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| EXECUTIVE SUMMARY

Sponsored by the World Environment Center, New York, two Technical experts
from the US visited Chemopetrol's facility at Litvinov, Czech Republic during
June 20 through 30, 1994.

The purpose of the visit was to identify waste minimization opportunities at the
production facilities of the AGRO Division of Chemopetrol and to recommend
means of achieving those opportunities. Waste minimization and pollution
prevention techniques such as examination of raw material consumption's and
comparison against industry standards, opportunities of conversion of waste to
useful product as well as conventional pollution abatement methods were used

during the visit.

Discussions and plant visits were conducted at each of production facilities of
the Agro Division which included several Air Separation Units, five Partial
Oxidation Units, three Ammonia Synthesis Units, a Urea plant, a Carbon Black
plant and a Catalyst production facility. Discussions and site visits were also
conducted with the Environmental Protection and the Water and Waste
Management Departments as well as the Research Institute of Chemopetrol.

Several waste minimization opportunities in AGRO Division were identified-
some are near term and a few longer term. By far, the greatest opportunity in the
short term is the resolution of the problems with soot water from the partial
oxidation unit. Soot water is presently disposed in the sludge field along with fly
ash and biological water treatment sludge. The annual volume is 8,000 tons and
it is anticipated that there would be a large fee associated with its disposal and it
may not even be allowed to be disposed of in that manner by 1998 or earlier.
Yet, soot water is a valuable raw material for the production of carbon black,
Chezacarb, that potentially has a multitude of use in domestic and world
markets.

The design capacity of the carben black plant is 5,000 tons per year. The
production in the recent years has been limited to less than 1,000 tons per year
due to the lack of demand. However, the Research Institute has recently
developed new uses of the product and there is a strong possibility that the
entire capacity of the plant can be sold or otherwise used in the very near future.

The upper management of Chemopetrol has just approved the use of carbon
black for consolidation of sludge waste from oil waste lagoons, the present
inventory of which is 160,000 cubic meters. This can tie up over 10,000 tons of
carbon black or two years of production at the design rate. In addition, continued



annual oil sludge production, estimated at 20,000 tons per year, will consume
2,500 tons of carbon black annually. The other uses identified by the Research
Institute including use of the material to improve conductivity of rubber and clean
up of oil spills and waste water clean up in automotive repair shops using
portable units.

The carbon black plant presently can not be produced at the designed capacity.
It can be corrected by debottlenecking the final product dryer by capital
modification, estimated earlier, at 500,000 Kc. This estimate should be
confirmed and the capital should be allocated for de-bottienecking the plant.
This will consume another 4,000 tons of soot carbon and reduce the soot
disposal problem by a like amount. This will reduce the soot disposal fee by 20
million Kc or USD $715,000.

The next problem is ammonia and urea losses in urea plant. Ammonia usage in
the urea plant translates to a 3,000 tons per year waste when compared to
industry standard for such plants. We recommend employing an engineering
consulting firm or forming an engineering team from within Chemopetrol to
conduct a thorough material and energy balance around the urea plant to define
the oppcriunities for ammonia usage reduction. The combined market value of
the 3,000 tons of ammonia and the reduction in the potential fees associated
with the discharge of ammonia in water amount to over 14 million Kc or USD

$500,000 per year.

Ammonia losses and carbon dioxide emissions in the Partial Oxidation unit are
rather high. Both should be investigated by employing an engineering team who
should conduct a material and energy balance across the prodauction unit. The
CO2 emission from the AGRO Division has been estimated at 600,000 tons per
year, more than 10% of the total CO2 emissions from Chemopetrol that includes
the power generation plants and the other petrochemical plants. Although it is
not considered a pollution problem, at least in the short range, there appears to
be some opportunities for minimizing waste and reducing raw materials and
hence cost.

Finally, the catalyst production facility generates small quantities of NOy during
one of the processing steps, However, the facility has already taken steps to
install a system for NOy abatement. The project should be completed.

The major hindrance to progress in the waste minimization and pollution
prevention area appears to be the steep competition for capital for such
purposes. It is estimated that 8 billion Kcs are needed for capital modification to
meet the standards of the 1998 Environmental Regulations which is eight times
the reported pre-tax profit of Chemopetrol in 1993. Furthermore, Energy and
Petrochemical Divisions receives higher priority because of severity of problems
and demands.



The Research Institute of Chemopetrol has made progress in contacting certain
Western companies to promote use of the Carbon Black. Co-funding and profit
sharing by such companies can ease the capital availability problems
significantly and should be explored more thoroughly.



I INTRODUCTION

Dr. Bhaskar Bandyopadhyay, Technical Manager, (.ccidental Chemical
Corporation and Mr. Wesley W. Atwood, a consultant and former Environmental
Manager at Occidental Chemical Corporation visited Chemopetrol's facilities at
Litvinov, Czech Republic during June 20-30, 1994.

The purpose of the visit was to identify waste minimization opportunities at the
production facilities of the AGRO Division of Chemopetrol and to recommend
means of achieving those opportunities. Waste minimization and poliution
prevention techniques such as examination of raw material consumption's and
comparison against industry standards, opportunities of conversion of waste to
useful product as well as conventional pollution abatement methods were used

during the visit.

The visit was organized by the Woild Environmental Center (WEC) under a
cooperative agreement with the United States Agency for International
Development (USAID) in Washington, DC.

Chemopetrol Litvinov has ranked among the key Czech enterprises owing to its
size and the diversity of production which makes it the largest refinery-
petrochemical complex in the Czech Republic. It is the largest producer of motor
fuel or gasoline and heating 0il and is an important supplier raw materials to
other chemical and processing industries.

In 1993, Chemopetrol was reorganized following cessation of state control and
establishment of a joint stock company on January 1, 1994. Presently, the
company consists of 10 divisions, 6 production and 4 service oriented, and two
business units. The 6 production divisions include the Refinery Division, the
Petrachemical Division, the Phenols Division, the Energy Division, the Agro
Division and the Water and Wastes Division.

In 1993, Chemopetrol invested 1,865.9 million Kc on 133 capital projects of
which 1,627.2 million Kc was spent on 77 projects major projects requiring 10
million Kc or higher. A substantial portion of this capital , 604.5 million Kc, was
spent on some 44 environmental projects. Most involved solutions to problems
with gaseous and solid emissions from local heating plants and emissions of
light hydrocarbons from refinery and petrochemical production units.



Il WASTE MINIMIZATION TECHNIQUES

Many techniques have been successfully used in the chemical industry to
reduce pollution. However, the most rewarding are those which reduces the
waste generation thus saving not only waste abatement cost but frequently
reducing raw material wastes. The following basic techniques of waste
minimization and pollution prevention apply to the Agro Division plants and
process.

Raw Materials Quality Improvement

Process should be operated with raw materials of consistent and desirable
quality which maximize yield of the desired product and minimize the formation
of wastes. The partial Oxidation Units of the Agro Division uses heavy crude
bottoms quality of which may vary giving rise to excessive soot carbon as well as
carbon dioxide productions. Establishing consistent quality crude and hence the
crude bottoms may pay dividend in this process.

Raw Material And Energy Yield Improvement

it is believed that techniques involving raw material and energy yield
improvements are the most cost effective means for waste minim:zation. Process
yields can be improved by a number of ways.

Process optimization or optimization of process operating condition such as
temperature, pressure, concentration, residence time, etc. is most easily
implemented as it does not require any significant expenditure of the capital.
Frequently, those close to the operation can optimize the process given the right
tools, such as on-line analyzers or appropriate measuring devices.

Continuous Process Improvement is also a powerful tool for improving
process yields. It involves identification of the process characteristics,
measurement of those characteristics and control charting the same. Process
has normal variation and abnormal variation which is identified by the control
charts. Operators investigate all abnormal variations. Operators must find the
reasons for the abnormal variation and eliminate the causes for abnormal
variations which are detrimental to the process and incorporate those causes or
process conditions which result in an improvement to the process.

Process Modification is another way to improve process yields. It may involve
only minor modification such as changes in process flows or reaction sequences
in multistage processes or may require extensive additions and revisions to the



process system. A good example is the ammonia production facilities in the Agro
Division. There are three synthesis units in the plant capable of operating as
independent trains. However, these units are operated in series to maximize
conversion of hydrogen and nitrogen, the raw materials.

Material and Energy Balance of the process is a key step for determining which
of the above methods should be used especially where large amounts of waste
are identified or suspected. Thorough balance should tell the source of the
waste and even suggest immediate corrective actions which may be
implemented without further study. It also should suggest which of the method
should be tried to minimize waste production.-In Agro Division, both the Partial
Oxidation plants and the Urea plant are excellent candidate for conducting such
material and energy balance.

New Technology And New Product

New technology is required when existing technology fails to yield the desired
result. New technology may involve replacement of the existing plant processes
and construction of new plants or development of processes for consuming
waste and development of market for the by-product. Agro Division has example
of both. The old Air separation plants are gradually phased out and replaced
with new plants of much higher capacities. They produce much less wastes. The
soot water waste produce in the Partial Oxidation Units are converted to Carbon
Black. Research Institute has found new uses of this carbon black and found
ways to manipulate the properties of the product. Called Chezacarb, the product
should have world wide market.

Recycle and Recovery

Recycle of waste stream and recovery of product losses can be frequently
implemented with financial benefits. It may involve installation of equipment to
capture product losses or conversion of waste so that it can be recycled to the
front end of the process. Recapture of product losses from the.urea prilling tower
using a bag house of similar devices is a good example of this technique for
waste minimization.

Detoxification of Wastes

When all techniques for waste minimization fails, detoxification of waste should
be evaluated as the remaining alternative. Stabilization with lime and cement is
a common technique for stabilizing waste. Chemopetrol plans to utilize this
method to stabilize calcium sulfite slurry waste from the flue gas desulfurization
process. This process is being installed in one of the high sulfur coal burning
power plants. A second example is the use of carbon black for stabilizing waste



oil field sludge. The project has been recently approved by the Chemopetrol
management.



IV FINDINGS

The production facilities of the Agro Division include several Air Separation
Units, five Partial Oxidation Units, three Ammonia Synthesis Units, a Urea plant,
a Carbon Black plant and a Catalyst production facility. In addition to conducting
visits and discussions with plant production personnel, discussions and site
visits were also conducted with the Environmental Protection and the Water and
Waste Management Departments as well as the Research Institute of

Chemopetrol.
Production Facilities
The following is a summary of the production units including the plant design

capacity and present utilization rate.

Year built 1990 %
Unit Capacity or Modified Production Utilization

Air Separation  315MMm3 0, 1942-1975 282 MMm3 O 90%

470 MM m3 Hy 381 MMm3Hy 81%
Partial Oxidation 1,000 MM m3 Hy 1972 880MMm3Hy 88%
Ammonia 350,000 tons 1955-1977 329,521 tons 94 %
Urea 200,000 tons 1972-1984 197,070 tons 99 %
Carbon Biack 5,000 tons 1985 844G tons 17 %
Carbon dioxide 80,000 tons 1965 9,065tons 74 %

Oxygen Production (Air Separation Units)

Oxygen production represents one of the oldest technology. The first building
(the building we were in) was constructed during the German occupation. It was
a part unit for production of gasoline from lignite. The plant in this building was
expanded in stages until 1955 using the old technology. The production in this
building has been limited; some production units have been dismantled.



Air under high pressure (200 bars) is cooled using ammonia refrigeration
system. Before compression, the CO2 is removed by scrubbing air with caustic
soda. It is a high energy consuming process and is not considered economic.
The oxygen is separated from nitrogen by a cryogenic distillation process.

In the new building, the high pressure technology is not used. The air is not
scrubbed with NaOH and it does not need NH3 refrigerant. Four units were
constructed during 1956-1973. Compressors were used for compressing air as
well as Oo and Nj. Nitrogen is compressed to 320 bars and is used in the
production of ammonia.

In the third building, units with much higher capacity are to be installed for the
production of oxygen and nitrogen. The capacity of this unit is equivalent to the
capacity of 4 units in building 2. Air at low pressure (4.8 bars) is cooled down to -
174 to -195 OC. This is the largest production unit for oxygen. The compressors
are located in five other buildings.

The oxygen is 97% pure, remainder being mostly nitrogen and nitrogen is very
pure with only less than 100 ppm oxygen in it. Oxygen with 99.5% purity is sold
as bottled gas.

One problem noted in this processing units is the noise, Noise is produced
during the switching over of the cycle of the air separation. Noisy environment
requires ear protection and the discipline to make people use them which is not
enforced. Audio metric testing, both baseline and periodic, are conducted.

Used oils from compressors are consolidated in one place. It is filtered or
centrifuged to separate the solid waste. The solid waste is sent to Ostramo plant
in north Moravia for regeneration of oil.

The spent scrubber water (containing sodium carbonate) from the old plant is
diluted with water from other air separation plants and sent to water treatment
plant. However, this is not expected to last as the old plants are likely to be shut
down in three years.

POX (partial Oxidation) units

The POX units were built between 1969 - '71 and were tested in 1971-'72. Crude
oil, atmospheric or vacuum distillation residues are partially oxidized to
hydrogen and carbon monoxide using Shell technology. The CO is further
oxidized to CO2 by the shift gas reaction process.

Chemopetrol has six hydrogen generation units; five are operating units and the
sixth idled unit is used for spare parts.



The reaction is carried out at 1350-1400 ©C and 35 atm pressure. The
proportion of oxygen to steam is 1.5. The product from the reaction has the
following typical composition:

CO - 45%, Ho - 45%, CO9 - 4.5%, CHy4 - 0.3%, H2S - 0.7%, COS - 0.1-0.2%,
traces of HCN, NH3 and No.

The ammonia that is approximately 80 - 90 kg NH3 per hour, is removed by
scrubbing with water. The soot (carbon) formation is between 1.5 to 2.5% by
weight on the feed stock. The feed stock is all liquid. The reactor gases go to a
waste heat boiler where they are cooled to about 250-300 ©C. Steam pressure is
41 atm and temperature is 253 OC. Steam is used as various power sources as
well as for dilution of oxygen fed to the POX unit. Gases leaving the boiler is
quenched and washed with water to remove carbon soot. The HCN is scrubbed
with cool water and the scrubber effluent is combined with the soot water and
transported for disposal in the sludge field. The carbon in the soot water (14 g/l
@ 20 cu. m./hr) reacts with HCN in the following manner:

HCN + H2S ----> CNS'

The ratio of soot water to HCN water is 60:40.

The POX units generate two aqueous wastes: soot water and ammonia water.

Gas Cleaning Technology

After removing HpoS from the gas, it is reacted with steam over iron oxide-
chromium oxide catalyst at a temperature of 300 OC to convert CO to CO5 in a
two stage reaction process. The steam to gas volumetric ratio is 1:1. The basic

reaction is:
CO + Hp0-—--->CO2 + Ho

In the first stage, the CO content drops from 47% to 8%. The temperature
increases to 500 OC. The gases are cooled to 360 OC and passed over the same
catalyst where the CO decrzases to 4%. The final product contains 32% CO»,
4% CO, 2% inert (N2, Ar, CHy), the remainder being hydrogen. There is a small
amount of HaS (50 ppm) as well.

The CO2 is separated from hydrogen by absorbing with a 35% ethanol amine
solution. After scrubbing the COo drops to 0.1%. However, CO remains at
around 5.5%. The CO is reduced by a low temperature (190 °C) conversion
process using a copper based catalyst. After this conversion process, CO drops
to 0.4%.

10



Ethanol Amine: (C2H5)2-N-COOH
COS is hydrolyzed using a catalyst at 200 ©C in the following reaction:

Ho0 + COS -—> H2S + CO»p

Carbon Black Production Unit

During partial oxidation of heavy residue, soot water is formed which is sent to
the carbon black production unit. Originally, Phillips Petroleum was to supply a
process for making a dry product from the soot for use in the electrochemical
industry. All business arrangements were also completed. However, these
arrangements fell through. Later, the Research institute developed the process
to recover the soot as a new dry product. This is called carbon black or
Chezacarb. The product is sold to Degussa who distributes it world wide.

The world's consumption of carbon black is 2,000 tons per year in the electro-
chemical industry. The carbon black is used in the rubber industry as anti static
or conductive agent. The capacity of the Chemopetrol plant is much higher than
the present market.

The incoming soot water is cooled from 100 to 40 °C and is then sent to the
extraction equipment. The carbon is extracted from the soot water by contacting
with light boiling (60-80 ©C) fraction, "benzene" (gasoline). The soot and organic
layer float up and are removed for drying. The drying takes place in two stages
by contacting with live steam. Most of the gasoline is removed in the first stage
and a mixture of carbon, gasoline and water goes to the second stage where it is
contacted with a stream of steam and nitrogen mixture. The dried carbon at 200
OC is cooled to 50 ©C in a fluid bed cooler using nitrogen gas. The cooled
product is pneumatically transported to storage bins. Production, transportation
and storage of the material are done in a nitrogen atmosphere.

The design rate of the unit is 5,000 tons per year of carbon black. However, the
final product dryer capacity must be increased to achieve this designed rate. The
capital cost is estimated at 500,000 Kc. A plant test must be conducted to verify
the capacity of the final product dryer.

The product is shipped in large bags (1,700 liters) as well as standard (42 liters)
bags. The product has a bulk density of 130 kg/cu.m. The specific surface area
is 800-1000 sq. m./gm. A total of 16 parameters including particle size
distribution, sp. gr., BET absorption isotherm and pH (. spirit) is measured.

11



Light fraction usage is as follows:
Total usage 3.5 kg/ 1.0 kg of carbon black

Fresh usage 30 gm/1.0 kg of carbon black
The concentration of soot in soot water 13-15 kg/cu. m.
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Ammonia Synthesis Unit

The ammonia is produced by the classical high pressure process. The raw
materials are hydrogen and nitrogen both of which are produced by
Chemopetrol. The gases at 320 atm are introduced into the synthesizer that
operates at between 25 and 30 MPa (250 - 300 atm.) arid at 420-520 OC. An iron
base catalyst is used. The capacity of the unit is 1,000 tons/day but is limited by
the raw material availability. ‘

There are three synthesizer units. Although each can operate as independent
train, three units are operated in series to maximize conversion of raw materials
to products. Argon and methane impurities in the incoming gases build up and
slow the reaction down and hence operating the units in series is important.

The raw material consumption's are as follows:

Per ton of ammonia,
Hydrogen 2,100 cu.m.
Nitrogen 690 cu.m.

The gases leaving the stage Il are scrubbed with water to remove ammonia.
The 25 to 27% NH4OH solution is in part used by the refinery division for
treatment of acidity and in part sold to others for inorganic synthesis. Should the
ammonia absorption system be unavailable the ammonia can be diverted to a
flaring stack.

Storage:
10 underground tank 100 cu. m. @ 15 atm
11 above ground tanks 200 cu. m. @ 15 atm

Urea Production

The urea reaction proceeds through two stages: ammonium carbamate is
produced in the first stage and urea in the second stage. Chemopetrol employs
a Stamicarbon total recycle process; all gas from the low pressure section is
recycled to the high pressure section. The reaction of ammonia and hydrogen is
carried out at 140 atm. pressure and at 180 OC.

Urea dust loss from the priller is 180 to 320 tons/year

13



The raw material usage's are as follows:

CO2: 430 cu. meter/ton
NH3: 595 kg/ton

The NH3 usage in typical plant is 580 kg/ton. The AGRO plant usage represents
3,000 tons/yr. of additional usage.

The plant reports all ammonia returned to the biological water treatment plant.
Sampling is done every hour. The limit is 60 kg/hr N(NH4%). On a 8000 hr/year
basis, this represents a maximum loss in agueous waste of 582 tons.

Projects to reduce ammonia usage and reduce wastes include:

. High pressure ammonia absorber
. Scrubber for Urea priller

. Retention Tank

. Hydrolyzer

Liquid CO2 and Dry Ice Production Units

Present production rate 75,000 tons/year. The plant is being expanded to
130,000 tons/year at a cost of 300,000 Kc.

CO>, from the gas cleaning section still contains some H2S and NH4 which must
be removed for the production of food grade CO2. H2S is removed first by
contacting with activated carbon (not carbon black). The spent carbon is
returned to the supplier for regeneration or disposal. NH3 is removed by
scrubbing with water.

Catalyst Production Facility

Many of the catalysts consumed at Chemopetrol are produced in the facility. The
process begins with coprecipitation of substrates, filtering the solids using a
Russian design multi pass belt type filter with a large area followed by drying in
ovens. The dry powdered substrate is then pelletized in pelietizer and dried. The
catalyst is impregnated on the dried pellets and is further dried/calcined, as
required to produce the desired catalyst. They do not reprocess used catalyst.

