Table 5
FILTER PRESS EFFLUENT CHARACTERISTICS1

Yeast Industries Company

Sample Date
Parameter

28-08-91 04-09-91 Average

pH (su) 4.8 4.6 4.7

Total Dissolved 7,540 4,706 6,105
Solids (mg/l)

Biochemical 7,321 3,832 5,577
Oxygen Demand
(mgll)

Chemical Oxygen 24,621 24,662 24,642
Demand (mgll)

1 From WEC Report dated June 3, 1992.
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Table 6
ROTARY VACUUM FILTER EFFLUENT CHARACTERISTICS 1

Yeast Industries Company

Sample Date
Parameter

28-08-91 04-09-91 Average

pH (su) 5.8 6.8 6.3

Total Dissolved 1,140 1,150 1,145
Solids (mgll)

Biochemical 4,847 2,726 3,787
Oxygen Demand
(mgll)

Chemical Oxygen 24,621 24,662 24,642
Demand (mg/I)

1 From WEC Report dated June 3, 1992.



Table 7
1991 WASTEWATER EFFLUENT QUALITY DATA'

Yeast Industries Company

Parameter Concentrations (mg/lf

Minimum Maximum Average

pH (su) 5.7 6.7 6.26

Total Dissolved 8,942 19,218 14,356
Solids

Total Suspended 612 848 752
Solids

Total Volatile 5,904 10,144 7.580
Solids

Total Volatile 550 726 617
Suspended Solids

Biochemical 4,613 13,022 8,650
Oxygen Demand

Chemical Oxygen 12,842 22,219 16,807
Demand

Iron 6.8 10.5 8.3

Ammonia Nitrogen 53 487 224

Total Nitrogen 557 1.240 871

Total Phosphate 10.6 60.9 29.0

1 Royal Scientific Society/Amman Environmental Research Centre. Characteristic of
Wastewater at Yeast Industries, 1991.

2 Except as noted.
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Table 8
SUMMARY OF WASTEWATER EFFLUENT CHARACTERISTICS (1990-1993)1

Yeast Industries Company

Effluent Concentrations (mg/l)

Date of Total Total Biochemical Chemical Ammonia pH
Sample Dissolved Suspended Oxygen Oxygen Nitrogen

Solids Solids Demand Demand

23-10-90 14,686 440 6,600 11.465 448 6.45

10-11-90 6,980 8,020 4,239 17,162 716 6.15

05-12-90 12,286 1,140 4.368 8,432 280 6.6

05-02-90 11.734 1.952 6.204 13.533 148.7 5.4

12-03-91 8,340 2.946 3,840 13,000 186.5 5.6

07-05-91 12,164 4,402 6.775 15.141 64 6.8

29-05-91 12.490 3,644 10,959 22,825 145 6.3

27-08-91 11.000 3,820 9,367 15.185 365 6.6

19-09-91 11.885 4.995 6.182 11.734 128 6.5

02-10-91 6.960 4.844 3.559 8.813 77 6.6

05-11-91 8.790 528 528 10.605 - 6.0

23-12-91 10.347 900 900 11.682 - 6.5

26-05-92 2.462 1,138 1.138 6,376 - 5.8

05-08-92 11,600 1,653 1,653 23.016 - 5.4

12-08-92 8,228 560 560 12,350 - 5.9

12-10-92 9,110 1,277 1,277 16.002 - 6.5

04-11-92 9,234 937 937 16,352 - 6.7

16-12-92 8.309 1,543 1,543 11.838 - 6.3

05-01-93 11.285 1,120 13,248 13,248 - 6.15

15-02-93 8,673 1,110 7,672 7,672 17 6.90

05-04-93 7,526 1,257 5,096 5.096 131 6.40

15-05-93 5,967 933 5,906 5,906 61 6.30



Effluent Concentrations (mg/l)

Date of Total Total Biochemical Chemical Ammonia pH
Sample Dissolved Suspended Oxygen Oxygen Nitrogen

Solids Solids Demand Demand

23-06-93 7,265 1,160 5,997 5,997 - 6.40

20-07-93 6,720 1,170 4,620 4,620 58 6.50

16-08-93 6,710 875 4,431 4,431 - 6.8

11-09-93 8,844 876 4,761 4,761 320 6.5

13-10-93 8,840 1,025 6,860 6,860 - 6.7

29-11-93 5,318 486 3,189 3,189 99 6.9

27-12-93 8,057 770 6,210 6.210 - 6.4

I = Data obtained from WAJ .
(-) = Data not available.

- Illr II_ I_ -~



Table 9
SUMMARY OF MISCELLANEOUS WATER LOSSES

Yeast Industries Company

I Item I Volume (m3/day) I
Cooling Tower Evaporation 50

Sterilization Steam Losses 20

Product Moisture 10

Dryer Exhaust 10

Other 1

TOTAL 91



Table 10
SUMMARY OF SOLID WASTES GENERATED

Yeast Industries Company

I Waste Material I Quantity Generated I
Spilled Yeast 150 kg/day

Packaging Materials
Wax Paper 20 kg/day
Aluminum Foil 10 kg/day
Cardboard 10 boxes/day

Empty Plastic Bags (PP,PE) 500 bags/month

Broomed Salts 50 kg/year

Automobile Tires -

(-) Data not available.
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Table 11
TREATABILITY TEST RESULTS'

Yeast Industries Company

Parameter Concentration (mg/I)

Location Chemical Total
Oxygen Suspended pH
Demand Solids

First Separator Effluent 22,800 2,938 7.15

FeCI) (20%) 22,600 2,744 6.65
% Reduction 0 7 -

Lime (20%) 23,200 3,926 8.1
% Reduction 0 0 -

Alum (20%) 23,200 1,776 7.5
% Reduction 0 40 -

Second Separator Effluent 16,800 953 7.1

FeCI) (20%) 8,000 306 6.6
% Reduction 52 68 -

Lime (20%) 4.800 401 9.15
% Reduction 71 58 -

Alum (20%) 5,600 345 7.65
% Reduction 67 64 -

Third Separator Effluent 1,600 933 7.15

FeCI) (20%) 1.200 385 7.8
% Reduction 25 59 -

Lime (20%) 1,200 393 8.95
% Reduction 25 58 -

Alum (20%) 1,200 368 8.0
% Reduction 25 60 -

Hydrogen Peroxide (20%) 480 280 10.5
% Reduction 70 70 -

Alum + Lime (20 %) 400 305 9.3
75 67 -

Final Effluent 21 ,200 1,878 6.45

FeCI) (20%) 23,200 1,302 6.85
% Reduction 0 31 -

Lime (20%) 22,200 897 6.85
% Reduction 0 52 -

Alum (20%) 23,200 819 6.5
% Reduction 0 56 -

Tests were conducted on March 18, 1995 at VIC Laboratories.
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Table 12
MARCH 1995 WASTEWATER SAMPLING RESULTS

Yeast Industries Company

Parameter Concentration (mg/l)

Location Biochemi Chemical Total Ammonia Total pH
cal Oxygen Suspended Nitrogen Kjeldahl

Oxygen Demand Solids Nitrogen
Demand

Separator #1 14,443 22,800 2,938 456 2,405 7.15
Effluent

Separator #2 12,220 16,800 953 60 400 7.1
Effluent

Separator #3 1,079 1.600 933 42 891 7.15
Effluent

Final 13,529 21.200 1,878 237 - 6.45
Effluent

1 Samples were collected on March 18, 1995 and analyzed at YIC Laboratories.
(-) Data not available
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Table 13
PROPOSED WATER REDUCTION, RECYCLE AND REUSE'

Yeast Industries Company

Water Usage (m3/day)
Source

Current Projected Savings

Yeast Washing 390 330 60
(including filtrate
return)

Cooling System 56 6 50

Tank Washing 54 27 27

WWTP Cleaning 50 0 50

Floor/Lab Washing 21 13 8

Boiler Make-up Water 20 20 0

Filter Cleaning 10 8 2

Filter Press and RVF 10 10 0

Dryer Exhaust 10 10 0

Product Moisture 10 10 10

Regeneration 3 2 1

Chiller Make-up 1 1 0

Valve Operator 1 1 0

TOTAL 636 438 198

1 Domestic water is currently consumed at YIC at a rate of approximately 10 m3/day. It
is expected that consumption can be reduced by 20 to 40 percent.

2 If in the future, an Overcash Water Recovery System is implemented to recover
Separator #1 effluent, an additional 120 m3/day water can be saved thereby reducing the
pollution load and water usage by 50 to 60 percent.
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Ancillarv facilities
Annual cost for manall:ement of NIA

the wastewater dischar2'e
Photol1:raohic records 't

2
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WQICP WASTE MINIMIZATION AUDIT
Facili ty Name: 'te&\t Tri~t'~}i"I'!-~f"l'IyAUditor/Firm:

Date:

II INPUT MATERIALS SUPIKARY II

DESCRIPTION1

Material Stream No. Stream No. Stream No.

Name
Source/Suoplier

Component of Concern

Annual Consumption Rate
Overall
Component(s) of Concern

.
Purchase Price. S per
Overall Annual Cost

Delivery Model
Type)Shipping COntainer Size &

Storage Mode
Transfer Mode5

Empty Container Disposal/Mana~ement

Shelf Life
Supolier Would

- accept exoired material (Y/N)
- accept shipping- containers (YIN)

Acceptable Substitute(s) if any
Alternate Supplier(s)
Product Inventorv Records

~
l. Stream number, if applicable, should correspond to those u~ed on process

flow diagram \
Z. e.g., pipeline, tank truck. etc.
3. e.g., drum. paper bag, tank, etc.
4. e.g., outdoor, warehouse, underground, aboveground, etc.
5. e.g., pump, forklift, conveyor, etc.
6. e.g., crush and dump, clean and recycle, return to supplier, etc.

3
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WQICP WASTE MINIMIZATION AUDIT a
Facility Name: 'lee',? Tnchd/,'e.~ G2?1.o",,,yAuditor/Firm: /-/'7(7 ,,-u:)!?5')

r- Date: 1-1 n rr!· II / ,~

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

1.

(page 1 of 4)

Waste Stream Name/IO: S t;f?rJK!.,?J /;:} K.:. 1... Stream No. { __

addi tional sheets wi th compo:. i tion2. Waste Characterization (attach
data, as necessary)

Gas ~ Liquid --- Solid --- Mixed pha:.e

Dens i ty kg/M3

pH b.o

3. 'n'aste Leaves Process as:

l)oOQ High Heating Value Cal/hg-=-
Flash Point ~ 'n'a ter .:::t- /00 ~~---- -"-----

-- air emission -- solid waste

4. Occurrence:
continuous
discrete
discharge triggered by -- chemical an~lysis

Y: other (descr j be) F£-I<-JVJ-~.j--r/~,J eye L

length of period

5.

Type -- periodic ~
-- sporadic

Generation Rate:
Annual
Maximum
Average
Frequency ~

Batch Size__~~~S~-__2~o~~~3__

4

kg per year
kg per
kg per
batches per~--

average range

/
I

..



WOICP WASTE MINIMIZATION AUDIT
Facility Name: i.~$t il7t!.~shl·(./) G>?-r ../AUditor/Firm:

I Date:

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 2 of 4)

6. Waste Origins/Sources
Fill out this worksheet to ide Itify the origin of the waste. If
the waste is a mixture of wast~ streams, fill out a sheet for each
of the individual waste stream.;.

Is the waste mixed wi 1 other wastes? ---- No

Describe how the wast is generated.

J r-' 7 -z:=.-
...:.-_-_.=.'---..:..=--~=-:........::'--------------

THE; Ye?tST

LI cp voR.. IS

Example: Formatio:
removal (
a key cor
input ma
spill or
losses, t

.nd removal of an undesirable compound,
an unconverted input material, depletion of
inent, equipment cleaning waste, obsolete
ial, spoiled batch and production run,
ak cleanup, evaporative loss, venting

5
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Leaves site in

rr================'======='-========il

WOICP WA~TE MINIMIZATION AUDIT .
Facility Name: teA:';)l rfl(Ll5-!-r,;~ r.px~"",uditor/Firm: LJ-~~::lo....::'-Ll.4 /25;

_ Date:

INDIVIDUAL WASTE STREAft
CHARACTERIZATION

(page 3 of 4)

Waste Stream SrfJ j
--=-=-:.--~--------------------

7. Management Method

bulk
55 gal drum

~ other (describe) ?;flF :... J"" E
~:-:::..~~=--=._------

Disposal Frequency ~)~~~/~L~Y _

Applicable Standards/Regs

Managed

Recycling

Iv jrl

onsite --- offsite
other (describe) LA,..,]) 4ffLI(A --::r-/j...j

/ I;{I!. /9 ri 7" I.:> ...-I~

"vIA: ---

reclaimed material returned to site? N~Jt

/" -,.-. " :..' .... -:: C /

Yes No used by others

Treatment

residue yield
residue disposal

biological
oxidation/reduc:ion
pH adjustment
precipitation
other (describe) '-,'j-IVI)

Final Disposition Dump
pond
other (desc: _bt -""L-.L..Hu.jJ-:P~_--------

6



WOICP WASTE MINIMIZATION AUDIT
Facility Name: tu,,-d, iJ;.J(,Jr,"t'l (",.,.•;,(.(1 Auditor/Firm: Harza aottd;<S<

I r Da t e: M4 Tch. , I. , 'T 1f
»

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 4 of 4)

cost as of (quarter and year)

Cost Element Unit Price Reference/Source
JD per

Onsite Storage & Handling

Pretreatment .
Container

Transportation Fee

Disposal Fee

Taxes

Total disposal Cost

7

--



WOICP WASTE MINIMIZATION AUDIT
Facility Name: ~eJ iodrA str,-e" C)rff~.A.uditor/Firm: !/t'.1Z4 CU'ld 1:\':';_';

I Date:

II WASTE STREAl'l INFORJI'lATION

(one form for each stream)
II

.1.

Stream ID: S c-p 1
Streamname: _Si.=....=E:.-r:A.-...:...._e.-:1"\_-_'o::....!=e~_A.J__t:>_.:::1=----I-;;_jJ:..:-.,q-:s....:..-...:..7_c:;_-_~_A-_-:Ti_~ _

(wastewater, waste oii, still bottoms, etc.)

2 • Discharge I den t i fica t ion: ....!I--=c=-:-~.::J/'-=S::-:-:-_,_S:::.L.::81:..:....11---:rGi::.\L-..:..!..:o:.:r.?-=- _
(Enter process or equipment from which stream is discharged)

L/min
L/min

---===--_L/ mi n

minimum flow: 380
maximum flow: 5 8s
average flow:

3. Stream flow/quality:

4. Is stream continuous orintermittent? CDAJ-;/"vvov$ DlJC~ fEP"',:>/.J of

2 -..3 HR~

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

a. Process chemistry = (Reaction stoichiometry, kinetic, yield).
Describe: ---------=---r---..-----.-~--.

fCk'n1 4/,oJ \ Q{ /'1oL A!<So fb=0? D Tdcf?....,

b. Engineering Design (capacity, pressure, temperature limitations,
etc.). Describe:

7
z

c. Operations = (operating rates, order of addition, etc.) Describe:

7

8



WOICP WA~TE MINIMIZATION AUDIT
Facility Name: 1.e.o....J: InrWsfd<'<t G"...f'.~uditor/Firm:tfo.r2.a a.VlJ R5S

, Date: 1.4a. T cJ,.. !/ ! 'fl

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

6. Are the components of the waste stream a raw material (RM), product (P),
useful byproduct (UPB) , nonuseful byproduct (NBP), solvent (S), catalyst
(C), or an impurity (1) in the raw material?

(Attach analysis records if possible)

Fill out attached Figure 1 for each waste stream

Component
Name

Cone
(mg/L) RM P

Check One
UBP NBP S C I

7.

8.

9.

Waste stream characteristics -- pH:~ TSS: :z. ""TDS: S IJ 03 If
Color:BL~ Hardness: Odor: TOC: ~ Other; _

C-o\) 5~ / .s 0 0 bo~ 2.. ..., IS"o 0

Current disposition of the stream: AL..o,.J-C1 wytf OT~
\5TtZ~..s. -to L~ ftf/~1 c..A7to j?£o;zec...r '

Current effluent criteria and disposal limitation:

10. Permits relevant to the waste stream disposition:

9



WOICP WASTE MINIMIZATION AUDIT
Facility Name: 'leA-'ll r"dl!\,C'r:e...-. Gr-fA'! Auditor/Firm: Htfr1A- a..,...dk5s

.. Date: M4refo /f.-~-

11. Current cost of disposal and/or treatment for this waste stream:

z /

12. If stream is currently being treated, list:

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

z /

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

Other pertinent information:

10
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WQICP WASTE MINIMIZATION AUDIT
Facility Name: '/tid lod.,01ri'U'c.",.1' Auditor/Firm: #4,ZA ",,.'/X:S:;

Date: tltted. .11, !cr'1r~

Recycle Product

Component Name
RM.

S.
1.
C.

HM

c

s

I

UBP

NBP

p

..

Name

)

Process/Equipment
Name/Number

Useful'Byproducts
>

•
Waste Stream

(mg/L)

RM = Raw material
S = Solvent
UBP= Useful byproduct

where:
C = Catalyst
I = Impurity in the raw material
NBP = Non-useful by product
P = Product

** If UBP, P, or NBP appears in the inlet/feed to a unit operation, then it
was formed in the previous piece of equipment. Trace it back to the unit in
which it was formed.

Figure 1

11
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WQICP WASTE MINIMIZATION AUDIT
Facility Name: >.1?t-?i T adusfa(/-> ~r,,~udi tor/Firm: HliUz .... <U1d ~S s

/ Date: t-j~~-L If)

II WASTE STREAPI SUMARY II
-

Component of Concerns Str No l Stre No Stre N
earn am am 0

Waste ID/Name

Source/Origin

Annual Generation Rate (units )

Overall

Componen t ( s ) of Concern

Cost of Disposal

Unit Cost (JD per )

Overall (per Year)

Method of Management2

Priority Rating Criteria) W Rat R*W Rat R Rat! R

ing ing *W ng *
(R) (R) (R) W

Regulatory Compliance

Treatment/Disposal Cost

Waste Quantity Generated

Waste Hazard

Safety Hazard

Minimization Potential

Potential Byproduct Recovery

Sum of Priority Ranking Scores

Priority Rank
1. Stream number, 1f app11cab1e, should correspond to those used on

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

12
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WOICP WASTE MINIMIZATION AUDIT
Facility Name: Xe"-;lt 7,~Jv-?+{l'MCc--p"'1 Auditor/Firm: HA."k(! {t.:t1d I25s

Date:, 9Cf~

II OPTION DEVELOPMENT

Page 1 of 2
II

Meeting Format (e.g .• brainstorming. nominal group technique)
Meeting Coordina tor _
Meeting Participants _

List Suggested Options Rationale/Remark on Option

.

I
I
I

I

13



WQICP WASTE MINIMIZATION AUDIT
Facility Name: 't~t T(]dv....·..Jrii.--?/d?'Y'P.t.~~uditor/Firm:

I / Date:

Option Name:

II OPTION DEVELOPMENT
Page 2 of 2

II

Briefly describe the option

Waste Stream(s) Affected;

Input Material(s) Affected:

Product(s) Affected:

Indicate Type;--- Source Reductlon
Equipment-Related Change
Personal/Procedure-Related Change
Material-Related Change

Recycling/Reuse
Onsite
Offsite

14

Material reused for original Purpose
Material used for lower-quality Purp.
Material sold
Material burned for heat recovery



WOICP WASTE MINIMIZATION AUDIT
Faci 1 i ty Name: ye4- ':d IotL..r.-Idl/) (,0111/)0-1 Audi tor/Firm:

r Date:

INDIVIDUAL WASTE STREAft
CHARACTERIZATION

1.

(page 1 of 4)

Waste Stream Name/ID:0E(JIHZAio (2 2- Stream NO. __~,2~ _
2. Waste

data,
Characterization (attach additional sheets with composition
as necessary~

Gas Liquid --~ Solid --- Mixed phase

Density kg/M3 /)0 00 High Heating Value Cal/kg-.-_
pH (.'-,. (..., Flash Point ~ Water .100 Q.:::'

3. Waste Leaves Process as:

-- air emission ~tewater -- solid waste

Occurrence:
continuous
discrete
discharge triggered

4.

5.

by?- chemical analys~s, _
-- other (describe) raM';;""; ,crr(~....)

y CA({(..er

Type -- periodic~~ length of period .3 h ~S
-- sporadic

Generation Rate:
Annual kg per year
Maximum kg per --------
Average Z) kg per -::~,,---:-

Frequency ----r:=::----=:--------,=----- ba t ches per 6J~
Batch Size /5-10 N) J average range

b .£
b ~J.,~

I

I.f I 1,t1~

6)'1
/70 4

.'.11_ ._ T



WOICP WASTE MINIMIZATION AUDIT ~

Facility Name: ~ t- ·/nJ.)..s:ff,'~ &.....f':t7Auditor/Firm: +1d.124 a4!d f(SS
Date: ,c1. / {

INDIVIDUAL WASTE STREAPI
CHARACTERIZATION

(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 for each
of the individual waste streams.

Is the waste mixed with other wastes?

Describe how the was~e is generated.

L Yes ---- No

,.5

Example: Formation and removal of an undesirable compound.
removal of an unconverted input material, depletion of
a key component, equipment cleaning waste. obsolete
input material, spoiled batch and production run,
spill or leak cleanup, evaporative loss, venting
losses, etc.

5



WOICP WASTE MINIMIZATION AUDIT
Facility Name: :rUt+- Indu-l+'/-3,-, ~ft~,Auditor/Firm:

Date:

IRDIVIDUAL WASTE STREAPI
CHARACTERIZATION

1.

(page 1 of 4)

Waste Stream Name/ID: Sdlti< PI 1"at<- S
r

Stream No. ~C-p ~

additional sheets with composit on2. Waste
data,

Characterization (attach
as necessary)

--- Gas ~LiqUid --- Solid --- Mixed phase

Density kg/M3 1000 High Heating Value Cal/kg_
pH /:, ,g Flash Point X Water loo~

3. Waste Leaves Process as: .

-- air emission ~tewater -- solid waste

Occurrence:
continuous
discrete
discharge

Generation Rate:
Annual kg per year
Maximum kg per _
Average kg per ~-::-_

Frequency ~2---l<:----:- _.:_------ ba tches per 2 ~
Batch Size 6 \' - ""J 'CJ ~ S average range

4.

5.

Type

triggered by -- chemical analysis
J other (describe) F~:;:;:;:; 1:~~

/' 0('- C
-- periodic__~y/~ length of period .~~

-- sporadic

b.8

~J7o

·qbo
117 S

f 5 J
4



~ 'acil i ty Name:
WQICP WASTE MIN. ~IZATION AUDIT

>1?JlL->+ 1,..,)v.>!.,:0' (ec.t.-/Auditor/Firm: f{dy2 ... z ....d t2Sr
Date: Meffr!.,tI (go"

INDIVIDUAL \
CHARACTE

(page

rrE STREAft IIUTIOR

)f 4)

lentify the origin of the waste. If
;te streams, fill out a sheet for each

Is the waste mixed with oth ~ wastes?

6. Waste Origins/Sources
Fill out this worksheet to
the waste is a mixture of ~

of the individual waste str lJIlS •

~Yes ---- No

Describe how the wa&te is gfnerated.

I
W}LJ

Example: Formation and removal of an undesirable com~ und,
removal of an unconverted input material, d£ letion of
a key component, equipment cleaning waste, ( solete
input material, spoiled batch and productior run,
spill or leak cleanup, evaporative loss, ver ing
losses, etc.

5
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WOICP WASTE MINIMIZATION AUDIT
Facility Name: iu!=J 11'\~\~(,,+r,'M ~o-jl\'~ Auditor/Firm: HqY2...A ...{ Rs<;

i I Date: r·la. re.J-. 11 I 1'1 'I S-

INDIVIDUAL WASTE STREAft
CHARACTERIZATION

(page 1 of 4)

1. Waste Stream Name/ID: ~/...u4L t:ffLUt:.>...J/ Stream No.------
additional sheets with composition2. Waste

data.
Characterization (attach
as necessary)~

--- Gas --- Liquid --- Solid --- Mixed phase

Density, kg/MJ /,000 High Heating Value Cal/kg _
pH k, 25: Flash Point X Water ,0 vv!

::::>

3. Waste Leaves Process as:

-- air emission -~astewater -- solid waste

yearkg per
kg per _
kg per _
ba tches per ~~

average range

length of period ;S y

triggered by -- chemical analysis __
..,.L other (describe) Fe;i(~e~.7'!;-;o".J

Cyc Lc--S

-- periodic /
-- sporadic

Type

Occurrence:
continuous
discrete
discharge

Generation Rate:
Annual
Maximum
Average
Frequency __-"2==-- _
Batch Size 4.::.""0 - q-a~o ~~

4.

5.

4

lilt Ii_ 1.-



WQICP W~5TE MINIMIZATION AUDIT
Facili ty Name: 7-<,,4.& ~ ,.. ;1\ {..A.(+t ,',./" (.~""fJ~.AUdi tor/Firm: +1"'''24.. 4A\J Rss

. Date: ~0. II , f'l'1r

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(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 for each
of the individual waste streams.