14



Environmental Aspects:

General Description

The environmental matters related to Agro Division and across the Chemopetrol
complex are as follows. Due to the integration of the waste handling of the
Division with the total complex, review of both is pertinent.

Environmental protection is important not only for tihhe protection of the
environment, there is economic incentive as well. There is a direct incentive for
reducing waste as there are stiff fees associated with disposal waste and
especially hazardous waste. Environmental laws passed in Czech Republic in
1991 has rapidly escalating fees with time.

Governmental agency (Administration for the River Basin) sets the water quality
limit. The water use at the Chemopetrol facility constitutes ninety percent of the
water flow in the river Bilina. Water is used for a variety of purposes including
transportation of solid waste to land fills. The water treatment receives
considerable attention that includes biological treatment of waste water. Any
problem with water quality must be reported to the Administration for the River

Basin.

A hydrological study has just been finished. On the basis of the results,
monitoring wells have been installed at critical locations. Not only river Bilina is
involved, there are several small brooks associated with the water system.

The ground water is polluted from many years of seepage from the Chemopetrol
operation. Surface water can get contaminated from rising level of ground water
that can leach additional pollutant to the surface water. This is a concern.
Presently the ground water (not surface water) is pumped out for underground
mining operation and this water is released to river Bilina, after appropriate
treatment.

On air, there is a concern-for SO2 and NOx. Chemopetrol burns high sulfur coal.
However, this concern should be eliminated shortly as the plans - to install a flue
gas desulfurization process, which is already under construction, and to shut the
two other power plants by 1998 - are implemented.

The power plant stack gases will be scrubbed with Ca(OH)2 slurry and that will
nearly eliminate SO2 emissions. The NOy will also be reduced substantially by
appropriate boiler modification. The solid waste from this operation, a slurry of
CaCO3 and CaSOg3 together with fly ash, will be used to stabilize sloped sides
from coal mining operation,

15



Largest waste is ash and slag from the power plants. This waste is hydro-
transported to a sludge field (an area leased from a strip mining operator). The
life of this land fill is to year 2025. Soot (7,000t tons per year) from the Agro
division is sent to the same sludge field under a special arrangement with the
authorities that runs out in 1996. Soot water is considered dangerous and high
fees are paid for its disposal. The environmental problem with soot is the heavy
metal contents (e.g., vanadium). There is a danger that soot disposal in this site
will be prohibited in the future.

The new dump site, owned by Centro-Odpady, a separate share-holding
company, will be located in the city of Most. It will be good for 20 years.
Chemopetro! will own a number of shares of the company as well. Hazardous
waste (phenol contaminated CaC0O3-10,000 tons per year) will go to this land
fill. Presently this waste is disposed in a separate land fill which will expire this

year.

The last is the liquid waste- tars and liquid wastes from processing units. This
type of waste is stored in so called oil lagoons that were built on sites where
Winkler generator waste had been stored. The Winkler generator waste was
covered with a clay lining before storing the oil waste. Over the past 40 years, a
total of nearly 180,000 cu meter of liquid wastes has been so stored in various
sites. Water separated from the oil lagoon contaminated with phenol is treated in

the water treatment plant.

Much remediation of the oil sludge land fills was initiated in the last two years.
Martech, a US. Company, did a survey to asses the quality and quantity of liquid
waste. On the basis of the finding, an ltalian company developed the treatment
process. It is based on separating the water, oil and the solid components. The
solid components are to be further solidified with CaO and then disposed of in
the land fills. Water component will go to the water treatment facility. The oil
phase will be returned to the refinery.

Incineration plant is used to burn mostly organic combustible matters. There is
no treatment of the stack gases. The new air pollution regulation must be met by
the incineration plant by 1997 as the present permit will expire.

Water and Waste Division

Water and waste water Division is responsible for both solid and water waste
management.

The old landfill is almost full. A new landfill will be opened. Centro-Odpady, a
new company, will be manage this landfill. it will be used to store for all solid
waste that is around 70-80 thousand tons per year.

16



The solid wastes include approximately 10,000 tons of limestone contaminated
with phenol and 500,000 to 700,000 cu. meters per year (60-70,000 tons per
year) of fly ash from power station. Solid wastes are transported by specially
lined pipelines to the sludge field and the decanted water is pumped back. Some
water from this field is discharged to Bilina.

Some 8,000 cubic meters of oil/water residue from various plants is stored
around the plant property at several locations. All water from the refinery is
contaminated with oil and the water must be treated. A two stage centrifugal
separation system is in the process of being installed. This will separate the
solid waste from the oil/water mixture first, then separate oil from water waste.
Research has shown that the solid waste can be mixed with carbon black at a
weight ratio of 7-8 waste 1 and then burned in the power stations.

Waste Water Treatment Plants

Oil based matters are separated by mechanical means in the chemical plants
before sending to the water treatment facility. Sulfide is also removed from the
waste water at the chemical plants utilizing catalytic oxidation with air.

Chemopetrol discharges 31 million cubic meter per year or nearly 22 MGD of
waste water. The biological treatment handles only 8.8 million cubic meters per
year and the remaining water is mechanically treated.

Water is treated in stages; first a secondary treatment for oil and then to
biological treatment. After treatment, the following limits are met: 8-10 ppm BOD
and 5-10 ppm N(NHgy).

Rain fall (estimated at 450 mmiyr.) collected in the plant sewer system, cooling
tower blow down, sanitary wastes from the plant as well as sanitary waste from
the city of Litvinov go to a mechanical cleaning station for treatment and release
to river Bilina. The quantity of this water is approximately 2,500 cu. m./hour.

Fee for discharging N(NHg4) is approximately 9 MM Kclyr. for discharging
approximately 975 tons/yr. of nitrogen. AGRO division discharges approximately
659 tons and rain water contributes another 240 tons. The total fee to be paid in
1994 is estimated at 18 million Kc's. It is based on BOD. Fees for N(NH4+) are
expected and are estimated at 9 MM Kc/yr. with 80% attributable to the AGRO
Division. Fees for heavy metals are also expected to be in place in 1995 but the
Waste & Water Division sees no problem meeting the 1995 standards.

The City of Litvinov pays fees and cost of service to treat their municipal waste.
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Environmental Issues

Although the end of the pipe line samples of waste proved to be a non-
hazardous waste by leaching tests, Czech environmental agency still considers
the wastes hazardous. Chemopetrol has some open questions on fees assessed
in 1992 and 1993 due to differences in interpretation of the regulations. Now it is
in court. The agency has imposed rate |l fees for 1992-1994 because of the lack

of lining in the sludge field.

After 1998, Chemopetrol will produce no fly ash, soot water, biological water
treatment plant sludge or water from crude oil desalting operation.

Economic Factors in Environmental Matters
Agro division's sale represents 8-10 % of the total sales for Chemopetrol.

Allocation of capital by Chemopetrol is not proportional to this figure. Refinery
Division receives the highest priority after the Power or Energy Division.

The Research Institute's Role

This is the only industrial research facility in Czech Republic. The institute
serves a market larger than Chemopetrol. It plays four major roles:

1. Assist in diversification of crude oil supply. The challenge is to secure oil
other than Russian crude.

2. Maintain the product at competitive level. [Several years ago, there were
practically no competition.] Competitive means low cost and
environmentally friendly products.

3. Develop tailor made processes to utilize by-products, wastes and for
better utilization of crude oil.

4. Engage in environmental protection issues. Environmental protection is
becoming more important for the company, the chemical industry and the
Research Institute's research thrusts.

The institute has 180 employees and has an annual spending of 60 million Kc.
The institute has 36 contract research today.

Environmental protection has 3 aspects.

18



. To keep technology at acceptable levels.
. To keep products acceptable
. Waste conversion

CARBON BLACK- CHEZACARB

Carbon black, called Chezacarb, has unique physicai properties and the
material should not be wasted by burning as a fuel. Carbon molecules orient
themselves in one plane. Particle size of soot is between 1 and 10 nano-meters.
This property makes it suitable as a conductive material. Because of this, it can
be injected into plastics to improve electrical conductivity, good for transporting
gasoline.

Chezacarb also has very high specific surface area, 800- 1,000 m2/gm., better
than active carbon. It has pore structures with pore size between 1 to 1/1000
nanometer and it can be controlled. The specific pore volume is between 3.5-4.5

cc/gm.

The product is sold in the West under the name -- Printex-XE2, which is used to
improve electrical conductivity of plastics.

The plant capacity to produce Chezacarb is not fully used today and soot water
is disposed off in the sludge field. It is hoped that this is the last year that the
soot is disposed off in such a manner. Next year, only 15-20% of the capacity
will be used for improving electrical conductivity properties and the rest will be
used for ecological benefit as sorbent.

Chezacarb, in spherical shape, is not the best form for use as adsorbent
because of high pressure drop across the adsorber bed and because of difficulty
in regenerating such beds. Research Institute has developed ways to produce
the material in different shape -- 2-10 mm extruded pellets. It can also be
produced in the shape of normal active carbon.

Chezacarb is a good adsorbent for crude oil, especially useful in cleaning up
accidental releases. One kg of Chezacarb can adsorb 6 liters of crude oil. Czech
Army uses the material for such purposes. Chezacarb has one not so good
property the black color. Even it is one of the best sorbents, the black color is
unappealing to users.

Socks containing Chezacarb can be used around leaky equipment. Connected
bags of carbon black are good for floating in water and containment of oil.

Chezacarb can work as a catalyst for HCN and HpS abatement. Research
Institute has developed equipment based on Chezacarb for treatment of waste

19



water and recently furnished such equipment for France and Switzerland. This is
particularly suitable for purifying and recycling of waste water from automotive
maintenance shops. Textile factories represent another application.

Vanadium in carbon black is 0.4-0.8% depending on the feed stock. It can be
lowered to 0.12%, but what can be done with the vanadium that is removed from
the soot. Top management must allocate funds for this project as expanded use
of Chezacarb can result in to hundreds and thousands of Crone savings.

Research Institute has developed pelletized fuel from carbon black and oil
sludge mix. Agro management is optimistic about the prospect of such a
possibility.

Conventional solidification of oil sludge is done with clay/lime mixtures. The
process requires 9 tons of clay/lime per ton of organic sludge. Further, the
product is not free from hazards leaching of constituents such as phenol. By
contrast, 1 part of carbon black can consolidate 7-9 parts of wastes. Much work
has been done by Mr. Nacesani, Head of the Pilot Plant. Market survey has also
been conducted. Technical negotiations with potential partners are aiso

underway.

Nine grades of carbon black products are offered. Market in Czech Republic is
open to the products. Application is promising in pollution abatement in three
areas:

. Purification of semi-solids
. Purification of liquids
. Purification of gases

Estimated markets:

Crude oil spillage control -- 400 tons/yr.

Conductive agent for rubber — 600 tons/yr.

Oil sludge consolidation -- 20,000 tons sludge generated annually which may
consume 2,500 tons/yr.
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V CONCLUSIONS & RECOMMENDATIONS

The Agro Division of Chemopetrol Litvinov has a several opportunities for waste
minimization which should nct onily reduce waste but will improve profitability. In
order of priority with no cost and low cost solution these are as follows:

Soot Water from Partial Oxidation Units: An estimated 8,000 tons per year of
carbon suspended in water is produced in the Partial Oxidation plants. Although
a Carbon Black plant can convert 5,000 tons to a useful product, less than 1,000
tons are so used. The remainder is discharged to a sludge field. The soot water
has been classified hazardous by Czech Environmental Regulators. The
disposal fee in 1994 for hazardous waste of this nature is set at 4,000 Kc per
ton. Further, It may not be allowed to dispose of in that manner in the near
future,

The Research Institute has developed a multitude of new uses of the carbon
black product, called Chezacarb, which should have both international and
domestic demand. The new uses shoould permit the plant to operate at capacity.
The plant has a bottleneck, which is capacity constraint of the final product
dryer, and can be removed with a capital investment of 500,000 Kc. It is highly
recommended that the carbon black plant be de-bottlenecked in an expeditious
fashion.

Ammonia losses from Agro Division's plants is estimated at nearly 4,900 tons
per year. Much of this losses occur in the Urea plant. The ammonia usage in the
Urea plant is 595 kg/ton. When compared with typical plant usage of 480 kg/ton,
the Urea facility must be loosing 3,000 tons per year of ammonia above a typical
plant. A thorough energy and material balance must be conducted to determine
the source or sources of the ammonia losses and to determine corrective
actions. Strong considerations should be given on employing a consulting firm,
such as Chemplant Technology, who has been retained by Chemopetrol on
other projects for the last 10 years, to conduct the study.

Urea product losses from the prilling tower have been reported at 180 to over
300 tons per year. The material balance study, suggested above, should also
confirm the true losses and provide justification for installing a suitable dust
collection equipment.

Carbon dioxide emission from Agro Division has been estimated at 600,000
tons per year. The likely source is the Partial Oxidation Units. It is highly
recommended that a thorough energy and material balance be conducted
around each of the units to investigate corrective actions neceesary. There is
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an economic incentive for reducing this waste as losses of carbon dioxide is
really the loss of raw material. Here also, strong considerations should be given
on employing a consulting firm for the project.
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VIl COST AND PAYBACK ESTIMATES

Utilization of carbon - An Alternate to Soot Water Disposal

Accordina to Czech Environmental laws, the soot water is considered a
hazardor:s waste. The 1994 charge or feed for depositing such hazardous waste
in waste dumps is 5,000 Kc/dry ton. Presently, 7,000 tons of the carbon in the
soot water is disposed of in the sludge field. The disposal fee is therefore
35,000,000 Kc or nearly USD $1,250,000 per year.

In addition to reducing: cost, an additional 1,000 tons per year of the product
Chezacarb, may be sold at a price equivalent to active carbon or over 70 Kc or
USD $2.5 per pound. This would generate an additional 15.4 million Kc or USD
$550,000 per year.

The carbon black, which presently consume nearly 1,000 tons of soot, can be
debottlenecked to consume an additional 4,000 tons of dry matters in the soot
water reducing the disposal fee by 20,000,000 Kc or about USD $715,000 per
year. The final product dryer which serves two carbon black production train
must be upgraded or a parallel unit must be installed for the plant to produce at
the designed capacity.

The total potenital benefit is 35.4 million Kc or USD $1,265,000 per year.

The capital requirement was estimated by Agro Division at 500,000 Kc or about
USD $18,000. This estimate is soft and must be firmed up. However, even if the
capital is increased 10 folds to 5 million Kc or USD $180,000, the project still has
a very short pay back time.

Reduce Ammonia Losses in Urea Plant

The ammonia losses in the urea plant is estimated at 3,000 tons per year.
According to the Waste Water plant management, the fee for the disposal of
approximately 975 tons per year of ammoniacal nitrogen, N(NH4+), of which 80%
is attributable to Agro Division, is 9,000,000 Kc or USD $320,000 per year. Both
the Urea plant and the Partial Oxidation Units contribute to the ammonia in
waste water. The market value of the ammonia being lost is over 8.4 million Kc
or USD $300,000 per year. Thus, the total potential saving is over 14 million Kc
or USD $500,000 per year.

Two projects have been identified by Agro Division to reduce ammonia and urea
levels in the waste water. These are: 1) Construct retention tank at cost of
9,500,000 Kc or USD $340,000 and 2) Urea hydrolysis unit at a cost of
16,500,000 Kc or USD $590,000. Thus the total capital is around 26 million Kc
or $930,000.
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We believe that a thorough material and energy balance around the plant may
result into finding a more cost effective solution to the excessive ammonia usage
problem. This may also lead to a significant reduction in the ammonia in the
waste water thus provide the maximum benefit with a 2 to 3 year payback.

Reduce Urea Product Losses

The product losses in the prilling tower is estimated at between 180 to 300 tons
per year. At the present market value, the product loss is equivalent to between
1.26 million to 2.1 million Kc or USD $45,000 to $75,000 per year. Strong
consideration should be given on installing a suitable product recovery
equipment which may include a scrubber and scrubbing solution recycle and
recovery system. The system cost should not exceed 14 million Kc or USD
$500,000. Thus, in this case the pay back is 7 to 8 years.

Reduce Carbon Dioxide Emission

Presently there is no penalty of fee associated with the estimated 600,000 tons
per year carbon dioxide emission from the Agro Division’s plants. It is suspected
that much of the waste originates in the Partial Oxidation units from poor yield
from the crude bottoms. The amount of crude bottom equivalent to the carbon
dioxide is nearly 200,000 tons.

The energy equivalent value of the crude losses, at 12,000 Btu per pound of the
crude bottoms and 70 Kc /MM Btu or USD $2.5/MM Btu, is 33.6 million Kc or
USD $1,200,000 per year.

The above figures are estimated without a great deal of hard data. However, the
magnitude of potential for saving is certainly large enough to justify the cost of
resources to conduct a thorough material and energy .balance around the POX
production units which should lead to confirmation or revision of the losses and
to one or more potential solution. The cost of such a study is estimated to be 4
man-months or 1.4 million Kc (USD $50,000) including labor and materials.
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APPENDIX A

SAFETY BRIEFING

Standard safety rules applicable to chemical industry applies here also.

No smoking anywhere in the plant.

No flash photography as some can cause ignition of combustible vapors.

No alcohol.

Cameras, computers etc. must be declared at the receptionist's desk due to
security matters.

Always have a Chemopetrol escort when visiting any part of the plant.
Watch for traffic, many RR crossing, many vehicles.

Report any incident/accident while in the property.

Watch out for any falling objects from the many pipe bridges within the plant



APPENDIX B

This section contains the following flow sheets and schematic diagrams:

« Air Separation Unit Flow Sheet

« Partial Oxidation (POX) Process Flow Sheet

« Carbon Black Process Flow-Sheet

« Ammonia Process Flow Sheet

« Ammonia Synthesis Units & Ammonia Abatement Schematic
« Urea Process Flow Sheet

« Liquid CO2 & Dry Ice Process Flow Sheet

. Water Treatment & Discharge to River Bilina Schematic
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AMMONIA PRODUCTION PLANT
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Process Flows: Carbon Dioxide
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APPENDIX C

TRAVEL ITINERARY

18 JUN 94
AIR

AIR

19 JUN 94

AR

02 JUL 94
AIR

AIR

AIR

- SATURDAY

DELTA AIR LINES INC.

LV GAINESVILLE FL
AR ATLANTA

DELTA AIR LINES INC.

LV ATLANTA

- SUNDAY
AR FRANKFURT

DELTA AIR LINES INC.

LV FRANKFURT
AR PRAGUE

- SATURDAY

DELTA AIR LINES INC.

LV PRAGUE
AR FRANKFURT

DELTA AIR LINES INC.

LV FRANKFURT
AR ATLANTA

DELTA AIR LINES INC.

LV ATLANTA
AR GAINESVILLE

FLT:1500

FLT:20

FLT:58

FLT:57

FLT:27

FLT:1009

COACH
230P
335P NON-STOP

BUSINESS
530P

825A NON-STOP

BUSINESS
1210P
130P NON-STOP

BUSINESS
900A
1005A NON-STOP

BUSINESS
205P
535P NON-STOP

COACH
710P
315P NON-STOP



APPENDIX D

Persons and Organization visited at Chemopetrol include the following
individuals listed.

« Chemopetrol Agro Division

Ing. Petr Kubal Division Head
Milan Ricanek, Ph. D. Technical Director
Ing. Zdenek Hrzan Chief of Technical Dept.

Mrs. Dana Ricankova Department Chief - Quality Control
Mr. Miroslav Beranek Technologist, Liquid CO2 & Dry Ice Production

Mr. Radko Cihlar Technologist of Urea Plant

Mr. Mikulas Huljak Head, Carbon Black Production Unit

Mr. Milan Kane Catalyst Piant Manager

Ing. Jan Konrad Manager, Ammonia Synthesis

Mr. Jiri Loukota Technologist of Partial Oxidation Plant
Mr. Jaromir Posival Technologist of Partial Oxidation Plant
Mr. Otakar Soukup Technologist of Oxygen Production Plant

« Chemopetrol Environmental Protection Department

Ing. Jaroslav Cir, CSc Department Head
Ing. Danuse Brzobohata Specialist

« Chemopetrol Water and waste Division

ing. Jan Hurych Technical Director
Mrs./Ing. Barbora Lancingerova Water Treatment Plant Manager

« Chemopetrol Research Institute

Jaromir Lederer, Ph. D.  Director
Ing. Frantisek Necesany Researcher
Petr Svoboda Head of the Analytical Chemistry Department



APPENDIX E
(Copy of Business Cards of Persons Visited)

< CHEMOPETROL

. Ing. Jaroslav CiRr, Csc.
Ing. Petr Kubal vedouci odboiu ochrany Zivotniho prostiedi

inditel chvize AGRO
CHEMOPETROL, =. p.