Is the waste mixed with other wastes?

Describe how the waste is generated.

Yes ---- No

Example: Formation and removal of an undesirable compound,
removal of an unconverted input material, depletion of
a key component, equipment cleaning waste, obsolete
input material, spoiled batch and production run,
spill or leak cleanup, evaporative loss, venting
losses, etc.

5



WOICP WASTE MINIMIZATION AUDIT
Facili ty Name: YeA..U:- lad{),s..j./:~ c,.... P,... y Auditor/Firm: Ha.<f''2A.. 4A"d ,4(55

~ . Date: MIA-ret\.. If, (C(1')'
~7.·.'.·.~.. ' '.
~.: .

r;==---===-=....................=-==-=====-====--=----===--=---=--j1
"

INDIVIDUAL WASTE STREAM
CHARACTERIZATION

(page 3 of 4)

Waste Stream _.r...(-_~_,_,.J_,._'1...:C=--_--=&:..-::M_~_L_tJ_~..::;~~_'7:.__ . _

7. Management Method

Leaves site in bulk
55 gal drum .

~ other (describe) ~/PeL.I;..J~----

Disposal Frequency _·~D~A~/L~~/ _

Applicable Standards/Regs
~ / Ii

Managed

Recycling

Treatment

onsite offsite
:...-/- other (describe) '- AN 6 ftPP 1..../ (~ ~.~_/..-J ?d: i' ),: C "rflU!., t,A II O""'....)~ _

direct use/re-use
energy recovery
redistilled
other (describe)

reclaimed material returned to site?
IJ /It-

Yes No used by others

residue yield _
residue disposal

biological
oxidation/reduction
pH adjustment
precipi ta tion --::- -:--_
other (describe) . ,-'ittI'd> BPt (. / CA -71.:?.J

Final Disposition Dump
pond ---,- _

u_ other (describe) -=L::..:~~_!)~_. . _

6

T •



WQICP WASTE MINIMIZATION AUDIT
Faci 1 i ty Name: ;teN, f I" J..... C:/-t, ""--' a.....~,,~udi tor/Fi rm: Ha..Y2.A.",-,,_d,t((s;;

/ Date: Hdf"'eJ,.. /I qr

II WASTE STREAft INFORJIIATIOR
(one form for each stream)

II

.1.

Stream ID:

S t reamname : ---'h:........:./_""---=-,q-'L...:.....==--_--=£7'-=-·_-t-_-_~_-_v_e.__,'-_..:..T_---.'I'--_:v-=--~_1.s.:..=....._---_o:::_-_""_,_v_.Il_-_'_·_c-_·_-e_- _
(wastewater, waste oil; still bottoms, etc.)

2. Discharge Identification: 4-LL ;:,::c --:0.-2/ of?E:~ /I,;>,.\...)C

(Enter process or equipme~t from which stream is discharged)

3. Stream flow/quality:
minimum flow: .r:;min
maximum flow: ,I"jmin
average flow: /2 ~~ Ljmin

/

4.

5.

Is stream continuous orintermi ttent? .:::CO::!::::.:::....J"7'~/.:,.;1,...;~.~V~Q~J~..!-r__o::...;::u~D{~_"":~:::'-:'-~L-....:,..:::'.'.:.../.::(·::::i-~:....-..._

Which of following is the cause of the waste?

a. Process chemistry = {Reaction stoichiometry, k~netic, yield).
Describe: -;-:--::-:---:_-=--:-:-- -:::--=-- --",-

FE"<rnpv -r/j r, a,..) (" c-~ / 6 u /) L \~ - ...,-AN Il w AS/( /"..J ?'..r

b. Engineering Design (capacity, pressure, temperature limitations,
etc.). Describe:

c. Operations • (operating rates, order of addition, etc.) Describe:

8

llii.l_ .......



WQICP WASTE MINIMIZATION AUDIT
Facility Name: Yu.-sf TnjlA..,-f("~P'-plAuditor/Firm:

, Date:

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

6. Are the components of the waste stream a raw material (RM), prodl~t (P)
useful byproduct (UPB) , nonuseful byproduct (NBP), solvent (S), r J ta ly~

(C), or an impurity (1) in the raw material?

(Attach analysis records if possible)

Fill out attached Figure 1 for each waste stream

Component
Name

Conc Check One
(mgl LL _RM=___"PC-~U::.=B~P_~N.=:B~P_~S_ ___.:c~___"r:..._

7. Waste stream characteristics -- pH: ,6.2,[TSS: 7,(2..TDS: tv-( 3~~
Coler: iWtCl<" Hardness: Odor: TOC: __ Other;__

60 D ~1'6~o C- OLJ /.0/8 D ;>
8. Current disposition of the stream:

10 L~6 1f¥'L( C r1~~o.,.J SITe=;:-

9. Current effluent criteria and disposal limitation:

10. P~rmits relevant to the waste stream disposition:

/

9
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YEA. STIN D V S T R I ESC o· LTD.

P. O. Dox 9310

Amman. 11191 Jordan

~Jj-11O~~.J~~~~~

U\· 'T'.u"

v:ailll \, \, \ ul.&.
- .. en

The plant disoharges approximately SOO m3 ot
water per day of operation. The sources of this
wat~r are estimated as tol lows:

waste
waste

SQurce

Yeast Separators (3)

Tank cleaning ~ washing

Filter press and RVF

Factory tloor washing

Mlsce I I aneout>

370

60

10

20

40

\
\

. --X7iiiiZ s-s ...=;_·· ..'--"'5

FEB-26-1995 09: 26

l'\YOT~ - AAOTTO~ - "\r,·or - MO\U u,u. u~
Tel ( 6 ) "'114 - ( 6 ) 6390$3 TcJcx 21753 YEAST JO. PaL ( , l"'~

962 6 88S325

III' Ii_ ••.
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Raw
Molasses

Hoal
Ex·

chan·
ger

Fermenlor 2

Molasses
Sludge
Tank

Fermenlor 1

~-
~
ri
~
N•
~

~ 5ep: separator
n
e1,...

Cye: Cydone
Io-'t
&:S
P. Washing Nozzlet;; W.N.

g.
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en
()
p Wasle water line

Cp. --- Frosh walor lino.
:!1
0
~
en
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0
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0
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0p.
c=
0
p.
0
t)
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0
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~
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Filter
Press

Packing

Rotary
Vacuum

Filler

Packing

Factory

Floof

Washing

Final

Effluent
, -f

-----------T .11111_ •• -r
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1. Procesl Description

Starting culture grown in the laboratory il added to the sterilized
nutrient lohulon (water, molallel and nutricnh) in the Pure
Culture Tank (9m3) and left to fennent for 24 houn, after which
aU &be comeau'of dais lank is tranafercd to one of tbe two exi.tina
condnuoul tcd Pennentora (110 m3 each), In thf. Penncntor,
preparadon of the mo&her yealt . is carried out by ,raduaJ and
continuous fed' of 1tcri1iz.cd (rclb water, clarified 1~ld molasse.
and RuhieRlI (urea, mono ammonium phosphato, pot.llium
chloride, magnesium sulphate, and vitami",> to the pure culture' .
and allowing \he yeast to grow under aerobic condition. until
maximum cell multiplication is attained. Temperature o{ the
(ermentors conlenlS is kept constant around 300C by means of
circulating the content of the tank through a heal exchanger unit.'

When the process is completed ~ the yeast is then separated {rom the
spent nutrient solution uling three centrifugal separator working in
series. Arler &he first and second separators, scp.rated yeast cream
Is washed with fresh water and reseparated. The mother yeast
cream is then stored at 2-3OC in a cold tank (191113). The resulting
yeast cream is used as an inoculant for the production of six
generations of trade ,casl. The same fennentation and separation
proccuca mentioned' above in preparing the mother ycut cream
are repealed in producing trade yeast cream. Dry maIler content of
the yeast cream is about 15-20 percent by weiaht. Trade yeast
cream is Slored in three cooled tanks (19m3 each) similar to the

mother yeast cream tank.

For lbc production or dry active yeast or instant ycut, uade yeast
cream Is filtered through a Filter Press unit, which rcau1t in a firm
product with • dry mauer content between 30·32 pcrccnL The
yeast cake is rem~vcd {rom the presses, grinded and extnlded

·1hrough a screen and then dryed using a fluidi7.cd bed dr)'er • The
dry yeast il thcu transfcrcd to the packing machine. Por the
produetJon of freshy~ trade yeast cream is faltered on • Rotary

2

962 6 885325 p.et
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Vacuum Piller. TIle yeast is lhen scraped from the rotary filler for

packing.

•,

•I

Molasses used is either cane or beet molasses. Raw 1ll0hlSSes is
diluted with f~sh water to reduce its dry maller content form 85
percent to about 3S percent and sterilized in the Molasses
Prepallition Tank (18m3). The Molasses is then clarified through a
cyclone and a separator. Clarified liquid molasses is stored in three
tanks ( 6.5m3 each) to be used later in the f'ennentors for the
preparation of mother or trade yeast.

/"I=IR e&-1995 1B:56 962 6 885325 P.82
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YEAST INDUSTRIES CO. LTD.

P. O. Box 9310

Amman - 11191 Jordan

=

~Jj-JI o~..,: 'Q 0J~ e~~ as~

"'r'\" ";oS"vA

u~J'll\ \\ \\ \ u~

~teD5 taken to minimize waste ~t Yeast Industries Co.Ltd.

1-0ptimizing fermentation yields by installation of instrument to
control and monitor fermenter operations.

2-Sugar recovery from molasses sludge. The use of a " Decanter "is
currently under investigation to reclaim some of the sugars lost
with the molasses sludge during clarification of the molasses.

J-Reduction of salts level used for yeast growth e.g.Potassium
Chloc-ide.

4-Relocatlon of yeast filter press to avoid spills of yeast .s.nd
l~, sse, f Dress cake.

5 - i n:3 t a I 1a t ion a fan e w ire 5 h y Eo a :3 t pac k a gin 9 1 i new hie r. Ioi i
r~duce lost fresh yeast during packaging operations.

I (
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submit the Drafi Industrial Effluents Tre~t~ent Report .

We wish to thank the NPC staff, Ministry of Trade ~nd
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have assisted us during this projeot.

The Report determines which industries discharge

effluents which would be deleterious to the proposed waste

water treatment plant and recommends what type of pretreatment

or individual treatment will be required to provide an effluel

acceptable for the· treatment plant or for discharge directly

to a waterway.

The recommendations are summarized in Table 1-5.1.
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TABLE 1-2.2 PRESENT AVERAGE DAILY INDUSTRIAL WATER USE ArJO WASTEWATER FLOW

WATER USE (r.t3jOAY) WASTEWATER FLOW (t13/0AY)
INDUSTRY 11UNICIPAL PRIVATE COtJSU1·1ED SANITARY PROCESS TOTAL

SUPPLY WELL TOTAL IN PRODUCT DISCHARGE DISCHARGE COOLII~G DISCHARGE
Ruseifa

Yeast Industries Co. 0.02* 113++ 113.02 - 0.02 112++ 1.0++ 113.0

Phosphate lUll - 1800+ 1800 100 16 1680+ - 1696.0

Oriental Star Distillery 0.5* 29+ 29.5 0.3 0.2 8.2 21.0 29.4
.. Hussein Industrial City"'I

~ Detergent Factory - L18.0 43.0 9.0 1.0 38.0 - 39.0

Soap Factory 504.9 504.9 - 0.9 312.0H- In.O 504.9

Ice Cream Factory - 30.0 30.0 5.4 1.0 4.0 19.6 24.6

Cosmetics Factory - 1.5 1.5 0.7 0.6 0.2 - 0.8

Paint Factory - 3.0 3.0 0.3 0.5 1.5 1.0 3.0

Oriental Mineral Water Fact. 38.0* 58;0 96.0+ 3.0 1.0 92.0 - 93.0
(7-Up)

Transjordan IHneral Research Co. 0.2* 4.0 4.2 4.0 0.2 - - 0.2

Jordan Overall Co. 1.5 12.0 13.5 - 1.5 12.0 - 13.5

Jordan Dairy Co. 1.9* 250.0+ 251. 9 150.0 1.9 100.0 - 101. 9

Jordan Worsted Hills - 93.0 93.0 - 6.0 87.0 - 93.0

Sultan Plastic Co. 0.6* - 0.6 - 0.6 - - 0.6

• Subtotal 42.72 2946.4 2989.1 272.7 31.4 2446.9 234.6 2712.9

.. metered .+ industry estimate.

... ,neasured . ++ HPI estimate



TABLE 1-2.3 ~1ARY OF PRESENT INDUSTRIAL RAW WASTE LOADS

I INDUSTRY
Kg/Day

POLLUTANT .LOAD
TSS

~ Industr-ial Kg/Day
lotal

~ Industrial
. lota 1

Par-ameter-
OTHE'

I

I
I

Ruse1fa.
Yeast. Industries Co.
Jordan Phosphate Co.
Oriental Star Distiller-y

. Hussein Industrial City

Detergent Factory
Soap Fact!ory

Ice Cream Factory
Cosmetics Factory
Paint Factory

Oriental Hineral Water Fact.
Jordan Overall Co.

Jordan Dairy Co.
Jordan Worsted Hills

300

4.9

1.3

100

41

91

520

54

5.9 100 0.1 •
• 252,000 97.0 •

0.1 5.3 0.1 ..

0.02 1.3 0.1 ..
1.9 20 0.1 COD

Oil &: Crease

0.8 16 0.1 ..
• .. • ..
.. 4.5 0.1 Oil &: Crease

1.8 45 0.1 ..
.. .. .. Oil &: Crease

Fe
10.3 210 0.1 ..
1.0 360 0.14 Oil &: Crease

In

Subtotal--------------------------------- 21.9 97.3

Aw1an al Janubl
Koralux Ind. Camm. Co.
Cream Tex 5.3 0.1

3.6

1.7

0.1

0.1 ..

•

•

•

•

..

..
011 l Crease

011 I Crease

HaCl
Hg

Cu
Cr
Zn

•

011 " Crease
Sulfide
Cr (total)

.1

0.1

0.1

.33

0.1

2.6----------------

5.3

1."
5.7

860

5,100 2.0

310 0.1
.. ..

290 0.1

250 0.1

• •
18

__~L~~~ _

•

•
•

•

..

1.7

8.3

0.1

14.0

19.1

0.3

24.0---------------

•

89

..
.O'

5.3

710

420

1,000

18

A_jan esh Sharai

~ordan Tanning Co.

~.~d.an Paper ! Cardboard
Jordan,Iron and Steel Co.
Jordan' Hatch Co.
30rdan Chemical Ind.

Subtotal---------------------------------

I '··
;~.

- .. .oi.
_ --1.

I ·'·.,
-:':J.

;. -:.t'.
:"1,

I;i;
~j
" ~: ~rdan Army. Blanket

.S.·. . r. •

.' ,"';:" :Jprdan Polymer

I:~~f ~~e;,.c.ers·.Ltd.

l~1i4~~~~~!---~------------------
':',"'140 at Charbl

.I~~, ~f~t~~tor1es, Ltd.
"'':;'; ~JaI IJndenear

..... ~~ "'~
.••• : CUI·····' Zn.·

'- ..:,' Arab Brewe'ries Co. 120 2.4 46 0.1 •
>'•. ).;:; ;iOrdan Brewery Co., ltd. 190 3.1 77 0.1 •

I
;?~ .~g~•. Dlst1l1er1es 1,400 27.617 0.1 •

,.,f,;·'.: ,~ldan Refriaeratlon ,. , ~07 L (, 0.1 • .
. I;'._~.,!:,::": . (·,·Subtotal . ' 2,732 ~ 149· 0.1 •
~·:~l~~ ;:~~~~~~---~--------------------~ ----------- .-------------- ------------ ---------------- ---------------

~~~~f~~~~~S~~=~~============-==:;~~~=====-=====~~=======_=~~~~:~~====_=======~~=======_=====:========~
j',: '; " ~ - Negligible, .

---,rwrll. I" •
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2.5 DETAILED DESCRIPTION OF EACH INDUSTRY

i\ !
. .!

, ,
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Detailed de~criptions of manufacturing processes, production, wa

use, and wastewater t~eatment and disposal practices are presented in

follo~ng subsections.

2.5.1 Yeast Industries Co., Ltd.

2.4.4 Jordan Dairy Co.

The highly variable total solid and suspended solids concentra

tions observed in Table I-A.2.1 are not considered unusual due to the

batch discharge nature of the process. The high solids and suspended

solids observed in the sample dated 9/16/79 probably correspond to a,

discharge of cheese whey, lebeneh solids, or brine solution from chee~

making.

2.4.5 Jordan t:orstcd Mills

The highly variable nature of the suspended solids content of

this wastewater (see Table I-A.2.1 and r-A.2.2) is due to the heavy

scour process and difficulties in obtaining a representative sample

aliquote for analysis due to the floating nature of the woolen fibers 

which comprises most of the solids load.

2.4.6 Eagle Distilleries

BOD analyses presented in Tables I-A.2.1 and I-A.2.2 arc belie·
5 '

be unrepresentatively low. This observation is made from examination

of the BOD curves which show a "lag" for the first several days foHm.

by rapid oxyden uptake. This indicates a poor "seed" or biological

inhibition due to pH or some other chemical parameter.

2.4.3 Oriental Mineral Wat.:r Factories (7-Up)

The high solids content of the sample dated 6/16/79 in Table

I-A.2.1 is believed to be caused by the batch discharge of sludge

from the lime-soda water softening system and was therefore excluded

from the mean calculation.,

Yeast Industries Co.', Ltd. operates a facility producing fresh a

,dry bakers yeas,t: The facility is located on the north bank of, the Za

River in an agricultural area near the western perime~er of the Ruseil

Municipality. The f,seiHty operate~ ,24 hours per day, 6 days per week

Tlle manufacturing process consi.sts of preparing ~ nutrient· solut
,. ... .

from beet molosses,phosphates, magnesium sulfate, and ammonium sulfat

into which yeast "seed" is placed. The yeast metabolizes the nutrient

,:
'I
II
I
t, 1""

I
I

r

"I
I:,
I j,'

'. ,f~-
':"J~. :
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solution in the fermentation process which is operated at controlled

temperature and pH for maximum cell growth. Sulfuric acid is used to

maintain an acidic pH. Following fermentation, cultivated yeast is

separated from the nutrient solution by vacuum filtration compressed

or dried and packaged for sale. The spent nutrient'solution is dis

charged directly to the Zarqa River.

Other process wastewater sources are tank and floor wash, and

boiler blowdown. Total process wastewater flow is estimated at approx

mately 112 m3/day. Non-contact cooling water is recirculated through

a cooling tower.

All process water reqirements are supplied by a private well.

A minor amount of Ruseifa municipal water is used for sanitary purpose

2.5.2 Jordan Phosphate Mines Co., Ltd. ~

The Jordan Phosphate Mines Co., Ltd. is one of the major industr

1n the Planning Area employing about 823 and operating a phosphate roc

beneficiation plant, screening and drying facilities, and a superphosp

bagging facility. (refer to Figure 1-2.1 for locations). All active

mining in the Planning Area has ceased with present and future strip
f'

mining confined to the area south of the Amman-Zarqa Highway between·

Marka and Wadi al Ushsh. Jordan Phosphate previously operated a pilot

plant for superphosphate manufacture but this facility has been perman

shut down. Superphosphates for the bagging facility are imported.

Annual mine production is approximately 750,000 dry tonne/year.

Two standard grades of phosphate rock are produced from screening and

drying:

o 66 - 68% bone phosphate of lime (bpI)

o 70 - 72% bpI

Coarse (plus III) Rhosphate rock from screening is stockpiled for futur

beneficiation.by calci~tion or flotation processes.

The be!leficiation plant and offices are located 'on the Zarqa-Rus

Road on the western edge of Ruseifaproper. The beneficiation process

consists of ~et scr~ening,hydro~sizing,and drying ,to produce a.fine

phosphate "c.oncentrate". The bene~ici~tion·~lant.dryer (No.5)' is equ

with an electrostatic precipitator (ESP) for air pollution control. E

ph~sp~ate dust. is sold.as a by-product under the trade name "Jorphos".

beneficiati~nplant.~asa nominal capacity.of 320,000 tonne/yr and cur

operates at. approximately 70% capacity •

2-7
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TABLE I~3.1 PROJECTED AVERAGE DAILY INDUSTRIAL WATER DEMAND ~~D WASTEWATER FLOW

INDUSTRY WATER DEMAND (M3/DAY) WASTEWATER FLOW (M3/DH)
1984 1990 2000 1984 1990 2000

-
Ri.Jseifa.

Ye~st Industries. Co. Ltd. 113 150 205 113 150 205

Jordan Phosphate Co. 4900 4900 4900 4630 4630 4630

Oriental Star Distillery 44* 28+ 39+ 44 32+ 39+

~ Hussein Ind. City (I.C.A.)

~ Detergent Factory 96* 96+ 96+ 78 78+ 78+

Soap Factory
+ 138+ 99+ ] '38+1515 99 1515

Ice Cream Factory 30* 16+ 22+ 25* 8+ 1)+

Cosmetic Factory 2 2 3 1 1 2

pjiint Factory 3 4 6 3 4 6

Oriental Mineral Water

Factorie~ (7-Up) ~()O'~ 200 200 200 200 200

Transjordan Minerals Research Co. 4 5 8 1 1 2

Jordan Overall Co. Ltd. 17 1 1 17 1 1

Jordan Dairy Co. Ltd. 260 340 410 115 150 210
•

Jordan Wors.teq Mills 93 120 170 93 120 170

~
Sultan Plastics, Co~ 1 1 1 1 1 1

Subtotal 7278 5962 61:'9 6836 5475 5693

QC••_m=~.a•••••••a••••ft.a.c_••_c~------------·



1-
'i,

50

39

•

HO

o

•

140

•

•

•

•

•

e.

e

•

•
•

e

e

•

0.78

600

50

•

•

•
•
•
•
•
•

J20

2GO

0.7Z

550

•

•
•
•

•
•

•
•

Chro.nlum

Sulf ide

011 05: Cuas.

Oll t Crease

COO 2~il

011 05: Crease ,

_.-~----------------------------

HcrCU1'y

INael:

510

500

Z9

5

65

8

Z7D

laO

3.6~O

310

l,5eo

5:><1

370

21

•

6

270

130

3,"50

310

1,130

3

20

16

3/10

500

.. 5 7

2 2 ..

9)0

5

Z70

1 Z )

6 7 10

52 77 77

110 l~ 150

17 ZZ )1

Z Z )

100

Z10 -Z80 380

360 470 G~O _+.::0~1.:.)..c&~C~r~r.~,a~;.~e'--_1.1-;:,-' ~1.!.7__

~~~L~~~_.~~?L~~~_.~~?!~!~

6,080

310

686,000 686,000 686,000

10 .. 12

_____~ ._r. !!__

12

74

550

5

180

540

1,290

1,810

3)

200

380

IJ

53

POI A;lT nAO rICC/OIIY)

4

DO

930

HO

5~C

l,JI0

2~

ZOO

380

. . .

. . .

JO

500 300 300

41

770

550

3

100

180 180 180

)00

SUI-itIARY Of PI10:ECTED ItIO':STRIAL RIIW WIISTE LOADS

520 680 940

54 71 98

~!~?~----!!~~~---~!~?!-

____~ .__r !~_

5 7 10

l,ltOO l,lDO z'.520

~ 5 7

1,000

18

135

270

TABLE 1·3.2

INDUSTRY

Ice Creall factory

Cos.etlcs Factory

Paint Factory

Oriental Hineral Yater fact.

Jordan Overall Co.

Jordan DaIry Co.

Jordan Worlted HIlls

.--~~~~~!L. . .__ ._
AW.lan esh SharoJ

Jordan TannJng Co.

Jordan Paper • Cardboard

Jordan Iron' Steel Co.

Jordan Ha tc:h Co.

Jordan Cheaical Ind.

~
Yeast Industr1u Co.

Jordall Phospha te Co.

Oriental Stu Distillery

Huue1n Industrial City

Detergent faetory

Soap factory

Aw_lan at Jallllbi

IforalWl Ind.- Coon. Co.

Crea. Tu

~--~~~~!L---------_--------
A;"an at Charbl

United F"torie., Ltd

h1pcrld lbIeneu
Arab Breweries Co.

.Jordan 8rewery Co•• Ltd

ElgIe Distilleries
ieldan Refrloeration Co.

• - Negligible

Unlt-~

~-~!!!!!_--------_._---~-----
Zuga

New Indulll'hi Oevelll<De11t "iO ~70 9~'" 1'0· ,.70 9'0 U:1k u.\Ic IIrJc'

Jordan ""'y Blanket

Jordall Polymer

Clenkers, Ltd. ••• 36 36 ~6
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TABLE L-4.2 (CONT'D.) INDUSTRIAL OP,ERAnONS sur·1l1ARY AIW ES'TII1ATED FLOW VARIABILITY

OPERAnUll WASTEWATER FLOW VARIABILITY
TYPE OF PEAK/AVE. lUlL/AVE. r·fAX.

HOURS DAYS OPERATIOI~ AVE. DAIL Y FLOW FLOW f'\ILY
INDUSTRY DAILY WEEK (BATCH/COtH. ; FLOW FACTOR FACTOR flOW

--" UI3/DAY) (1-I3/DAY),
Awjan esh Shargi (Cont'd)

Jordan Army Blanket 8 6 Semi-Cant. 1.J 10.0 0.0
Jordan Electric Power Co. 24 6 Sanitary Only

!'l Arab Thinner Factory 8 6 Sanitary Only 0.8 - '-"!

~
Jopo1ymer 16 6 Batch 8.8 16.0 ,0.0
C1enkers Ltd 8 6 latch 6.2 24.0 0.0

'j

Int~l Leather Prod. 8 ,- Sanitary Only 2.4a

Jordan Fiberglass 8 6 San~tary Only 0.3
Jordan Tiles Co. 8 (. Cont. 100.8 3.0 0.0

Ruseifa_._-
Ye: st Industries Co. 24 6 Cont. 113.0 1.25 0.0

Jordan Phos'phate Co.• 24 6 Cont. 1680.0 1.3 0.8
Oriental Star D~stille~y 8 6 Batch/Cjnt. 29.4 2.7 0.0
Hussein Industrial City

Detargent: Factory 16 6 Batch/Cant. 39.0 8.0 0.0
Soap Factory 8 6 Batch/Cant. 104.0 3.6 0.0
Ice Cream Factory 8 6 Batch/Cant. 24.6 4.7 0.8
Cosmetic Factory 8-16 6 Batch 0.8 12 0 0.0

• Paint· Factory' 8 6 Batch 3.0 24.0 0.0
Orientall-1ineral Water 8' 6 Cont. 93.0 3.0 0.0
Transjo~dan Mineral R~sear~h: 8 6 Sanitary Only 0.2
Jordan, Overall ltd. 8 6 Semi-Cont. 17.0 17.0 0.35

.'\ :1n~ti",n n:llf,." f' ....
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from the breweries should be sufficient to maintain the equ~lization

4.4 INDIVIDUAL TREATMENT/DISPOSAL

4.4.1 Description

Individual wastewater treatment and dis?csal was considered a pote~

tially viable alternative for the following industri~~:

Equali2~tion 2ffluent pH

when the only industrial

pla~t (i.e. distillation

a Yeast Industries Co.

0 Jordan Phosphate Co.

a Jordan Iron and Steel Co.

0 Jordan Chemical Industries

effluent pH above 5.5 during the workwc~~.

may drop to an u~acceptable value on Friday

flows are from the Eagle Distillery alcohol

shops). and compressor cooling water and boiler blowdown from the

breweries. If this localized. pretreatment option were implemented and

pH values outsi~e of acceptable limits weLe experienced, the Eagle

Distillery would be required" to install si~?le ;il controls.

4.3.3 C:.~ital Cost Estimate

Capital cost estimates of .localized equalization facilities for

Industrial Areas ~'A" and "B" are presented ia Tahle 1-4.7. Land costs

for the localized pretreatment facii~ty and permanent ~~$ements for

pipeline right-oi-way have been estimated at an ;,,~umed value of
~ .

10 .JD/D1".

4.3.4 Operating Cost Estimate

Operating c~~t estimates of localized equalization facilities for

Industrial Areas "A" and "B" are presented i'1 Ta.ble 1-4.7. All estimates

reflect first y~~r operu~ing expenses based on lS84 flows.

A summary of .treatment parameters and treatment processe:; investi~ated

is presented in Table 1-4.8. Each is discussed in datai~ below.

4.4.1a Yeast Indust=ies Co •

.Yeast Industries Co~, Ltd. is located on the north bank of the Zar~a...
River in an agricultural area near the western perimeter. of the Ruseifa

Municipality. Due to its isolated location, the distance from the-yeast

plant to the first-stage trunk se~er for the proposed Zarqa-Ruseifa

sewerage system is approximately 2.7 kilometers. Consequently, individua

treatment with direct discharge of effluent was investigated.

Alternative processesevaluat~j for individual treatment of yeast

plant wastewater are as follows:

III ~.lW""--
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TABLE 1-4.7. CAPITAL COST ESTII1ATES - LOCALIZED PRETREA TI1ENT

PRETREATi lENT COt~STRUCTIOII ENGIIIEERING* TOTAL
II~DUSTRIAL AREA PROCESS COSTS & COtlTII~GENC1ES EASHIEIHS** CAPITAL

OPTIONS (JD) (JD) (JD) (JO)

Ruseifa IIA" Equalization 9,921 3,470 4.~ ,400 54,790

Awjan a1 Gharbi "B" Equalization 15,800 5,530 8,800 30,130

ANNUAL OPERATH~G COST ESTIIL~H:S - I](·\LIZED PRETREATt1EtH

TCTAL
~1ECHAtHCAL ESTIl1ATED

PRETREAmENT LABOR PO\\'~~' HAULII1G CHEIHCAL REPAIR & AllNUAL
INDUSTRIAL AREA PROCESS COST COS! COST COST REPLACEI·1EIH OPERATmC

OPTIONS (JD/YR) (JD/YR) (JD/YR) (JD/YR) (JD/YR) COST( JD/YR)

Rusei fa liN' Equalization 1000 12C:0 G 0 310 2570

Awjanal Gharbi "B" Equalization 1000 2050 0 0 440 349r

* Estimated at 35% construction cost

** Permanent easement f~r.p~pe right-of-way and land area fo" pretreatmer.t facility

~
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TABLE 1-4.8 SUMHARY OF INL.JSTfUES WITH POTENTIAL FOR INDEPENDENT

TREAniGH At,tO mEAH1ENT PROCESS INVESTICATED
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INDUSTRY

Yeast Industries Co.,Ltd.

Jordan Iron &Steel Co.

Jordan Ceramic Ind. Co.

Jordan Chemical Ind.

Jordan Phosphate Ca.,Ltd.

Jardan Tiles Ca.

Tf'.':"\ T~~ENT
PARAt1ETERS

BOD/C~D/Suspended

S~J..ids

~uspended Solids

Oil ar',d Grease

Suspe;; ~cd Solids

Mercury/Suspended
SaliJ5/Dissolved
Saliu5

Suspended SaEds

Suspended Solids

TREA1~'lENT PROCESSES
INVESTIGATED

Anaerobic Digestion/
Land Application
(Irrigation) ,

Storage/Hauling,
Activateo Sludge

Sedimel\tation

Oil and Cre -: "e SkiiikllC

Sedimentation

Sulfide Preci~itatio0

w/Mercury ne~overy,
Impaundmen t/E'{apara ti,

Sedimentutian

Sedimenta tion

I

\ I
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o anaerobic decomposition (contactproc~ss)

o land application of wastewater with and without
anaerobic pretrear~ent

o ~~orage with hauling to the p~oposed Zarqa 
Ruseifa wastewater treatment plant

The anaerobic decompos~tion p40cess was selected as the ba$ic

biological treatment process because of the similarities to the fermen

tation proces~cs employed in the manufacture of yeast. The nutrient

content of the fermentation waste are sufficient for anaerobic treatment

processes but not aerobic treatment processes ~~.:ch r2~ui:~ considerably

more nutrients for cell synt~esis. Sludge yield is considerably less tha.

the activated sluc.1ge pr:'~ess and mc::tha,.e gas prc"':'.lction is estimated to "

provideall heating requiremen:~ for the treat~ent process uue to the higl

BOD concentration of the wastewater.

The anaerobic contact process ~s basically a conventional ~naerobic

digester with provision for solids separation and recirculation of seed

organisms. A degasifier is usually needed to mininlize floating solids in

tbe separation step and a gas holder and aerated sludge storuge tank will

also be required, The anaerobic contact proceSE is expected to re~~va

70-80 percent COD and 80-90 percLnt BOD. Based on an average influent

COD of 4150 mg/l ~._d BC,iJ of 2690 mg/l, the average ef£L,';1t quality achie

vable is estimated as fo11o;,-:

BOD = 270 - 540 mg/l (30.2-60.5 kg/day)

COD = 830 -1245 rog/l (93-140 kg/day)

TSS ~ 30-50 mg/l (3.4 - 5.6 kg/day)

These estimated effluent BOD and COD concentrations from anaerooic

treatment are still not cons:lared acceptable for discharge to the Zarqa

River. except possibly during the rainy season wilen river levels are high

and dilu~ion significant.

Land application of wastewater was evaluated as a treatment/disposal

method for both raw and anaerobically-treated yeast plant wastewater.

Within 0.5 km of the yeast plant along the ba~s of the Zarqa River there

exists about 10 hectares of pr~me a6ricultural, land. for irrigation. Much

of this land is alr~ady irrigated with combined Znrqa River water and

yeast plant wastewater. If this land is to be employed for irrigation of

raw yeast plant wastes, monitorLlg will be n,ece~' ,'-.::y to prevent raw \-laste

'from entering the river. Monitoring will be less critical if the waste

water is pretreated by anaerobic decomposition.

4-22
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4.4.ld Jordan Distilled Chemi~~l Company

The Jordan Distilled Chemicni (ompany'operates'a mercury cell chlor

alkali manufacturing plant in Awjan esh Sharqi. Analytical results from
.:'

wastewater samples collected as part of this study have indicated total

mercury concentrations in the mercury cell wastewater and the brine muds

to bu 15.25 mg/l and 25 mg/l. ,respectively. These mercury concentrations

are four'ordersof magnitude greater than drinking water standards estab

lished by the WHO. ASS, and USEPA, and are two orders of magnitude greate~

than-the TL
SO

' The TL
SO

is defined on that concentration at which fifty

percent of the test organising survive after 96 hours. Consequently •

treatment of this ,,,aste,,,ater is paramount.

As discussed in Section 4.2.lf.tae recommended t~catment process ~or

process wastewaters from the chlor-alkali facility is sulfide precipita-

·tion of mercury cell wastewater with mercury recovery. Brine purifica

tion muds are presently settled with recycle of supernatant to the process

The brine mu': settling tad: underflow could be pumped to impoundments

with treated mercury cell wastewater for evaporat~on and perma~ent storage

Due to the highly toxic nature of this waste. the impoundment would requir

an imper~able lining to prevent the migration of contaminated leachate

to groundwater.

4.4.2 Process Unit Sizing and Outline Specifications

·4.4.2a Yeast· Industries Co.

4.4.2a (i) Anaerobic Contact

In order to obtain 90·percent BOD removal. a solids retention time

of about 10 days will be required at 3SoC (Reference 15). Using the

average BOD and COD concentrations presented in Appendix Table I-A.2.l

as 2690 mg/l and 4150 mg/l; respectively. at a design flow rate of 197 m3,

day and an assumed mixed liquor suspended soiids of 5000 'mg/l •.the·require

digester volume is approximately 98 m3 This, translates to an average BOr

lciading .of 4.6 kg/m3/day' (289 lb/lOOO ft3/day) and an average hydraulic

detention time of 0.5 days. Methane gas prod~etion is estimated at appro)

matelY 233 m3/day. which should be adequate' to·provide all heating~~~quirE
ments •. Sludge storage is sited to p~ovide a minimum of four days storage

at design n?w. Thi~·'f~q~ires a s~orage_ volume of about. 23 m3 assumi?g a

sludge yield of 0.15 times BOD removal and 1 'percent sludge solids ...... ,';.

centration. The sedimentation unit is sized for an overflow rate of 12

m3/m2/day (300 g?d/ft2 ) at design flow. 'This requires a circular clari-

fier'approximately 4.6 meters in diameter.

4-26
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of 5.9 hectares in ,1983. Haximum recoDlIIIcnd.:.d application rates are bas'

4.4.2a (ii) Land Application

Land requirements, with and without anacrobic pretreatment, were

determined by evaiuating t:.e minimLOlU area rcquirement~ ror flow,

nitrogen, phc~phorus, and BOD. Minimum area requirements without

anaerobic p~etreatment are outl~ned below:

as high as 200 kg/ha/clay ha'
r-=->-'- '-

but. 50 kg/ha/~was select
'- ..-. ---.-J

area reqJircments for the

Average Maximum Minimu.
Par ;'.:,e tel' Annual Recommended Annual Area

Raw Load Application Rate Require(

Flow 34.000 (m3) 31,700 3(m Iha) 1.1

Nitrogen 1.750 (kg) 490 (kg/ha) 3.6

Phosphorus 50 (kg) , ~ ~ (kg/ha) ·<::0.1~. ,.

BOD 91.400 (kg) 15. COO (ltg/ha) 5.9

As illustrated. nOD is the controlling parameter requiring a ru~ •.il

References 10 and 11. BOD ap~lication ~~tes

been employed with industrial wastewaters,

for a conservative estimate. Minimum land

future will parallel tol": wastewater flow projections presented in Tabl

1-3.1, increasing to about 10.6 ha in the year 2.Q.OO. Sufficient agric1

tural lands ~xist in bo:h the adjacent Zarqa River Valley and on the s

north of the yeast plant to satisfy the area requirement for land trea

outlined above. The effect of anaerobic· treatment on area requi!'ement:

for land application of wastewater would be to reduce nitrogen. phosph,

and BOD loadings to tll~ point where flow b t~,:.:; controlling factor. T;

land area require~entswould be reduced from 5.9 hectares to 1,1 hecta

in 1983. The economics of this 'alte~native have been presented in Sec

4.4.3 and 4.4.4.

An aerated pumped storage tank sized foo: 1 day detention time at '

flow has also bee'n included in the cost estimates.

Lj·.42b Jordan Iron and Steel Co.

The earthen spray ~ooling pond has been sized for a hydraulic det'

tion time of 6 hours at the design flow of 1250 m3/day. Assum~~g an

average depth of 2 meters with' 0.3. m freeboard, the pond and dike woul.

occupy approximately 490 m2 with about 156 mf of water surface· area •.
. ':. .. " . '.

oil containment bo,,;;.} and oil ski~er capable of removing 5~. kg/day of ,

will also be required. The ?~nd i~ probably best located on the weste:

slope of the property immediately adjacent to the rolling mill.



TABLE 1-4.9 . CAPITAL COST ESTIMATES - II~DIVIDUAL TREATt~ENT Aim DISPOSAL
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INDUSTRY

Yeast Industries Co.

Jordan Iron &Steel Co.

Jordan Distilled· Chemical Co.

TREATMENT/DISPOSAL
PROCESS OPTIONS

Araerobic Decomposition

La~d Application .

. (effl. from anaerobic treat.)

(raw w~stewa~er)

Earthen Spray/Settling Pond

(w/oil skimmer and pumped recycle)

pH Control (sulfide pptn.)

Sedimentation (w/chem.adl tion
and floccul.-,tion)
Sulfide Control
Permanent On7Site Impound~ent/

Evaporation (mercury cell ww only)
'PermJnent On-Site Brine Mud
Impoundment

Brine Mud Evaporation Pond

Brine Mud Dewatering (beltfilter
"press)

CONSTRUCTIOI~ nlGII~EERWG & TOTAL ESTII~ATED

COST COIHINGENCIES* CAPITAL COST
(JD) (JD) (JD)

59,800 20,900 80,7.00

13,800 4,830 18,630

15,400 5,390 20,790

5,94' 2,080 8,no

8,100 2,840 10,940

13,400 4,690 18,090

3,800 1,330 5,130
130,000 45,500 175,500

93,400 32,700 126,100

15,300 5,360 20,660·

34,500 12,100 46,600

* Estimated at 35 percent construc~ion cost.
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TABLE 1-4.10 AWWAL OPERATIIJG COST ESTIllATES - UJDIVIDUAL TREATI1EtlT AIID DISPOSAL

SLUDGE 1·1ECHANICAL TOTAL ESTI!I'\ TED
TREATI-lEIH/DISPOSAL LABOR POWER HAULING CHEIHCAL REPAIR AI.JD ANt~UAL OPERAnOli

INDUSTRY PROCESS OPTIOIIS COST COST COST COST REPLACEHEIH COST
(JD/YR) (JD/YR) (JD/YR) (JD/YFO (JD/YR) (JD/YR)

Ye~st Indus~ries Co. Anaerobic Decomp. 2,000 1,600 74J 250 750 5,340

Land. Application

(effl.from anaerobic 100 2,000 0 a 710 2,510
treatment)

I (ra.w wastewater) 100 2,700 0 ° 760 3,560

Jordan Ir9n &Steel Co. Earthen Spray/ 35J 2,/~0 0 100 480 3,630

Settling Po~d (~I

oil skimmer and
pumped recycle)

Jordan Distilled Chern. Co. pH Control (sulfide 100 760 0 1,200 lT40 2,500
(pptn.)

Sedimentation (wi 100 160 0 £;,0 50 350
chemical addition
and flocculation)

Sulfide Control 100 100 0 230 200 6,30

Permanent On~Site 400 0 0 0 0 400
Impoundment/Evap.

(mercury cell \vw only)

Permanent On-Site £;.00 0 0 0 0 400
Impoundment (brine

~ purification mud only)

Evapora~i~n Pond w/Off- 700 0 310 0 0 1,110
... Site Disi·Jsal (brine

..-..........- purification mud cnly)

'·Iechanic,l Dewatering 200 70 620 420 1,380 2,690
w/n¥~_~~+a nl.____ '



ItlDUSTRIAL - 11UIJICIPAL TREATllEl1T (W/PRETREATllEllT WHERE APPROPRIATE)

~
III

IIWUSTRY

Yeast 'Industries Co.

Jordan Iron and Steel Co.

JorUJn Distilled Che~ical Co.

TREATllErlT /DISPOS-\L 11ETHOD

A, _erobic Contact wiland Application
of Effluent

Land Application of Raw ~astewater

Raw ~aste"ater Discharge to Proposed
Zarqa-Ruseifa Sewerage S)stem

Earthen Spray/Settling Pond w/Oil
Skimmer and Effluent Rec~'cle

Wastewater Dischar~e to Propos~d

Zarqa-Ruseifa Sewe:age S~stem

Sulfide Precipitation c' Ilercury Cell
Wastewater and Impoundm~nt/E\Jpor3tion

of Effluent

Pretreatment of Ilercur:' Cell \\'aste\\ater
by Sulfide Precipitation "/Effluent
discharge to Proposed Zarqa-Ruseifa
Sewerage System

PRESEllT PRES£llT TOTAL
·WORTH WORTH PRES~HT

CAPIT,),L OPERATItlG WORTH
COST COST

(1950 JD) <'1950.JD) (1950 JD)

120,000 39,300· 'l5.~t30P

20,800 26,200 47,000

113,400 25,900 . 1)9 ~300

8,020 21,100 29,120

16,400 226,500 243,20'"'

209,700 26,400 236,100

34,200 32,900 67,100
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TABLE 1-5.1

. INOUSlffv ORmOUSiRTAL-AID

Yeast.Industrl~s Co~, Ltd.
Hus~ein Industrial City
jordan Phosp~ate Co.
Oriental Mineral Water Factories
Transjordan Minerals Research Co.
Jordan Overall Co" Ltd.
Jordan Dairy Co., Ltd
Jordan Worsted Hills
Jordan Tanning Co.

Jordan Paper and C~rdboard Co.

Jordan Iron and. Steel Co •.

Jordan Distilled Chemical Co.

JorJan Army Blanket Factory

Industrial Area "8"
(Arab Brewery
Jordan Brewery
Eagle Distilleries,
Zeidan Refrigeration)

Jordan Ceramic Industries Co.

Jordan Tiles Co.

SUMl1ARY OF RECOHHENDED TREAH1ElH !PRETREAT1'lEtlT STRATEGY BY HlDUSTRY

RECUf1t1ENDED TREATI1EN T7PRETRbA. fI~1E:;..H;..:.T--=-S T;..:.R.::.A;..:.T.::.EG-=-Y~ _

Individual treatment and d~sposal by land application of raw wastewater
Localized equalization w/combined industrial-municipal treatment
Individual treatment by coagulation and sedimentation w/direct uischarge
Equalization w/combined industrial-municipal tr~atment

Sedimentation lv/reuse. tJo discharge
Equalization w/combined indusLr5 'I-municipal treatment
Eq~alization w/combi ·ed indust "iu~-municipal trc3tment
Equaliz3tio:l and screeni'l:::J w/indIJstrial- lunicipal treatment
Aerated equalization, ch:omiul11 r ~trcatment by t 'droxide predpltation (w/pH
control, sedimentation, arld oil dnd grease recloval), w/combir;:d industrial
municipal treatment. Pr~treatment sl~dge to dewatering beds w/off-site disposal

r.qualiZltion and sedimentation pre tree "ment IV/combined indus tri al-municipa I
treatment
Individual t:eatment by sedimentation and oil rem(val w/recycle to pro~ess.

No discharSe
Pret~eatment of mercury cell wastewater by sulfide pre"ipitation (p~ control,
sulfide control, sedimentation, mercury recovery) w/combined industrial-municipal
treatment. Individual treatment and disposal of brine purification mud by
evaporation ponds w/off-site di' :'05.1 of residual
Equalization and screening pretleatment w/combined industrial-municipal.treatmen::

Localized pretreat~ent by aerated e~uaJiz~tion w/combined indu~trial-municipal

treatment

Individual treatmcrt LJ 5edine~t2tion and reuse in process. lie discharge

Individual tre3tmen~ tj sedimentation and reuse in process: No discharge
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AveRAGE FLOW POLLUTANT· LOAD, {KG/DAY) '.:.~..

INDUSTRY '(113/DAY) BODS' TSS,

1984 1990 2000 1984 1990 2000 1984 ·1990 2uOO

Ruseifa

Yeast Industries Co. 0 0 0 0 0 0 0 0 0

Jordan Phosphate Co. + + + + + + + + +

Oriental Star Distillery 44 32 39 10 10 12 10 10 12

Hussein Industrial City

Detergent Fact0ry 78 78 78 3 4 5 3 4 5

50<') Factor; 15'5 99 138 100 130 180 . 20 34 65

Ice C:eam Factory 25 8 11 41 5~ 74 16 21 ~9

Cosmetics Factory 1 1 2 * * * * * 'f

Paint Factory 3 4 6 * * * 5 6 8

Oriental Mineral Water Fact. 200 200 200 550 550 550 270 270 270

'J
Transjordan Mineral Researcl. Co. + + + + + + + -:.: + +

Jordan Overall Co 7 1 1 .J; * * * * *...•
-=

Jerdan Dairy Co. 115 150 210 520 6tJ 940 210 2aO 380

Jordan Worzted Hills 93 120 170 54 71 98 360 470 650

Sultan Pla~tics Co. + + + + + + + + +

Subtotal 2081 693 854 1278 1498 1859 894 1095 . 1491

• - tJegligible

** - Mereu)} cell waste~ateronly

+ - Sanitary wastewater only

,
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TABLE I-A.l.l

S~MMARY OF INDUSTRIAL WASTE SURVEY

solids depos:tts neaT outfall.

Hr. /c..J.'Y_ ()

,"

San! tary .3',

0.02,

11)

Average C onsumot i'

40 l/Jidn',,(i.nterm:tttent)

CC'oling

1

Water Use Vnstewfl'i:e:.

mJ/day
-

109 m3/day 109

1 m3/day 1

3 m3/day 3

2.lj.Opel' •• tion : _

112

Process

22

Material~ (tonne/yr.): Beet molasses, phosphates,

S04' Mg S04 ( nutrients), H2 504 (PH Control)

No. Employees:----:---

Municipal (Ruseifa

Private Well

Water Sc:,:rce

cool:i.ng water

Aye. (m)/ day)

M~x. , (m'/~ay)

Wastewater Flow

boiler blovdown

Comments: Boiler blovdown @

Industrial Processes

Industry: Yeast Indusl;.L'ie:..; Co. J.Jtd.Loca tion:------
Principal Activities: Yau~t production------------------

Products (tonne/yr.): Fresh and dry bwcers yeast.

"
~b:L4. Discoloration of' river vater,af.~er outf'all vii

appears clean and hot. Process'w~~arhi~lyodorous ~

f'loor &: tank wash +

vacuum filtrate
(spent nutrient)

Raw

(NH )
4

Wastewater Treatment jDisposall Sani-',::ury --~.stewa..ter ':;

process wastewater and boiler blowdown to ,Wadi Zarqn t

'separate out:t'ails~

-
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TABLE I-A.Z.• l INDUSTRIAL VASTEWATER CHARACTERISTICS

." . _.. ,._ ..:$,A"J'~XNG ._ CONC~JUT!QN (mg/l)
INDUSTRY DATE
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1.0 INTRODUCTION

This document presents the material collected as background information for a pollution
prevention, waste minimization, and water conservation audit of Jordan's Yeast Industries
Company, Limited.

1.1 Background

Development Alternatives, Inc. (DAI) under a contract with the United States Agency for
International Development (USAID) is performing an Industrial Wastewater Discharge
Prevention Program (lWDPP) in Amman, Jordan. The IWDPP is one of the four components
of the Water Quality Improvement and Conservation project, funded by the USAID. The
IWDPP is being performed by DAI with full coordination between the Ministry of Water and
Irrigation and the Amman Chamber of Industry. The IWDPP includes conducting audits,
performing feasibility studies, and designing for demonstration activities at selected industrial
facilities.