CHEMOPETROD av g 436 70 Litvinov
436 70 Litvinov CSFR
Ceska republika ™ 035-299-4515
1 035-33-4075, 2794 Fax: 035-4734
fax: 035-33:4326 Telex: 184278, 184333

g CHEMOPETROL @ CHEMOPETROL

Milan Ricanek PhD. Ing. Danuse Brzobohaté

Tew Bl Dieeston o e aon AGHO) specialista adboru ochrany Zivotniho prostied! - odpady
CHEMOPFTIROE v & Prvat CHEMOPETROL a. s.
436 70 1 ivinov Alsaviy O 436 70 Litvinov, CR
CR 436 01 Latvinov 1 035-33-4222
(03533 3496 = 03563379 Fax: 035-282 24

far (135 33 4326 Telex: 184278, 184333

& CHEMOPETROL < CHEMOPETROL

Ing. Zdenék HRZAN

vedouct technickeha odddleni divize AGRO ’ Ing. Jan Hurych
Lo hinte o e tor of Willeg & Wastes

CHIFMOPEIROL, s p CHEMOPE TROL & %
436 70 i itvinov 436 70 Litvinov, CH
Caska republikn o 035 33-2685

w 035-33-3196 Fax. 036282 24, 333 90%
Fax 035.33-4326 Toloy 184278, 18443

& CHEMOPETROL . & CHEMOPETROL

i
Ing. Jan KONRAD { Miian Kané
vedouci vytobny cvales Wz divize AGRO K Catalyst Pt Ratger Diviston Agro
) , ) CHIMOPETRO! a s
CHEMOPETROL s p .i';(: 90? ||Ex1n0(3 !
A3G 70 Doy Czech liepuhlu‘
Ceoska repabhka ' T (X)42.35.33-334.1
™ 0:45-33 2469 | Fax 0042-3533-2677
Fav 035334561 | P 004735 332617
i
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APPENDIX E

(Copy of Business Cards of Persons Visited)

«'CHEMOPETROL

Research & Development Center

Jaromir LEDERER, Ph. D.

Director

CHEMOPETROL, s. p.
436 70 Litvinov

Czech Republic

™ 42-35-33-3168

Fax: 42-35-33-4236
Teley 184278, 184333

@ CHEMOPETROL

Vyzkumné vyvojové centrum

Ing. FrantiSek NECESANY

vedouct odboru realizace vyzkumu

CHEMOPETROL, s. p.
436 70 Litvinov

Ceské republika

= (035-33-4320

Fax: 035-33-4236
Telex: 184278, 184333

Petr SVOBODA, Ph.D.
Head of Aualytical Chemistry Department

CHEMOPETROL, s. p.

Resecich & Development Center
436 70 Litvinov

Czech Republic

™ 42-35-33-2709

Fax: 42-35-33-4236

Telex: 184278, 184333

Dana RICANKOVA

Department chief quality control

N
| R AR

CHEMOPETROL, s. p.
436 70 Litvinov

CSFR

™ 42-035-299-3189
Fax: 42-035-4734
Telex: 184278, 184333

Ladislav ZENISEK
odbor fizen{ jakost!

CHEMOPETROL, s. p.
436 70 Litvinov

J3 CSFR

7 035-289-3078

Fax: 035-4734

Telex: 184278, 184333



APPENDIX F

List of document Received:

« Plant process flow sheets in Appendix A
« Chemopetrol Annual Report - 1993

« Chemopetrol Research Institute Brochure
« Chemopetrol Fold out Brochure

« Copies of Sections of Environmental Laws of the Czech Republic
(examples attached including a table showing fees for disposal of wastes)

« Pilot plant test results of water purification using Chezacarb as an adsorber.
(examples attached)
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The Ministry of the Environment of the Czech Republic may, by Decree, define details on
the classification of waste in the relevant groups of dumps given in the Appendix, which is
an integral part of this Act.

§7

This Act comes into legal effect on April 1, 1992.

Signed: V.Buredovd, P.Pithant

APPENDIX TO ACT No. 62/1992 S.B.

Rates of Charges for the Deposit of Waste on Waste Dumps

Groups of waste dumps Rate 1. Rate 11,
(xt."} Czech, Crowns) (xt.”! Czexh. Crowns)

for 1992 1993 1994
1. Soil and gangue 0 1 3 6
2. Other (except 10 25 70 140
soil and ganguc)
3. Solid communal waste 20 20 70 210
4. Special waste (except 40 110 320 640

hazardous and solid
communal waste)

S. Hazardous waste 250 3000 4000 5000




Cisténi kontaminovanych vod smesi

oclejti a emulgatoru — stabilizované

emul =ze s obsahem ropnych latek do
2000 mg/ 1

sledovand kontamin, vycistend vyCistend

hodnota voda voda COV voda ads.,

(mg/1)

.
1?()Ip11é§ 1 . 1900 l ! 4.8 g 0.53
extr. 1. 2000 [~ 5.6 0.53
1 H 2+
CHSKXK 4930 36 24
revne 1 . nest >— 0.8 0.0
1_r N
Spotfeba Chezacarbu 880 g/m>

Legenda:

ap.c. 1 ¢ov IRIS
ap.¢. 2 adsorber s CHZC
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APPENDIX G

BHASKAR BANDYOPADHYAY
8333 South West 4th. Place
Gainesville, Florida 32607
Home: (904) 332-3865 Work: (904) 397-8410

SUMMARY

A senjor chemical engineering manager with a proven track record in the
management of process and project engineering, production
debottlenecking, R&D, pilot plant, energy and raw material conservation,
quality assurance and Deming based Continuous Quality Improvement
Process in industrial chemical environment. Production technology
experience includes phosphate rock and limestone mining and processing,
phosphoric acid and phosphatic fertilizer chemicals, chlorine/caustic,
chloromethanes, chlorobenzene, EDC/VCM, synthetic soda ash and related,
and furnace and foundry coke.

PROFESSIONAL EXPERIENCE

OCCIDENTAL CHEMICAL CORPORATION, Florida Operations, White
Springs, Florida 1979-Present

Technical Manager/Director

Directed the activities of Process Improvement, R&D/Technical Services,
Project Engineering, Quality Assurance and Utilities Departments for cost
and quality imprcvements at the phosphate fertilizer complexes.

¢ Collectively reduced production cost valued at over $40 million per
year.

» Initiated and coordinated the implementation of Deming based
Continuous Quality Improvement efforts throughout Florida
Operations.

¢ Participated in the Corporate Water Issues Committee assisting with
responsibly influencing the passage of the new Clean Water Act
through the U.S. Senate.

¢ Initiated switching of electrical power contract at two chemical
complexes from curtailable to interruptible rates reducing annual
power cost by $1.5 million.

* Directed the development of an improved SPA product to increase
domestic market share for this product.

* Managed the licensing of Oxy HemihydrateTM Process.



ALLIED CHEMICAL CORPORATION 1968-1979

Director, Research & Development, Semet-Solvay Division, Ironton, Ohio
1979

Directed divisional technical efforts to improve performance of Allied's

Detroit and Ashland foundry and furnace coke plants.

o Initiated operational improvements at the two plants saving in excess
of $2 million per year.

Technical Manager, Syracuse Works, Solvay, New York 1977-1979

Process Improvements Manager, Syracuse Works, Solvay, New York 1975-
1977

Managed process improvement and development, quality control and energy
resources departments at the facility which included mining and processing
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well as electrolytic chlorine and caustic soda.

« Initiated numerous raw material and energy efficiency improvement
projects achieving savings of $10 million per year.

« Eliminated fuel oil usage at the boilerhouse saving in excess of $1
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Senior Research Engineer, Syracuse Technical Center, Solvay, New York
1969-1975

Provided technical support to the chlorine/caustic plants at Solvay, N.Y.
and Brunswick, GA and to the EDC/VCM plants at Baton Rouge, LA.

e Implemented closed loop computer control of the EDC cracking
furnaces and the Oxyhydrochlorination reactor, increasing VCM
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e Developed patented EDC cracking catalysts and patented low emission
Oxyhydrochlorination process.

e Reduced, power usage in chlorine/caustic plants with DSA's.
Research Engineer, Research & Development, Morristown, N.J. 68-1969

Conducted bench scale exploratory studies on recovery of sulfur and metal
values from pyrites using novel chelating techniques resulting in two U.S.

patents.

EDUCATION
Doctor of Philosophy in Chemical Engineering 1969
Master of Science in Chemical Engineering 1967

Phil Lambda Upsilon & Sigma Xi Honor Societies
University of Pennsylvania, Philadelphia, PA.



Master of Technology in Food Technology (First Class Honors) 1964
Bachelor of Science in Chemical Engineering (First Class Honors) 1961
Jadavpur University, Calcutta, India

ASSOCIATIONS

Member, American Institute of Chemical Engineers

Past Chairman, Syracuse Section of AIChE

Member, President's Council, University of Florida

Past Member, Technical Advisory Committee, Florida Institute of Phosphate
Research
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(appointed by Governor Lawton Chiles)
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COMMENTS AND ENVIRONMENTAL DATA

concerning
visit to Agro Division
Chemopetrol, Litvinov, Czech Republic
June 20 - 30, 1994

| SUMMARY

The Chemopetrol facility at Litvinov, Czech Republic was visited during June 20 through 30, 1994
on a trip sponsored by the World Environment Center of New York. A high level of
professionalism, environmental awareness and cooperation was found.

The purpose was to review and identify waste minimization opportunities in the AGRO Division.
This addendum to the trip report August, 1994 by Dr. Bandyopadhyay covers:

a review and comparison of water and air effluent limitations between the U. S.
and Czech Republic

comments on hazardous waste regulations and environmental aspects of urea and
ammonia production

recommendations

copies of regulations, development documents, and pertinent technical papers
relative to waste minimization.

The following environmental standards were compared:

S o

Ambient air

Workplace

Air emissions

Liquid industrial effluents

Sanitary waste effluent

Surface water quality (receiving streams)

The Czech Republic environmental regulations, many adopted in the 1990's, appear more
restrictive than those in the U. S. The effect of this on industry may or may not be mitigated by
frequency of monitoring, analytical methods or enforcement posture. The overall impression,
however, is that certain of the rules may be punitive.



Ambient air limits in particular are stringent with, for example, the 24 hour standard for sulfur
dioxide set at only 40% of the U. S. In addition, workplace standards are also more stringent.
On the other hand, water quality and effluent standards in general appear more lenient. There
were many more standards than expected.

Hazardous waste "regulations" and compliance present the facility with complex, expensive issues
which should justify assessment by an outside consulting firm.

For example, Vanadium was found present in a Czech water leach test on a Chemopetrol waste.
It seemed to be a major determinant. Yet Vanadium is not even recognized as a hazardous
waste contaminant that could be identified in the U. S. EPA leach test. The EPA *TCLP" Leach
Test procedure is included for comparison.

In the discussion on specific environmental aspects, emissions are calculated based on the size
of plants in the AGRO Division. These resuits are founded on extensive field test of plants in
compliance by U. S. EPA, are reliable, and could be used as wasle minimization goals.

At Chemopetrol common storm sewers efficiently collect all effluent. A recommendation is to
consider segregation of contaminated water collection systems to allow treatment in smaller
quantities for improved efficiency and reduced cost. Changes currently planned at the urea plant
(restricted by capital) would be good starts.

Overall monitoring needs to be increased to "nail down" the source and fate of pollutants without
which waste minimization can be impeded. A recommendation for ISCO automatic samplers has
been included.



Il AMBIENT AIR, WORKPLACE AND EFFLUENT LIMITATIONS

Ambient Air Quality Standards

During the visit, great interest was expressed in USA environmental limitations. While various
Czech limitations were obtained, it has been ditficult to make direct comparisons but they have
been drawn where possible.

Table 1 draws this comparison for the six USA National Ambient Air Quality Standards. The
Czech Republic lists a total of 30 standards, including many organics such as gasoline, xylene,
ethylene.

Table 1 - Ambient Air Quality Standards For Criteria Air Pollutants®

USA Czech Republic
Pollutant Period Limitation Period Limitation
ug/m® (ppm) ug/m® (ppm)
Sulphur Dioxide Annual Mean 80 (0.03) Annual Mean | 60
Max 24 Hr? 365 (0.14) 24 Hr 150
Max 3 Hr avg.” | 1300 (0.50) | 30 Min 500
Particulates Annual Mean 50 24 Hr 150
(PM-10)° Max 24 Hr* 60 30 Min 500
Carbon Monoxide | Max 8 Hr? 10 (9) 24 Hr 1000
Max 1 Hr? 40 (35) 30 Min 6000
Photochemical Max 1 HF? 235 (0.12) 24Hr 30
Oxidants 30 Min 160
Nitrogen Dioxide Annual Mean 100 (0.053) 24 Hr 100
30 Min 100
Lead 3 Mon. Mean 1.5
Ammonia* None Federal A few states 24 Hr 200(0.3)
have regulations in the range 30 Min 200
of 1/4 to 2 1/2 ppm for 8 hours.




Status of Ammonla and Other Amblent USA Standards

Non-criteria polliutants as opposed to those in Table 1, have been the subject of much study. The
information below on ammonia is an example of where non-criteria pollutant regulation stands.

Ammonia is considered toxic, but noncarcinogenic. It comes under Section 112 of the Clean Air
Act. "Section 112 directs EPA to set uniform national emission limits with an ample margin of
safety to protect human health against any non-criteria air pollutant which may result in increased
mortality, serious irreversible or incapacitating reversible illness". EPA has not set a national

standard for ammonia.

The Czech Republic ambient air standard for ammonia is 200 zg/m® for 30 minutes and 24 hours
(0.3ppm) while the 8 hour workplace average is 20mg/m® (29 ppm).

Some states have been evaluating noncriteria air pollutants since 1979 (Texas has evaluated
*probably 1000"). There has been limited Federal and state action (court tie-ups over satety
factors on carcinogens) to produce enforceable ambient air limits. Emphasis is on carcinogens,
and setting "guidelines” to assist permitting of new sources.

Footnotes for Table 1

(1)  Definition: "A restriction established to limit the quantity or concentration of an air pollutant
that may be allowed to exist in the ambient air for any specific period of time".

Comment: Above standards were established to protect public health. Some to also
protect the public welfare, e.g. animal and plant life. All ambient standards are applicable
at plant limits. Other states like Florida may have limits more stringent than Federal USA
and then these are limiting for the plant. Some cities in USA also have more stringent
standards than either state or Federal USA. e.g. California, nitrogen dioxide 0.25 ppm for
one hour.

(@)  Not to be exceeded more than once per year.

(3) PM-10 Definition: Particulates with aerodynamic diameter less than or equal to a nominal
10 micrometers.

(4)  Czech Republic lists ambient air standards for 30 parameters - USA only six.



Only, seven states have amblent air ammonia regulations binding by law at plant limits. Amblent
air concentrations range from 0.1 - 2.5 ppm for 8 hour average. Thirteen states have “guidelines”
not binding by law at plant limits. Typical range of “guideline® values in the 13 states:

Average Time PPM
Annual 0.06-25
24 hours 0.03-06
15 min. 4

30 min. 0.25

1 hour 0.6

There are no long-term low level epidemiological studies to support ambient air levels as low as
above.

Work place standards for air contaminants

USA, under the Federal Occupational Safety and Health Administration (OSHA) lists federally
enforceable limits on about 500 air contaminants. The Czech Republic lists 135.

Table 2 lists some comparisons. The Czech Republic is based on 8 hour averages; USA is
based on a Time Weighted Average for an 8 hour work day, 5§ days per week. On a random
check of 12 substances, the permissable exposure limits in the Czech Republic are markedly
Iower)than the U. S.(OSHA Reference Manual Volume 2, The Merritt Co., "OSHA Self Inspection
Index

Effiuent Limitations

Air Emissions

Ammonia emissions from nitrogen fertilizer plants (urea, ammonia, efc.) are usually of minor
importance under proper operating conditions. However, various states control particulate
emissions. There are no Czech ammonia or particulate emission limitations for ammonia or urea
plants.

Urea particulate emissions are limited in 16 U. S. states, Based on an average of these limits,
the Chemopetrol urea plant at 200,000 TPY (330 days) would be allowed 0.55 Kg/Mg of product.

Attachment 1, (U. S. EPA 1992) Table 6.14-1 summarizes the controlied and uncontrolled
emission factors by process for urea manufacture. It is based on a number of EPA sponsored
tests at five plants in the U. S. but has not become an EPA regulation.

For fluidized bed prilled urea, it shows an uncontrolled particulate emission of 3.1 Kg/Mg and a
controlled emission of 0.39 Kg/Mg. It also shows an uncontrolled ammonia emission of 1.46
Kg/Mg. Control was by wet scrubbers. No ammonia control was demonstrated by the wet

scrubbers.



Table 2 - Workplace Standards (mg/m°)

SUBSTANCE USA CZECH REPUBLIC
Ammonia NH, 35 20
Hydrogen Fluoride HF 3.6 1
Formaldehyde HCHO 24 0.5
Ethy! Alcohol C,H,OH 1900 1000
Ethyl Benzene C,H,C,H, 435 200
Sulfur Dioxide SO, 13 5
Carbon Monoxide CO 55 30
Carbon Dioxide  CO, 9000 9000
Ozone O, 0.2 0.1
Sulfur Trioxide SO, 1.0 (H,S0,) 1.0
Hydrogen Cyanide HCN 11 3.0
Carbon Black C 3.5 None (?)

Table 3 - Liquid Effluent Limitations for Nitrogen Fertilizer Plants

LIMITATION KgMg
TYPE OF PLANT PARAMETER of Product
Daily Max Average of 30
Consecutive days
Ammonia Ammonia as N 0.11 0.055
Urea
Non-prilled Ammonia as N 0.53 0.27
Prilled Ammonia as N 0.53 0.27
Non-prilled Organic N as N 0.45 0.24
Pnlled Organic N as N 0.86 0.46




Currently in the regulatory process under the U.S. Clean Air Act, Section 112r, (amended in 1990)
is an Accidental Release Prevention requirement. Initially it covers 100 chemicals including
ammonia and aqueous ammonia. It requires the manufacturer to do a hazard assessment
followed by a risk management plan. A "worst case" is being defined for the hazard assessment
as part of this regulatory process. This may take several years.

Liquid Effluents
Table 3 lists U. S. EPA regulations for liquid effluents from ammonia and urea plants. They
include rainfall run-off from the immediate vicinity (“battery limits*) of the urea or ammonia plant.

There are no Czech limitations for ammonia or urea plants. To my knowledge, at no time during
the visit to Chemopetrol did we discuss organic nitrogen as part of the overall nitrogen picture.

Secondary Sanitary Waste Treatment Regulations

Ali sewage treatment plants in the U. S. must meet the following "minimum level of effluent quality
attainable by secondary treatment in terms of the parameters BOD,, SS and pH".

Table 4 - Federal Sanitary Waste Effluent Regulations

Average Maximum Minimum Average
Percent Removal

BOD, 30 day 30 mgh 85
7 day 45 mg/i
Suspended Solids 30 day 30 mgh 85
7 day 45 mgh
pH 6 - 9 units

it is noted that where sanitary sewage treatment works receive flows from storm water and/or
industrial wastes, requirements are set on a case-by-case basis. Also, additional, more stringent
regulations are often imposed by state and local governments.

For example, secondary treatment of sanitary waste in Florida requires a BOD, of 20 mg/l and
suspended solids of 20 mg/ with fecal coliform, after disinfection, not to exceed 200 per 100 ml
of water on a monthly average.



Advanced Water Treatment (AWT) that may use land spreading or spraying to remove nutrients
(N and P) is increasingly employed. Florida requires the followmg parameters to be met for AWT

which is required on a case-by-case basis.

BODs ............ 5 mgll
Suspended Solids . ... 5mg/
Total Nitrogen (N) . ... 3 mg/
Total Phosphorous ... 1 mg/l

High level disinfection .... fecal coliform not detectible

Chemopetrol meets the following limits with a combined sanitary waste, storm water and industrial
waste effluent.

N(NH,) 5- 10 mg/

BOD, 8- 10 mgA

Chemopetrol also monitors and reports on suspended solids, chemical oxygen demand, total
dissolved solids and phosphates (as P). Czech Republic waste requirements are:

BOD .......... 45 mg/l
COD .......... 150 mg/
Suspended Solids . 35 mg/
AmmoniaN ..... 25 mg/

This is similar to secondary treatment in the U. S. although the ammonia N would be considered
high.

Surface water quality regulations

Attachment 2 covers the quality required in receiving streams in Flcrida and includes a similar list
for the Czech Republic. Most streams in Florida are Class lll waters suitable for recreation,
propagation and maintenance of a healthy, well balanced population of fish and wildlife. Florida
is among those states with the most stringent regulations. Note that heavy metals, herbicides,
pesticides, and many organics are included.

Particular attention is paid to unionized ammonia restricted to 0.02 mg/l. This value is a function
of ammonia N (expressed as NH,) pH, and temperature.

For example, at a pH of 7, temperature of 10°C, and a total ammonia of 11 mg/l (9 mg/l of N) the
unionized ammonia will reach 0.02 mg/l. U. S. EPA (1976) Attachment 3, explains the importance
of unionized ammonia in receiving waters.



Table 5 compares some of the Czech Republic water quality regulations with those of Florida.
It is not known if Chemopetrol discharges into *water-works" or "other surface waters" which are

obviously less restrictive.

Table 5 - Surtace Water Quality Regulations (Partial List)

Czech Republic
Florida (Attachment 6)
Parameter Units Class Il Waters
(Attachment 5) Value Value
Water Works Other
Surface
Waters
Dissolved Oxygen mg/l 5 Min 6 Min 4 Min
Arsenic - A s ug/l 50 50 100
Benzene - BZ ugll 71 Annual Avg. 10 50
Cyanide - CN ug/l 5 Not Detectable (ND) | 200
Cadmium - Cd ug/l ~10 5 15
Chromium VI - Ct* ugl | 11 20 50
Mercury - Hg ug/l 0.012 0.5 1.0
Silver - Ag ug/l 0.07 10 50
Selenium - SE ug/l 5 10 50
Fluorides - F mg/ 10 1.0 1.5
Nutrients mg/l No Values
"Case-by Case"
Organic N mg/l " 1.5 3.0
N-NH, mg/ ) 0.5 2.5
N - NO, mg/l - 0.02 0.05
N- NO, mg/l . 3.4 11.0
Total P mgft " 0.15 0.4
Pesticides and ug/l Many Listed None Listed
Herbicides




Il HAZARDOUS WASTE REGULATIONS

U. S. regulations cover listed hazardous wastes which include both compounds and mixtures, and
characteristic hazardous wastes.

Hazardous wasles are categorized as follows:

Ignitable Waste

Corrosive Waste

Reactive Waste

Toxicity Characteristic Waste
Acute Hazardous Waste
Toxic Waste

A solid waste exhibits the characteristic of toxicity if using specified leach test mmethods the extract
from a representative sample of the waste contains any of the contaminants listed in Table 6.
Attachment 4 describes the Toxicity Characteristic Leaching Procedure (TCLP).

At Chemopetrol, discussion included sludge field waste: a mixture of sanitary sludge, fly ash,
soot water, and POX discharge containing ammonia. By a water leach test under the Czech
Inspector for Environmental Protection (CIEP), this mixture was said to be toxic because of the
presence of Vanadium and Arsenic in a leach test of the input streams.

Observations:

(1) U. S. regulations do not include the element Vanadium as a hazardous waste contaminant
(Table 6). The closest is the “listed” relatively pure form of Vanadium Pentoxide (V,0,).

(2) Arsenic is included as a contaminant but based on the Tabulka from Chemopetrol it measured
far below the regulatory level of 5§ mg/l in the CIEP leach test at 0.072 mg/.

(3) Flyash from coal burning is not normally a hazardous waste in the U. S.
(4) In the U. S. on a similar situation a company would hire an EPA approved expert consulting
firm to sample the mixed waste in an EPA approved manner and to run the EPA approved TCLP

leach test. If a contaminant was found, its source would be identified and hopefully isolated and
treated and disposed before it could contaminate the larger waste stream.
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Table 6 - Maximum Concentration of Contaminants
for the Toxicity Characteristic (TCLP Leach Test)

Regula-
tory
EPA HW Level
No.! Contaminant CAS No.2 {mg/L)

0004 ACSENIC...ccccvnereerreeene 7440-38-2 5.0
D005 Barium............... 7440-39-3 100.0
0018 Benzene 71-43-2 0.5
0006 Cadmium 7440-43-9 1.0
0019 Carbon tetrachloride 56-23-5 0.5
0020 Chlordane................. 57-74-9 0.03
0021 Chlorobenzene........ Ny 108-90-7 100.0
0022 Chloroform................ 67-66-3 6.0
D007 Chromium........ccccenne 7440-47-3 5.0.
0023 0-Cresol........eveeceeenne 95-48-7 4200.0
0024 m-Cresol.........ceeeenee 108-39-4 4200.0
0025 p-Cresol..........ccueeuen 106-44-5 4200.0
D026 Cresol...ncreccerec e 4200.0
D016 24-D..ceeeveeenne 94-75-7 10.0
D027 1.4-Dichlorobenzene 106-46-7 1.5
0028 1,2-Dichloroethane... 107-06-2 0.5
D023 1,1-Dichloroethylene 75-354 0.7
0030 2.4-Dinitrotoluene..... 121-14-2 30.13
0012 Endrin.....covvereeerenans 72-20-8 0.02
. Heptachlor (and its
D031 epoxide) ......cceeueuuen 76-44-8 0.008
0032 Hexachlorobenzene 118-74-1 30.13

Hexachlorobutadi- P
0033 CNEe...cerieereervaeeerenene 87-68-3 0.5
0034 67-72-1 3.0
D008 7439-92-1 5.0
0013 58-89-9 0.4
D009 Mercury ..oooeeeeeceneeen 7439-97-6 0.2
D014 Methoxychlor............ 72-43-5 10.0
0035 Methyl ethyl ketone 78-93-3 200.0
D036 Nitrobenzene............ 98-95-3 20
D037 Pentrachlorophenol 87-86-5 100.0
0038 Pyridine.........ccccoeeeee. 110-86-1 35.0
D010 Selenium.......cccoeo..ee. 7782-49-2 1.0
DO11 SHVer....coeceerrcneeenee 7440-22-4 50
D039 Tatrachloroothyleno 127-18-4 0.7
D015 Toxaphono ............... 8001-35-2 0.5
D040 Trichloroethylene ..... 79-01-6 0.5

2.4,5-Trichlorophe-
D041 [ To ] DT OPURRIRPRUN 95-95-4 400.0

2.4,6-Trichlorophe-
D042 00 .ciiieeeeeeineeescnes 88-06-2 20
D017 2,4,5-TP (Silvex)....... 93-72-1 1.0
D043 Vinyi chloride............ 75014 0.2

' Hazardous wasto number.

2 Chemical abstracts service number.

3 Quantitation timit is greater than the calculated rogula-
tory level. The quantitation limit thereforo becomes the
requlatory level.

411 0-, m-, and p-Cresol concentrations cannot te diffor-
entiated, the total cresol (D026) concentration is used. The
requlatory level of total cresol is 200 mg/l.
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IV COMMENTS ON SPECIFIC ENVIRONMENTAL ASPECTS

Urea Production - Air Emission
The plant reports a loss to the air of between 180 and 314 TPY of urea dust.

Based on best data found by U. S. EPA (1992) in Section |, Air Emissions, a controlled emission
factor of 0.39 Kg/Mg of product urea can be expected using wet scrubbers. On this basis,
emission could be reduced to 78 TPY (200,000 TPY x 0.39 Kg/Mg - 1000). This could be set

as a potential goal.

The emission factor on NH, loss was found to be 1.46 KgMg or 292 TPY. This would represent
a very small part of the ammonia usage of 595 Kg/Mg (1/4%). Thus, with or without a wet prill
tower scrubber, the ammonia loss appears almost entirely water related.

Urea Production - Liquid Effluent

The plant reports a loss to water from the Urea plant of 550 TPY of N (670 TPY NH,) which
reports to Biological Treatment #3. Based on raw material usage humbers the loss could be far
higher when comparing a typical usage of 580 Kg/Mg to the reported 595 Kg/Mg of product.

Based on U. S. effluent regulations (Table 3), a prilled urea plant is limited to ammonia as N of
0.27 Kg/Mg of product; and organic N of 0.46 Kg/Mg of product or a total N of 0.73 Kg/Mg on a
30 day average.

Thus, it would seem possible, certainly as a goal, to reduce ammonia N to 54 TPY and total N
(from both urea and ammonia) to 146 TPY based on an operating rate of 200,000 TPY.

To my knowledge, organic N content of urea plant effluent was not discussed. In U. S., the

determination would be made by running Total Kheldahl Nitrogen and subtracting ammonia N to
get organic N, an estimate of urea content as opposed to just ammonia.

Ammonia Production - Liquid Effluent
Based on U. S. effluent regulations (Table 3) an ammonia plant is limited to an effluent containing

no more than 0.055 Kg/Mg. At 330,000 TPY of NH,, this would be 18 TPY of ammonia N. This
could be considered a goal in sampling the ammonia plant effluent.

12



Urea Production - Environmental Projects

U. S. plants control emissions of prill towers, have retention tanks or ponds, and urea hydrolyzers
or equivalent. Otherwise, U. S. effluent limitations could not be met.

Hydrolyzers to recover urea and reduce contamination are planned at the Chemopetrol plant.
This should proceed in order to reduce ammonia and organic N. The use of hydrolyzers were
anticipated by U. S. EPA and considered state-of-the-art in 1974 which helped set effluent limits
in 1977 (Table 3). Also, demonstrated at that time were steam and air stripping and biological
treatment for nitrogen removal. Chemopetrol, of course, employs biological treatment. (Basic
Fertilizer Chemicals, March 1974, EPA-440/1-74-011-a).

Attachment 5 is a technical paper by Killen of Vistron dated 1976, which discusses urea plant

poliution control in general and difficulties with a C and | Girdler designed hydrolyzer. Wash
down, and reclaiming systems for urea were highlighted.

13



V RECOMMENDATIONS

Consider recommendations proposed by Dr. Bandyopadhyay in Section | and V
of his report.

Consider design of contaminated water collection systems so that common
contaminant streams can be segregated and treated in smaller quantities for
improved efficiencies and reduced treatment cost. This is especially applicable to
the Urea ptant - a major source of ammonia and organic N.

See Attachment 5 outlining some measures necessary and now used to meet
effluent standards from urea plant battery limits. (As Dr. Bandyopadhy proposes,
a consultant, or Chemopetrol team should perform a complete material and energy
balance around the Urea plant).

Throughout, Chemopetral needs to increase effluerit monitoring - more and better
sampling and flow metering. Better material and waste balances and more
uniform and agreed upon reporting among divisions is needed. This will help "nail
down" the source and fate of pollutants without which waste minimization can be

impeded.

Automatic samplers can help. Occidental uses the ISCO Model 2910 sampler for
both official discharge samples and for process troubleshooting or in-plant
monitoring. These will take one sample per hour, for 24 hours, up to 100 ml each
and can be iced or heated: even a flow proportioned sampler is available. (ISCO,
Inc. 531 Westgate Blvd., Lincoln, Nebraska, USA, 68528; Phone: 800-228-4373;
FAX: 402-474-6685)

On ammonia N samples, check on use of preservative (H,SO,) and refrigeration
on any samples held for analysis. This may be a reason for low ammonia N
values. Also analyze for Organic N.

Consider a consulting firm to examine the waste situation in the "sludge field".
This seems very complex. In the U. S. "flyash” or sanitary sludge is seldom a
hazardous waste; "Vanadium" is not a listed contaminant in the U. S. Toxicity
Characteristic Leaching Procedure but seems to be a prime indicator of hazardous
waste by CIEP at Chemopetrol.

Considering the fees, new capital requirements, operating costs, and possible
retrofit costs a thorough expert look should be justified. A U. S. facility would
certainly employ an expert outside firm to make an assessment ori this kind of
situation and to interface with U. S. EPA if necessary.

Establish some unofficial goals for reduction of emissions. For example, note
measured emissions from U. S. urea plants in Section Il of this addendum. These
values could help to provide goals and also to lend perspective for management.
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TABLE 6.14-1 (METRIC UNITS)
EMISSION FACTORS FOR UREA PRODUCTION
All Emission Factors are in kg/Mg of Product (% Z = #/z0)
Ratings (A-E) Follow Each Factor

Panticulate? Ammonia
Type of Operation Uncontrolled | Controlled { Uncontrolled | Controlled®
Solution formation and 0.010s5°¢
concentration®
Nonfluidized bed prilling
Agricultural grade® 1.9 A |00320|A| 043 [A
Feed grade® 1.8 A
Fluidized bed prillin%]
Agricultural grade 3.1 A 039 | A 1.46 A
Feed grade® 1.8 A| 024 [A] 207 All04| A
Drum granulation! 120 Alols Al w7 A
Rotary drum cooler 3.89% A | 0100 | E{ 00256 | A
Bagging 0.095! E

*Particulate test data were collected using a modification of EPA Reference Method 3. Reference
1, Appendix B explains these modifications.
®References 9 and 11. Emissions from the synthesis process arc generally combined with emissions
from the solution concentration process and vented through a common stack. In the synthesis
process, some emission control is inherent in the recycle process where carbamate gases and/or
liquids are recovered and recycled.

EPA test data indicated a range of 0.005 to 0.016 kg/Mg (0.010 to 0.032 Ibfton).

9EPA test data indicated a range of 4.01 to 14.45 kg/Mg (8.02 to 28.90 Ib/ton).

“Reference 12. These factors were determined at an ambient temperature of 14 to 21°C (57° to
69°F). The controlled emission factors are based on ducting exhaust through a downcomer and
then a wetted fiber filter scrubber achieving a 98.3 percent efficiency. This represents a higher
degree of control than is typical in this industry.

rOnly runs two and three were used (test Series A).

&No ammonia control demonstrated by scrubbers installed for particulate control. Some increase in
ammonia emissions exiting the control device was noted.

PRefercnce 11. Feed grade factors were determined at an ambient temperature of 29°C (85°F) and
agricultural grade factors at an ambient temperature of 27°C (80°F). For fluidized bed prilling,

_controlled emission factors are based on use of an entrainment scrubber.

‘References 8 and 9. Controlled emission factors are based on use of a wet entrainment scrubber.
Wet scrubbers are standard process equipment on drum granulators. Uncontrotied emissions were

_measured at the scrubber inlet.

JEPA test data indicated a range of 0.955 to 1.20 kg/Mg (1.90 to 2.45 Ibfton).

kReference 10.

'Reference 1. Data vwere provided by industry.



17-302.530, Criteria for Surface Water Quality Classifications
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Potable Water Sh“'Uﬁ_Sh Predominantly | Predominantly Agricultura.l N a.v.igation,
Parameter Units Supply Propagation or | Frech Waters | Marine Waters | Water Supplies |  Utility, and
Harvesting Industrial Use
— Y1) Alkalinity Milligrams/L, as Shall not be Shall not be <600
CaCOs depressed below 20 depressed below 20
— (2) Aluminum Milligrams/L <1.5 <15
o1 ~ (3) Ammonia Milligrams/L. as <0.02 < 0.02
IR N (un-ionized) NH3
(4) Antimony Micrograms/L <140 <4,300 <4,300 <4,300
Pl (5) (a) Arsenic Micrograms/L, <50 <50 <50 <50 <50 <50
= L (total)
_ (5) (b) Arsenic Micrograms/L. <36 <36
(trivalent)
L\ V4
N \/ft-l".‘c Nov O“Jer < Ur(ﬁr - walevs
\\\\ . e ‘ ; . { 7
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Notes: (1) “Annual avg." means the maximum concentration at avera
maximum not to be exceeded at any time; (3) "In H"

I

ge annual flow conditions (see Section 17-4.020(1), F.A.C.); (2) "Max" means the
means the natural logarithm of total hardness expressed as milligrams/L. of CaCO3.
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Parameter Units Class 1 Class I1 Class III: Class I1I: Class 1V Class V
Fresh Marine
(10) Beryllium Micrograms/L. <0.0077 annua} <0.13 annualavg. | <0.13 annual avg. | <0.13 annunl avg. | <100 in walers with
avg. a hardness in mg/L
Oil—=ten of CaCOj of less
than 250 and shall
not exceed 500 in
harder waters
(11) Biological Per cent reduction of | The Index for The Index for The Index for The Index for <4.42 annual avp.
_ Integrity Shannon-Weaver benthic benthic benthic benthic
Diversity Index macroinvertebrates | macroinvertebrates | macroinvertebrates macroinvertebrates
shall not be reduced | shall not be reduced | shall not be reduced shall not be reduced
to less than 75% of | to less than 75% of | to less than 75% of to less than 75% of
background levels as { established established established
measured using background levels as | background levels as background levels as
organisms retained | measured using measured using measured using
byaU.S. Standard | organisms retained organisms retained | organisms retained
No. 30 sieve and byaU.S. Standard | bya U. S. Standard by a U. S. Standard
collected and com- | No. 30 sieve and No. 30 sieve and No. 30 sieve and
posited fram a mini- | collected and com- | collected and com- collected and com-
mum of three posited from a mini- | posited from a mini- posited from a mini-
Hester-Dendy type | mum of three mum of three mum of three
artificial substrate | natural substrate Hester-Dendy type | natural substrate
samplers of 0.10to | samples, taken with | artificial substrate samples, taken with
0.15 m? area each, | Ponar type samplers | samplers of0.10to | Ponar type samplers
incubated for a with minimum sam- | 0.15 m? area each, | with minimum sam-
petiod of four pling area of 225 incubated for a ph'nzg area of 225
weeks, cm?. period of four cm<,
weeks,
. (12) BOD Shall not be increased to exceed values which would cause dissolved oxygen to be depressed below the limit
e (Biochemical established for each class and, in no case, shall it he great enough to produce nuisance conditions.
Oxygen Demand)
"3 - "ﬁ'a:' (13) Boron Milligrams/L, <0.75
-7 7 [ (14) Bromates Milligrams/L <100 <100
— | (15) Bromine (free | Milligrams/L <0.1 <0.1
molecular)

Notes: (1) "Annual avg.” means the maximum concentration at
maximum not to be exceeded at any time; (3) "In H"

average annual flow conditions
means th= natural logarithm of totaj hardne

(see Section 17-4.020(1), F.A.C); (2) "Max" means the
SS expressed as milligrams/L. of CaCOj.




)

Parameter Units Class 1 Class II Class I1I: Class III: Class 1V Class V
Fresh Marine
(6) Bacteriological | Number per 100 mi | MPN or MF counts | MPN shall not MPN or MF counts | MPN or MF counts
Quality (Fecal Coli- | (Most Probable shall not exceed a exceed a median shall not exceed a shall not exceed a
form Bacteria) Number (MPN) or | monthly average of | value of 14 with not | monthly average of monthly average of
Membrane Filter 200, nor exceed 400 | more than 10% of | 200, nor exceed 400 | 200, nor exceed 400
(MF)) in 10% of the the samples in 10% of the in 10% of the
samples. Monthly | exceeding 43 samples, nor exceed | s.unples, nor exceed
averages shall be 800 on any ane day. { 800 on any one day.
expressed as Monthly averages Monthly averages
geometric means shall be expressed | shall be expressed
based on a minimum as geometric means | as geometric means
of 5 samples taken based on a minimum | based on a minimum
over a 30 day period. of 10 samples taken | of 10 samples taken
over a 30 dzy period. | over a 30 day period.
(7) Bacteriological | Number per 100 ml | < 1,000 as a monthly Median MPN shall | <1,000asa <1,000asa
Quality (Total (Most Pmbable avg., nor exceed not exceed 70, and | monthly average; monthly average;
Coliform Bacteria) | Number (MPN)or | 1,000 inmore than | not more than 10% nor exceed 1,000in | nor exceed 1,000 in
Maembrane Filter 20% of samples of the samples shall { more than 20% of | more than 20% of
MF)) examined during exceed an MPN of | the samples the samples
any month, nor 230. examined during examined during
exceed 2,400 at any any month; <2,400 | any month; <2,400
time, using either at any time. Monthly | at any time. Monthly
MPN or MF counts. averages shall be averages shall be
expressed as geo- expressed as geo-
metric means based | metric means based
on a minimum of 10 | on a minimum of 10
samples taken over a | samples taken over a
30 day period, using | 30 day period, using
eitherthe MPN or | either the MPN ar
MF counts. MF counts.
(8) Barium Milligrams/L <1
(9) Benzene Micrograms/L <1.18 <71.28 annual avg. | <71.28 annual avg. | <71.28 annual avg.