Pollution Prevention and Waste Minimization (PP/WM) techniques are defmed as any techniques
to prevent or reduce waste generation by source reduction or recycling activities. These
activities must reduce either the volumes or the concentrations of pollutants generated prior to
the treatment, storage, or disposal 'Of the waste.

Based on a ranking methodology, the PPIWM Committee has selected ten industries with
potential needs for PPIWM audits. One of these industries is the "yeast production industry."
Harza Consulting Engineers and Scientists (Barza), Chicago/USA, has been retained by DAI to
lead the PPIWM audit for this industry.

The purpose of these audits is to assist the industries in the Amman-Zarqa Basin to assess
PPIWM and suggest alternative solutions to achieve desired levels of pollution prevention, water
conservation, and wastewater treatment under the following subtasks:

j
•
•
•
•
•
•

Subtask 1.1 - Audit Coordination;
Subtask 1.2 - PPIWM Background Materials Preparation;
Subtask 1.3 - Pre-Investigation Meeting;
Subtask 1.4 - Audit;
Subtask 1.5 - Post-Inspection Meeting; and
Subtask 1.6 - Audit Evaluation Report.

1.2 Objectives

In this document, background information has been assembled by performing a comprehensive
literature review. The purpose of the literature review was to identify the available technologies
being practiced for PPIWM and water conservation for the yeast production industry. To best
address the industry practices in Jordan, the specific focus of the review was on the baker's yeast
segment of the industry.

~---mr1lI [. T
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The literature review included published literatur~ and conversations with personnel within the
United States (US) yeast industry. The literature consisted ofPPIWM related books and articles,
yeast industry journals and conference proceedings, and US Environmental Protection Agency
(USEPA) documents and communications.

Section 2.0 of this report provides an overview of the baker's yeast production industry, while
Section 3.0 details the processes used at Jordan's Yeast Industries Company, Limited.
Section 4.0 describes areas for potential improvement in regards to PPIWM and water
conservation. Finally, Section 5.0 lists the primary references consulted during the literature
review: copies of the appropriate sections of these references are provided under a separate
cover.
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2.0 INDUSTRIAL OVERVIEW

Yeast, like mold, is a fungus. As a branch of non-green plants, fungi feed upon organic
materials. If they are supplied with the necessary organics together with other needed nutrients,
then they will not only grow and multiply, but also will change the food into other chemical
substances. Of the many species of yeast, the most commercially significant are the related
strains of Saccharomyces cerevisiae. As brewer's yeast these organisms have been utilized to
ferment the sugars of various grains to produce alcoholic beverages, and as baker's yeast they
have been used to expand, or raise, dough. The focus of this report is on the production of
baker's yeast.

There are two types of baker's yeast: compressed yeast and dry yeast. The primary difference
between these two yeasts is the level of drying or dewatering which takes place before the
product is packaged for distribution. Eighty-five percent of the 223,500 megagrams of baker's
yeast produced in the US in 1989 was compressed yeast; the remainder was dry yeast.

Compressed Yeast. Compressed yeast is marketed in the form of moist cakes with a
moisture content of about 70%. Compressed yeast is a perishable commodity and, if
properly refrigerated or frozen, has a useful life of several weeks.

Dry Yeast. Dry yeast is marketed in the form of packaged granules with a moisture
content of about 7.5 %. Although the useful life of dry yeast is much greater than that
of compressed yeast (up to two years without refrigeration) its activity, on a dry weight
basis, is only approximately 65 %of compressed yeast: as such, much more must be used
to achieve the same effect.

There are two types of dry yeast, active and instant; the main difference between the two
is that active dry yeast must be rehydrated in warm water prior to usage.

The manufacture of baker's yeast has been practiced for centuries. Its earliest roots lie in the
use of leaven to make bread rise: the leaven (or "starter") was typically a portion of the
previously fermented batch of dough which, when mixed with fresh dough, transferred its
biological activity. The same concept is still used today to make sourdough bread. Yeast has
also historically but inefficiently been produced as a by-product of the brewing industry, called
barm.

In the past century scientists have gained a detailed understanding of yeast and the fermentation
process used to make it grow and multiply. Several innovative steps have moved baker's yeast
production to a more commercially efficient scale. For example, brewing industry by-products
have been replaced with molasses as the yeast's principal substrate. Also, fermentation process
tanks have been equipped with air supply and incremental feed systems to reduce the formation
of undesirable alcohols and to increase the yeast growth rate.

3
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The balance of this section describes the typical production processes, water usages, and wastes
and emissions associated with the production ofbaker's yeast. A generalized block flow diagram
of the production processes is given as Figure 1.

2.1 Typical Yeast Production Processes

The commercial production of yeast relies on the fermentation of an initial yeast culture (or
"seed") in a carbohydrate and nutrient rich substrate. When the desired degree of culture seed
multiplication is achieved, the yeast is "ripened" with additional carbohydrates in a series of
fermentation vessels. The fermentation process takes place under carefully controlled conditions,
especially in regards to pH, temperature, and aeration. Finally, the yeast is harvested, dewatered
as appropriate, cut, and packaged.

The yeast production process is described below in accordance with its five major steps: raw
material preparation, fermentation, product recovery, product finishing and packaging, and
ancillary operations. As noted previously, the production of compressed yeast and dry yeast are
essentially the same with the exception of fmal product dewatering and packaging.

2.1.1 Raw Material Preparation

The primary substrate upon which the yeast culture feeds during the production of yeast
is molasses: this carbohydrate provides the energy necessary to sustain the fermentation
process, as well as several essential nutrients and vitamins. Depending on a variety of
factors, such as cost and availability, beet molasses, refmer's cane molasses, blackstrap
molasses, or a blend of these, is used. Because each of the types of molasses has a
slightly different composition, the selection of molasses determines which nutrients will
need to be supplemented in the substrate to maximize yeast production.

The nutrients required to support yeast production are nitrogen, phosphate, magnesium,
potassium, and calcium. These nutrients are usually prepared in batch solutions and
introduced into the fermentation reactors as necessary. Nitrogen is normally supplied
through the addition of ammonium salts, aqueous ammonia, or anhydrous ammonia.
Phosphates and magnesium are added in the form of phosphoric acid or phosphate and
magnesium salts. Potassium and calcium are typically present in sufficient amounts in
the molasses substrate.

Trace amounts of vitamins, such as biotin (vitamin H), and other minerals, such as iron,
zinc, and copper, may also be added as necessary to maximize the fermentation process.

Prior to use, the raw molasses is clarified to remove any sludge and decolorized. The
pH of the molasses is adjusted during these processes; too high a pH promotes bacterial
growth. (The pH is also carefully maintained throughout the fermentation process, which
is described in the following section).

4
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After this initial molasses preparation, the molasses is sterilized by heating it to 38 to
43 degrees centigrade (OC) for about an hour. The heating is typically achieved with
high-pressure steam. During sterilization the molasses I s pH is again adjusted; it is held
between 6.0 and 8.0 to prevent caramelization, or burning, of the sugars. After
sterilization, the prepared molasses is diluted with water and stored in tanks to await its
mixing with the yeast culture in the fermentation vessels.

2.1.2 Fermentation

Yeast is grown in a series of fermentation vessels, or fermentors. The process begins by
placing a small, "starter, n portion of yeast culture into the molasses substrate and
allowing it to grow. Yeast is propagated when the yeast mixture is placed into the next
fermentation vessel, which is equipped for batch or incremental feeding of the molasses
substrate. The process continues in stages until the yeast mixture reaches the flnal
fermentor. Each of the fermentation stages, the flask stage, the pure culture stage, and
the main fermentation stage, is described in greater detail below.

2.1.2.1 Flask Stage

The frrstfermentation stage typically takes place in the laboratory when a portion
of yeast seed is mixed with the molasses substrate in an Erlenmeyer flask. The
total contents of the flask are typically less than flve liters (L) and the yeast is
allowed to grow in the flask for two to four days.

The seed is pure culture. The pure culture is an active strain of the yeast
microorganism which has typically been cultivated in a laboratory. This active
strain, after cultivation, may be preserved indefInitely by freeze drying until its
use is required.

2.1.2.2 Pure Culture Stage

The pure culture fermentation stage usually consists of two fermentations. The
capacities of the vessels used in this stage typically range from 1,100 to 26,500 L.
The yeast yields in the two fermentors are typically approximately 30 and
600 kilograms (kg), respectively.

These fermentations are batch fermentations, where the yeast is allowed to grow
in the molasses substrate for 13 to 24 hours. In batch fermentations all of the
required substrate is present in the fermentor when the yeast is added. This
method is not as efficient as the incrementally-fed method, which is used during
main fermentation and is described in the following section.

Briefly, batch fermentors are not as efficient as incrementally-fed fermentors
because they do not control the ratio of fermentable sugars to yeast throughout the

5

T



t.

f :
L

rI
LJ

nu

fermentation process. However, since the overall economy of yeast production
depends on the yield from the final, main, fermentation stage, it is not important
to have incrementally-fed pure culture fermentors.

The pure culture stage is basically a continuation of the flask stage, except that
the pure culture fermentations have provisions for sterile aeration and aseptic
transfer to the next stage. Sterility is critical; if a sterile environment is not
provided, contaminating microorganisms can easily outgrow the yeast.

2.1.2.3 Main Fermentation Stage

The majority of the yeast yield grows in the fInal fermentation stages. These
fermentations typically take place in two to four vessels. resulting in five to seven
fermentors in the total fermentation process, including the flask stage. The
processes unique to the two- and four-vessel main fermentations are described
below, after the following discussion of the parameters common to both.

The fermentors used in the main fermentation stage vary greatly in size: their
volumes range from 37,900 L to over 283,900 L, with the larger vessels
corresponding to the later stages. The vessels have diameters greater than
7 meters (m) and heights up to 14 m.

The vessels are usually made of stainless steel and, unlike the batch reactors used
in the previous stage, some vessels are equipped with an incremental feed system
to deliver the molasses substrate to the yeast at an optimal rate. The incremental
feed system is a series ofpipes that distributes the molasses over the entire surface
of the fermentor liquid. The system is regulated to deliver the molasses at time
intervals corresponding to the yeast's growth curve, thus controlling the ratio of
fermentable sugars to yeast. By maintaining a low excess-sugar concentration the
yeast's respiratory activity is maximized, resulting in a greatly increased fInal
yield. Nutrient solutions of minerals and vitamins are pumped into the fermentors
from small tanks, but the rate of feed is not as critical as that of the molasses.

The fermentors are typically operated at a temperature of 30°C. Higher
temperatures negatively influence the keeping and baking qualities of the yeast.
As such, the fermentors must be equipped with heat exchangers to remove the
heat generated from the production process and to cool them. The type of heat
exchanger system used is dependent on the size of the vessel.

The size of the fermentor also determines the type of aeration system used: large
volumes of air must be supplied to the vessels during this stage of fermentation
to maintain the dissolved oxygen content in the substrate at an optimally high
level. Yeast yields are much greater under aerobic conditions than anaerobic
conditions; under anaerobic conditions the fermentable sugars in the molasses are

6
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consumed by the production of ethanol and carbon dioxide rather than by yeast.
Horizontal perforated pipes, compressed air and mechanical agitation, and a self
priming aerator are among the types of aeration systems used.

Four-Vessel Main Fermentation. When using four main fermentors, the pure
yeast culture stage is followed by an intermediate stage of yeast growth without
incremental feeding. The entire contents of that batch fermentor are then
transferred to an incremental feeding tank having good aeration. This second
main fermentor is often called the stock fermentor since, after fermentation is
completed, the yeast mixture is centrifuged, producing a stock of yeast for the
next fermentor.

The third and fourth main fermentors are equally large. In the third main
fermentor aeration, is vigorous and molasses and other nutrients are fed
incrementally. The fermentor liquor from this vessel is typically divided into
several parts for starting the fourth and fInal, or trade, fermentation. In some
cases, the yeast is instead centrifuged and stored for several days before being
used in the trade fermentation. The trade fermentor has the highest degree of
aeration, and molasses and other nutrients are again fed incrementally.

Each of the four main fennentation stages lasts approximately 13 hours. The
amount of yeast growth increases from approximately 120 kg in the fIrst
fermentor to approximately 15,000 to 100,000 kg in the fourth fennentor.

Two-Vessel Main Fermentation. When using two main fennentors, the only
fermentations are the stock and trade fermentations; these fennentations
correspond to the second and fourth main fermentations in the four-vessel process.

2.1.3 Product Recovery

When the optimal quantity of yeast has been grown, the fermentation stage of the
production process ends and the product recovery steps begin. The fIrst step is to
recover the yeast cells from the spent substrate. This is accomplished by passing the fInal
fermentor liquor, at about 3.5 to 4.5% solids, through a series of centrifugal separators.
The desired solids content in the recovered material is between 18 and 21 %, which can
usually be achieved with two or three passes through the separators. The yeast is washed
with water between each pass through the separators.

At this point, the yeast is referred to as "yeast cream." Yeast cream can be stored for
several weeks at a temperature slightly above freezing. After storage, the yeast cream
can be used to seed a fermentor or can be fInished into a fInal product. Often, if used
to seed a fermentor, the yeast cream is referred to as "mother liquor."

7
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2.1.4 Product Finishing and Packaging

The fInal finishing and packaging steps are different depending on which product,
compressed yeast or dry yeast, is desired. The fInishing and packaging steps for each
product are described below.

2.1.4.1 Compressed Yeast Finishing and Packaging

As stated previously, compressed yeast product has a moisture content of
approximately 70%, which is equivalent to a solids content of approximately
30%. However, when the yeast is recovered from the fermentation stage as yeast
cream, it has a solids content of only approximately 20%. The necessary increase
in the yeast's solids content is achieved through fIltration.

Filter presses or rotary vacuum filters are used to dewater the yeast cream. Filter
presses usually consist of cotton duck filter cloth in 58 to 115 centimeter frames.
Pressures between 860 to 1,030 kiloPascals are applied to the presses to achieve
yeast yields between 27 and 32 % solids.

Rotary vacuum filters dewater the product by applying a vacuum to the inside of
a fIlter drum coated in yeast cream; water is drawn out of the yeast and into the
drum. The yeast is applied to the fIlters I rotary drums by rolling the drums in a
trough of yeast or by spraying the yeast directly onto the drums. The filters are
usually coated with potato starch and salt to aid in drying the yeast. The fIlter
drums rotate at a rate of 15 to 22 revolutions per minute; as the drums rotate,
blades at the bottom of the drums remove the yeast. The yeast yields from rotary
vacuum fIlters are approximately 33 % solids.

The resultant filter cakes are blended in mixers with small volumes of water,
emulsifier, and cutting oil. The emulsifier is added to improve the appearance of
the yeast and the oil, typically soybean oil or cottonseed oil, is added to help
extrude the yeast product. The mixed cake is extruded through nozzles to form
continuous ribbons of yeast, which are then cut into segments of yeast cake. The
cakes are wrapped in wax paper and stored for shipment at approximately 8°C.

2.1.4.2 Dry Yeast Finishing and Packaging

Dry yeast is fIltered and extruded in the same manner as compressed yeast.
However, the emulsifIers and oils mixed in with the yeast prior to extrusion are
different than those used for compressed yeast; they are added to texturize the
yeast as well as improve appearance and extrusion.

After the yeast is extruded into ribbons and cut, it is dried in either a batch or
continuous drying system to approximately 93 % solids content; the system is

8
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typically a fluidized drying bed. The drying time ranges between one-half hour
and four hours. Following drying, the yeast is vacuum-packed or packed under
nitrogen gas before heated sealing.

2.1.5 Ancillary Operations

To fully support the commercial production of yeast via fermentation, a number of
ancillary operations are necessary. These operations include equipment cleaning and
sterilization, steam production, equipment cooling, facility housekeeping, and wastewater
treatment. Some of these operations were noted previously in this report, and each is
described more fully below.

2.1.5.1 Equipment Cleaning and Sterilization

Throughout the production of yeast, sterility is an absolute necessity: if a foreign
culture is present inside a reaction vessel, it is likely that its propagation will
rapidly overtake the yeast and spoil the batch. Sterility is also critical given that
yeast is a food product and any foreign cultures present in the fmal product may
be consumed by human beings.

To assist in assuring sterility, all transfer lines and reaction.vessels are thoroughly
cleaned and steam-sterilized as necessary. Additionally, the raw materials which
make up the fermentation substrate, such as the molasses, are sterilized prior to
their introduction into "the process.

2.1.5.2 Steam Production

Steam is primarily required in a yeast production facility for equipment and raw
material sterilization. The steam is typically produced using a boiler which may
be fIred by a number of sources, including oil, coal, or natural gas.

2.1.5.3 Cooling System

The fermentation process generates heat which must be controlled to maximize
the yeast yield. The typical method of controlling the fermentors' heat is to
transfer it to water via heat exchangers.

The water used as the cooling medium can pass through the cooling system in one
of two ways: 1) it can be passed through the heat exchangers once and then be
discharged as hot water; or, 2) it can be passed through the heat exchangers, then
through cooling towers in which the heat is lost to the atmosphere, and then be
either discharged as relatively cool water or recycled back to the exchangers.

9

T ~. -...,-



: '

I i

, '

L:.

L
U
n
u

2.1.5.4 Facility Housekeeping

Facility housekeeping procedures are routine janitorial services, and include floor
and equipment washings. The wastewater generated from these wash-downs will
contain a high organic content due to the residual yeast materials.

In addition to the chemicals used at a yeast facility during the various stages of
the production process, chemicals are also used at the facility for cleaning
purposes. These chemicals include sulfuric acid, caustic soda, and ammonia.
Like the residual yeast product chemicals, many cleaning chemicals will ultimately
be discharged as wastewater.

2.1.5.5 Wastewater Treatment

The highest strength facility wastewaters are typically those discharged from the
molasses and yeast centrifuge and filter systems. Medium and low strength
wastewaters include floor and equipment cleaning waters, fennentor cooling
system waters, domestic wastewaters, and storm water.

The wastewaters are typically treated prior to discharge. The primary objective
of wastewater treatment is to remove or modify those contaminants detrimental
to human health or the environment. Land disposal, evaporative ponds, and/or
deep-well injection are occasional discharge options, but usually the only practical
outlets for the disposal of treated (or untreated) wastewater are lakes, oceans, or
other water bodies. To protect water resources, the discharge of pollutants into
them must be controlled. The facility's options for removing pollutants are to
send the wastewater off-site to a public wastewater treatment plant or to treat it
on-site.

A typical wastewater treatment plant utilizes physical, chemical, and biological
treatment methods to remove the suspended, colloidal, and dissolved contaminants
present in the water. In general, the CODt;lminants are removed in order of
increasing difficulty.

The operations of a typical wastewater treatment plant proceed as follows, with
exceptions specific to a yeast facility's treatment plant noted: First, rags, sticks,
and miscellaneous large objects are removed from the wastewater by retention on
coarse screens. Then grit is removed in grit tanks. At this point, most of the
small solids remain in suspension. These first two steps would not be required
at a yeast facility I s treatment plant, however, since the largest particles in the
facility's effluent would be suspended solids.

The settleable fraction of the suspended solids can be removed and concentrated
in gravity settling tanks. The settling tank's concentrated solids, called raw

10
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sludge, are pumped to an anaerobic sludge digester to be reduced in volume
through consumption by microorganisms; the tank's wastewater effluent flows
from this "primary treatment" to "secondary treatment."

Secondary wastewater treatment typically consists of an aerobic biological
treatment unit. In this unit, microorganisms aerobically digest the dissolved and
colloidal matter in the wastewater; the organic matter is convened to carbon
dioxide and water in the process. Less frequently, anaerobic biological treatment
units, rather than aerobic units, are used. (As stated above, anaerobic digestion
units are commonly used to reduce primary treatment sludge volume; they are
not, however, as commonly used to treat the wastewater.) Carbon dioxide and
methane are the principal products of anaerobic digestion.

Following bioreaction, the microorganisms are settled out of the bioreactor
effluent in a settling tank. Pan of the concentrated biological sludge is returned
to reseed the bioreactor unit, but most is thickened and sent to an anaerobic
sludge digester. The last stage in wastewater treatment prior to discharge is
typically chemical disinfection.

2.2 Water Usage

A typical yeast production facility has the following water needs: process water, cooling water,
boiler feed water, and water for housekeeping and other domestic uses. Most of these water
requirements have already been mentioned inprevious sections of this report, but each is briefly
described below.

2.2.1 Process Water

Process water requirements include dilution water to prepare the molasses substrate, rinse
water for product recovery rinses, and mixing water for product extrusion.

2.2.2 Cooling Water

Water is typically used as the cooling medium in the heat exchangers used to cool the
fermentors. In a cooling system with no recycle, or a "once-through" system, a full
supply of fresh water is constantly required to pass through the heat exchangers. In a
"closed-loop" system with recycle, however, only a smaller volume of fresh "make-up"
water is required periodically to replace the water lost from the system.

Water is lost from the closed-loop system by two means: evaporation and "blowdown."
Evaporation occurs in the cooling towers. Blowdown is a small volume water that is
periodically purged from the system and replaced with fresh water to help maintain the
desired water quality. In addition, the cooling water often must have chemical additives
to prevent scaling and corrosion of the system's metal components.

11
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2.2.3 Boiler Feed Water

Boiler feed water is the water heated in the boiler to produce steam for equipment and
raw material sterilization. Steam is produced by feeding the water through tubes
arranged along the walls of the boiler; the water is vaporized into steam by the heat
generated in the boiler.

If, after use, the condensed steam can be captured, then it can be recycled. However,
this water must be of high purity and/or have chemical additives to prevent scaling and
corrosion of metal components. A small volume of boiler blowdown is periodically
purged from the recycle system and replaced with fresh water to further minimize scaling
and chemical concentration.

2.2.4 Housekeeping and Domestic Water

Housekeeping and domestic water is required for routine wash-down of facility equipment
and floors, general janitorial cleaning, and sanitary and personal use.

2.3 Wastes and Emissions

The most significant waste generated at a typical yeast production facility is wastewater: a major
facility operation is dewatering the product. A great amount of washwater is also generated as
a result of sterility concerns. Air emissions and solid wastes, though not as significant in volume
as wastewaters, are also discharged from the facility. Each facility waste is briefly described
below; those wastes that are generated during the production process are also listed on Figure 1.

2.3.1 Wastewater

A great and regular volume of wastewater is generated from production process
operations. The process wastewaters are given on Figure 1:

• Effluent from molasses clarification;
• Spent substrate and rinse water from product recovery; and
• Discharge from the filters during product dewatering.

These wastewaters are highly-organic since they are derived from processing molasses
substrate and yeast, thus they will carry substrate and yeast residue. The wastewater has
been reported as having a chemical oxygen demand (COD) of 10,000 to 30,000
milligrams per liter (mg/L) and pH values in the range of 5.0 to 7.4. Typical BOD
values have not been identified.

12
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Other sources of facility wastewater include:

• Steam plant boiler blowdown;
• Effluent from air emission control devices employing water, if any (these

are noted in the following section);
• Floor and equipment wash-down water;
• Janitorial and domestic wastewaters; and
• Storm water runoff from the facility grounds.

Of these lower strength effluents, only the floor and equipment wash-down water would
be expected to carry significant substrate or yeast residue. These wastewaters typically
have an average COD of approximately 1,700 mg/L.

Because the higher strength process wastewaters are discharged more frequently and in
greater volume than the lower strength wastewaters, the combined effluent is usually
more characteristic of a high-strength wastewater.

Wastewaters are typically sent to a treatment plant on- or off-site.

2.3.2 Air Emissions

There are three notable sources of air emissions at a yeast facility: the fermentors, the
steam plant boiler, and the fluidized bed dryers. A wastewater treatment plant may also
contribute to facility air emissions. Emissions from the fermentors and the fluidized bed
dryers are yeast production process wastes, and are listed on Figure 1. All emission
sources are described below.

2.3.2.1 The Fermentors

The most significant source of air emissions is the fermentors: volatile organic
compounds (VOCs) are generated by metabolic activity in these vessels. Ethanol,
which is formed from acetaldehyde, and carbon dioxide are of particular concern.

The referenced USEPA report estimates the VOC mass emission rate from a
typical facility at 82 megagrams per year, primarily from the trade fermentors.
This rate corresponds to 0.0005 kg of VOCs per liter per batch of fermentor
operating capacity.

Yeast facilities typically employ process controls to reduce the amount of VOCs
generated, and some facilities also apply air pollution control systems, such as wet
scrubbers and incinerators. Depending on the control system, the pollution will
be removed from the air through chemical alteration into less toxic substances, or
through physical transfer into wastewater or solid waste. The pollutant would
then have to be handled in the wastewater or solid waste, accordingly.

13

-'~-ID



[ .

I..,

L
I'

",h
~

..
I
I

L

An on-site wastewater treatment plant is also a potential VOC emission source at
the facility; significant quantities of VOCs could be emitted during microorganic
digestion.

2.3.2.2 The Steam Plant Boiler

A variety of air pollutants could be emitted from combustion in the steam plant
boiler. For example, fossil fuel combustion results in gaseous products, called
flue-gas, and a solid ash residue, some of which is carried along with the flue-gas
as fly ash. The amount and characteristics of the emissions produced depends
upon the type of fuel and boiler, but usually include vanadium and sulfur and
nitrogen oxides.