Notes: (1) "Annual avg.” means the maximum concentration at average annual flow conditions (see Section 17-4.020(1), F.A.C.); (2) "Max" means the

maximum not to be exceeded at any time; (3) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaCOg3.




Parameter Units Class 1 Class I1 Class III: Class II1: Class 1V Class V
Fresh Marine
(21) Chronic
Toxicity (see
definition in Section
17-302.200(3),
F.A.C. and also see
below, "Substances
in concentrations
which...")
(22) Coloar, etc. (see | Colar, odor, and Only such amounts
also Minimum taste producing as will not render
Criteria, Odor, Phe- | substances and other the waters unsuit-
nols, etc.) deleterious sub- able for agricultural
stances, including irrigation, livestock
other chemical com- watering, industrial
pounds attributable cooling, industrial
1o domestic wastes, process water supply
industrial wastes, purposes, ar fish sur-
and other wastes vival.
(23) Conductance, | Micromhos/cm Shall not be Shall not be Shall not be Shall not exceed
Specific increased more than increased more than increased more than | 4,000
50% above 50% above 50% above
background or to background or to ackeround or to
1275, whichever is 1275, whichever is 1275, whichever is
greater greater greater
(24) Copper Micrograms/I. Cu < <29 Cu < <29 <500 <500
£(0.8545{InH]}- &(0.8545[InH]-
1.465) 1.465)
(25) Cyanide Micrograms/L <52 <10 <52 <10 <50 <50
(26) Definitions (see
Section 17-302.200,
F.AC)
(27) Detergents Milligrams/L, <05 <05 <05 <05 <05 <05

Notes: (1) "Annual avg." means the maximum concentration at avera
maximum not to be exceeded at any time; (3) "In H"

ge annual flow conditions (see Section 17-4.020(1), F.A.C.); (2) "Max" means the
means the natural logarithm of total hardness expressed as milligrams/L of CaCO4.
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Parameter Units Class 1 Class 11 Class III: Class IIL: Class IV Class V
Fresh Marine
(16) Cadmium Micrograms/L Cd< <93 Cd < <93
{0.7852[InH}-3.49), &(0.7852[InH]-3.49)
10 max
(17) Carbon tetra- | Micrograms/L <0.25 annualavg; | <4.42annualavg. | <4.42 annual avg, <4.42 annual avg.
chloride 3.0 max
(18) Chlorides Milligrams/1. <250 Not increased more Not increased mare In predominantly
than 10% above than 10% above marine waters, not
normal background. normal background. increased more than
Nommal daily and Normal daily and 10% above normal
seasonal fluctuations seasonal fluctuations background. Normal
shall be maintained. shall be maintained. daily and seasonal
fluctuations shall be
maintained.
(19) Chlarine (total | Milligrams/L <0.01 <0.01 <0.01 <0.01
residual)
(20) (a) Chromium | Micrograms/L Cr()< <673,000 Cr( < <673,000 Cr() < In predominantly
(trivalent) (0.819]1nH]+1.561) (0-819[1nH]+1.561) 0819[lnH}+1.561) | fresh waters, <
OB19[lnH] +1.561).
In predominantly
marine waters,
<673,000
(20) (b) Chromium | Micrograms/L <li <50 <11 <50 <l In predominantly
(hexavalent) fresh waters, <11.
In predominantly
marine walers,
<50
Terae Cr

Notes: (1) "Annual avg.” means the maximum concentration at average annual flow conditions (see Section 17-4. 020(1), F.A.C); (2) "Max" means the
maximum not to be exceeded at any time; (3) "In H" means the natural logarithm of total hardness expressed as milligrams/L. of CaCOg3.
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Parameter

Units

Class I

Class Il

Class III;
Fresh

Class I1I:

Class IV

Class V

(36) (a) Halometh-
anes (Total trihalo-
methanes) (tolal of
bromoform,
chlorodi-
bromomethane, di-
chlorobromometh-
ane, and chloro-
form). Individual
halomethanes shall
not exceed (b)1. to
(b)S. below.

Micrograms/L

(36)(b) 1.
Halomethanes

(individual):
Bromoform

Micrograms/L

<43 annual avg.

<360 annual avg,

<360 annual avg,

<360 annual avg.

(36) (b) 2.
Halomethanes
(individual):
Chlorodibromo-
methane

Micrograms/L

<0.41 annual avg.

<34 annual avg.

<34 annual avg.

<34 annual avg.

(36)(b) 3.
Halomethanes
(individual):
Chloroform

Micrograms/L.

<5.67 annual avg,

<470.8 annual avg.

<470.8 annual avg.

<470.8 annual avg.

36)(») 4.
Hulomethanes

(individual):
Chloramethane
(methyl chloride)

Micrograms/L

<5.67 annual avg.

<470.8 annual avg.

<470.8 annual avg,

<470.8 annual avg,

Notes: (1) "Annual avg.” means the maximum concentration at avera
maximum not to be exceeded at any time; 3) "In H"

ge annual flow conditions (see Section 17-4.020(1), F.A.C.); (2) "Max" means the
means the natural logarithm of total hardness expressed as milligrams/L of CaCOa,.
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Parameter Units Class I Class 11 Class III: CQlass I1: Class IV Class V
Fresh Marine
(28) 1,1-Dichlo- Micrograms/L. <0.057 annual avg.; | <3.2 annual avg, <3.2 annual avg. <3.2 annual avg.
roethylene (1,1- <7.0 max
dichlorocthene) -
(29) Micrograms/LL <4.65annual avg. | <1,580 annual avg. | <1,580 annual avg. | < 1,580 annual avg.
Dichloromethane
(methylene chloride)
(30) 2,4-Dinitrotolu- | Micrograms/L. <0.11 annual avg. <9.1 annual avg. <9.1 annual avg. <9.1 annual avg.
ene
(31) Dissolved Oxy- | Milligrams/L, Shall not be less Shall not average Shall not be less Shall not average Shall not average Shall not be less
gen than 5.0. Normal less than 5.0 in a 24- | than 5.0. Normal | less than 5.0 in & 24- | less than 4.0 in a 24- | than 0.3, fifty
daily and seasonal | hour period and daily and seasonal | hour period and hour period and percent of the time
fluctuations above shall never be less | fluctuations above shall never be less | shall never be less | on an annual basis
this leve] shall be than 4.0. Normal these levels shall be | than 4.0. Normal than 3.0. for flows greater
maintained. daily and seasonal | maintained. daily and seasonal than or equal to 250
fluctuations above fluctuatians above cubic feet per second
these levels shall be these levels shall be and shall never be
maintained. maintained. less than 0.1,
Normal daily and
seasonal fluctuations
above these levels
shall be maintained.
(32) Dissolved Milligrams/L. < 500 as a monthly
Solids avg.; <1,000 max
(33) Fluorides Milligrams/L. <15 <15 <100 <50 <100 <10.0

(34) "Free Froms"
(see Minimum
Crileria in Section
17-302.500, F.A.C))

(35) "General
Critenia" (sce
Section 17-302.510,
F.A.C. and
individual criteria)

Notes: (1) "Annual avg." means the maximum concentration at average annual flow conditions (see Section 17-4.020(1), F.A.C)); (2) "Max" means the
maximum not to be exceeded at any time; (3) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaCOj;.
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Parameter Units Class | Class 11 Class I11: Qlass III: Class IV Class V
Fresh Marine
(48) (a) Nulrients The discharge of nutrients shall continue to be limited as needed to prevent violatians of other standards contained in this
chapter. Man-induced nutrient enrichment (total nitrogen or total phospharus) shall be considered degradation in relation to the
provisians of Sections 17-302.300, 17-302.700, and 174242, FAC.
(48) (b) Nutrients in no case shall nutrient concentrations of a body of water be altered so as to canse
an imbalance in natural populations of aquatic flora or fauna.
(49) Odor (also see | Threshold odor Shall not exceed 24 Odor producing sub-
Color, Minimum number at 60 degrees C as a stances: only in such
Cniteria, Phenolic daily average. amounts as will not
Campounds, etc.) unreasonably
interfere with use of
the water far the
designated purpose
of this classification.
(50) (a) Oils and Milligrams/1, Dissolved or Dissolved or Dissolved or Dissolved or Dissolved or Dissolved ar
Greases emulsified oils and | emulsified oils and emulsified oils and | emulsified oils and emulsified oilsand | emulsified oils and
greases shall not greases shall not greases shall not greases shall not greases shall not greases shall not
exceed 5.0 exceed 5.0 exceed 5.0 exceed 5.0 exceed 5.0 exceed 10.0
(50) (b) Oils and No undissolved oil, ar visible oil defined as iridescence, shall be present so as to cause taste or odar, or otherwise
Greases interfere with the beneficial use of waters.
(51) Pesticldes and
Herbicides
(51)(a)24.,5-Tp Micrograms/I. <10
(51)(b)24-D Micrograms/L. <100
(51) (c) Aldrin Micrograms/1. <.00013 annual <.00014 annual <.00014 annual <.00014 annual
avg; avg.; avg,; avg.;
3.0 max 1.3 max 3.0 max 1.3 max
(51) (d) Beta- Micrograms/L. <0.014 annual avg. | <0.046 annual avg. | <0.046 annual avg. | <0.046 annual avg.
hexachlorocyclo-
hexane (b-BIC)

Notes: (1) “Annual avg." means the maximum concentra
maximum not to be exceeded at any time; (3) "In H"

lion at average annual flow conditions
means the natural logarithm of total hardne

(see Section 17-4.020(1), F.A.C.); (2) "Max" means the
Ss expressed as milligrams/L of CaCoO;.
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Parameter Units Class 1 Class 11 Class I1I: Class III: Class 1V Class V
Fresh Marine
(36) (b) 5. Micrograms/L <0.27 annual avg. <22 annual avg. <22 annual avg. <22 annual avg.
Halomethanes
(individual):
Dichlarobromo-
methane
(37) Hexachlorobu- | Micrograms/L <045 annual avg. | <49.7annualavg. | <49.7annualavg. | < 49.7 annual avg.
tadiene
(38) Imbalance (see
Nutrients)
(39) Iron Milligrams/T. <03 <10 <10
(40) Lead Micrograms/L Pb< < Pb< < <50 <50
1.273(InH}- &1.273 {InH] -
4.705), 4.705),
50 max 50 max
(41) Manganese Milligrams/L <0.1
(42) Mercury Micrograms/L <0.012 <0.025 <0012 <0.025 <02 <02
(43) Minimum
Criteria (see Section
17-302. 500, F.AC.)
(44) Mixing Zones
(See Section 17-
4246,FAC)
(45) Nickel Micrograms/L Ni< <83 Ni< <83 <100
(0846 {inH] + (0.846[InH]+
1.1645) 1.1645)

(46) Nitrate Milligrams/l. asN | <10 ar that con-

centration that

exceeds the nutrient

criteria
(47) Nuisance Substances in concentrations which result in the dominance of nuisance species: none shall be present.
Species

Notes: (1) "Annual avg." means the maximum concentration at average annual flow conditions (see Section 17-4.020(1), F.A.C.); (2) "Max" means the

maximum not to be exceeded at any time; (3) "In H* means the natural logarithm of total hardness expressed as milligrams/L of CaCOa3.




Parameter Units Class I Class I1 Class III: Class III: Class 1V Class V
Fresh Marine

(52) (b) pH (Class I | Standard Units Shall not vary more than one unit above or below natural background of coastal waters as defined in Section 17-302.520(3)b), FA.C.,

Waters)— or more than two-tenths unit above or below natural background of open waters as defined in Section 17-302.520(3Xf), F.A.C.,
provided that the pH is not lowered to less than 6.5 units or raised above 8.5 units. If natural background is less than 6.5 units, the pH
shall not vary below natural background or vary more than one unit above natural background for coastal waters ar more than two-tenths
unit above natural background for open waters. If natural background is higher than 8.5 units, the pH shall not vary above natural
background or vary mare than one unit below natural background of coastal waters or more than two-tenths unit below natural back-
ground of open waters.

(52) (c) pH (Class 11 | Standard Units Shall not vary more than ane unit above or belcw natural background of predominantly fresh waters and coastal waters as defined in

Waters) — Section 17-302.520(3)(b), F.A.C. ar mare than two-tenths unit above or below natural background of open waters as defined in Section
17-302.520(3)f), F.A.C., provided that the pH is not lowered to less than 6 units in predominantly fresh waters, or less than 6.5 units in
predominantly marine waters, or raised above 8.5 units. If natural background is less than 6 units, in predominantly fresh waters or 6.5
units in predominantly marine waters, the pH shall not vary below natural background or vary more than one unit above natural
background of predominantly fresh waters and coastal waters, or more than two-tenths unit above natural background of open waters. If
natural background is higher than 8.5 units, the pH shall not vary above natural background or vary more than one unit below natural
background of predominantly fresh waters and coastal waters, or more than two-tenths unit below natural background of open waters.

(52) (d) pH (Class V | Standard Units Not Jower than 5.0 nor greater than 9.5 except certain swamp waters which may be as low as 4.5.

Waters)

(53) (a) Phenolic Micrograms/L 1. Phenolic compounds as listed - Total chlorinated phenols, including trichlarophenols, and chlorinated cresaols,

Compounds: Total shall not exceed 1.0 except as set forth in (b) 1. to (b) 6. below ar unless ligher values are shown not to be

(Class ], Class I, chranically toxic. Such higher values shall be approved in writing by the Secretary. In addition, the campounds

Class II, and Class listed below shall not exceed the limits specified for each compound. Phenolic compounds other than those

v) produced by the natural decay of plant material, listed or unlisted, shall not taint the flesh of edible fish or
shellfish or produce objectionable taste or odor in a drinking water supply.

(53)(b) 1. Phenolic | Micrograms/LL <120 <400 <400 <400 <400

Compound:

2-chlorophenol

(53) (b) 2. Phenolic | Micrograms/L <93 <79 <790 <790 <790

Compound:

2 4-dichlorophenol

(53) (b) 3. Phenolic | Milligrams/L <0.0697 <1426 <1426 <14.26 <1426

Compound:

2 4-dinitrophenol

Notes: (1) "Annual avg." means the maximum concentration at avera

maximum not to be exceeded at any time; (3) "In H" means the natural logarithm of total hardness expressed as milligrams/L. of CaCO3.

ge annual flow conditions (see Section 17-4.020(1), F.A.C)); (2) "Max" means the
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Parameter Units Class I Class 11 Class I1I: Class 11I: Class IV Class V
Fresh Marine
(51)(e)Chlordane | Micrograms/L. <0.00058 annual <0.00059 annual <0.00059 annual <0.00059 annual
avg.; avg.; avg; avg.;
0.0043 max 0.004 max 0.0043 max 0.004 max
(S (HDDT Micrograms/L <0.00059 annual <0.00059 annual <0.00059 annual <0.00059 annual
avg.; avg.; avg., avg.,
0.001 max 0.001 max 0.001 max 0.001 max
(51) (g) Demeton Micrograms/L <0.1 <01 <01 <0.1
(51) (h) Dieldrin Micrograms/L <0.00014 annual <0.00014 annual <0.00014 annual <0.00014 annual
avg.; avg.; avg., avg.,
0.0019 max 0.0019 max 0.0019 max 0.0019 max
(51) (i) Endosulfan | Micrograms/L, <0.056 <0.0087 <0.056 <0.0087
(51) (j) Endrin Micrograms/L, <0.0023 <0.0023 <0.0023 <0.0023
(51) (k) Guthion Micrograms/L <0.01 <001 <0.01 <0.01
(51) (1)) Heptachlar | Micrograms/L, <0.00021 annual <0.00021 annual <0.00021 annual <0.00021 annual
avg.; 0.0038 max avg.; 0.0036 max avg.; 0.0038 max avg.; 0.0036 max
(51) (m) Lindane (g- | Micrograms/L. <0.019 annual avg.; | <0.063 annual avg.; | <0.063 annual avg.; <0.063. annual
benzene 0.08 max 0.16 max 0.08 max avg.,
hexachloride) 0.16 max
(51) (n) Malathion | Micrograms/I. <0.1 <0.1 <0.1 <0.1
(51) (o) Micrograms/L <0.03 <0.03 <0.03 <0.03
Methoxychlor
(51) (p) Mirex Micrograms/L. <0.001 <0.001 <0.001 <0.001
(51)(q) Parathion Micrograms/L. <0.04 <004 <0.04 <004
(51)(r) Toxaphene | Micrograms/L. <0.0002 <0.0002 <0.0002 <0.0002
(52) (a) pli(Class { Standard Units Shall not vary more than one unit above or below natural background provided that the pH is not lowered to less than 6 units or raised
and Class IV above 8.5 units. If natural background is less than 6 units, the pH shall not vary below natural background or vary more than one unit
Waters) above natural background. If natural background is higher than 8.5 units, the pH shall not vary above natural background or vary more

than one unit below background.

Notes: (1) "Annual avg." means the maximum concentration at average annual flow conditions (see Section 17-4.020(1), F.A.C.); (2) "Max" means the

maximum not to be excecded at any time; (3) "In H* means the natural logarithm of total hardness expressed as milligrams/L of CaCOaj.
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Parameter

Units

Class I

Class 11

Class III:
Fresh

Class III:
Marine

Class IV

Class V

(55) Phthalate Bsters

Micrograms/L.

<30

<30

(56) Polychlorinated
Biphenyls (PCBs)

Micrograms/I.

<0.000044 annual
avg.; 0.014 max

<0.000045 annual
avg.; 0.03 max

<0.000045 annual
avg.; 0.014 max

<0.000045 annual
avg.; 0.03 max

(57) (a) Polycyclic
Aromatic Hydrocar-
bons (PAHs). Total
of: Acenaphthylene;
Benzo(a)anthracene;
Benzo(a)pyrene;
Benzo(b)fluoran-
thene; Benzo-
(ghi)perylene,
Benzo(k)fluoranth-
ene; Chrysene;
Dibenzo<(a,h)anthra-
cene, Indeno(1,2,3-
cd)pyrene; and
Phenanthrene

Micrograms/L

<0.0028 annual
avg.

<0.031 annual avg.

<0.031annual avg.

<0.031 annual avg.

57)(d) 1.
(Individual PAHs):
Anthracene

Milligrams/L

<110

<110

<110

(57)(b)2.
(Individual PAHs):
Fluorene

Milligrams/.

(57)(®)3.
(Individual PAHs):

Pyrene

Milligrams/L.

(57)(b)4.
(Individual PAHs):.
Fluoranthene

Milligrams/L

(57)(b)5.
(Individual PAHs):
Acenaphthene

Milligrams/L

Notes: (1) "Annual avg." means the maximum concentration at average annual flow conditions (see Section 17-4.020(1), F.A.C.); (2) "Max" means the

maximum not to be exceeded at any time; (3) "In H" means the natural logarithm of total hardness expressed as milligrams/L of CaCOj.




Parameter Units Class I Class I1 Class III: Qlass I11: Class 1V Class V
Fresh Marine

(53) (b) 4. Phenolic | Micrograms/L <2.]1 annual avg. <6.5 annual avg. <6.5 annual avg. <6.5 annual avg. <6.5 annual avg.

Compound: 24,6

trichlorophenol

(53) (b) 5. Phenolic | Micrograms/L <30 max; <79 <30 max, <79 <30

Compound: Penta- <0.28 annual avg, < 8.2 annual avg;

chlarophenol <{1.005[pH]-5.29) < &{1.005[pH]-5.29)

(53) (b) 6. Phenolic | Milligrams/L. <21 <4,600 <4,600 <4,600 <4,600

Compound: Phenol

(53) (c) Phenolic Milligrams/L. Phenolic compounds

Compounds: Total as listed:

(Class V) Chlorinated phenols,
including
trichlarophenols;
chlorinated cresols;
2-chlorophenol; 2,4-
di-chlarophenol;
pentachlorophenol,
and 2 4-
dinitrophenol, shall
not exceed 0.05.
Phenol: shall not
exceed 0.2.

Phenolic compounds
other than those
produced by the
natural decay of
plant material, listed
or unlisted, shall not
taint the flesh of
edible fish or
shellfish.

(54) Phosphorus Micrograms/L. <0.1 <0.1

(Elemental)

Notes: (1) "Annual avg." means the maximum concentration at average annual flow conditions (see Section 17-4.020(1), F.A.C.); (2) "Max" means the
maximum not to be exceeded at any time; (3) "In H" means the natural logarithm of total hardness expressed as milligrams/L. of CaCOj.
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Parameter

Units Class 1 Class 11 Class III: Class ITI: Class IV Class V
Fresh Marine

(66) Thermal
Criteria (See Section
17-302.520)
(67) Total Dissolved | Percent of the <110% of <110% of <110% of <110% of
Gases saturation value for | saturation value saturation value saturation value saturation value

gases at the existing

atmospheric and

hydrostatic pressures
(68) Transparency | Depth of the com- | Shall not be reduced | Shall not be reduced | Shall not be reduced Shall not be reduced

pensation point far | by more than 10% by more than 10% [ by more than 10% by more than 10%

photosynthetic ascampared tothe | ascompared tothe | as compared tothe | as compared to the

aclivity natural background | natural background | natural background | natural background

value. value. value. value.

(69) Micrograms/L. <27annualavg, | <80.7 annual avg. | <80.7annualavg. | <80.7 annual avg.
Trichloroethylene <3.0 max
(trichlaroethene)
(70) 1,1,1-Trichlo- | Milligrams/L <3.100 <173 <173 <173
roethane
(7) Turbidity Nephelometric <29 above natural | <29 above natural <29 above natural | <29 above natural <29 above natura! | <29 above natural

Turbidity Units background background background background background background

(NTU) conditions conditions conditions conditions conditions conditions
(72) Zinc Micrograms/L Zn< <86 Zn< <86 <1,000 <1,000

(08473 [inH}+ &(0.8473[InH)+
0.7614), 0.7614),
<1,000 <1,060

Notes: (1) "Annual avg.* means the maximum conce
maximum not to be exceeded at any time; (3) “In H"

ntration at average annual flow conditions
means the natural logarithm of total hardne

(see Section 17-4.020(1), F.A.C); (2) "Max" means the
SS expressed as milligrams/L of CaCOa,.
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Parameter

Units

Class 1

Class 11

Class III:

Fresh

Class I1I:
Marine

Class IV

Class V

(58) (a) Radioactive
substances
(Combined radium
226 and 228)

Picocuries/L.

<5

<5

(58) (b) Radioactive
substances (Gross
alpha particle
aclivity including
redium 226, but
excluding radon and
uranjumy)

Picocuries/l

<15

(59) Selenium

Micrograms/L

<5.0

<7

<50

<7

(60) Silver

Micrograms/L

<0.07

<0.05

<0.07

<0.05

(61) Specific
Canductance (see
Conductance,
Specific, above)

(62) Substances in
concentratians
which injure, are
chronically toxic to,
or produce adverse
physiological or
behavioral response

in humans, plants, or

animals

None shall be present.

(63)1,1,2,2-Telra-
chloroethane

Micrograms/L,

<0.17 annual avg.

=< 10.8 aumual avg.

<10.8 anmual avg.

< 10.8 annual avg.

(64)
Tetruchlorocthylene
(1,1,22-tetrachio-
roethene)

Micrograms/L.

<0 8 annual avg,,
< 3.0 max

" <8.85 annual avg,

< 8.85 annual avg.

< 8.85 annual avg.

(65) Thallium

Micrograms/L.

<13

<48

<48

<48

Notes: (1) "Annual avg.
maximum not to be exceeded at any time; (3) "in H" mea

* means the maximum concentration at average annual flow conditions (see Section 17-4.020(1), F.A.C.); (2) "Max" means the
ns the natural logarithm of total hardness expressed as milligrams/L of CaCO3.




17171992
Indices I
(Indicators of amounts of substances in surface waters)
lodex Symbol Unit Value for Valus for ather
mxface waters!)
Water courses
1 2 3 4 5
L. Dissolved oxygen N min. 6 in, 4
2. Biocbnmnl oxygen demand gzob, :Il 4 m:'
3. Ql-mcd oxygen demand - permanganate cop,,, mg 8 20
4. Chemical axygen demand - COD, mg/l 20 50
3. Sulfane (H,S) and sulfides s* mgNl PMCY 0.02
6. Water reaction pH 6.0-8.0 6.0-9.0
7. Soluble Ss mg 1 000
;. ;ﬁ iron Feo mgfl os 20
. manganess Ma 0.2
10.  Ammonisca] fitrogea N-NH,* m os 121:55
11, Pl.-. ammonia NH, mg/l PMC 0.5
12, Nitriee Ritrogen N-No, mg/l 0.02 0.05
. Nitrate Ritrogea N-No,* me/t 3.4 1
14. Organic Ritrogen N-org mg/l | K 3.0
15, Total phosphorus P mgfl 0.15 0.4
16.  Chlorides [ mg/] 150 350
17 Sulfates 50, mgll 200 300
18, Cllmaa Ca mg/l 200 300
19. Mltn-m. Mg mg/l 100 200
20. Fluorides . . F mg/ 1.0 1.5
21, Mwmmw FN1 mg/l 0.02 0.1
2, uA-hnc lonsides . PAL-A mg/l 0.2 1.0
23. Noop iy sbat NES mgh 0.a8 0.2
4. Towl cymnl. CN- mg/l PMC 0.2
25, Active chlorine . [ mgfl PMC 0.08
225. BE:'mlnanbl. Organically boaded chlorine EoCy mg/l 0.01 0.025
2 B mgh 0.3 0.5
g. M‘mgry Hg mg/l 0.0005 0.001
Jo- w&iﬂm Cd mg/l 0.005 0.015
JI. . Pb mg/l 0.05 0.1
J“. Arsenic As mgfl 0.05 0.1
”-— Tcollpar . CQu mg/l 0.05 0.1
34. otal lel. um Cr mgN 0.1 0.3
M. D " mgh 0.02 0.05
3. N‘caunchlt Co mgn 0.05 0.1
37- Zi Ni mgN 0.05 0.15
I Z Za mg/l 0.05 0.2
3 o d-:dim v mg/l 0.02 0.1
». - Ag mgn 0.01 0.05
L. Solenj Se mgn 0.01 0.05
o€ Barium Ba mgn 1.0 2.0
Beryilium . Be mg/l 0.0002 0.001
43. Total volume alphe activity A Ba/ 0.3 0.5
4. Tot! volume beta activity Ab Bqnl Lo 20
45. Radium 226 Ra226 Bqn 0.1 0.3
45. Unniom u mg/l 0.a5 0.1

—
(=3
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Indices 1T (cont.)

(Indicators of amounts of substances in surface waters)
H Value for other
Index Symbol Unit Value —\‘::rh o
water courses
1 2 3 P s
it HIMD n 700 5000
47. Tritium
48. Stroatium 90 and yttrium 90 Sr90 + Y %0 aqns ?gos
49. Cesium G137 Ba 0. .
50. Coliform bacteria Coli KTI"Y 20000 200 000
S1. Faccal coliform bactesia Fecoli KTIN 4000 40 000
" Enterococci Enco KTIN 2000 20 000
iy Beazene "BZ mgh 0.01 0.05
Py Chlorobeazene cB mef 0.003 001
oy Dichiorobenzenes pCB mgh 0.0003 3o.oo:
- Polychlorinated PMC
inated biphenyls PCB mef
Ssg {::m(l)pyfene pheny BZP mg 10 50

Note: . .
1) Except for the index “dissolved oxygen*, these are maximum permissable valucs

3 PMC - below the detection limit

’ - . -ﬁ - I 3 i )

‘; mnm':‘:ommm'zm of toxic substances are related to the sum of dissolved and undissolved forme of the
individual substances
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0.02 mg/l (as un-ionized ammonia) for freshwater aquatic life.

i i * i tain an un-
— trations of total ammonia (NHs + NH.,") which eon
Table 2 C;:)nn?z:d al:monia concentration of 0.020 mg/l NHa(mg/1)*

Temper- pH Value
.(':lg 6.0 6.5 7.0 15 80 85 9.0 95 10.0
18 | 0071 | 0.036
| 10 | 5L | 16 | 51 | 16 |05 |0

13 "l 10| 34 | 11 | 34 | 11 |03 |013 | 0054 333217

5| | = 73 | 23 | o075 | 025 | 0093 | 0043 00z1

20...| 50. ] 16 511 16 | os52 |018 | o070 | 0036 | 0.

o5...1 35 | 11 35 | 11 | 037 | 013 | 0055 | 0031 88223

301 2. | 79| 25| o081 | 027 | 0099 {0045 | 0028 | 0.

*fAbstracted from Thurston et al. (1974)]

INTRODUCTION

Ammonia is a pungent, coiorless, gaseous, alkaline compoltim.i of
nitrogen and hydrogen that is highly soluble in water. ; xl-fn a?
biologically active compound present in most waters a:tea IIIt e
biological degradation product of nitrogenous organic ma : 'r.dustri zﬂ
also reach ground and surface waters through discharge o }nd tria
wastes containing ammonia as a byproduct, or wastes from indus

ing “ammonia water.” ) )
pr(’::f?:r?saﬁmgnia dissolves in water, some of_ the ammonia reacts ;11::112
the water to form ammonium ions. A chgmlcal equilibrium is es -
ished which contains un-ionizeg ammonia _(I\I.H:;), ionized arﬁmo_rla ]
(NH,"), and hydroxide ions (OH). The eqm!lbnum for these ¢ e:tlilon'
species can be expressed in simplified form by the following equ :

+ -
NH; + Hzo = NH; . Hzo = NH4 + OH

uation, NHj represents ammonia gas combining with
E\rrla:c}zf %%%vfesr% NH;. H20 repgesents the un-ionized ammioma _mo.leec&
ule which is loosely attached to water n]olecules. Dissolvec u.n-xé)rtl.:)zr >
ammonia will be represented for convenience as NHa. The ionized o
of ammonia will be reprt(els:In}tIed aIS\I I—I\IH;I; . The term total ammonia

the sum of these 3+ 1) o ]

I.Gi'.I?}I;et Otoxicity of aqueous solutions of ammonia is attributed }:\? I&hg I;III:;
species. Because of the equilibrium relationship among NHs, H‘ »ang
OH™, the toxicity of ammonia is very much dependent upon pH as
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as the concentration of total ammonia. Othe- factors awgmffect the
concentration of NHsin water solutions, the inost important of which
are temperature and ionic strength. The concentration of NHs increases
with increasing temperature, and decreases with increasing ionic
strength. In aqueous ammonia solutions of dilute saline concentrations,
the NHsconcentration decreases with increasing salinity.

Percent NH: for aqueous ammonia solutions o" zero salinity at
different values of pH and temperature is given in Table 3. This
percentage can be used to determine the amount of total ammonia
which is in the most toxic (NHs) form.

Table 3.—Percent un-ionized ammonia in aqueous ammonia solutions®

Temper- pH Value
ature

(*C) 6.0 65 7.0 75 80 85 90 95

—
(=]

0.

5....] 0.013 | 0.040 0.12 0.39 12 3.8 11 28

25....10057 (018 | 057 | 18 | 54 | 15 | 36 | 64
30....1 0080 (025 | 080 | 25 | 75 | 20 | 45 | 72

*[Thurston, etal. (1974))

10.... | 0.019 | 0.059 0.19 0.59 18 5.6 16. 3% 65.
15.... | 0.027 | 0.087 0.27 0.86 27 8.0 21. 46. 7.
20.... | 0040 { 0.13 0.40 12 38 11. P 56 80.
85.
89.

RATIONALE

It has been known since early in this century that ammonia is toxie to
fishes and that the toxicity varies with the pH of the water. Chipman
(1934) demonstrated that undissociated ammonia (NHs) was the
chemical species toxic to goldfish, amphipods, and cladocerans. He
concluded from his studies that the toxicity of ammonium salts was pH-
dependent and was directly related to the concentration of undissociat-
ed ammonia. Chipman’s work was confirmed by Wuhrmann, et al.
(1947) who concluded that the NHs fraction was toxic to fish and that
the NH." fraction had little or no toxicity. Further studies by
Wuhrmann and Woker (1948) and Downing and Merkens (1955) agreed
with these earlier findings. Tabata (1962), however, has attributed
some degree of toxicity to fishes and invertebrates by the NH4* species
(less than 1/50th that of NHa).

In most natural waters, the pH range is such that the NH,* fraction
of ammonia predominates; however, in hignly alkaline waters, the NH;
fraction can reach toxic levels. Many laboratory experiments of
relatively short duration have demonstrated that the lethal concentra-
tions for a variety of fish species are in the range of 0.2 to 2.0 mg/1 NHs,
with trout being the most sensitive and carp the most resistant.
Although coarse fish such as carp survive longer in toxic solutions than
do salmonids, the difference in sensitivity among fish species to
prolonged exposure is probably small (European Inland Fisheries
Advisory Commission, 1970). The lowest lethal concentration reported
for salmonids is 0.2 mg/1 NHs for rainbow trout fry, Salmo gairdneri
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(Liebmann, 1960). The toxic concentration for Atlantic salmon smolts,
Salmo salar (Herbert and Shurben, 1965), and for rainbow trout (Ball,
1967) was found to be only slightly higher. Although a concentration of
NH; below 0.2 mg/l may not kill a significant proportion of a fish
population, such concentration may still exert an adverse physiological
or histopathological effect (Flis, 1968; Lloyd and Orr, 1969; Smith and
Piper, 1975). Fromm (1970) found that at concentrations of 3 mg/l
ammonia as N, the trout became hyperexcitable; at 5 mg/|, ammonia
excretion by rainbow trout was inhibited; and at 8 mg/l, 50 percent
died within 24 hours. Burrows (1964) found progressive gill hyperplasia
in fingerling chinook salmon, Oncorhynchus tshawytscha, during a 6-
week exposure to a total ammonia concentration (expressed as NHy) of
0.3 mg/1(0.002 mg/1 NH;), which was the lowest concentration applied.
Reichenbach-Klinke (1967) also noted gill hyperplasia, as well as
pathological effects on the liver and blood of various species at a
concentration of 0.27 mg/1 NHa. Flis (1968) noted that exposure of carp,
Cyprinus carpio, to sublethal NHa concentrations resulted in extensive
necrotic changes and tissue disintegration in various organs.

Herbert and Shurben (1965) reported that the resistance of yearling
rainbow trout to ammonia increased with salinity (i.e., dilution with
about 30 percent seawater) but above that level resistance appeared to
decrease. Katz and Pierro (1967) subjected fingerling coho salmon,
Oncorhynchus kisutch, to an ammonia waste at salinity levels of 20, 25,
and 29 parts per thousand (i.e., dilution with about 57-83 percent
seawater) and also found that toxicity increased with increased salinity.
In saline waters the NHi"/NHsratio must be adjusted by consideration
of the activity of the charged species and total ionic strength of the
solution. in dilute saline waters this ratio will change to favor NH.",
and thereby reduce the concentration of the toxic NHa species. At
higher salinity levels the reported toxic effects of ammonia to fish must
therefore be attributed to some mechanism other than changes in the
NH.*/NHa ratio. Data on the effect of ammonia on marine species are
limited and the information on anadromous species generally has been
reported in conjunction with studies on freshwater species.

Although the NHafraction of total ammonia increases with tempera-
ture, the toxic effect of NHa versus temperature is not clear. Burrows
(1964) has reported that the recovery rate from hyperplasia in gill
tissues of chinook salmon, Oncorhynchus tshawytscha, exposed first to
ammonia at sublethal levels and then to fresh water was less at 6°C
than at 14°C. In this experiment, comparison was made between two
different age classes of salmon.

Levels of un-ionized ammonia in the range of 0.20 to 2 mg/l have
been shown to be toxic to some species of freshwater aquatic life. To
provide safety for those life forms not examined, 1/10th of the lower
value of this toxic effect range results in a criterion of 0.020 mg/1of un-
ionized ammonia. This criterion is slightly lower than that recommend-
ed for European inland fisheries (EIFAC, 1970) for temperatures above
5°C and pH values below 8.5. Measurement of values of total ammonia
for calculation of values in the range of 0.020 mg/1 NHais well within
currg@nalytical capability.
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HAZARDQUS WASTE CRITERIA

ATTACHMENT 4

(B) Rinse process equipment with an

t detected” means at or Selow
method calibration limit
ethod 8290, Table 1.

(3) Replackment requirements.

(i) Prcpare\and sign a written equip-
ment replacerfent plan that describes:

(A) The equjpment to be replaced;

(B) How thd4 equipment will be re-
placed; and

(C) How the\cquipment will be dis-
posed.

(ii) The generdtor must manage the
discarded equipmdnt as F032 waste.

(4) Documentatibn requirements.

(i) Document that previous equipment
cleaning and/or rdplacement was per-
formed in accordante with this section
and occurred after ¥essation of use of
chlorophenolic presertatives.

(c) The generator fust maintain the
following records doculnenting the clean-
ing and replacement as\part of the facili-
ty’s operating record:

(1) The name and addyess of the facili-
tys

(2) Formulations previgusly used and
the date on which their usd ceased in cach
process at the plant;

(3) Formulations current
process at the plant;

used in cach

placement;
(6) The dates on which cl
replacement were accomplished

dling and preparation techniques\i
ing tecliniques used for extracti
tainerization, preservation, and ¢
custody of the samples;

(9) A description of the tests\per-
formed, the date the tests were \per-
formed, and the results of the tests;

(10) The name and model number} of
the instrument(s) used in performing the
tests;

2-5-93

(11) QA/QK documentation; and

(12) The folfpwing statement signed by
the gencrator ok his authorized represen-
tative:

I certify unden\ penalty of law that all
process equipmend required to be cleaned
or replaced under\40 CFR 261.35 was
cleaned or replaced\as represented in the
equipment cleaning §nd replacement plan
and accompanying
aware that there are Yignificant penalties
for providing false infdrmation, including
the possibility of fine ok imprisonment.
EFFECTIVE DATE NOTE: At 35 FR 50482, Dcc. 6,
1990, §261.35 was added. Pafagraph (c) contains
information collection and rechrdkeeping require-
ments and will not become effedqive until approval
has been given by the Office of Management and
Budget. A notice will be publishe§ in the FEDERAL
REGISTER once approval has beel\ obtained.

APPENDICES TO PART 261

APPENDIX I— REPRESENTATIVE SAM-
PLING METHODS

The methods and equipment used for
sampling waste materials will vary with
the form and consistency of the waste
materials to be sampled. Samples collect-
ed using the sampling protocols listed be-
low, for sampling waste with propertics
similar to the indicated materials, will be
considered by the Agency to be represen-
tative of the waste.

Extremely viscous liquid—ASTM
Standard D140-70 Crushed or pow-
dered material —ASTM Standard
D346-75 Soil or rock-like materi-
al—ASTM Standard D420-69 Soil-
like material —ASTM Standard
D1452-65

Fly Ash-like material —ASTM Stan-
dard D2234-76 [ASTM Standards
arc available from ASTM, 1916
Race St., Philadelphia, PA 19103]

Containerized liquid wastes-
“COLIWASA" described in “Test
Methods for the Evaluation of Solid
Waste, Physical/Chemical Meth-
ods,” '"U.S.. Environmental Protec-
tion Agency, Office of Solid Waste,
Washington, D.C. 20460. [Copies
may be obtained from Solid Waste
Information, U.S. Environmental
Protection Agency, 26 W, St. Clair
St., Cincinnati, Ohio 45268]

Liquid waste in pits, ponds, lagoons,
and similar reservoirs.—*Pond Sam-
pler” described in “Test Methods for

0013-9211/93/$0+.50

the Evaluation of Solid Waste, Physi-
cal/Chemical Methods."'s
This manual also contains additional in-
formation on application of these proto-
cols.

APPENDIX 11—METHOD 1311 TOXICITY
CHARACTERISTIC LEACHING PROCE-
DURE (TCLP)

1.0 Scope and Application

1.1 The TCLP is designed to determine
the mobility of both organic and inorganic
analytes present in liquid, solid, and mul-
tiphasic wastes.

1.2 If a total analysis of the waste dem-
onstrates that individual analytes are not
present in the waste, or that they are pre-
sent but at such low concentrations that
the appropriate regulatory levels could
not possibly be exceeded, the TCLP need
not be run.

1.3 If an analysis of any one of the
liquid fractions of the TCLP extract indi-
cates that a regulated compound is pre-
sent at such high concentrations that,
even after accounting for dilution from
the other fractions of the extract, the con-
centration would be equal to or above the
regulatory level for that compound, then
the waste is hazardous and it is not neces-
sary to analyze the remaining fractions of
the extract.