Like VOC emissions, boiler emissions are typically reduced with process controls
and air pollution control systems, such as scrubbers; depending on the pollution.
control system, it may generate wastewater or solid waste.

2.3.2.3 The Fluidized Bed Dryer

Fluidized bed dryers are another potential source of air emissions. The dryer
suspends moist yeast on a bed of air to further dry it; vapors and fme particulate
may be given off during the process.

VOC and particulate emissions from fluidized beds can be reduced with air
pollution control systems similar to those for the fermentors and boiler; again, the
control system may generate wastewater or solid waste.

2.3.3 Solid Waste

Solid waste is typically the least significant source of waste from a yeast production
facility. Molasses clarifier sludge is the primary solid waste generated from the yeast
making process, as is shown on Figure 1.

In addition to molasses clarifier sludge, other facility solid wastes are:

• Steam plant boiler combustion residue, (bottom ash);
• Wastewater treatment plant sludge;
• Residue from air emission control devices, if any (these are noted in the

previous section);and
• General housekeeping, or janitorial, and domestic wastes.

The solid wastes are typically hauled off-site to be disposed.

14
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3.0 THE YEAST INDUSTRIES COMPANY, LTD.

The Yeast Industries Company, Ltd. (YIC) operates a facility producing compressed and dry
active baker's yeast. It is a privately owned company which was established in 1976 and started
production in 1978. In 1992 the facility's production was 2,582 tons of compressed yeast and
865 tons of dry yeast. This output was only slightly greater than half of the facility's total
production capacity, which is 6,000 tons per year. The facility operates 24 hours a day, six to
seven days a week.

The facility is located on the north bank of the Zarqa River in Jordan. The location is an
agricultural area near the western perimeter of the Russeifa Municipality, 20 kilometers east of
Amman. The facility covers 10,000 square meters of land.

Processes at the YIC are very similar to the typical processes described in the previous section
of this report. The following three sections are intended to better describe operations specific
to YIC.

3.1 Process Description

The facility's production processes are schematicized in Figure 2. As shown on the figure,
YIC's operations appear to be typical for a facility having a two-vessel main fermentation stage.
The figure, adapted from a schematic provided to Harza in the referenced COWIconsult/Royal
Scientific Society report, indicates that both main fermentors are batch fermentors, rather than
incrementally fed vessels. The cooling system used for the fermentors is a closed system with
cooling towers.

As is typical, following fermentation, cultivated yeast is separated from the substrate by
filtration, dewatered and/or dried, and packaged for sale. The compressed yeast product is
dewatered on a rotary vacuum filter until it reaches 28 % solids content. This product is
packaged in 0.5 kg packs. The dry yeast product is dewatered on a filter press, then, after
extrusion, is further dried on a fluidized bed dryer; the resultant product has a 95 to 98 % solids
content. This product is packaged in 100 g, 500 g, and 1kg packs and 25 kg bags.
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3.2 Raw Materials and Water Supply

The facility's consumption of raw materials in 1992 was as follows:

I Raw Material I Consumption (fon)

Substrate
I

Beet Molasses 8,000

Ammonium Phosphate 56

Potassium CWoride 21

Magnesium Sulfate 21

Urea 195

Vitamins I

pH Control and Cleaning Agents
!

Sodium Hydroxide 20

Sulfuric Acid 112

Product Drying Aid

Sodium CWoride 18

All process water is supplied by a private well. The consumption is estimatec
to 600 cubic meters per day (m3/d), or 150,000 to 180,000 m3/year.
approximately 50 m3 of water per ton of yeast product, or 100 m3 per ton
The COWIconsult/Royal Scientific Society report states that this is rather
typical European rates of 30 m3 of water per ton of dry solid yeast.

L

Process water is primarily used
including machinery and tanks.
fennentation process.

11.' Ii_ 1_ -,

in- the production process and for clean
There is a considerable demand for cO(
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3.3 Wastewater Discharges

Wastewater sources include spent substrate solution and rinse water from product recovery, filter
discharge from product fIltration, equipment and floor wash-down water, boiler blowdown, and
domestic water. All discharged wastewater is applied to the land in a nearby forest.

Average 1993 values for measured wastewater parameters are given in the following table:

Parameter Value (mglL .)

pH 6.55

BOD·· 6,004

COD·· 12,601

TSS·· 954.4

TDS" 7,374

Ammonium 142.3

Phosphate 43.6

Boron 3.0

Cadmium 0

Chromium 0

Copper 0

Iron 3.7

Lead 0.6

Manganese 0.3

Nickel 0.2

Zinc 0.2

• The pH value does not have units .
•• BOD: Biochemical Oxygen Demand; COD: Chemical Oxygen Demand; TSS: Total Suspended Solids;
TDS: Total Dissolved Solids
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4.0 AREAS FOR POTENTIAL IMPROVEMENT

Beyond assembling background information regarding baker's yeast production facilities, the
primary purpose of this document is to present information gathered from the literature search
regarding the latest advances in water conservation, pollution prevention, and waste
minimization.

The subjects can be generally defmed as follows:

Water Conservation: Reducing the process, clean-up, and domestic water use
requirements of a facility.

Pollution Prevention and Waste Minimization (pPIWM): Reducing the volume or
concentration of water, air; and solid waste discharges from a facility. PPIWM can be
accomplished by implementing process improvements to actually reduce the amount of
wastes generated or by developing a beneficial reuse for the waste and transforming it
into a marketable by-product.

The following sections present techniques identified as areas for potential improvement at YIC.
Since the focus of the IWDPP project is on water, PPIWM techniques pertaining to air emissions
and solid wastes are given secondary importance in the discussion. The discussion will include
as much information on source reduction, in-process recycling, clean technologies, raw material
substitution, and preventative maintenance as was possible to obtain through the literature search.
The areas for improvement listed are only suggestions for a typical yeast production facility;
their applicability and net benefit to YIC depends on facility-specific factors.

4.1 Water Conservation

Water conservation improvements identified in the literature apply to recycling treated
wastewater, steam, and process water, and replacing the cooling water system. General process
improvements and good housekeeping practices have also been identified as water conservation
techniques. All identified techniques are described in the following sections.

4.1.1 Wastewater Treatment Plant Recycle

Secondarily treated wastewater is used as a cooling medium at industrial facilities in a
program sponsored by the King County, Washington, Department of Metropolitan
Services. This program supplies and reaccepts treated municipal wastewater to local
industries through an extensive looped pipeline system. A similar, smaller-scale system
could also be developed for an individual facility that has its own wastewater treatment
plant.

18
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The cooling system works by pumping effluent from the wastewater treatment plant to
heat exchangers at the industrial facility; the heat exchangers transfer process heat to the
piped effluent. After it has been used to cool, the effluent is returned to the treatment
plant to be discharged as usual.

Using wastewater treatment plant effluent conserves more water than conventional cooling
systems, even those that recycle water through cooling towers. The system in
Washington is expected to save one user facility 40 million gallons of water each year.

4.1.2 Process Water Recycle

Water that would otherwise become wastewater can potentially be conserved through
recycle as process water in two facility processes: molasses preparation and product
recovery. These applications are suggested provided they do not adversely affect the
quality of the yeast product.

Molasses Preparation Water. Fresh water is used to dilute the molasses in the
molasses preparation process. The fresh water could potentially be replaced with
recycled molasses tank (and other molasses equipment) rinse water.

Product Recovery Water. Fresh water is used to rinse centrifuged yeast in the
product recovery process. The fresh water could potentially be replaced with
recycled centrifuge effluent, fIlter press effluent, or fennentor wash-down water.
If the solids loading in these process waters is too great to be used effectively as
rinse water, then they could be prepared for use by being clarified, filtered, and
mixed with fresh make-up water.

In addition, the product recovery rinse water itself can be recycled. In a process
reported in a French publication (ref.: Overcash) to be widely practiced, the spent
rinse water and the centrifuge effluent are evaporated and then condensed. The
condensate is recycled to other facility processes, and the solids are processed as
products: potassium sulfate and concentrated protein. In addition to conserving
fresh water, the process has been claimed to reduce the BOD and COD levels of
the wastewater from the product recovery process by approximately twenty times.
A flow diagram of the process is given as Figure 3.

The applicability of these improvements may be subject to cleanliness requirements.
However, since surge tanks and/or gravity separators would be required to store the
recycled water, sterilization could be performed here as necessary.

4.1.3 Steam Recycle

A state-of-the-art fermentation facility operated by the PfIzer Corporation in Connecticut
captures spent sterilization steam. Instead of being wasted to the air, the spent steam
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goes to a catch compartment for condensation and disinfection before any effluent leaves
the plant. This condensate could potentially be recycled back into steam or into another
process at the facility.

4.1.4 General Process and Management Improvements

Several general process improvements having the potential to conserve water have been
identified and are listed here:

• Most importantly, explore installing a wastewater treatment system, with recycle,
to treat and then reuse wastewaters generated at the facility.

• Minimize floor and equipment washes, as weIl as the volume of water used in
each. As an example, higher pressure/temperature water streams may reduce the
volume of water required to clean a surface. The applicability of this
improvement may be subject to regulatory or process requirements.

• Where appropriate, use the last rinse from a piece of equipment as the first rinse
(on the same piece of equipment) the next time around.

• Generate an accurate measurement and balance of facility water use. The balance
should track process water use per batch of yeast. Compare the measurements
to those of typical European facilities and make process adjustments accordingly.
(The COWIconsult/Royal Scientific Society report states that the facility's water
use is estimated to be much greater than that required by a typical European
facility.)

• Install flow-eontrol valves and timers on pipes and other equipment to better
control process water usage.

• Implement a water management system that involves facility personnel, such as
employee training in water use reduction programs and good housekeeping.

4.2 Pollution PreventionlWaste Minimization

The state-of-the-art PPIWM opportunities documented in the literature apply primarily to air
emissions. However, techniques that apply to water and solid wastes have also been identified.
AIl opportunities are summarized in the following sections.

4.2.1 Wastewater PPIWM

Nearly all of the water conservation techniques stated in the previous section also apply
to wastewater PPIWM. The techniques that can most significantly be used for
wastewater PPIWM are:
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• Product recovery and recycle, such as the Overcash process water recycle
system described above and illustrated in Figure 3. This system not only
reduces the need for fresh water, but also reduces the amount of process
effluents discharged as waste by recycling them.

• Process optimization. Two examples are:

i) Installing flow-control valves and timers on pipes and other
equipment to better control process water usage; the less
water that is used, the less water that is discharged as
waste.

ii) Using incrementally-fed fermentor systems. Because these
systems maximize the yeast yield from a given amount of
substrate, less material has to be input to the system for the
same product output. As a result, the wastes generated
during production are minimized.

• Good housekeeping practices. For example, using the last rinse from a
piece of equipment as the fIrst rinse the next time around not only reduces
fresh water consumption, it also reduces wastewater discharge.

• A wastewater treatment system. Two very effective systems, the Biothane
system and a sequencing batch reactor system, are described below.

Biothane. An anaerobic biological wastewater treaunent technology has
been developed by Biothane Corporation of New Jersey. Biothane's
system is used to treat baker's yeast wastewater at more than a dozen
facilities throughout the world, including one in the Middle East. The two
most significant benefIts of the process are:

i) Greatly lower sludge generation than conventional aerobic
biological treatment processes (only one-tenth as much).

ii) A useable energy by-product in the form of methane gas.
The methane gas could be used to generate electricity at the
yeast facility or to fIre the steam plant boiler.



oJ

-'

II

More specifically, the Biothane process is as follow~: first, wastewater
enters the bottom of a digester tank and passes upwards through a dense
bed of anaerobic sludge. Soluble COD is converted to biogas rich in
methane and an upward circulation of water and gas-borne sludge is
established.

Separators at the top of the tank allow degasification of the water/sludge
slurry. The directly combustible biogas is recovered from collection
pockets. The granular sludge partiCles, now devoid of attached gas
bubbles, sink back to the bottom of the tank, establishing a return
circulation. The treated effluent flows over a weir at the top of the tank
and is discharged. The established upward and downward circulation
pattern insures effective sludge-to-wastewater contact without the need for
supplementary agitation.

The BOD purification efficiency achieved through the Biothane process
has been determined to be up to 90 %; the COD purification efficiency is
typically 65 %.

Sequencing Batch Reactors (SBRs). An SBR is an aerobic biological
treatment unit. Specifically, it is a fill-and-draw activated sludge system
comprised of treatment tanks operated in a batch treatment mode. (Most
conventional activated sludge systems are operated in a continuous-flow
mode.)

The cycle for a typical SBR tank is divided into the following five discrete
periods: fill with wastewater, bioreact, settle solids, withdraw clarified
supernatant, and idle to await refill. Since treatment and settling are
accomplished in the same tank, SBR systems do not need separate final
clarifiers and return activated sludge pumps.

The reason that this treatment technology is significant to a yeast facility
is that SBR tanks can easily tolerate shock loads of BOD without
degradation in effluent quality. In fact, the performance of several
conventional activated sludge systems have been shown to significantly
improve after conversion to SBR operation.

4.2.2 Air Emission PPIWM

The air emission PPIWM techniques identified in the literature apply to controlling
fermentor VOC emissions and controlling boiler emissions. The topics are discussed in
that order below.
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4.2.2.1 Fermentor VOC Emissions

The primary air pollutant from yeast facilities is VOC emISsIOns from the
fermentors. As stated in Section 2.3.2.1, yeast facilities typically employ process
controls to reduce the amount of VOCs generated, and some facilities also apply
air pollution control systems, such as wet scrubbers and incinerators. Although
these technologies are not state-of-the-art, a discussion of VOC emissions will be
presented here based on the results of a recent study to identify the best VOC
control devices.

The USEPA, through the Control Technology Center, performed a comprehensive
evaluation of VOC emission control alternatives. The following alternatives were
evaluated:

• Process control measures to reduce the formation of VOC emissions;
• Wet scrubbers;
• Carbon adsorbers;
• Incinerators;
• Condensers; and
• Biological filters.

The study results indicate that process control measures and trains of treatment
technologies are the most feasible ways to control emissions.

Process Control Measures. Process control measures are expected to
reduce VOC emissions from 75 to 95 %; an example is incremental feed
systems. Incrementally-fed fermentors, as opposed to batch fermentors,
can limit the amount of ethanol formed during fermentation.

As has been stated previously, they accomplish this by matching the
addition of substrate to the yeast's growth curve. By maintaining a low
excess-sugar concentration and sufficiently aerating the fermentor, the
yeast I s respiratory activity is maximized. The result is a greatly increased
final yield and decreased VOC emission rate. Since the majority of yeast
growth occurs in the final fermentation stages, it is most beneficial to
equip the final ferrnentors with incremental feed systems.

Treatment Trains. The efficiency associated with train of technologies
is estimated to be greater than 90 %; an example is a wet scrubber
followed by a catalytic incinerator or biological filter.

It is significant to note that since some of these technologies, wet
scrubbers for example, consume water, a trade-off between emission
reduction and water conservation exists.
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4.2.2.2 Boiler Emissions

Emissions of concern from a boiler burning fossil fuels are sulfur oxide, NOx
(oxides of nitrogen), and fly ash. State-of-the-art PPIWM techniques for each are
described below.

Sulfur Oxide. The simplest way to reduce sulfur oxide emissions is to
bum fuel containing relatively less sulfur. Beyond that, sulfur oxide
emissions are typically reduced in a flue-gas desulfurization system. Lime
scrubbing is the most common system, but because it can generate a
significant amount of wastes, magnesium-enhanced-lime scrubbing and dry
scrubbing are emerging as alternatives to lime scrubbing. Each are
described briefly here.

Lime Scrubber

In a typical lime scrubber the sulfur oxide reacts with a lime slurry and
forms sulfite or sulfate solids that remain in solution or suspension with
the slurry. The solids are separated from the slurry in senling tanks, the
liquid is enriched by adding more lime, and then is recirculated. The
sulfite may be stored in basins or ponds. or converted to gypsum through
oxidation.

Magnesium-Enhanced-Lime Scrubber

The addition of magnesium in a magnesium-enhanced-lime scrubber
increases the absorption capacity of the slurry by 10 to 15 times. Thus,
sulfur oxide removal efficiencies can be greatly improved with
significantly less liquid waste.

Dry Scrubber

In a dry scrubber, liquid slurry drops containing very little water are
sprayed into a hot gas stream. The liquid evaporates as chemical reactions
and absorption of sulfur dioxide occurs in reactions similar to those in wet
scrubbers. The solid particles can be collected along with the fly ash.
The advantage of dry scrubbers is that a dry powder is produced, avoiding
disposal of a liquid slurry or wet sludge, and water is conserved as well.

NOx. The basic tools for reducing NOx emissions have not changed
much in the past twenty years, but the manner in which they are being
applied has. Categories of NOx PPIWM options receiving the most
anention in the literature include combustion modifications and post
combustion control devices, such as selective catalytic reduction and
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selective noncatalytic reduction systems. Both methods are briefly
described here.

CQmbustiQn ModificatiQns

CombustiQn mQdificatiQns cQntrQl nitrogen oxide emissiQns by reducing
the amQunt Qf pQllutant produced. Reducing the fQrmation Qf NOx
depends Qn carefully cQntrQlling the cQmbustiQn temperature and fuel-air
mixture in variQUS parts Qf the flame. Low-NOx burners can reduce
emissions tQ about 15% Qf uncontrQlled levels.

Selective Catalytic and NQncatalytic Systems

Selective cataJytic and noncatalytic systems use ammQnia tQ reduce NOx
to water and elemental nitrQgen. The pertinent reactions nQnnally prQceed
at very high temperatures, SQ in selective catalytic systems a catalyst is
used tQ prQmQte the reactiQns at lQwer temperatures. In selective nQn
catalytic systems, an ammQnia cQmpQund is injected intQ the bQiler at the
apprQpriate temperature windQw. These systems can remQve between 30
and 80 % Qf NOx emissions. Some systems can also be adapted tQ remove
sulfur oxides at up tQ 95 % efficiency.

Fly Ash. Fly ash is typically cQllected on a standard cQntrQI device, such
as an electrQstatic precipitator, and then ponded or landfilled. However,
partial utilizatiQn Qf the cQllected ash to manufacture pQzzQlanic material
has becQme mQre cQmmonly practiced. The pozzolanic material can be
used as fill fQr rQads, runways, and construction sites, and as cement and
brick admixtures. RecQvery of the metal components of the ash, such as
aluminum, vanadium, titanium, and iron, fQr cQmmercial use is also now
possible.

4.2.3 Solid Waste PPIWM:

The only potential PPIWM technique identified for solid wastes is to reslurry the
molasses sludge and reuse it to produce the mQlasses substrate, if technically feasible.
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APPLICABLE REGULATORY CRITERIA

Current Status of Environmental Regulations in Jordan:

In order to assess the Yeast Industry Company (YIC) compliance with
applicable Jordanian standards and regulations, it is of importance at this stage
to present an overview of Jordan's environmental protection control laws,
standards, and regulations. Interestingly, Jordan has no comprehensive law to
control water, air, and soil pollution. However, a Jordanian Environment Act
(JEA) was drafted two years ago to achieve the principle objectives mentioned
in the National Environment Strategy (NES) for Jordan. JEA 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 E-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 E-2a - E-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
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guidelines. However, it is a common practice to use the Food and Agriculture
Organization (FAO) and World Health Organization (WHO) Guidelines as a
reference.

Tables E-3 through E-5 are related to the quality of treated domestic
wastewater effluents to be reused in irrigating agricultural crops. The
remaining Tables E-6 - E-12 present the tolerance and sensitivity of crops to
salinity and other specific ions like Sodium, Boron and Chloride. These are
adapted from the FAO Guidelines (1985). Treated domestic wastewater is
regulated by the Jordanian Standard 893 (Table E-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 YIC Discharges:

Industrial wastewater produced by the YIC consists of wastewater generated
from yeast separation, filter press and rotary vacuum filter effluents, tank
washing, floor washing softener regeneration, floor and equipment washing,
laboratory and sanitary. All of these wastewater streams except sanitary are
utilized in land application irrigating a nearby forest, therefore the Jordanian
standard 202 for industrial discharges to wadis, sea, or reuse for irrigation
would apply.
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Table E·I
Summary oCrequiremmts oC Jordan Standard 20211991 Cor disposal ofindustrial effiuents.

Maximum Allowable Limit.1mgll)+
Parameter Disposal To

Wadis & Rivers Sea Groundwater Recharge Reuse for Irrigation**
BODS 50M - 50M -

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 0.002 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)
804 500 500 400
F 1.5 - 1.5 -

HC03 - - - 500
Na - - 400 -
Mg - - - -

Ca - - - -

SAR - - 9
Al 5 - 0.3 5
As 0.05 0.1 0.05 0.1
n 1 1 1 (5)
Cr 0.1 0.3 0.05 0.1
eu 2 0.1 2 0.2
Fe I 2 I 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 I
Se 0.02 0.02 0.05 0.02
Cd 0.01 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 MPN/IOOml 1000(6) - 1000 (6) 1000 (6)
Nematodes < I - - < I

(+) All units are in mgJI except where noted.
(*) Minimum value.
(**) Depencb upon. type and quanti!)' of crops. irrigation methods,soil type, climate & groundwater in the area concerned.
(-) Undetennined.
(M) Monlhly average.

Notes:
(1) TDS allowable limit is subject to the TDS concentration in the water supply and the water basin affectd.
(2) Allowable limits oC wastewater reuse determine the degree of restriction (none, slight to moderate, or severe).
(3) Method oC irrigation is determined by wastewater quality being used.
(4) NitralC concentrations allowed are delCrmined by its concentrations in lhe affected water basin.
(5) Could reach 3 mgJI.
(6) Geornelric mean.
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Table E-2a
Jordanian Drinking Water Standards

A: Physical characterstics

Parameter Permissible Limit Max. allowable cone. in case

no better source is available

Taste aesthetically acceptable -

Odor aesthetically acceptable -

Color 10 units 15 units

Turbidity 1 unit (lCU) 5 units

pH 6.5 < pH < 9 -

Temperature 8 - 25 c -
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Table E-2b

Jordanian Drinking Water Standards

B: Chemical Charecterstics

Parameter Max. Allowable Cone.
mg/I

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
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Table E-2c
Jordanian Drinking Water 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 O.l aesthetic
Cu I 1.5 aesthetic
Zn 5 15 aesthetic
Na 200 400 aesthetic
Ni 0.05 (). I health
Cl 200 500 aesthetic
F I 1.5 health
S04 200 500 aesthetic
N03 45 70 health



Table E-2d

Jordanian Drinking Water Standards
D: Radiation

Parameter Maximum limit
Bq/I

Alpha-emitters (except for Radon) 0.1

Beta-emitters I
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Table E-2e

Jordanian Drinking Water 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-D 0.1
2,4,S-TP 0.01

(Trichlorophenoxy propionic acid)

* Other organic pollutants should not exceed the max. allowable

limit set by WHO.
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Table E·)

Guidelines for interpretations of water quaHty for irrigation (1)

Deatee 01 restriaion oa use

None Slighllo Seven:
PoleDlial itriptioa problems Uniu -
SaliDily (a1I"eeu aop waler

availabilily) (2)
ECw(or) dS/lD <0.7 0.7 - 3.0 > 3.0

TDS m&fl < 450 450-2000 > 2000

0.7 - 0.2 < 0.2
1.2-0.3 < 0.3
1.9- O.~ < O.~

2.9 - 1.3 < 1.3
~_O· 2.9 < 2.9

3·9 >9
>3

4-10 > 10
>3
0.7 - 3.0 > 3.0

<3
<3

<4
<3
<0.7

SAR
mell

mell
mell

"'&fI

Specific joo lexicily (affCClJ
sensilive crops)
Sodium (Na) (4)

Surface mcotioo
Sprinld... mcalioo

O1loride (0) (4)
Surface me.ion
Sprinkl... mcalion

Boron (B) (5)
Tra"" clemen..(.ee uble E4)

Inrlllntioa (alJeeu infi~tion

nile DC waIU into the soil
eval...le ...ine (Ee., and SAR 1Dse<bcr) (3)

SAR = 0-3 and ECw > 0.7
=3-6 > 1.2
=6-12 > 1.9
= 12-20 > 2.9
=~ >~.O

u - 8.~ > 8.5
Nonnal nnge 6.5 . 8.4

M iscellantJOus effects
(offec.. susccplibleaops)

Nitrogen (N03-N) (6)
Bac.arilona<e (HC03)
(Ovethe.od sprinlliing only)

pH

mgll

mell

<5

< 1.5

5·30 > 30

(I) Adapled from University of California Commillee of Cons..llanlS 1974.
(2) ECw means eleclrical conductivity, a meal"'" of lhe wal... salinily, repor1ed in deciSicmens per mcue al :25(:0 (dS/lD) or in ..nilS millimhos per """limes... (mmllolcm). Bolh

are eq.'ivalenL TOO means IDIaI dissolved solid., reported in milliVU"s per Ii,... (mgl1.).
(3) SAR means sodi..m adsorplioa ratio. SAR is somes.imes repor1ed by Ibe symbol RNa. At a givat SAR, infll....uoo rate ina-ease u

wal... salinity inaeues. Eval...te lbe poteDtiai infiltration problem by SAR u modified by ECw.
(4) For l'Wface Uris_lion, JD(IIS1 tree CI"Opi aDd woody pi"" a'SleIlIitive la sodium and chloride; use the valueslhown. Most annual aops are nol lensitive. With overhead .prinlder

irTiealioo and low humidity (<30 percenl), sodium and chloride may
be abaorbcd lbtou&b lbe leaves of sensitive cropo.