1.4 If an analysis of extract obtained
using a bottle extractor shows that the
concentration of any regulated volatile
analyte equals or exceeds the regulatory
level for that compound, then the waste is
hazardous and extraction using the ZHE
is not necessary. However, extract from a
bottle extractor cannot be used to demon-
strate that the concentraticn of volatile
compounds is below the regulatory level.

2.0 Summary of Method

2.1 For liquid wastes (i.c., those con-
taining less than 0.5% dry solid material),
the waste, after filtration through a 0.6 to
0.8 um glass fiber filter, is defined as the
TCLP extract.

2.2 For wastes containing greater than
or equal to 0.5% solids, the liquid, if any,
is separated from the solid phase and
stored for later analysis; the particle size
of the solid phase is reduced, if necessary.
The solid phase is extracted with an
amount of extraction fluid equal to 20

1sThese methods are also described in “Samplers

and Sampling Procedures for Hazardous Waste
Streams,” EPA 600/2-80-018, January 1980.

[Part 261, Appendix {i]

Copyright ® 1993 by The Bureau of National Affairs, Inc.
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FEDERAL REGULATIONS

times the weight of the solid phase. The
extraction fluid employed is a function of
the alkalinity of the solid phase of the
waste. A special extractor vessel is used
when testing for volatile analytes (sce Ta-
ble 1 for a list of volatile compounds).
Following extraction, the liquid extract is
scparated from the solid phase by filtra-
tion through a 0.6 to 0.8 um glass fiber
filter.

2.3 If compatible (i.c., multiple phases
will not form on combination), the initial
liquid phase of the waste is added to the
liquid extract, and these are analyzed to-
gether. If incompatible, the liquids are an-
alyzed separately and the results are
mathematically combined to yicld a vol-
ume-weighted average concentration.

3.0 Interferences

3.1 Potential interferences that may be
encountered during analysis are discussed
in the individual analytical methods.

4.0 Apparatus and Materials

4.1 Agitation apparatus; The agitation
apparatus must be capable of rotating the
extraction vessel in an end-over-end fash-
ion (sce Figure 1) at 30 2 rpm. Suitable
devices known to EPA are identified in
Table 2.

4.2 Extraction Vessels.

4.2.1 Zero-Headspace Extraction Ves-
sel (ZHE). This device is for use only
when the waste is being tested for the
mobility of volatile analytes (i.c., those
listed in Table 1). The ZHE (depicted in
Figure 2) allows for liquid/solid separa-
tion within the device, and effectively pre-
cludes headspace. This type of vessel al-
lows for initial liquid/solid separation, ex-
traction, and final extract filtration
without opening the vessel (see section
4.3.1). The vessels shall have an internal
volume of 500-600 mL, and be equipped
to accommodate a 90-110 mm filter. The
devices contain VITON® O-rings which
should be rcplaced frequently. Suitable
ZHE devices known to EPA are identified
in Table 3.!

For the ZHE to be acceptable for use,
the piston within the ZHE should be able
to be wmoved with approximately 15
pounds per square inch (psi) or less. If it
takes more pressure to move the piston,
the O-rings in the device should be re-
placed. If this does not solve the problem,
the ZHE is unacceptable for TCLP analy-

'WITONS is a registered trademark of DuPont.
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ses and the manufacturer should be con-
tacted.

The ZHE should be checked for leaks
after every extraction. If the device con-
tains a built-in pressure gauge, pressurize
the device to 50 psi, allow it to stand unat-
tended for 1 hour, and recheck the pres-
sure. If the device does not have a built-in
pressure gauge, pressurize the device to
50 psi, submerge it in water, and check
for the presence of air bubbles escaping
from any of the fittings. If pressure is lost,
check all fittings and inspect and replace
O-rings, if necessary. Retest the device. If
leakage problems cannot be solved, the
manufacturer should be contacted.

Some ZHEs use gas pressure to actuate
the ZHE piston, while others use mechan-
ical pressure (sec Table 3). Whereas the
volatiles procedures (see section 7.3) re-
fers to pounds per square inch (psi), for
the mechanically actuated piston, the
pressure applied is measured in torque-
inch-pounds. Refer to the manufacturer’s
instructions as to the proper conversion.

4.2.2 Bottle Extraction Vessel. When
the waste is being evaluated using the
nonvolatile extraction, a jar with sufficient
capacity to hold the sample and the ex-
traction fluid is needed. Headspace is al-
lowed in this vessel.

The extraction bottles may be con-
structed from various materials, depend-
ing on the analytes to be analyzed and the
nature of the waste (sce section 4.3.3). It
is recommended that borosilicate glass
bottles be used instead of other types of
glass, especially when inorganics are of
concern. Plastic bottles, other than polyte-
trafluorocthylene, shall not be used if or-
ganics arc to be investigated. Bottles are
available from a number of laboratory
suppliers. When this type of extraction
vessel is used, the filtration device dis-
cussed in section 4.3.2 is used for initial
liquid/solid separation and final extract
filtration.

4.3 Filtration Devices: It is recommend-
cd that all filtrations be performed in-a
hood.

4.3.1 Zero-Headspace Extractor Vessel
(ZHE): When the waste is evaluated for
volatiles, the zero-headspace extraction
vessel described in section 4.2.1 is used for
filtration. The device shall be capable of
supporting and kecping in place the glass
fiber filter and be able to withstand the
pressure nceded to accomplish separation
(50 psi).

Environment Reporter
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'NOTE: When it is suspected that the
glass fiber filter has been ruptured, an in-
line glass fiber filter may be used to filter
the material within the ZHE.

4.3.2 Filter Holder: When tae waste is
cvaluated for other than volatile analytes,
any filter holder capable of supporting a
glass fiber filter and able to withstand the
pressure needed to accomplish separation
may be used. Suitable filter holders range
from simple vacuum units to relatively
complex systems capable of exerting pres-
sures of up to 50 psi or morc. The type of
filter holder used depends on the proper-
ties of the material to be filtered (see sec-
tion 4.3.3). These devices shall have a
minimum internal volume of 300 mL and
be equipped to accommodate a minimum
filter size of 47 mm (filter holders having
an internal capacity of 1.5 L or greater,
and equipped to accommodate a 142 mm
diameter filter, are recommended). Vacu-
um filtration can only be used for wastes
with low solids content (<10%) and for
highly granular, liquid<ontaining wastes.
All other types of wastes should be
filtered using positive pressure filtration.
Suitable filter holders known to EPA are
shown in Table 4.

4.3.3 Materials of Construction: Ex-
traction vessels and filtration devices shall
be made of inert materials which will not
leach or absorb waste components. Glass,
polytetrafluorocthylene (PTFE), or type
316 stainless steel equipment may be used
when evaluating the mobility of both or-
ganic and inorganic components. Devices
made of high density polyethylene
(HDPE), polypropylenc (PP), or polyvi-
ny! chloride (PVC) may be used only
when evaluating the mobility of metals.
Borosilicate glass bottles are recommend-
¢d for use over other types of glass bottles,
especially when inorganics are analytes of
concern.

4.4 Filters: Filters shall be made of bo-
rosilicate glass fiber, shall contain no
binder materials, and shall have an effec-
tive pore size of 0.6 to 0.8 mm, or equiva-
lent. Filters known to EPA which meet
these specifications are identified in Table
S. Pre-filters must not be used. When
evaluating the mobility of metals, filters
shall be acid-washed prior to use by rins-
ing with IN nitric acid followed by three
consccutive rinses with deionized distilled
water (a minimum of | L per rinsc is
recommended). Glass fiber filter are frag-
ilc and should be handled with care.
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4.5 pH Meters: The meter should be
accurate to £0.05 units at 25°C.

4.6 ZHE Extract Collection Devices:
TEDLARS®? bags or glass, stainless steel
or PTFE gag-tight syringes are used to
collect the initial liquid phase and the fi-
nal extract of the waste when using the
ZHE decvice. The devices listed are rec-
ommended for use under the following
conditions:?

4.6.1 If a wastec contains an aqueous
liquid phase or if a waste does not contain
a significant amount of nonaqueous liquid
(i.c., <1% of total waste), the TEDLAR®
bag or a 600 mL syringe should be used to
collect and combine the initial liquid ard
solid extract.

4.6.2 If a waste contains a significant
amount of nonaqueous liquid in the initial
liquid phase (i.c., > 1% of total waste), the
syringe or the TEDLAR® bag may be
used for both the intitial solid/liquid sepa-
ration and the final extract filtration.
However, analysts should use one or the
other, not both.

4.6.3 If the waste contains no initial
liquid phase (is 100% solid) or has no sig-
nificant solid phase (is 100% liquid), ei-
ther the TEDLAR® bag or the syringe
may be used. If the syringe is used, dis-
card the first 5 mL of liquid expressed
from the device. The remaining aliquots
are used for analysis.

4.7 ZHE Extraction Fluid Transfer De-
vices: Any device capable of transferring
the extraction fluid into the ZHE without
changing the nature of the extraction flu-
id is acceptable (c.g, a positive displace-
ment or peristaltic pump, a gas tight sy-
ringe, pressure filtration unit (see section
4.3.2), or other ZHE device).

4.8 Laboratory Balance: Any laborato-
ry balance accurate to within +0.01
grams may be used (all weight measure-
ments are to be within 0.1 grams).

4.9 Beaker or Erlenmeyer flask, glass,
500 mL.

4.10 Watchglass, appropriate diameter
to cover beaker or erlenmeyer flask.

4.11 Magnetic stirrer.

5.0 Reagents

5.1 Reagent grade chemicals shall be
used in all tests. Unless otherwise indicat-
ed, it is intended that all reagents shall
conform to the specifications of the Com-
mittee on Analytical Reagents of the
American Chemical Society, where such

—

ITEDLAR® is a registered trademark of Dupont.
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specifications are available. Other grades
may be used, provided it is first ascer-
tained that the reagent is of sufficiently
high purity to permit its use without les-
sening the accuracy of the determination.

5.2 Reagent water. Reagent water is
defined as water in which an interferant is
not observed at or above the methods de-
tection limit of the analyte(s) of interest.
For nonvolatile extractions, ASTM Type
11 water or equivalent meets the definition
of reagent water. For volatile extractions,
it is reccommended that reagent water be
generated by any of the following meth-
ods. Reagent water should be monitored
periodically for impurities.

5.2.1 Reagent water {or volatile extrac-
tions may bec generated by passing tap
water through a carbon filter bed contain-
ing about 500 grams of activated carbon
(Calgon Corp., Filtrasorb-300 or cquiva-
lent).

5.2.2 A water purification system (Mil-
lipore Super-Q or equivalent) may also be
used to generate reagent water for volatile
extractions.

5.2.3 Reagent water for volatile extrac-
tions may also be prepared by boiling wa-
ter for 15 minutes. Subsequently, while
maintairing the water temperature at 90
+ 5 degrees C, bubble a contaminant-free
inert gas (e.g., nitrogen) through the wa-
ter for 1 hour. While still hot, transfer the
water to a narrow mouth screw-cap bottle
under zero-headspace and seal with a Tef-
lon-lined septum and cap.

5.3 Hydrochloric acid (IN), HCI,
made from ACS reagent grade.

5.4 Nitric acid (IN), HNO;, made
from ACS reagent grade.

5.5 Sodium hydroxide (1N), NaOH,
made from ACS reagent grade.

5.6 Clacial acetic acid, CHyCH,O0H,
ACS reagent grade.

5.7 Extraction fluid.

5.7.1 Extraction fluid #1: Add 5.7 mL
glacial CH3;CH;OO0H to 500 mL of re-
agent water (See section 5.2), add 64.3
mL of 1N NaOH, and dilute to a volume
of 1 liter. When correctly prepared, the
pH of this fluid will be 4.93+0.05.

5.7.2 Extraction fluid #2: Dilute 5.7 mL
glacial CH;CH,;OOH with reagent water
(See section 5.2) to a volume of 1 liter.
When correctly prepared, the pH of this
fluid will be 2.88+£0.05.

NOTE: These extraction flnids should be moni-
tored frequently for impuritics. The pH should be
checked prior to use to ensure that these fluids are
made up accurately. If impurities are found or the

0013-9211/93/$0+.50

pH is not within the above specifications, the fluid
shall be discarded and fresh extraction fluid pre-
parcd.

5.8 Analytical standards shall be pre-
pared according to the appropriate analyt-
ical method.

6.0 Sample Collection, Preservation,
and Handling

6.1 All samples shall be collected using
an appropriate sampling plan.

6.2 The TCLP may place requirements
on the minimal size of the field sample,
depending upon the physical state or
states of the wastc and the analytes of
concern. An aliquot is nceded for prelimi-
nary evaluation of which extraction fluid
is 10 be used for the nonvolatile analyte
extraction procedurc. Another aliquot
may be needed to actually conduct the
nonvolatile extraction (see section 1.4
concerning the use of tlis extract for vola-
tile organics). If volatile organics are of
concern, another aliquot may be needed.
Quality control measures may require ad-
ditional aliquots. Further, it is always
wise to collect mcre samples just in case
something goes wrong with the initial at-
tempt to conduct the test.

6.3 Preservatives shall not be added to
samples before extraction.

6.4 Samples may be refrigerated unless
refrigeration results in irreversible physi-
cal change to the waste. If precipitation
occurs, the entive sample (including pre-
cipitate) should be extracted.

6.5 Wheii the waste is to be evaluated
for volatile analytes, care shall be taken to
minimize the loss of volatiles. Samples
shall be collected and stored in a manner
intended to prevent the loss of volatile
analytes (e.g., samples should be collected
in Teflon-lined septum capped vials and
stored at 4 *C. Samples should be opened
only immediately prior to extraction).

6.6 TCLP extracts should be prepared
for analysis and analyzed as soon as possi-
ble following extraction. Extracts or por-
tions of extracts for metallic analyte de-
terminations must be acidified with nitric
acid to a pH <2, unless precipitation oc-
curs (see section 7.2.14 if precipitation oc-
curs). Extracts should be preserved for
other analytes according to the guidance
given in the individual analysis methods.
Extracts or portions of extracts for organ-
ic analyte determinations shall not be al-
lowed to come into contact with the atmo-
spherc (i.e., no hcadspace) to prevent
losses. See section 3.0 (QA requirements)
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for acceptable sample and extract holding
times.

7.0 Procedure

7.1 Preliminary Evaluations. Perform
preliminary TCLP evaluations on a mini-
mum 100 gram aliquot of waste. This ali-
quot may not actually undergo TCLP ex-
traction. These preliminary evaluations
include: (1) Determination of the percent
solids (section 7.1.1); (2) determination of
whether the waste contains insignificant
solids and is, therefore, its own extract
after filtration (section 7.1.2); (3) deter-
mination of whether the solid portion of
the waste requires particle size reduction
(section 7.1.3); and (4) determination of
which of the two cxtraction fluids are to
be used for the nonvolatile TCLP extrac-
tion of the waste (section 7.1.4.).

7.1.1 Preliminary determination of per-
cent solids: Percent solids is defined as
that fraction of a waste sample (as a per-
centage of the total sample) from which
no liquid may be forced out by an applied
pressure, as described below.

7.1.1.1 If the waste will obviously yield
no liquid when subjected to pressu.e fil-
tration (i.c., is 100% solids) proceed to
section 7.1.3.

7.1.1.2 If the samplc is liquid or multi-
phasic, liquid/solid scparation to make a
preliminary determination of percent
solids is required. This involves the filtra-
tion device described in section 4.3.2 and
is outlined in sections 7.1.1.3 through
7.1.1.9.

7.1.1.3 Pre-weigh the filter and the
container (hat will receive the filtrate.

7.1.1.4 Assemble the filter holder and
filter following the manufacturer’s in-
structions. Place the filter on the support
screen and secure.

7.1.1.5 Weigh out a subsample of the
waste (100 gram minimum) and record
the weight.

7.1.1.6 Allow slurries to stand to permit
the solid phase to settle. Wastes that set-
tle slowly may be centrifuged prior to fil-
tration. Centrifugation is to be used only
as an aid to filtration. If used, the liquid
should be decanted and filtered followed
by filtration of the solid portion of the
waste through the same filtration system.

7.1.1.7 Quantitatively transfer the
waste sample to the filter holder (liquid
and solid phases). Spread the waste sam-
ple evenly over the surface of the filter. If
filtration of the waste at 4 "C reduces the
amount of expressed liquid over what
would be expressed at room temperature
then aliow the sample to warm up to room
temperature in the device before filtering.
NOTE: If waste material (> 1% of original sample
weight) has obviously adhered to the container
used 10 transfer the sample to the filiration appa-
ratus, determine the weight of this residue and
subtract it from the sample weight determined in

section 7.1.1.5 to determine he weight of the waste
sample that will be filtered.

Gradually apply vacuum or gentle pres-
sure of 1-10 psi, until air or pressurizing
gas movces through the filter. If this point
is not reached under 10 psi, and if no
additional liquid has passed through the
filter in any 2 minute interval, slowly in-
crease the pressure in 10 psi increments to
a maximum of 50 psi. After each incre-

Weight of solid (section 7.1.1.9)

mental increase of 10 psi, if the pressuriz-
ing gas has not moved through the fiiter,
and if no additional liquid has passed
through the filter in any 2 minute interval,
proceed to the next 10 psi increment.
When the pressurizing gas begins to move
through the filter, or when liquid flow has
ccased at SO psi (i.c., filtration does not
result in any additional filtrate within any
2 minute period), stop the filtration.
NOTE: Instantancous application of high pressure
can degrade the glass fiber filter and may cause
premature plugging.

7.1.1.8 The material in the filter holder
is defined as the solid phase of the waste,
and the filtrate is dcfined as the liquid
phase.
NOTE: Some wastes, such as oily wastes and some
paint wastes, will obviously contain some material
that appears to be a liquid. Even after applying
vacuum or pressure filtration, as outlined in scc-
tion 7.1.1.7, this material may not filter, If this is
the case, the material within the filtration device is
defined as a solid. Do not replace the original filter
with a fresh flter under any circumstances. Use
only one filter.

7.1.1.9 Determine the weight of the lig-
uid phase by subtracting the weight of the
filtrate container (sec scction 7.1.1.3)
from the total weight of the filtrate-filled
container. Determine- the weight of the
solid phasc of the waste sample by sub-
tracting the weight of the liquid phase
from the weight of the total waste sample,
as determined in section 7.1.1.5 or 7.1.1.7.

Record the weight of the liquid and sol-
id phases. Calculate the percent solids as
follows:

Percent solids =

7.1.2 If the percent solids determined in
section 7.1.1.9 is equal to or greater than
0.5%, then proceed cither to section 7.1.3
to determine whether the solid material
requires particle size reduction or to sec-
tion 7.1.2.1 if it is noticed that a small
amount of the filtrate is entrained in wet-
ting of the filter. If the percent solids de-
termined in section 7.1.1.9 is less than

Total weight of waste (section 7.1.1.5 or 7.1.1.7)

0.5%, then proceed to section 7.2.9 if the
nonvolatile TCLP is to be performed and
to section 7.3 with a {resh portion of the
waste if the volatile TCLP is to be per-
formed.

7.1.2.1 Remove the solid phase and fil-
ter from the filtration apparatus.

7.1.2.2 Dry the filter and solid phase at
100+ 20°C until two successive weigh-

{(Welght of dry waste+filter)-tared weight of filter

x100

ings yicld the same value within 1%,
Record the final weight.

NOTE: Caution should be taken to ensure that the
subject solid will not flash upon heating. It is rec-
ommended that the drying oven be vented to a
hood or other appropriale device.

7.1.2.3 Calculate the percent dry solids
as follows:

% dry solids =

7.1.2.4 If the percent dry solids is less
than 0.5%, then procced to section 7.2.9 if

2-5-93

Initial weight ot waste (section 7.1.1.5 or 7.1.1.7)

the nonvolatile TCLP is to be performed,
and to section 7.3 if the volatile TCLP is

Environment Reporter
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x100

10 be performed. If the percent dry solids
is greater than or cqual t0 0.5%, and if the
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nonvolatile TCLP is to be performed, re-
turn to the beginning of this section (7.1)
and, with a fresh portion of waste, deter-
mine whether particle size reduction is
necessary (section 7.1.3) and determine
the appropriate extraction fluid (section
7.1.4). If only the volatile TCLP is to be
performed, sce the note in section 7.1.4.