(5) For borm lelcnnca. see Tabla 16 and 17.
(6) N03-N means nWalenitropn reporlAII in taml of eIem.....1nitrolest (NH4-N and Organic-N should be inclvded when WU1eWaler is beine LeSted).

As;sumptioos in tbe Guideljnes

The water quality guidelines in Table 1 are Ullc:nded to cover the wide range of conditions encountered in irrigated agriculture. Sevenl t.sic assumptions have been used to define Lheir
range of usabiliry. U the. walei' lJ; used under &fUlly different conditions. the guidelines may need to be adjusted. Wide deveaLionJ from the ISJumptionJ mi&ht result in wrongjudgemenu
on the usability of. panicuiat water supply, especially if it is • borderline cue. Where sufficient experience., field tnals, research or obsUY.lions are Iyailable, the guidelines may be
modified to lit aocal conditions more closely.

The basis; .nHmplion, in the cHideljnCS Ire:

Yield Potential' Full produclion capsbilily of all aops, wilhoullhe ..se of speci.1 practices. is uswned what the guidelines iDdica<e no restrictiO!1l On \lie. A "restriction on ..se"
indicaleS lhat dta-e many be. limilation in cboica of aop, or special _aem...t m.y be needed '0 m.intain full production capability. A "restriction on Il1O" doa IIlI1 indica... lhal lhe
watt:r is unsuitable for lISe.

SUe ConditjoN' SoiltexlUre ranges from sandy...... '" clay-loam willt aood in_I drain'ae. The elim.... is semi-Irid Ie .-id and ntinflll is low. Rainfall d__ play a sianificant
role in meeWta aop _ta- demand or leadtina ""l"iranOllL (In .1S\OIlIOOII dimato oc ...... wh.... precipitation is high for part or aD of lhe year, lit.. pidclino restriClioDs _ too ICY.....

Und... lbe hi&ba- rainf.U siluatioas, inlihratod ...... from rainfaD is effective in meesine.1l or part of lhe leaclting requirem"'L) Drain'ae is a..umed Ie be aood, with no ..ncontrolled
shallow w.ter labIe present within 2 melrel of lito swface.

MClhods lAd TlI!Jina of Irrjl'tjolll' Normal surface or sprinld... mption melltods are lIIed. Wiler s applied infrequenOy, u needed, and lbe aop lIliIius • considerable portion of lhe
.vailable stored lOiI·_ler (50 percenl or more) befora lito n_ irTiplioa. Alleast IS pcn:cnt of the .pplied w..... percela... below the _I zooe (Iac:biJta fraction [LFJ ~ IS pcRCDI). The
a..idelinel are laO restrictive for specialized irriptioa atothocls, sllClt u localized drip itriplion, which res..1ts in oesr daily or freq....., irrigations, but are applicabl.. for IIIbIurf.ce
irriplion ifsurface applied Ieadtin& ••isr... lhe lcadtina ""IlIircateIIlI.

WIW Umlke bv CrgP" Diflen:al cropo h.ve diflen:al _ uplalle pallentS, but an taIle wata- from wh......... it is most readily .vailabl.. witltist!be -lina cIcpth. Ott av....10 about~
perceal is assumed Ie be taIlat hom lbe uppcs-q_of lbe n>oIina deplh. 30 pc:raat quarter, 20 percenl hom lite !bird '1-, and 10 pcn:cnt from lite 10_q_. Each imptioa
leaches lit.. uPPu JODI zone and tnaintaiDs it at a rcIaIiYCIy low salinity. Saliaity itIcras.. with deplIt and is paleSt in lite Iowa- p.t 01 lbe "",I _e. Tho averap ••Iinity of the soil·
water ilthree tim.. Ibll of lite applied wata- aad is ...CllUtiYe oIlbe .v....ae root zooe salinily to wltich lbe c:n>p responds. Tbcs.. conditillCll resull from I leadtina fraction of 1S-20
pcn:aR and irfi&aiou Ibal are littted to keep lhe ClOped"'l~ _...-..I at aU limcL

SailIleadted fnmt lIt.. upp..-nIOl ....e_utat.1D__in Ibelo_ p.t buu.ah baI_ is achieved U sailS ....m....ed boIow lberooc _by sulIIcieallacbins- Thehi&lt...
salinity in lite lower rool zone bel:omes Icss impDltlDl if edequlllO moisture is maintained in lbe ..pper, "more active" part of lito root _ and Ion~tam leadtina is _plishod.

ReslricJjgp !d! U", The "Restriclion on Use" IbowD itt T.b1.. I iI divided into three depca of lCYerily: nOlle, slighl to moderale, and _ ..... Tho diYisioas_so_ arbitrary since
chanae occun paduaDy and there is DO cIear-<:tlll braIlill& poinL A chanao of 10 Ie 20 per-catl Jboy.. oc below a pideline val.... hu lillie significance if CIOIlIlcIct-ed in proper penpectiYe
willt olba- faclD'" a1JeeWta yield. F"1dd sDldia, research lriaIs and obsuvalionl have led to 1J>c:se divisions, but manlgement slliU of lhe wa.... us... can alta-litem. Val..es shown are
.ppIiabIe lIDCIa- normal rJdd CDnditiolll p-evailin& in __ impled areu in lito Irid and semi-arid regionI of lbe _rid. .
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Table E-4
Recommended maximum concentrations of

trace elements in irrigation water (I)

Recommended

maximum
conc:entration(2)

Element (mglL) Remarks
AI (aluminium) 5.0 Can cause non-productivity in acid soils (pH < 5.5). but more alkaline soils at

pH> 7.0 will precipitate the ion and eliminate any toxicity.

As (arsenic) 0.10 Toxicity to plants varies widely, ranging from 12 mglL for Sudan grass to less

than 0.05 mgJI... for rice.

Be (beryllium) 0.10 Toxicity to plants varies widly, raning from 5 mgJI... for kale to 0.5 mglL

for bush beans.

Cd (cadmium) 0.01 Toxic: to beans beets and tum ips at conc:entralions as low as 0.1 mg/L

in nutrient solulions. Conservative limits recommended due to its pOlemial for

accumulation in planLS and soils to concentrations that may be harmful to humans.

Co (caball) 0.05 TOXIC 10 tomato plants at 0.1 mgIL in nULIIcnt soilltion

Tends to be inactivated hy ncuLraland alkaline soils.

Cr (chromium) 0.10 Not generally recognized as an essemial growth clement. Conservative lunils recommended

due 10 lad< of knowledge on its tOXIcity La plants.

Cu (copper) 0.20 Toxic to a number of plants al 0.1-1.0 mgJI... in nutrIent solullons.

F (fluoride) 1.0 Inactivated by neutral and alkaline <oils.

Fe (iron) 5.0 Not toxic to plants in aerated soils. but can contribute La soil aCidif,cation

and loss of availability of essenllal phosphorus and molybdenum.

Overhead sprinkling may resull in unsighlly deposits on plants, eqUipment and buildings.

1I (I ithium) 2.5 Tolerated by most crops 10 5 mg/L, mobi Ie In soil. TO:\IC La citrus at low concentrations

(<0.075 ml!lL). Acts similarly to boron.

Mn (manganeses) 0.20 Toxic to a number of crops at a fcw·temns to a few mg/L. but usually only In acid sods..

Mo (molybdenum 0.01 NOlloxic to planlS at normal conccnlIallOflS In sial and water. Can be tOXIC to livestock

if forage is grown in S101s with high concentraLions of available molybdenum.

i\i (nickel) 0.20 Toxic 10 a number of plams al 0.5-I.Omg/L; reduced 1O.,icity al neutral or alkalme pH.
Pd (lead) 5.0 Can inhibil planl cell growth al very high concentralions.
Se (selenium) 0.02 Toxic 10 planlS at concentralions as low as 0.025 mgjL and toxic 10 IiveSlock

if forage is grown in soils with relalively high levels of added selenium.
An essential element to animals but in very Jow concentrations.

Sn (tin)

Ti (titanium) Effectively excluded by planlS; specific tolerance unknown.
W (tungsten)
V (vanadium) 0.1 Toxic to many planlS at relalively low concentrations.
Zn (zinc) 2.0 Toxic 10 many plants atwidely varying concentrations.

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

1- Adapted from National Academy of Sciences (1972) and Prau (1972).
2- The maximum concentration is based on a water application rate which is consistent

with good irrigation practices (10000 m3Jha per years). If lhe water application rale greatly exceeds this,

the maximum concentrations should be adjusted downward accord ingly. No adjustmenl should
be made for application rates lease than 10000 m3iha per year. The values gIven are for waLer used
on a continuous basis at one site.

Source: FAO Guidelines. R.S. Ayers & D.w. Westcot (1985).
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Table E·5

Recommended microbiological quality guidelines for wastewater use
in agriculture (a)

Category Reuse Exposed Intestinal Faecal 'Wastewater

conditions group nematodes (b) coliforms treatment expected

(arithmetic (geometric mean to achieve the

mean no. of eggs per no. per requ ired microbiological

litre (c) ) lOOml) (c) quality

Irrigation of Workers, <I < 1000 (d) A series of stabilization

crops likely to Consumer, ponds designed to achieve

A be eaten uncooked. pUblic the microbiological

sports fields, quality indicated, or

'public parks, (d) lequivalent treatmcnt

Irrigation of Workers <I No standard Retention in

cereal crops, recommended stabilization ponds
13 industrial crops, for 8-10 days or equivalent

fodder crops, hclminth and faecal coliform

Pasture and trees (e) removal
Localized irrigation None Not Not Pretreatment as required by
of crops in category applicable applicable the irrigation technology,

C B if exposure of but not less than primary
workers and the public sedimentation.
does not occur

(al In spccific cascs, local epidemiological, sociocultural and cnvironmcntal faclOrs should be taken into account, and the guidelines modified accordingly.

(bl Ascaris and Trichuris species and hookworms.

(c) During the irrigation period.

(d) A more stringent guideline « 200 faccal coli forms pcr 100 ml) is appropriatc for public lawns. such as hotel lawns.

With which the public may come into direct contact.

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

Sprinkler irrigation should not be used.

Source: Scientific group on health aspects of use of LIcated wastewater for agricultural and aquaculture- W.H.O.- Geneva 18-23 Nov. 1987.



Table E-6

Chloride tolerance of some fruit crop cultivars and rootstocks.(a)

Crop

Avocado
(Perse.a americana)

Citrus
(Citrus spp.)

Rootstock or cuitivar

Rootstocks

West indian
Guatemalan
Mexican

Sunki mandarin, grapefruit
Cleopatra mandarin, Rangpur lime

Maximum permissible
CI in water

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

180
145
110

600

Sampson langelo, rough lemon, sour orange, 355
Ponkan mandarin

CilrUmelo 4475, trifolate orange,
Cuban shaddO'tk, Calamondin,
Sweet orange, Savage citrange,
Rusk cnrange, Troyer citrange 250

Grape
(ViliS spp.)

SLone fruit
(Prunus spp.)

Berries
(Rubus spp.)

Grape
(vitis spp.)

Strawberry
(Fragaria spp.)

SaiL Creek, 1613-3
Dog ridge

Marianna
Lovell, Shalil
Yunnan

Cultivars

Boysenberry
Olallie blackberry
Indian Summer raspberry

Thompson seedless, PerlelLe
Cardinal, black rose

Lassen
Shasta

960
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 maximwn concentration in the irrigation water. The
values were derived from saturation extract data (ECe) by the following relationship: saturation extraction
concentration =15 water concentration.

(c) The maximum permissible values apply only to surface irrigated crops. Sprinkler irrigation may cause excessive
leaf bum at values far below these, (see Table 3-10).

Source: FAO Guidelines, R.S. Ayers & D.W. Westcot (1985).
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Table E-7

GUIDLINES FOR INTERPRETING LABORATORY DATA ON WATER SUITABILITY
FOR GRAPES

Degree of Restriction on Use

Potential Irrigation Problem Unita None Slight to Moderate Severe2

Salinity 3 (affects water availabiliry to crops)

ECw dS/m < 1 1.0 - 2.7 > 2.7

Toxicity (Specific ions which affeet growth of crop)

Sodium (Na+)4

Chloride (C04

Boron (B)

Miscellaneous

£3 icarbonaLe (HC03 -)5
Ni LraLc-ni trogen (N03- N)

mell
mell
mg/l

mel!
mg/l

< 20

<4
< 1

< 1.5
<5

4 - 15
1 - 3

1.5 - 7.5
5 - 30

> 15
>3

> 7.5
> 30

1.
')

3.

4.

5.

Adapted from Neja et al. 1978.
Special management practices and favorable soil condllions are required for successful production.
Assumes that rainfall and extra water applied owmg to inefficiencies of normal irrigation will supply the
crop need plus about 15 percent extra for salin it)' control.
With overhead sprinkler irrigation, sodium or chloride in excess of 3 mel! under extreme drying conditions
may result in excessive leaf absorption, leaf bum and crop damage. If overhead sprinklers are used for
cooling by frequent on-off cycling, damage Ir,ay occur even at)ower concentrations.
Bicarbonate (HC03) in water applied by overhead sprinklers may cause white deposits on fruit and leaves
which reduces market acceptability. but is not tOXIC to the plant.

Table E-8

PELATIVE SALT TOLERANCE OF VARIOUS CROPS AT GERMINATION l

Crop

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

(Hordeum vulgare)
(Gossypium hirSlltUmj
(Beta vulgaris)
(Sorghum bieolor)
(Carthomus tinetoriusj
(Triticum aestivum)
(Beta vulgaris)
(Medicago sativa)
(Lycopersicon Lyeopersicum)
(Oryza sativa)
(Brassiea oleraeea eapitata)
(Cueumis melo)
(Zea mays)
(Laetuca sativa)
(Allium eepa)
(Phaseolus vulgaris)

50 percent
Emergence reduction

(ECe in dS/rn)

16 - 24
15.5

6 - 12.5
13

12.3
14 - 16

13.8
8.2 - 13.4

7.6
18
13

10.4
21 - 24

11.4
5.6 - 7.5

8.0

I Dat.1taken from Maas (19R4).



Table £-9

Relative boron tolerance of agriculttlral crops (1), (2)

Very Sensitive (<O.S mg/L) Moderately Sensitive (1.0-2.0 mg/L)

Moderatelv Tolerant (2,0-4,0 mg/L)

Tolerant (4,Q-6,Q mg/L)

Very Tolerant (6,0-15,0 mg/U

Lemon
Blackberry

Sensitive (0,5-0,75 mglU

Avocado
Grapefruit
Orange
Apricot
Peach
Cherry
Plum
Persimmon
Fig, Kadota
Gmpe
Walnut
Pecan
Cowpea
OnIon

Sensjtiye (o,7S-1.0 mglL)

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

Citrus Limon
Rubus spp.

Persea americann
Citrus X paradisi
Citrus sinensis
Prunus armeniaca
Prunus persica
Prunus avium
Prunus domestica
Diospyros Kaki
Ficus canca
Vi/is vlnlfcra
Juglans rcfSlCl
Carya ilinGlensls
VIRna ungUlculaw
A/hum ccpa

Allium saUvum
Ipomoea halalas
Triticum eaS/lvum
Hordeum vulgare
f1ehan/hus anraius
Vigna radia/a
Sesamum indicum
Lupinus hartwcgil
Fragana spp.
He/ian/hus /uhcrosus
Phaseolus vulgans
Phaseo/us lunatus
Arachis hypogaea

Pepper, red
Pea
Carrot
Radish
Potato
Cucumber

Lettuce
Cabbage
Celery
Tumip
Bluegrass, Kentucky
Oats
MaJZe
Artichoke
Tobacco
Mustard
Clover, sweet
Squash
Muskmelon

Sorghum
Tomato
Alfalfa
Vetch, purple
Parsley
Beet, red
Sugarbeet

Cotton
Asparagus

Capsicum crucum
Pisum sativa
Daucus carola
Raphanus sativus
Solanum /uherosum
Cucumis sa/ivus

Lactuca sa/iva
Brassica oleracea capitala
Apium graveolens
Brassica rapa
Poa pra/cnsls
Avcna sauva
Zea mays
Cynara scolymus
Nico/iana tahacum
Brassica Juncea
Mclilo/us mdica
Cucurhita pcpo
Cucumis melo

Sorghum bicolor
Lycopersicon Lycopersicum
Medicago Saliva
Vicia hengha/ensis
Pe/roscJinum crispum
Be/a. vulgaris
Beta vulgaris

Gossypium hirsUlum
Asparagus officina/is

(I) Data taken from Maas (1984)
(2) Maximum concentrations tolerated in soil-water without yield or vegetative growth reductions. Boron tolerances

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

Source: FAO Guidelines, R.S. Ayers & D.W. Westcot (1985).
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Table £-10

Relative tolerance of selected crops to exchangeable sotlium (1).

Sensitive (Z)

Avocado
(Persea americana)
Deciduous Fruits
Nuts
Bean, green
(Phaseolus vulgaris)
Cotton (aJ germination)
(Gossypium hirsUlum)
Maize
(Zea mays)
Peas
(Pisum sativum)
Grapefruit
(Citrus paradisi)
Orange
(Citrus sinensis)
Peach
(Prunus pas/cay
Tangerine
(Citrus reticulala)
Mung
(Phaseolus aurus)
Mash
(Phaseolus mungo)
Lentil
(Lens cu/inaris)
Groundnut (peanut)
(Arachis hypogaea)
Cram
(Cicer arietirum)
Cowpeas
(Vigna sinensis)

Semi-tQlerant(2)

Carrot
(Daucus carOIa)
Clover, Ladino
(Trifolium repens)
Dallisgrass
(Paspa/um dilatatum)
Fescue. tall
(Festuea arundinacea)
Lettuce
(Lacluca sativa)
Bajara
(Penniselum typhoides)
Sugarcane
(Saccharum officinarum)
Berseem
(Trifolium alcxandnnum)
Benji
(Melilotus parviflorai
Raya
(Brassicajuncea)
Oat
(Avena sativa)
Onion
(Allium cepa)
Radish
(Raphanus sallv'lS)
Rice
(Oryza sativus)
Rye
(Secale cereaJe)
Ryegrass, Italian
(Lolium multiflorum)
Sorghum
(Sorghum vulgare)
Spinach
(Spinacia oleracea)
Tomato
(Lycopersicon esculentum)
Vetch
(Vicia sativa)
Wheat
(Triticum vulgare)

IQlerantCZ)

Alfalfa
(Medicago sativa)
Barley
(Hordeum vulgare)
Beet, garden
(Beta vulgaris)
Beet. sugar
(Beta vulgaris)
Bermuda grass
(Cynodon dactylon)
Conon
(cossypium hirsutum)
Paragrass
(Brachicria mutica)
Rhodes grass
(ChloflS gayana)
Wheatgrass, crested
(Agropyron Crista turn)
Wheatgrass, fairway
(Agropyron cristatum)
Wheatgrass, fairway tall
(Agropyron slongatum)
Kamal grass
(Diplachra /usca)

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



Table E-11

LABORATORY DETERMINAnONS NEEDED TO EVALUATE COMMON IRRIGATION

WATER QUALITY PROBLEMS

Water parameter

SALINITY

Salt Content

Symbol Unit l Usual range in
irrigation water

Electrical Conductivity

(or)

Total Dissolved Solids

Cations and Anions

ECw

TDS

dS/m

mgll

0- 3

o - 2000

dS/m

mgll

Calcium
Magnesium
Sodium
Carbonate
Bicarbonate
Chloride
Sulphate

NUTRIENTS2

Ca++ mel! o - 20 mel!
Mg++ mel! 0-5 mel!
Na+ mel! 0-40 mel!
COr- mel! 0- .1 mel!
HC03- mel! o - 10 mel!
CI- mel! o - 30 mell
S04-- mel! 0-20 mel!

Nitrate - Nitrogen
Ammonium - Nitrogen
Phosphate - Phosphorus
Potassium

MISCELIANEOUS

Boron
Acid / Basicity
Sodium Adsorption Ratio3

N03-N
NH4-N
P04 - P
K+

B
pH
SAR

mgll
mgll
mg/l
mg/l

mgll
1 - 14

(me/l )l,2

o - 10
0-5
0-2
o- 2

0-2
6.0 - 8.5
o - 15

mgll
mgll
mgll
mgll

mgll

1. 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).
me/l =milliequivalent per litre (mg/l + equivalent weight =me/l); in SI units, 1 mell = I 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 nitrogen.
The same reporting method is used for phosphorus.

3. SAR is calculated from the Na, Ca and Mg reported in me/l.



Taole 1-:-12 Cnnl,nued

Yield rOlenlla I

100% 90% 75% 50% O%ma:"mum (3)

ECe ECw ECe ECw ECe ECw ECe ECw Ece EC",

Harding grass (Phalaris /~rosa) 4.6 3.1 5.9 3.9 7.9 5.3 II 7.4 18 12
Fescue, uti (FWUL:a ~Ia/ior) 3.9 2.6 5.5 3.6 7.8 52 12 7.8 20 13
_Whealgrass, sWldard crested 3.5 23 6.0 4.0 9.8 6.5 16 II 28 19

(Agropyron sibiricum)
Velch, common 3.0 2.0 39 2.6 5.3 35 7.6 5.0 12 8.1

(Vieia angwslifolia)
Sudan grass (Sorghum SudaMfLS~) 2.8 1.9 5.1 3.4 8.6 5.7 14 96 26 17
Wildrye, beardless 2.7 1.8 4.4 29 6.9 4.6 II 7.4 19 13

(EI)'f7WS /Tuieoidu)
Cowpea (forag~) 2.5 I.7 3.4 2.3 4.8 3.2 71 48 12 7.8

(Vigna IUtgwcuJa/Q)
Trefoil, big (Lo/us uliginosus) 2.3 1.5 2.8 1.9 3.6 2.4 49 3.3 7.6 50
Sesbania (Subania ualtala) 2.3 1.5 3.7 2.5 59 3.9 9.4 6.3 17 II
Sphaerophysa 2.2 1.5 3.6 2.4 5.8 38 93 62 16 II

(Spha~rophysa salsula)
Alfalfa (M~dicago s<uiva) 2.0 1.3 34 2.2 5.4 36 88 59 16 10
Lovegrass (ETagros/is sp.) (9) 20 1.3 3.2 2.1 50 33 81}- 5.3 14 93
Com (forag~) (mam) faa mays) 1.8 12 3.2 2.1 5.2 35 8.6 5.7 15 10
Clover, berseem 1.5 1.0 3.2 2.2 5.9 39 10 68 19 13

(TTifolium alaundrinum)
Ordlard grass 1.5 1.0 3.1 21 5.5 37 (J.6 64 18 12
(Dac/ylis glomua/a)
Foxuil, meadow 1.5 1.0 2.5 I.7 4.1 27 67 4.5 12 79
(Alop~eurwsprattnLS)
Clover, red (Trifolium pra/enst) 1.5 1.0 2.3 16 36 2.4 ' 7 3.8 9.8 66
Clover, alsika 1.5 1.0 23 III 36 2.4 " : 38 98 66

(Tnfolium hybridum)
Clover, Iadino (T"follum repens) 1.5 10 23 16 \.() 2.4 5 7 3.8 98 66
Clover, strawberry 1.5 10 2.3 16 3.6 2 -1 ~7 38 <) 8 66
(Tnfoliumfragiferum)
Fruit crops (10)

Date palm (Phaenu dacrylifero) 40 2.7 68 4 5 11 7 3 18 12 32 =I
Grapefruit (Cilrus paradlSl) (II) 1.8 12 24 1 6 3 -1 ~ .., -1 'J 3 3 80 5 4

Orange (Cirrus slner.sLS) 17 1 I 23 16 3 3
.., .,

·1 8 32 80 5.3

Peach (PrlUtus pemca) 1.7 1.1 2.2 15 2 () 19 -1 I 2.7 6.5 43

ApricOl (PrlUtus armeniaca) (II) 16 1.1 20 13 26 I.S 3 7 25 58 38

Grape (Vi/us sp.) (l1) 1.5 10 2.5 I.7 -1 I 27 1.17 -1.5 12 7.9

Almond (Prunws dulcis) (11) 1.5 1.0 2.0 1.4 2.8 1 9 -11 28 68 45

Plum, prune (PrlUtus domes/ica) (II) 15 1.0 2.1 14 29 19 4 3 29 71 47

Blackberry (Rubus sp.) 1.5 1.0 20 1.3 2.6 IS 3 8 2.5 6.0 40
Boysenberry (Rubus ursinws) 1.5 1.0 2.0 13 26 18 38 2.5 6.0 40
Strawberry (Fragaria sp.) 1.0 0.7 1.3 0.9 18 12 25 I.7 4.0 27

(I) AdapLed from Maas and HOllman (1977) and Maas (1984) These data should only serve as a gUide to relallve
tolerances among crops. Absolute tolerances vary dependlI1g upon ci.Jmate, sod condllions and cultural
pracuces. In gypsilcrous SOlIs, planlS williolerale aboul 2ds/m higher sod sallI1llY (ECe) than Il,d,caled
but the waler salinily (ECw) will remalJl the same as shown In thIS label.

(2) ECe means average rOOI zone salinily as measured by electncal conducllvlly of the saturation e'lract
of the soil, reponed in decisiemens per meter (dslm) al 25C. ECw means eleclical conductivllY of the
irrigation waler in deci Siemens per meier (dslm). The relationship between sou salinily and water sai.Jnity
(ECe= 1_5 ECw) assumes a 15-20 leaching fraction and a 40-30-20-10% water use pallem for the upper 10
lower quaners of the roOL ZOne.

(3) The zero yield potential or maximum ECe indicales the theoretical soil salinilY (ECe) at which crop growLh
ceases.

(4) Barley and wheal are less tolerant during germination and seedi.Jng stage: ECe should nOl exeeed 4 - 5 dS/m
in the upper soil during this period.

(5) BeelS are more sensitive during germination: ECe should nOI excced 3 ds/m 1I1 the seedling area for garden
beelS and sugar beeu.

(6) Semi-dwan. shan cultivars may be less loleranl.
(7) Tolerance given is an average of several varieties; Suwannce and Coastal Bermuda grass are about

20% more tolerant, while canmon and Greenfield Bermuda grass are aboul 20% less lolerant.
(8) Broadleaf BirdsfOOl Trefoil seems less 10Ierant than Narrowleaf DirdsfOOl TrefOIl.
(9) Tolerance given is an average for boer. Wilman, Sand and Wecping Lovegrass ; Lehman Lovegrass

seems aboul 50% more toleranl.
(10) These dala are applicable when roolSlOCks are used thai do nOl accumulate Na+ and CI- rapidly or

when these ions do nOl predaninale in the soil.
(I I) Tolerance evaluation is based on lree growth and not on yeild.

Source: FAO Guidelines, R.S. Ayers & D_W. Westcol (1985).

•



Table E-13

Summary of requirements of Jordanian

Standard 893/1994 for treated domestic wastewater.

Maximum 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 (CO) <3 -

D.O ~1 -

TDS 3000 2000 (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/1 OOmL <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) FAO and WHO guidelines and their amendments should be taken into consideration.



Table £-14

Summary ofJordanian Regulations Governing Discharge ofIndustrial and Commercial
Wastewater Into the Sanitary Sewer System. *

Parameter Unit Maximum Allowable
Limit

pH Su 5.5-9.5
BOD mg/I 800
COD mg/I 2100
TSS mg/I 1100

P mg/I 50
FOG mg/I 50

MBAS mg/I 26
Phenol mg/I 10
Cr** mg/I 5
Cu** mg/I 4.5
2n** mg/I 15

Sn mg/I 10
Be mg/I 5

Ni** mg/I 4
Cd** mg/I 1

As mg/I 5
Ba mg/I 10

Pb** mg/I 0.6
Mn mg/I 10

Ag** mg/I 1
B mg/I 5

Hg** mg/I 0.5
Fe mg/I 50

S (as lliS) mg/I 10
Temp °C 65

Chlorinated Solvents mg/I 0

*
**

Published in the Official Gazette, September 17, 1988
The total concentration of all the double asterisked materials should not exceed
10 mg/I

It is not pennitted to dispose any liquids or materials which have cyanides in a
concentration which can produce 1 mg/I HCN or more

It is not pennitted to dispose any radioactive material without written approval from
WAJ.

,-



APPLICABLE REGULATORY CRITERIA

Current Status of Environmental Regulations in Jordan:

In order to assess the Yeast Industry Company (YIC) 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 Jordanian 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 D-l) 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 D-2a - D-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

D-I

I
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guidelines. However, it is a common practice to use the Food and Agriculture
Organization (FAO) and World Health Organization (WHO) Guidelines as a
reference.

Tables D-3 through D-5 are related to the quality of treated domestic
wastewater effluents to be reused in irrigating agricultural crops. The
remaining Tables D-6 - D-12 present the tolerance and sensitivity of crops to
salinity and other specific ions like Sodium, Boron and Chloride. These are
adapted from the FAO Guidelines (1985). Treated domestic wastewater is
regulated by the Jordanian Standard 893 (Table D-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 YIC Discharges:

Industrial wastewater produced by the YIC consists of wastewater generated
from yeast separation, filter press and rotary vacuum filter effluents, tank
washing, floor washing softener regeneration, floor and equipment washing,
laboratory and sanitary. All of these wastewater streams except sanitary are
utilized in land application irrigating a nearby forest, therefore the Jordanian
standard 202 for industrial discharges to wadis, sea, or reuse for irrigation
would apply.

D-2
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Table D-l

Summary or r~uirementsor Jordan Standard 202/1991 ror disposal or industrial effluents.

Maximum Allowable Limit, (mg!l)+
Parameter Disposal To

Wadis & Rivers Sea Groundwater Recharge Reuse for Irrigation"
IlOD5 SaM - SaM -
::::OD 150M 200 150M
:.10 1* 5* 1* 1*
rDS 3000(1) - 1500 (1) 2000 (2)
rss 50 - - 100(3)
)H (su) 6.5-9.0 5.5-9.0 6.5-9.0 6.5-8.4
::::olor (unit) 15 75 15 -
rc - 4 - -
:;-OG 5 10 Absent 5
:>henol 0.002 1 0.002 0.002
VIllAS 25 15
... 03-'1 I 12 (4)

I .,*2 (.:1) ~O

"H3 .; 12 5 5-

r-:\ 125 so
"}O-t-P 15
=1 500 sao 350 (, )
.;Q-t 500 500 ··tOO
" 1.5 - 1.5
IC03 - - - sao
'ia - 400
\-ig -

=a - -
,AR - - 9
-\1 5 0.3 5
-\s 0.05 0\ 0.05 0.1
~ I I I (5)
~r 0.1 OJ 0.05 0.1
:::u .,

0.\ 2 0.2-:;"e 1 2 I 5
\-in 0.2 0.2 0.2 0.2
,j 0.2 0.02 0.1 0.2
?b 0.1 0.1 0.1 1
,e 0.02 0.02 0.05 0.02
:::d 0.01 0.07 0.02 0.01
In IS - IS 2
:::N 0.1 I 0.1 0.1
Hg 0.001 0.00 I O,()O 1 0.001
fCC MPN/lOOml 5000 - -
fFCC MPN/IOOml 1000(6) 1000 (6) 1000 (6)
'iematodes < 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.
-) Undetermined.
M) Monthly average.

'ales:
1) TDS allowable lim" is s'lbject [0 the TDS concentratIOn In the waler supply and the water baSin affectd.
2) Allowable Iimlls 0' ".....Hewater reuse detcrrrune the degree of rCSlTlCllOn tnone. sllght to moderatc. or scvcrc l.
3) Method of lITIgallon IS deterrmned 0\ \l, aSIC\l,31Cr '1ua111y bCUlg used.
4) NllIate concenrrauons allowed arc determined by Its concenlraUons In the affected water baSIn.
SJ Could reach :3 mg;1.
6) Geometnc mean.



Table D -2a

Jordanian Drinking Water Standards
A: Physical characterstics

Parameter

Taste

Odor

Color

Turbidity

pH

Temperature

Permissible Limit

aesthetically acceptable

aesthetic311Y,Jccept::lble

1() LIlli: ~

1 unit (J C'LI

6.5 < pH < <)

111'li_ 1_ ""'"

Max. allowable conc. in case

no better source is available

15 unJ(s

) L1flltS



Table D -2b

Jordanian Drinking \-Vater Standards

B: Chemical Charecterstics

.ft:

Parameter "'lax. Allowabie Cone.
mg/I

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

.l.ill.~



Table D -2c

Jordanian Drinking Water Standards
C: Health related

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

mg/I
TDS 500 1500 aesthetic
TH( CaC03) 100 50Qr :lesthetic

ABS 0.5 I' indicator

Al 0.2 0.3 aesthetic

Fe 0.3 1 aesthetic

Mn 0.1 0.2 aesthetic

Cu 1 1.5 aesthetic

Zn 5 15 aesthetic

Na 200 400 aesthetic
Ni OOS 0.1 health
CI 200 500 aesthetic

F 1 1.5 health
S04 200 500 aesthetic
N03 45 70 health

, f



Table D -2d

Jordanian Drinking Water Standards
D: Radiation

Parameter ;lI'; Maximum limit

Bqil

t\lph;l-Cmltlas (CXCC[i[ for Radon) OJ

Beta-emitters 1

IIII'" 11M I_



Table D -2e

Jordanian Drinking \-Vater Standards
E: Organic pollutants*

Parameter Max. Permissible Cone.
.1 mg/I

A) Chlonnred

Hydrocarbons

Endrin 0.0002
Lindane 0.004
\i1ethox yc hlor 0.1
Toxaphene 0.005

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

(Trichlorophenoxy propionJc acid)

• Olher organic pOllUlanLS should nOl exceed the max. allowable

IImll set by WHO

). ( .. i
, \



Table D-3

Guidelines for interpretations or water qualit}' ror irrigationJll

Degree of re.slllClJOn on we

"one Sligh' to 5C'ere

Potentwl irrigation problem, Uoiu mod<nlc

Sahmty (affects crop water
availability) (2)
ECw(or) dSIm < 0.7 07- 30 > 3.0

TDS m&fl < 450 450 - 2O(X) > 2O(X)

lntiltrauon (affecLl infiltration
rate of Wlter ulto lhc toil.
Evaluate uSlng (ECw and SAR together) (3)

SA R = 0-3 and EC w

= ~6

= 6-12
= 12-20
=2tJ40

>07

> 1.2
> 1.9
:> 2.9
> 50

0') - 02

12 - 0.3
19 - 0.5
29·\.3
5.0 - 29

< 02

< 0.3
< 0.5
< 1 3
< 29

SoecJIc Ion tOJl.ICI[y (allecu
SClUIUYC crops)
Sod,wn (~al (4)

SW1"acc. ltTlgtJ.lon
Spnnlda lITlg.uoo

Ollonde (CI) (4)

Surf." irngat IOn

Spnnkler irngauon
Boron <B) (5)

Trace e.iancnu(soe lIble fA)

SAR
metl

me~

mell

m&f1

< ) 9

< 3 > J

< 4
4 _ 10

< J > J
< 0,7 n.} . JO

> 10

:> ).0

15·85 >85
~onn.d range 6 5 - 84

~1ilo:lI&llroUS effects

(aIfecu suscepuble crops)
:-;'lrogen (1'03-1') (6)

B,carbonale(HC03)
(Ovemud spnnHng only)

pH
men < is

JO > 30

(1) Adillpted from uOIvenllY of C.1LfomLi Comm:tlu of Consult..mU 197J.
(2) ECw means elecUlul c.onducll'W'lly ... measure of the W1,ter ulmlty. repon..ed III declSleme.rn per I":1ctre"~ 2~ ~dS/mi or In units mJllmhos toe.;- cenlJmc~cr mmno/an)_ Bolh

ue equlvalenL TOO means total dlS~I'¥'ed solids, reponed m mdl1grams per Iller (mg/L)
0) SAR mUllS sodium adsorplJOQ ratJo. SAR IS I.ometunu t"'e!X>rted by the symbol Rl'\a. At. gl\len SAR. l."1fdtrallor. rouc mOU-5e a.s

""'ater UllJ1ll) Vlcrea.se.s. Evaluate the potentlll mftltrallon problem by SA R u mcxhfled b... EC w

(4) For surf.ce tmgat,on. most tree CTOp' and ....oody planu are SeJHllJVC to sodium and chlonde~ UJc the val~ sho ....:n ~1ost L'i11U. 1 "'Ups U"e oot SCIUIII"'C "A-',th o .... crtle....d sprulkll

l1Tlgluon and low bUII'udlty «)() perc.entl. ,odium and chlonde may
be absorbed tht'OUp the lean::c of JetUltrve croF-

(5) For borm tolennc.ca ••cc: Tables 16 and 17
(6) ~03~N means nLlt'ate Dlcmler1 reportecllO lc:nns of ele:mern.al nitrogen (~H4--S and Organlc,S should be :ncluded ...... nen ...... 1lJ1L·...... l.er l1 n.::U1g Le.S~e.d)

-\ssympljoDs ja tbe Gujdcljp(S

The watel" quality g'Uldelllles m Table 1 ue llHended to cover L.'1e wLde range of COndllJOnS encountered In lmg.l~ed agnculture Se-..croilli r.IIC .IHumpL.lOn1 h.hC bcc'-l1 used to ddme theU'"
range of wablhry. Utile ..... ter II used under greatly different condllloru. the gUldelme.s ml~ nu.d to be Id)usted WIde de'f'C.lllons tTOm l1le auumpllons mIght re.sultln ....rongJudgemUlLl

on the usability of. p....tlcular water supply. especIally If It IS ~ borderline case Where 5ufllclc:nt eJl.pc:nence. field trai1. rC:1urCn or abse...... tIOn1 lIe avaI14lb'le,lhc: guldellOeJ ml~ be

modified to fn loa.l condillons more closeJ;r

Ib( b,sic .:nYmpha", in tbe lujd(ljnn .u·

Yield Potentll!- F\l1I pmd\lcHon cap.blhty of all crops. WILhout tile use at s-peel.ll practIces, IS ASsumed when the guldehne.s mdlut.e no reS!..:lctlons on use A "re:stllClJOn on u.e~

tndiat.es that there many be a liautation U1 chOtce of O"Op. or specl.ll m.anagement mlY be needed to mllnlam full rroducllon capabllily. A "re.stncuon on use" does fiQJ mdlcaLe th.t!.he

.....La is untull.ble lor use.

Site Conditions' Soil tuture. r'IJ1&CI from .andy-loam to day-loam .... Ith good tJ'llemal dnll1age. The clim.te LI semi-and to and and ralnf.lI IS low. RalllIa11 doe.l Dot pl.y a Jlgnj(,C&Dt

rok in mutin. crop water demand or le.achln& requlremenl. (In I monroon c1unaLe or uc.u \lmcre preclpll~llOn LI hIgh for pan or.1l of the yev. :he guldehne re.stnC1JOru are too u"'en
Under the hiper rainfall situatioru. infihral.ed wlter from rami.JllI effective tJ'l muung all or part of the ieaching requlrunenL) DraU'lage loS usumed to be good, WILt'I. no uncontrolled
sh.Ho .... wate:T table praent WIthin 2 metru of the surface:.

Methods and Tmjnc QCIrri',tiops' Nonna' surface or sprinkler mgalJon methods lIe wed_ Water s applied IOfreqUe:nUy. u needed. and the crop ulIIIZe5 a conslduable portJon of the

available _cored IOU·watu (SO pc:rt:eD1 or more) before !.he nu.t Imgltlon. Al leut 15 percent of the applied w.ter percol.llCJ below the rooL zone (leaching frlcllon [IF] 2 1.5 pcrc.ent). The
guw:telines are too reatnaive for speculized ilTlgallon methods, such as loc.alized dnp IrTlgatJon. whlcil resulu tn nur dady or frequent ItTlgallons, but are applicable for subc'Uriace
ImgatH>n if surt.ee applied lc.ach.iO& lalLJfies the leachU1& requlremenl.S

W.ter Uptake by CrpP§.;. Diffc:rc:nl aopc hl"e dlfferull wat.er upLl.k,!; pao.ems. but Jill take w.ler from whae... CT It 11 most readily a...atlable wlvlln the rooung defXh- On ....enge .bout ot()

pcrcc.nlLS assumed to be taken from Ule upper quarter oClhe roolUlg deptll, 30 percent quarter. 2() pe.rc.ent from lhe third qulIter. and 10 pe:-C-em from the lowest qu..arta Each ImgluOQ
leaches lite upper root woc. and ma,ntaliU It.lt.l rCi.ltlvely low salll1lty. S.lhnlty tncrusC$ With depLh a.nd IS grc:.ate.st 10 \.he lower p&n of the root lone, The .... er.ge salU'lIC)' of thc sou·
water 15 three times lb.t of the .pplled water and 1.J represenUtl"'e of the avenge rOOllonc uhnlly to which t.he crop responds _These condllJons ruu!1 from a lc..achU'l& fraettOQ of lS~20

pc:rcall and LrriJ,IIJODI \bat are. umcd to keep Ule crop adequaLely watered at all urnes.

Salts 1c.aehed h-om the upper mot zone .cc:umuLate to lome utc::nt U1 the: lo""'C" pv1 but I nlt t.lance IS .chiC"ed u "Iu are moved bela.... the root zone by lufficlCnl Ieac.hUl&. The bl&ha
,aiuur)' U1 Lhe Iowa- TOOl Zone becomes leu r.mpottant Ii .dequ.~ mo\SOJre IS malnUllled in trlc vppc:r. ·':norc: ICI"'e"~ of the root zone &rid long-tcnn ieaclllng \S K:COrDptisilcd.

RutpQlQn on Un:- The "Restrtaion on Use~ ShOWTl LJ"I. T.ble I is di ... ided IOto Tilree degrees of seventy: none. 111g,ht to mOdente. and se ... ere. The divlSlons arc:: somewbat Iltbatnry IIOCC

changc oecun graduaUy and there is no clear-cut 'treUing POUlt. A change of 10 to 20 percent abo ... e or beio ..... I guideline ... alue: has hale slgJ1tfica..."lce if conSidered In pro po- pcnpc.ctl... e
.... Ith other facton a1Iectinlyicld. FIeld sWdtcs. resea.rch tn.1.!; Ind observ.tlons h.... e led LO thc.se dlVlSlOns. but man.gemC1Jt siedl of Tile w.ler WeT can aller than. V.lues shown are:
appiic..ble under' DOrmll rieJd c:onditionJ pre'lilalimg Ul mosl Img..atro are.u tn the .and and sClnl-.and regions of Ute W'Orld



Table D-4

Recommended maximum concentrations of
trace elements in irrigation water (1)

I Recommended I
maximum

i concenlration(l)

Element (mgll./ I Remarks

;.-\1 (alwTIlnlUm) 50 Can cause non-produclIvlty In aCid soils (pH < 5.5). bUI more al~allnc soils al

pH> 7.0 will preclpll.ate the Ion and eliminate anv loxlcity.

As (arsenic) o 10 TOXICity to planls vanes wIdely, ranging from 12 mglL for Sudan grass 10 less

than 0.05 mglL for nce.

3e (beryllium) 010 TOXICIIV:.o plants vanes wldly, ranln~1f;rom 5 mglL for kale to 0.5 mg.L

for bush beans.

Cd (cadmium) 00\ TOXIC to beans beet.s and lumlps al COnCelllIallons as low as O. I mg,/L

In nulnent solulions Conserv3uve 11n11l5 recommended duc LO IlS pOlcnllal for

accumulation In planls and sotls to concenlIa\iOnS that rna\' be bam;lul lO humans

I
I

Co (cobalt) 005 !ToJ.JC to tallula plants at 0.1 mgll. In nl1lIlCnl solution

ITendl to be Inacllvated bv neulIa! and alkallnc sotls

er (chromium)

I
0.10 ~Ol generally recognized as an ess.cnllal gro,"",1.h elemcnl. Conscn'atlve limns recommended

due to lack of knowledge on IlS 10XtCIl, \0 plants

eu (copper) I 020 ToXIC 10 a number of plants al 0.1- \.0 mg./L ,n nuLItcm solullons

" ((luonde) 10 Inacllvate<! by neuLIal and al~alme soils.
I

;:e Ilfon) 50 :"'OllOXIC LO pl':'''1LS In aerated sods but can COnLIIbUlC to soil aCldlflcalion

and loss of availabtilly of essenual phosphorus and molybdenum.

Overhead spnnJdlng mav resull In unSightlv depoSits on planls. eqUipment and buildings.

.LI (lithIum) 25 Tolerale<! by mosl crops lO 5 mgIL. mobile In sod TOXIC La CIUUS aL low concenLIaLtOnS

i
(<0075 mgIL). Acts Slmilarlv [0 boron

.\1n lman~aneses) 020 TOXIC to a number of crops al a few-lenlhs Lo a few m~. bUL usuall~ only In aCid solis .

\10 (molybdenwn 001 :\ot lOXIC 10 plants at normal concenlIalions 10 Slol and water Can be tOXIC to livestocK

If forage IS grown 10 slols With high concenLIallons of avaolahle molybdenum

'I (nickel) I 020 TOXIC 10 a number of plants al 0.5-I.OmgIL: reduced 10XICllV at neuLIal or alkaline pH

:Pd (lead) 5.0 Can IOhlbll planl cell growth at very high concenl1allons.

,Se (selenium) 0.02 TOXIC 10 plants al concenlIal,ons as low as 0.025 mg/L and 10XIC to livestock

! if forage is grown in SOils WIth relalively high levels of added selenIum.
i An essential element 10 animals bUl 10 very low concenl1alions.

:Sn (lin)

,Ti (litanium) Effectively exclude<! by plants: speCific lolerance unkno ...n.

!W (tungsten)

IV (vanadium) 0.1 TOXIC to many planls al relallvely 10.... concenLIalions.

IZn (zinc) 2.0 TOXIC 10 many planls alw,dely Vaf)'lOg concenLIalions,

i re<!uce<lloxicily al pH > 6.0 and in fine lex lure<! or or~anlc sods.

1- Adapted from 1'Oallonal Academy of SCiences (1972) and Pran (1972).

, The maximum concenlIalJOn IS based on a waler appllc.allon rale which IS conSlslent

With good iITIgalion praclices (10000 m3Jha per years). If the waler applicallon rale greally exceeds thIS,

the maximum concenLIalions should be adJusle<! downward accordlOg!y. '0 adJustmenl should

be made for applicallon rales lease than \0000 m3iha per year. The values ~Ivpn are for waler u~e<!

on a continuous baSIS at one Slle

Sowce: FAOGUIdeltnes, R.S Avers & D.w Weslcol (19851.

•
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Table D-5

Rt'COllllllt'IHIt'd microhiological qllalily gllidt'lilH'S for waslt'waler liSt'
in agricullurt' (a)

-_.- _.-

Call.'gory Rt'lIst' F'llOsed Inlt'slinal Fat'nll \V:lslt'walt'r

condilions group nt'm:Jlodcs (b) roliforms Irt'almt'nl t'Xpecled

(arithmetic (gt'olllt'lric mean to achie\'t' Ihe

mean no. of eggs per no. per reqll ired m ic robiological

litre (e) ) 100m!) (e) quality

Irngalion of Workns. <1 < I(W)() (d) A snies of slabilization

crops likely to (·ollsllmer. ponds designed to achieve

A be eaten uncooked. !,ublic lhe microbiological

spom fields, qualily indicated, or

[public parks, (d) ~ cquivalcnl treatment

Irrigalion of Workers <I No siandard Relention in

cereal crops, recommended stabilization ponds
B Illdustrial crops, for H-lO days or equivalenl

fmlder crops, helminth and faecal coliform

Pasture and trees (e) removal
Localized irrigation NOlle Not NOl Pretrealmenl as required by
of crops in Calt~gory applicable applicable the irrigalion technology.

C B if ex posllfe of but nol less than primary
workers and Ihe public se{1 imen la I ion.
docs nOI occur

~------

(3) In SpCUfH': CJ,';;C,\, local qJldclTliulogical, SOUIj{ IlltlHlIl lind CI1Vlr\l[lJllClllal faLlors should he l;lk(.'ll 111111 ;IUlllllll. and (he guidelines modified allorJlI1gly

(b) <\sC<lrlS and T"churls speclcs alld hookw,,",,<

(c) During Ihc irrigation period.

(d) A morc sUlngclll guideline « 200 faecal c"ld""", per J(XI ml) IS "ppfoprialc fo' puhl,e lawn,. such a< I"'rel lawns

With which the puhlic may come in10 dirert cOlllacl

(c) In the t3SC 01 frull ur..rs, irllgallon shoultl n'n'd' 1\\'11 wcek .. helolt' "1111 1<; rlll..:kcd, alld IlO flllll 'htlllll! hl' J'llkrd (Iff lllc KfOtll1d

Spnnkler irril;ation should not he used.

Source: SClc,uific group on health aspects of ",e "f "ralcd "'a<lew.Her II" agllClJlI"'JI a"d "q""c"II"/c· W II () (;cneva 18-23 Nov. 1987

~~~



Table D-6

Chloride tolerance of some fruit cwp cullivars and rootstocks.(a)

Crop

Avocado
(Persc<1 amcricana)

Citrus
(Citrus spp.)

Rootstock or cultivar

Rootstocks

Wcst mdian
Gualcmalan
t-lexlcan

Sunki mandarin, grapefruit
Cleoparra mandarill, Rangpur lime

Maximum permissible
Cl in water

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

180
145
110

600

Grap:
(VIliS srp I

Sampson tangelo. rough lemon, ~ur orange, 355
Ponkan mandann

Carumelo 4475. lJIfolale orange.
Cuban shaddock. Calamond:n.
'; ..'ecl orangc. Savacc cltrange.
kU'ik CIUJJ1~C. Tn)\~'r C1lrangc :'~()

Scill Creek. 1(>11.\

Do!! ridge

Slone fruil
(Prunus spr.)

Bemes
(Rubus spp.)

Grape
(vius spp.)

Strawberry
(Fragana SPP)

\1J.nJJH1a

Lovell. Shalil
Y'JJll'kll1

Cultivars

Boysenberrv
OlallJe blackberrY
Indian Summer raspberry

Thompson seedless. Perlelle
Card mal. black rose

LL'iSCn

Shasta

60()
250
I~O

:'50
:'50
110

-"60
250

l~O

110

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

reduction before chloride IOn lOxlcities. Values gIven are for the maximum concentrallon m the lmgalion water. The
values were derived from saluration extract data (ECe) by the follOWIng relallonshlp saturatton exuaction
concentration = 1j water concenualion

(c) The maximum permIssible values apply onlv lO surface irrigated crops. Spnnkler IITIgalion may cause excessive
leaf burn at values far below these, (see Table 3-10).

Source: FAO Guidelines. R5 Ayers & DW Weslcot (1985)



Table D-7

GUIDLI~ES FOR I~TERPRETI'GLABORATORY DATA O~ WATER SL1TABrLITY
FOR GRAPES

Degree of Restriction on Use

Potential Irrigation Problem Unita ~one Slight to Moderate Se\'ere2

Salinity 3 (affects \vater availability to crops)

ECw dS/m < 1 1.0 - 2.7 > 2.7

Toxicity (Specific ions which affect growth of crop)

Sodium CNa+)4

Chloride (Cn4

Boron (B)

Miscellaneous

Bicarbonate (HCO, -)5
Nitrate-nitrogen (1\03-N)

me;1

mel1
mg;1

mc;l
mg)1

< 20

<4
<1

< 1.5
< 5

4 - 15
1 - 3

1.5 - 7.5
5 - 30

> 15
> 3

> 7.5
> 30

5

AdapteD from NeJa et al. 1978.
SpeCial manageITlent pracuces and favorable soil condluons are requLTed for successful producuon.
Assumes that rainfall and extra w3tcr 3pplIed OWing to InefficlenCles of normal lITIgation wIll supply the
crop need plus about 15 percent extra for salinity control.
With overhead spnnkler iITIgatlon, sodium or chlondc In excess of 3 me/! under extreme drYIng conditions
may result In excessive leaf absorpuon, \e31' f-.um and crop damage. If overl-ead sprinklers are used for
cooling by frequent on-off cycling, damage may occur even at lower concentrations.
Bicarbonate (HC03) In water applied by overhead spnnklers may cause while deposits on fruit and leaves
which reduces market acceptabiJIly, but IS not tOXIC to the plant.

Table D-8

PELAnVE SALT TOLERANCE OF VARIOUS CROPS AT GERMI~ATIONI

!
".J

C~OP----------------------------------------------------50-perce~t----------

Emergence reduction
(ECe in dS/m)

Barlei-------------(Ho;de~~~~~~~e)------------------------16~-24------------

Cotton (Gossypium hirsufUm) 15.5
Sugarbeet (Bera vulgaris) 6 - 12.5
Sorghum (Sorghum bicolor) 13
Safflower (Carthomus tincwrius) 12.3
Wheat (Triticum aestivum) 14 - 16
Beet, red (Beta vulgaris) 13.8
Alfalfa (Medicago sativa) 8.2 - 13.4
Tomato (Lycopersicon Lycoperslcum) 7.6
Rice (Qryza sativa) 18
Cabbage (Brasslca oleracea CaDltGlrJ) 13
Muskmelon (CucumlS melo; , 10.4
Maize (Zea mays) 21 - 24
Lettuce (Laetuca saciva) 11.4
Onion (Allium cepa) 5.6 - 7.5
Bean (Phaseolus vulgaris) 8.0

---------------------------------------------------------------------------
--'--.rr-~--.......-'-



Table D-9

Relative boron tolerance -of agricultural crops (1), (2)

Very Sensitive «0.5 mg/L) Moderately Sensitive (1.0-2.0 mg/L)

Lemon
Blackocrry

Citrus Limon
Rubus spp.

Pepper, red
Pea
Carrot
Radish
Potato
Cucumber

Capslcwn crucum
Pisum sativa
Daucus carow
Raphanus sativus
Solanum tuberosum
Cucumis sativus

.'1!; Moderately Tolerant 12.n-4.0 ml:.'l.l

Sen si t ive (0.5-0,75 mC/L}

Avocado
Grapefruit
Ordl1ge
Apncot
Peach
Cherry
Plum
Persimmon
Fig, KadOla
Grape
Walnut
Pecan
Cowpea
Onion

Persea amencQIUJ
Citrus X paradIS!
ClIrus SinenSIS
Prunus armeruaca
Prunus perslca
Prunus aVlUm
Prunus domeSllca
DlOspyros Kakl
FICUS carica
Vitis vlmfera
Juglo'1S regw
Carya IlinOlensLS
Vigna unt;Ulcuiow
Alltum cepa

Lettuce
Cabbage
Celery
TurnIp
Bluegrass, Kentucky
OaLS
MaIZe
AnlChoke
Tobacco
Mustard
Clover, sweet
Squash
Muskmelon

wuuca saliva
Bras.llCG olcraceo capilow
Apium graveolens
Bru's.llUJ mpo
Poa prale,,~~LS

A veno sail va
Lea !/lays
Cynara scolvmus
N/collano wbacum
Brll,Ssu:a Juncea
.\Ic1tiolus Indica
CucurfJl{O pepo
Cucumls melo

Very TQlerant (6.0-1 ~.Q mg/L)

Sensitive (Q.75-1.0 ml:/Ll

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

Allium sallvum
Iporrwea bowws
Tflilcum easllvum
Hordeum vulgare
flelianrhus anraius
Vigna radiaw
Sesamum mdlcum
Luplnus hanwegll
Fragarw spp
He/ianthus luberosus
Phaseo/us vulgafls
Phaseo/us lunatus
Arachis hypogaea

Tolerant 14,0-6,0

Sorghum
Tomato
Alfalfa
Vetch. purple
Parsley
Beet, red
Sugarbeet

Cotton
Asparagus

ml:/LI

'iofi;num bleolor
LH:operSlcon Lycopersicum
\1edicago saliva
View benghalensis
Pelroselinum crispum
Bela vulgarts
Bela vulgaris

Gossypium hirsutum
Asparagus officinJlis

(1) Data taken from Maas (19R4)
(2) Maximum concentrations tolerated 10 soil-water without yield or vegetative growth reductions. Boron toleraJ

vary depending upon climate, soLi conditions and crop varieties. Maximum concentraUons in the irrigation '"
are approxImately equal to these values or slightly less.

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

,
\

__ .. -: _"lie' 11._' ....-.. .T



Table D -10

Relative tolerance of selected crops to exchangeable sodium (1).

Sensitive (2)

Avoc.ado
(Persea americWUl)
Deciduous FruIL~

Nuts
Bean, green
(Phaseolus vulgaris)
Colton (at germznal/on)
(Gossypium hlrsutum)
Maize
(lea mays)
Peas
IPisum satlvumi
Grapefruit
(Cilrus paradis,)
Orange
Curtn s/ncnSi\)

Pe..1Ch
iPrunu.s perSld])
Tangcnnc
I Curu" relleu/old I

Mung
(Phaseolus auru,1 I

\1ash
IPhaseolus munt;(J)
lentIl
(Lens cuhrumsi
Groundnul (pcanut)
(Araelus hypogacu)
CrJm
ICieer anel/rum)
CO'W"pe<L~

IVzgna SinenSIS)

Sem i -toleran H2)

CarrOl
(Daucus carota)
Clover, Ladmo
(Trifolium repens)
Dall isgrass
(Paspalum dilatallml)
Fescue, tall
(Festuea arwuiinacea)
Lettuce
(Lactuca sativa)

Bath
(Penl1lSelUm ryphOldesl
Sugarcane
(Sacchnrum OJ]iClfUlTWII)

Bcrsccm
'lrtfolwm ulcxandrtnun:)
Ben)1
I,He/iiolus parvlj7or(];
Raya
(Brassica JUJ1cea)
Oat
(Avow saliva)
Onion
IAllium cepO)
R3dlsh
IRaphnnus sail vus I

Rice
i Oryza S(1[l\:US)

Rye
(Serale cercale)
Ryegrass,lwlian
I Lolwm mull/f1orum)
Sorghum
(Sorghum vulgare)
Spinach
(SpllUlCia oleracca)
Tomato
(Lvroperslcon esculcnlum)
Vetch
(View saliVa)
Wheal
ITrllleum vulgare)

To) eranlill

Alfalfa
(Medlcago saliva)
Barley
(Hordewn vulgare)
Beel garden
(Beta vulgans)
Beet, sugar
(Bela vulgariS)
Bermuda grass
(Cvnodon dactylon)
Calton
(eOSnplUm hlrsurum)
ParJgrass
iBruOUUiJ.l mUllea)
Rhodes gr:l,S
(C'hfiJr:s r;uyanL1)

WtJc~llgr;lss, cresled
(A IirO!Jvron uU[Q{um)
Wht2lgrass, fairway
IAgrop"ron crwatum)
\Vhc3tgrJSS, falrv,'ay tall
(A gropvron s/,7ngallmz)
Karn31 gra,s
IDlp/(l:'hra (usca)

Adaptcd from daw of FAa-Unesco (1973); Pearson (1960); and Abrol (1982).
Source: FAa GUidelines, RS Ayers & D.W. Weslcot (1985),



Table D -11

LABORATORY DETER\llNATIONS NEEDED TO EVALUATE COMMON IRRIGAnON

WATER QUALl-TY PROBLEMS

Water parameter

SALINITY

Salt Content

Unit l Usual range in
irrigation water

Electrical Conductivity

(Orl

Total Dissolved Solids

Cations and ,-'\nIC)[1-;

ECw

TDS

dS/m

mgJl

o - 3

o - 2000

dS/m

mg/l

Calcium
:--"1agncsium
Sodium
Carbonate
Bicarbonate
Chloride
Sulphate

Nitrate - Nitrogen
Ammonium - Nitrogen
Phosphate - Phosphorus
Potassium

MISCELlANEOUS

Ca+-t- me/1 o - 20 O1e/1
M(J++ 01'2/1 0-5 me/l

'"Na+ me/1 o - 40 me/l
C03-- me/1 o - .1 mc/1
HC03" me/1 o - 10 me/l
CI- mc/1 o - 30 me/l
S04-- mc/1 o " 20 me/l

N03-N mgJl o - 10 mg/l
NH4-N mg/l 0-5 mg/l
P04-P mg/l 0-2 mg/l
K+ mgJl 0-2 mg/l

Boron
Acid / Basicity
Sodium Adsorption Ratio3

B
pH
SAR

mg/l
1 - 14
(me/1 )1.2

0-2
6.0 - 8.5
o - 15

mg/l

I. dS/m = desiSiemen/meter in S.I. units (equivalent to 1 mr.1ho / cm - 1 millimmho / centimeter)
mg/l = milligram per litre - parts per million (ppm).
me/1 =milliequivalent per litre (mg/l + equivalent weight =mell); in SI 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 lenns of
chemically equivalent elemental nitrogen. The total nitrogen avadable to the plant Will be the sum of
the equivalen elemental nitrogen.
The same reponang method IS used for phosphorus.

3. SAR IS calculated from the Na, Ca and Mg reported in mel1

11.118 I_ T -



Table D -12

Crop tolerence and yield poten tial of selected crops as innuenced by
irrigation water salinity (EC .. ) or soil s.alinil~ (ECe)

Yield potenual (2)

100% 90% 75% 50<fc 0% mnlmllm(3)

ECe ECw ECe ECw ECe ECw ECe EC" ECe ECw

Field crops
Barley (Hor<kum Vulgart) 14\ 8.0 5 3 10 67 13 8.7 1g '0 28 191_

Couon (Gossyplwn Illrswum) 7 7 51 96 6.4 13 8.4 17 12 27 18
Sugarbcel (Bela vu/garLS) (5) 70 4.7 87 5.8 11 7.5 15 10 24 16
Sorghum (Sorghum blc%r) 68 45 7.4 5.0 8.4 5.6 99 6.7 13 8.7
Wheal (Truicum aesl,vum) (4). (6) 60 4.0 7.4 4.9 9.5 63 13 8.7 20 13
Wheal durum (Trilicum lurgui"m) 57 3.8 7.6 5.0 10 69 15 10 24 16
Soyabc.1n (G/ycl"" null) 5.0 33 55 3.7 63 42 7.5 5.0 10 6.7
Cowpea (VlglUl Wlgulculata) 49 3.3 5.7 3.8 7.0 4.7 91 6.0 13 88
GroWldnul (peafluJ) 32 2.1 35 2.4 41 27 49 3.3 6.6 4.4

(Arachis hypogaea)
Rice (paddy) (Grim saliva I 30 20 38 26 51 • 4 4 8 i I -: 6.11:
Sugarcane 1 3 4 23 5.9 '4 0 ~, S :9

(Saccllarum offiana rum)
Com (ma'le) (lea muys! I 2 ) 17 3 8 o < 5 ~ ~ 9 :0 (, -:
Flax (L'flum USliallSStnlum, 1-' I 25 17 38 2 5 ' 9 3 9 10 6.7
Broadbcan ('v'lcu fubu I 1 I 26 1 8 4. 0 20 tl ~ ~

,
.~ 0

Bean (phJseolus Yulg,l'u: i ~) o 7 I < 10 2 3 15 ~ ..., 4 r-. _\

Vegetable crops
SquaSh zuc.cruru (COlUg~Ilti 4 7 3 1 5 8 38 74 49 10 67 15 10

(Cucurblla pepo rnelopepo)
Beet, red (Bela Yulgafls)(5) 40 o , 5.1 34 68 4 5 q (, (, 4 15 10- ,
Squash, scallop 3 :2 2 I 38 26 4.8 32 b 3 ~ ~ ') 4 6.3

(Cu.curblla pepo rrulopepo)
Broccoli 2 S 19 39 2.6 55 3.7 8 2 .::: .::: !4 9 1

(BrassLCa o/eracea botrytu)
Tomato 25 I 7 3.5 2.3 5.0 3 4 -, (- 50 13 ~4

(LaycoperSlcon escu!enlum!
Cucumber ICucumu sauvus) , < 17 33 o 0 44 2.9 6 3 4 2 10 6 S
Spinach ISPlflQCIG oleru.cea; 20 I 3 1 3 L 3.5 " 6

c :<: 10
Celery (Ap,um grayeo/ers; I S I 2 3 4 2.3 58 3 9 'J Q t.o 12
Cabbage S I 2 2 S 1.9 4 4 29 .~ t' :U
(Brass",a oI~riUca cap<1LJILJJ

POlalO ISolanum ll4Derosum; I
,

I 1 25 I -: 3.8 ~- :; 10
" 7Com. sweellrna.,Uj (Z~a rnaVS) I 7 1 I ~5 l.7 3.8 2.5 5 ~) ~ 0 10 6./

Sweet polalO Ilmpomoea bal~/Q5} 1 5 1.0 24 1.6 38 :,.5 6.0 ... 0 i I -: 1
Pepper (CapsIcum aMnuum) I 5 10 15 3.3 ~ ] 3 ~ S 6 58
Lettuce (Lactuca salJva) 13 09 21 1.4 32 2.1 5 I 3 4 90 60
Radish (Raphanus sal'vus) 12 08 20 I.3 31 21 '0 1 4 S .9 59
Onion (Allium c~pa) 1.2 0.8 1.8 1.2 2.8 1.8 4 3 " 0 7 4 5.0~ !

urrOl (Daucl<S carola) 1.0 0.7 17 I.l 2.8 1.9 46 3 0 S 1 5.4
Bean (Phaseolus vulgans) 1.0 0.7 15 1.0 2.3 l.5 36 :-~ 63 42
Turnip (Phaseo/u.s vulgarLS) 0.9 0.6 20 I.3 3.7 2.5 65 4 3 12 8.0
Forage crops
Whealgrass. tall -; 5 50 99 66 13 90 1q 13 ] 1 21
(Agropyrofl dongalum)
Whealgrass. faJrway crested "7 0:; 5.0 9.0 60 II 7.4 1< 9 S 15
(Agropyron orLSlalUIM)
Bermuda grass 6'J 46 8.5 56 II 7 0 1<

9 "
23 15

(CyflOdOfl dacly/on) (7)
Barley lJorag~) 60 40 7 ~ 49 9.5 64 13 S ' 20 13
(Hordeum vulgau) (4)
Ryegrass. perennral 56 3.7 69 46 8.9 59 '0 8.1 19 13,~

(Lollum. pererlJl~)
Trefoil, narrowleaf birdsfOOl (8) 50 3.3 6.0 4.0 7.5 5.0 10 67 15 10
(LotlLS corfl'culatus I~fluifolium)



Table D - 12 Continued

Yic:Jd p<:Unual

100%
ECe ECw'

90%
ECe ECw

75'1'0.-

ECe -ECw

50%

ECe

O%ma:umum (3)

ECw Ece ECw

Hardl11g grass (Phillans /uberosa) 4.6 3.1
Fescue, taU (Fe.rluca da/ior) 3.9 2.6
_Wheatgrass, sundard crested 3.5 2.3

(Agropyron sib",cwm)
Velch, common 30 2.0

(YlClD a1lgusrifo/itJ)
Sudan grass (Sorghwm Suda1l~1I.u) 28 1.9
WiJdrye, beardless 27 1.8

(E/ymus /ruicoide.r)
Cowpea (jorag~) 2.5 1.7

(Yigna unguiculata)
Trefoil, big (Lo/us U/lgillOSUS) 2.3 1.5
Sesbarua (Se.rba1l1O aa/UJIa) 2.3 1.5
Sphaerophysa 2.2 1.5

(Sphiluophysa sa/s.Ja)
AUalfa(Medicagosaltva) 2.0 1.3
Lollegrass (Eragros/Is sp.) (9) 20 13
Com (forage) (maize) rha mays) I 8 I 2
Oover. berseem I 5 I 0

(Tnfoi.lU'l ~1tJ:lUIdrlf\lU'l1

Orchard g~ss 15 I 0
IDac/yiLS glortluara)
Foxtau. meadow I 0
I AlopeclUus pra/eIlLS)
OOller. red rr"/VI/lUII praurue I I 0
Clover. alltka 10

rr,,/oiliun hybridurn)
Clover. ladmo rrn/oiliun rep~rtS) 15 10
OOller, strawberry 15 10
rrnfol I urn frag./trlU11)

Fruit crops (10)
Dat~ palm (P~1IU dacry"ferai ~ 0 27

G,apdrull (ClIrus paradLSI) (II) 1 8 I 2

Orange ICllrUS S.lItrtSLS) 7 I I

Peach If'rlUlU5 persICo) I 7 1 1

Apnc()(IPrwu<.sor~IIUJca) (11) 16 1 1

Grape iVlIussp.} (11) 15 10

Almond l!'rurtUS dulcLS) (11) I 5 10

Plum, prune (PrlUlL<.< dOmLSllca) (11) 1.5 10

Blackberry (RubL<.< sp.) 1.5 1.0
Boysenberry (Rubus urHlIUS) 1.5 1.0
Slrawberry (FragarlD sp.) 1.0 0.7

5.9
5.5
6.0

3.9

5.1
4.4

34

2.8
3.7
3.6

34
32
3.2
3.2

3 I

~_ 5

2 3
2 3

2 3
2 3

68

2 ~

2 3

20

2.5
20

21

20
20
1.3

39
36

40

26

34
29

2.3

19
2.5
2.4

22
2 I
2 I

: I

6
6

1 6
1 6

I 6

16
I <

I 3
1 "

1

1
1
09

7.9
78

9.8

53

8.6
6.9

4.8

3.6
59
5.8

54
50
< ,

, <

~ I

16
3 tJ

3 tJ
I tJ

11

3 ~

, 3

::: 9

26

4 I

2 8
2.9

26
2.6
18

5.3
5.2

6.5

3.5

57
4.6

32

24
39
3 8

3.6
3 3
3 5
·r:9

2 4
2 ~

7 3

I <)

I S

27

19

19

13
I 8
1.2

11
12
16

7.6

14
11

7.1

4.9
9.4
9.3

8.8
8.0
8.6
10

'l.6

6.7

5.7
5.7

5 7
57

18

49

4 8
4 I

3.7

6.7

41

4.3

3.8
3.8
2.5

74
7.8
II

5.0

9.6
74

4.8

3.3
6.3
6.2

5.9
5.3
5.7
68

64

4.5

3.8
3.8

3.8
3.8

12

3.3
32

'2.7

2.5

45

28

2.9

25
2.5
1.7

18
20
28

12

26
19

12

7.6
17
16

16
14
15
19

18

I::

98
9.8

9.8
9.8

32

80

80

65

5 8
12

68

7 1

6.0
60
40

12
13
19

81

17
13

78

50
11
II

10
93
10
13

12

79

66
66

66
66

::1
54

S 3
43

3 8

~5

~7

~O

4()

2.7

(I) Adapled from Maas and HOilman (1977) and Maas (1984) These data shooJd only serve as a gUide to relauve
tolerances among crops. Absolule LOlerances vary dependmg upon climale. soLI condlLJons and cultural
pracuces. In gypsilcrous soils, plants willlolerale aboul 2ds/m tugher soil sahfllly (ECe) than Indicated
bulthe waler salinily (ECw) will remam the same as shown m thiS tabel

(2) ECe means aile rage rOOl zone salinily as measured by eleclncal conducnvlly of the saluratlOn extract
of the soil. reponed 10 declSlemens per meter (ds/m) at 25C. ECw means elecucal conductivity of lhe
ImgaLJon waler m dec I SIemens per meler (ds/m) The relanonshlp between sou salinlly and waler sahruly
(ECe=1.5 ECw) assumes a 15·20 leachmg fracllon and a 4()·30·20-IO% waler use pauem for the upper to
lower quaners of the rOOl zone.

(3) The zero yield potential or maximum ECe indicales the theorellcal sou salinilY (ECe) al which crop growlh
ceases.

(4) Barley and wheal are less loleranl dunng gennll1auon and seedling stage: ECe should nOi exceed 4 - 5 dS/m
111 the upper soil during this period_

(5) BeelS are more sensitive during germination ECe should nol exceed 3 ds/m m the seedling area for garden
beets and sugar beets.

(6) Semi-dwan. shon cultillars may be less tolerant.
(7) Tolerance given is an average of several vaneues . Suwannce and Coastal Bermuda grass are about

20% more lolerant. while common and Greenfield Bermuda grass are aboul 20% less lolerant.
(8) BlOadieaf BudsfOOI Trefoil seems less loleranlthan '.;arrowleaf I3lrdsfOOI Trefou
(9) Tolerance given is an average for hoer Wtlman. Sand and Weepmg LOllegrass . Lehman Lovegrass

seems aboul 50% more loleranl.
(10) 1nese dala are applicable when rOOIslocks are used that do nO! accumulate" a~ and (I' rapidly or

when these IonS do nOl predominate m the soil.
(11) Tolerance evalualion IS based on tree growth and nOlan yeud

Source: FAO Gwdelines, R.S. Ayers & D.W Westcol (1985).
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Table D-13

Summary of requirements of Jordanian

Standard 893/1994 for treated domestic wastewater.

Maximum 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 -

0.0 31 -

TDS 3000 2000 (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 -

Cl2 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.

(l) 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) FAO and WHO guidelines and their amendments should be taken into consideration.



Table D-14

Summary of Jordanian Regulations Governing Discharge of Industrial and Commercial
Wastewater Into the Sanitary Sewer System. *

Parameter Unit Maximum Allowable
Limit

pH Su 5.5-9.5
BOD mg/l 800
COD mg/l 2100
TSS mg/l 1100

P mg/I 50
FOG mg/l 50

MBAS mg/I 26
Phenol mg/l 10
Cr** mg/l 5
Cu** mg/I 4.5
Zn** mg!1 15

Sn mg!1 10
Be mg/I 5

Ni** mg/I 4
Cd** mg/I 1

As mg/I 5
Ba mg!1 10

Pb** mg!l 06
Mn mg/l 10

Ag** mg/l I
B mg/l 5

Ho** mg/l 0.50

Fe mg/1 50
S (as H2S) mg/I 10

Temp o( 65
Chlorinated Solvents ml'./I 0

*
**

Published in the Official Gazette, September 17, 1988
The total concentration of all the double asterisked materials should not exceed
10 mg/l

It is not permitted to dispose any liquids or materials which have cyanides in a
concentration which can produce 1 mg/l HCN or more

It is not permitted to dispose any radioactive material without written approval from
WAJ.

r
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Molasses Centrifuge

Yeast Cream Storage Tanks
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Fermentors

Drum Filter
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Pressure Filter
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Packaging Operations
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Equalization Tank
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!~, •Trickling Filters (not in use)
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