7.1.3 Dectermination of whether the
waste requires particle size reduction
{particle size is reduced during this step):
Using the solid portion of the waste, cval-
vate the solid for particle size. Particle
size reduction is required, unless the solid
has a surface area per gram of material
cqual to or greater than 3.1 cm 2, or is
smaller than 1 cm in its narrowest dimen-
sion (i.c., is capable of passing through a
9.5 mm (0.375 inch) standard sieve). If
the surfacc area is smaller or the particle
size larger than described above, prepare
the solid portion of the waste for extrac-
tion by crushing, cutting, or grinding the
waste to a surface area or particle size as
described above. If the solids are prepared
for organic volatiles extraction, special
precautions must be taken (sec section
7.3.6).

NOTE: Surfacc area criteria are meant (or fila-
mentous (c.g., paper, cloth, and similar) waste
materials. Actual measurcment of surface area is
not required, nor is it recommended. For materials
that do nci obviously meet the criteria, sample-
specific methods would need to be developed and
employed to measure the surface area. Such meth-
odology is currently not available.

7.1.4 Determination of appropriate ex-

traction fluid: If the solid content of the
waste is greater than or equal 10 0.5% and
if the sample will be extracted for nonvol-
atile constituents (section 7.2), determine
the appropriate fluid (section 5.7) for the
nonvolatiles extraction as follows:
NOTE: TCLP extraction for volatile constituents
uses only extraction Ruid #1 (section 5.7.1).
Thereflore, if TCLP extraction {or nonvolatiles is
not required, proceed to section 7.3.

7.1.4.1 Weigh out a smail subsample of
the solid phase of the waste, reduce the
solid (if necessary) to a particle size of
approximately 1 mm in diameter or less,
and transfer 5.0 grams of the solid phase
of the waste to a 500 mL beaker or
Erlenmeyer flask.

7.1.4.2 Add 96.5 mL of reagent water
to the beaker, cover with a watchglass,
and stir vigorously for 5 minutes using a
magnetic stirrer. Mcasure and record the
pH. If the pH is <5.0, use extraction fluid
#1. Proceed to section 7.2,
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7.1.4.3 If the pH from section 7.1.4.2 is
>5.0, add 3.5 mL IN NCI, slurry briefly,
cover with a watchglass, heat to 50°C,
and hold at 50°C for 10 minutes.

7.1.4.4 Let the solution cool to room
terrnerature and record the pH. If the pH
is <5.0, use extraction fluid #1. If the pH
is >5.0, use extraction fluid #2. Proceed to
section 7.2.

7.1.5 If the aliquot of the waste used
for the preliminary evaluation (scctions
7.1.1-7.1.4) was determined to be 100%
solid at section 7.1.1.1, then it can be used
for the section 7.2 extraction (assuming at
least 100 grams remain), and the section
7.3 extraction (assuming at lecast 25
grams remain). If the aliquot was subject-
ed to the procedure in section 7.1.1.7,
then another aliquot shall be used for the
volatile extraction procedure in section
7.3. The aliquot of the waste subje<ted to
the procedure in section 7.1.1.7 might be
appropriate for use for the section 7.2 ex-
traction if an adequate amount of solid
(as determined by section 7.1.1.9) was ob-
tained. The amount of solid necessary is
dependent upon whether a sufficient
amount of extract will be produced to sup-
port the analyses. If an adequate amount
of solid remains, proceed to section 7.2.10
of the nonvolatile TCLP extraction.

7.2 Procedure When Volatiles are not
Involved. A minimum sample size of 100
grams (solid and liquid phases) is recom-
mended. In some cases, a larger sample
size may be appropriate, depending on the
solids content of the waste sample (per-
cent solids, See section 7.1.1), whether
the initial liquid phasc of the waste will be
miscible with the aqueous extract of the
solid, and whether inorganics, semivola-
tile organics, pesticides, and herbicides
are all analytes of concern. Enough solids
should be gencrated for extraction such
that the volume of TCLP extract will be
sufficient to support all of the analyses
required. If the amount of extract gener-
ated by a single TCLP extraction will not
be sufficient to perform all of the analy-
ses, more than one extraction may be per-
formed and the extracts from each com-
bined and aliquoted for analysis.

7.2.1 If the waste will obviously yicld
no-liquid .when subjected to pressure fil-
tration (i.c., is 100% solid, sec scction
7.1.1), weigh out a subsample of the
waste (100 gram minimum) and proceed
to section 7.2.9.

7.2.2 If the sample is liquid or multi-
phasic, liquid/solid separation is required.
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This involves the filtration device de-
scribed in section 4.3.2 and is outlined in
sections 7.2.3 to 7.2.8.

7.2.3 Pre-weigh the container that will
receive the filtrate.

7.2.4 Assemble the filter holder and fil-
ter following the manufacturer’s instruc-
tions. Place the filter on the support
screen and secure. Acid-wash the filter if
evaluating the mobility of metals (see sec-
tion 4.4).

NOTE: Acid-washed flters may be used for all
nonvolalile cxlraclions even when melals arc not
of concern.

7.2.5 Weigh out a subsample of the
waste (100 gram minimum) and record
the weight. If the waste contains <0.5%
dry solids (section 7.1.2), the liquid por-
tion of the waste, after filtration, is de-
fined as the TCLP extract. Therefore,
enough of the sample should,be filtered so
that the amount of filtered liquid will sup-
port all of the analyses required of the
TCLP extract. For wastes containing
>0.5% dry solids (sections 7.1.1 or 7.1.2),
use the percent solids information ob-
tained in section 7.1.1 to determine the
optimum sample size (100 gram mini-
mum) for filtration. Enough solids should
be generated by filtration to support the
analyses to be performed on the TCLF
extract.

7.2.6 Allow slurries to stand to permit
the solid phase to settle. Wastes that set-
tle slowly may be centrifuged prior to fil-
tration. Use centrifugation only as an aid
to filtration. If the waste is centrifuged,
the liquid should be decanted and filtered
followed by filtration of the solid portion
of the waste through the same filtration
system.

7.2.7 Quantitatively transfer the waste
sample (liquid and solid phases) to the
filter holder (sec section 4.3.2). Spread
the waste sample evenly ovee the surface
of the filter. If filtration of the waste at 4
*C reduces the amount of expressed lig-
uid over what would be expressed at room
temperature, then allow the sample to

-warm up to room temperature in the de-

vice before filtering.

NOTE: If waste material (> 1% of the original sam-
ple weight) has obviously adhered to the container
used to transfer the sample to-the filtration appa-
ratus, determine the weight cf this residue and
subtr. 2t it from the sample weight determined in
section 7.2.5, to determine the weight of the waste
sample that will be filtered.

Gradually apply vacuum or gentle pres-
sure of 1-10 psi, until air or pressurizing
gas moves through the filter. If this point
is reached under 10 psi, and if no addi-
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tional liquid has passed through the filter
in any 2 minute interval, slowly increase
the pressure in 10 psi increments to a
maximum of SO psi. After each incremen-
tal increase of 10 psi, if the pressurizing
gas has no: moved through the filter, and
if no additional liquid has passed through
the filter in any 2 minutc interval, proceed
to the next 10 psi increment. When the
pressurizing gas begins to move through
the filter, or when the liquid flow has
ceased at SO psi (i.c., filtration does not
result in any additional filtrate within a 2
minute period), stop the filtration.

NO:E: Instantancous application of high pressure
can degrade the glass fiber filter and may cause
premature plugging.

7.2.8 The material in the filter holder is

defined as the solid phase of the waste,
and the filtrate is defined as the liquid
phasc. Weigh the filtrate. The liquid
phase may now be cither analyzed (Sec
section 7.2.12) or stored at 4°C until time
of analysis.
NOTE: Some wastes, such as oily wastes and some
paint wastes, will obviously contain some material
that appears to be a liquid. Even after applying
vacuum or pressure filtration, as outlined in sec-
tion 7.2.7, this material may not filter. If this is the
case, the material within the filtration device is
defined as a solid and is carried through the ex-
traction as a solid. Do not replace the original
filter with a fresh filter under any circumstances.
Use only one filter.

7.2.9 If the waste contains <0.5% dry
solids (sce section 7.1.2), proceed to sec-
tion 7.2.13. If the waste contains >0.5%
dry solids (see section 7.1.1 or 7.1.2), and
if particle size reduction of the solid was
needed in section 7.1.3, proceed to section
7.2.10. If the waste as received passes a
9.5 mm sieve, quantitatively transfer the
solid material into the extractor bottle
along with the filter used to separate the
initial liquid from the solid phase, and
proceed to section 7.2.11.

7.2.10 Prepare the solid portion of the
waste for extraction by crushing, cutting,
or grinding the waste to a surface area or
particle size as described in section 7.1.3.
When the surface area or particle size has
been appropriately altered, quantitatively
transfer the solid material into an extrac-
tor bottle. Include the filter used to sepa-
rate the initial liquid from the solid phasc.
NOTE: Sieving of the waste is not normally re-
quired. Surface arca requirements are meant for
filamentous (c.g.. paper, cloth) and similar waste
malerials. Actual measurement of surface area is
not recommended. If sicving is nccessary, a Tel-
lon<oated sieve should be used to avoid contami-
nation of the sample.
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7.2.11 Determine the amount of extrac-
tion fluid to add to the extractor vessel as
follows:

20xpercent solids (sec-

tion
7.1.1)xweight of waste
Weight of fittored
extraction = (section 7.2.5 or 7.2.7)
fluid

100

Slowly add this amount of appropriate

extraction fluid (see section 7.1.4) to the
extractor vessel. Close the extractor bottle
tightly (it is recommended that Teflon
tape be used to ensure a tight scal), secure
in rotary agitation device, and rotate at 30
+2 rpm for 18 +2 hours. Ambient tem-
perature (i.c., temperature of room in
which extraction takes place) shall be
maintained at 23 +2°C during the ex-
traction period.
NOTE: As agitation continucs, pressure may build
within the extractor bottle for some types of
wastes (c.g., limed or caicium carbonatz contain-
ing waste may cvolve gases such as carbon diox-
ide). To relieve excess pressure, the extractor bot-
tic may be periodically opened (e.g., after 15 min-
utes, 30 minutes, and 1 hour) and vented into a
hood.

7.2.12 Following the 18 *2 hour ex-
traction, separate the material in the ex-
tractor vessel into its component liquid
and solid phases by filtering through a
new glass fiber filter, as outlined in section
7.2.7. For final fltration of the TCLP ex-
tract, the glass fiber filter may be
changed, if necessary, to facilitate filtra-
tion. Filter(s) shall be acid-washed (sce
section 4.4) if evaluating the mobility of
metals.

7.2.13 Prepare the TCLP extract as fol-
lows:

7.2.13.1 If the waste contained no ini-
tial liquid phase, the filtered liquid mate-
rial obtained from section 7.2.12 is de-
fined as the TCLP extract Proceed to sec-
tion 7.2.14.

7.2.13.2 If compatible (¢.g., multiple
phases will not result on combination),
combine the filtered liquid resulting from
section 7.2.12 with the initial liquid phase
of the wasic obtained in section 7.2.7.
This combined liquid is defined as the
TCLP extract. Proceed to section 7.2.14.

7.2.13.3 If the initial liquid phase of the
waste, as obtained from section 7.2.7, is
not or may not be compatible with the
fillered liquid resulting from section
7.2.12. do not combine these liquids. Ana-
lyze these liquids, collectively defined as
the TCLP extract, and combinc the re-

Environment Reporter
0013-9211/93/S0+.50

sults mathematically, as described in sec-
tion 7.2.14.

7.2.14 Following collection of the
TCLP extract, the pH of the extract
should be recorded. Immediately aliquot
and prescrve the extract for analysis.
Mectals aliquots must be acidified with ni-
tric acid to pH <2. If precipitation is ob-
served upon addition of nitric acid to a
small aliquot of the extract, then the re-
maining portion of the extract for metals
analyses shall not be acidified and the ex-
tract shall be analyzed as soon as possible.
All other aliquots must be stored under
refrigeration (4 “C) until analyzed. The
TCLP extract shall be prepared and ana-
lyzed according to appropriate analytical
methods. TCLP extracts to be analyzed
for metals shall be acid digested except in
those instances where digesticn causes
loss of metallic analytes. If an anaiysis of
the undigested extract shows that the con-
centration of any regulated metallic
analyte exceeds the regulatory level, then
the waste is hazardous and digestion of
the extract is not necessary. However,
data on undigested extracts alone cannot
be used to demonstrate that the waste is
not hazardous. If the individual phases
are to be analyzed separately, determine
the volume of the individual phases (to *
0.5%), conduct the appropriate analyses,
and combine the results mathematically
by using a simple volume-weighted aver-
age:

(VIXCi+(VaXCa)
Vi+Vs

Final Analyte
Concentration -

where:

V,=The volume of the first phase (L).
C,=The concentration of the analyte of
concern in the first phase (mg/L).
V,;=The volume of the sccond phase (L).
C,=The concentration of the analyte of
concern in the second phase (mg/L).

7.2.15 Compare the analyte concentra-
tions in the TCLP extract with the levels
identified in the appropriate regulations.
Refer to section 8.0 for quality assurance
requirements.

7.3 Procedure When Volatiles are In-
volved. Use the ZHE device to obtain
TCLP extract for analysis of volatile com-
pounds only. Extract resulting from the
use of the ZHE shall not be used to evalu-
ate the mobility of nonvolatile analytes
(c.g.. metals, pesticides, ctc.).

The ZHE device has approximately a
500 ml internal capacity. The ZHE can
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thus accommodate a maximum of 25
grams of solid (dcfined as that fraction of
a sample from which no additional liquid
may be forced out by an applied pressure
of 50 psi), duc to the need to add an
amount of extraction fluid equal to 20
times the weight of the solid phase.

Charge the ZHE with sample only once
and do not open the device until the final
extract (of the solid) has been collected.
Repeated filling of the ZHE to obtain 25
grams of solid is not permitted.

Do not allow the waste, the initial lig-
uid phase, or the extract to be exposed to
the atmosphere for any more time than is
absolutely necessary. Any manipulation
of these materials should be done when
cold (4°C) %o minimize loss of volatiles.

7.3.1 Pre-weigh the (cvacuated) filtrate
collection container (Sce section 4.6) and
set aside. If using a TEDLAR® bag, ex-
press all liquid from the ZHE device into
the bag, whether for the initial or final

Weight of waste to charge ZHE

Weigh out a subsample of the waste of
the appropriate size and record the
weight. :

7.3.5 If particle size reduction of the
solid portion of the waste was required in
section 7.1.3, proceed to section 7.3.6. If
particle size reduction was not required in
section 7.1.3, proceed to section 7.3.7.

7.3.6 Prepare the waste for extraction

by crushing, cutting, or grinding the solid
portion of the waste to a surface area or
particle size as described in section
7.1.3.1. Wastes and appropriate reduction
equipment should be refrigerated, if possi-
ble, to 4°C prior to particle size reduc-
tion. The means used to effect particle
size reduction must not generate heat in
and of itself. If reduction of the solid
phase of the waste is necessary, exposurc
of the waste to the atmosphere should be
avoided to the extent possible.
NOTE: Sieving of the waste is not recommended
due to the possibility that volatiles may be lost.
The usc of an appropriately graduated ruler is
recommended as an acceptable alternative. Sur-
face area requirements are meant for filamentous
(c.g.. paper. cloth) and similar waste materials.
Actual measurement of surface area is not recom-
mended.

When the surface area or particle sizc
has been appropriately altered, proceed to
section 7.3.7.

7.3.7 Waste slurrics nced not be al-
lowed to stand to permit the solid phase to
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liquid/solid scparation, and take an ali-
quot from the liquid in the bag for analy-
sis. The containers listed in section 4.6 are
recommended for use under the condi-
tions stated in sections 4.6.1—4.6.3.

7.3.2 Place the ZHE piston within the
body of the ZHE (it may be helpful first
to moisten the piston O-rings slightly with
extraction fluid). Adjust the piston within
the ZHE body to a height that will mini-
mize the distance the piston will have to
move once the ZHE is charged with sam-
ple (based upon sample size requircments
determined from section 7.3, section 7.1.1
and/or 7.1.2). Secure the gas inlet/outlet
flange (bottom flange) onto the ZHE
body in accordance with the manufactur-
er's instructions. Secure the glass fiber fil
ter between the support screens and set
asidc. Set liquid inlet/outlet flange (top
flange) asidc.

7.3.3 If the waste is 100% solid (sec
section 7.1.1), weigh out a subsample (25

25

percent solids (section 7.1.1)

settle. Do not centrifuge wastes prior o
filtration.

7.3.8 Quantitatively transfer the entire

sample (liquid and solid phases) quickly
to the ZHE. Secure the filter and support
screens onto the top flange of the device
and secure the top flange to the ZHE
body in accordance with the manufactur-
er's instructions. Tighten all ZHE fittings
and place the device in the vertical posi-
tion (gas inlet/outlet flange on the bot-
tom). Do not attach the extract collection
device to the top plate.
NOTE: If waste material (>1% of original sample
weight) has obviously adhered 1o the container
used to transfer the sample to the ZHE, determine
the weight of this residue and subtract it from the
sample weight determined in section 7.3.4 to de-
termine the weight of the waste sample that will
be filtered.

Attach a gas line to the gas inlet/outlet
valve (bottom flange) and, with the liquid
inlet/outlet valve (top flange) open, begin
applying gentle pressure of 1-10 psi (or
more if necessary) to force all headspace
slowly out of the ZHE device into a hood.
At the first appearance of liquid from the
liquid inlet/outlet valve, quickly close the
valve and discontinue pressure. If filtra-
tion of the waste at 4 *C reduces the
amount of expressed liquid over what
would be expressed at room temperature,
then allow the sample to warm up to room
temperature in the device before filtering.
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gram maximum) of the waste, record
weight, and proceed to section 7.3.5.

7.3.4 If the waste contains <5% dry
solids (section 7.1.2), the liquid portion of
waste, after filtration, is defined as the
TCLP extract. Filter enough of the sam-
ple so that the amount of filtered liquid
will support all of the volatile analyses
required. For wastes containing >5% dry
solids (sections 7.1.1 andfor 7.1.2), usec
the percent solids information obtained in
section 7.1.1 to determine the optimum
sample size to charge into the ZHE. The
recommended sample size is as follows:

7.3.4.1 For wastes containing <5%
solids (sce Section 7.1.1), weigh out a 500
gram subsample of waste and record the
weight.

7.3.4.2 For wastes containing >5%
solids (scc Section 7.1.1), determine the
amount of waste to charge into the ZHE
as follows:

X100

If the waste is 100% solid (sec section
7.1.1), slowly increase the pressure to a
maximum of 50 psi to force most of the
headspace out of the device and proceed
to section 7.3.12.

7.3.9 Attach the evacuated pre-weighed
filtrate collection container to the liquid
inlet/outlet valve and open the valve. Be-
gin applying gentle pressure of 1-10 psi to
force the liquid phasc of the sample into
the filtrate collection container. If no ad-
ditional liquid has passed through the fil-
ter in any 2 minute interval, slowly in-
crease the pressure in 10 psi increments to
a maximum of 50 psi. After cach incre-
mental increase of 10 psi, if no additional
liquid has passed through the filter in any
2 minutes interval, proceed to the next 10
psi increment. When liquid flow has
ceased such that continued pressure filtra-
tion at 50 psi does not result in any addi-
tional filtrate within a 2 minute period,
stop the filtration. Closc the liquid in-
let/outlet valve, discontinue pressure to
the piston, and disconnect and weigh the
filtrate collection container.

NOTE: Instantancous application of high pressure
can degrade the glass fiber filter and may causc
premature plugging.

7.3.10 The matcrial in the ZHE is de-

fined as the solid phase of the waste and
the filtrate is defined as the liquid phase.
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NOTE: Some wastes, such as oily wastes and some
paint wastes, will obviously contain some material
that appears to be a liquid. Even after applying
pressure filtration, this material will not filter. If
this is the case, the material within the filtration
device is defined as a solid and is carried through
the TCLP extraction as a solid.

Weight of extraction fluid =

7.3.12 The following sections detail
how to add the appropriate amount of ex-
traction fluid to the solid material within
the ZHE and agitation cf the ZHE vessel.
Extraction fluid #1 is used in all cases
(Sce scction 5.7).

7.3.12.1 With the ZHE in the vertical
position, attach a line from the extraction
fluid reservoir to the liquid inlet/outlet
valve. The line used shall contain fresh
extraction fluid and should be prefiushed
with fluid to climinate any air pockets in
the linc. Release gas pressure on the ZHE
piston (from the gas inlet/outlet valve),
open the liquid inlet/outlet valve, and be-
gin transferring extraction fluid (by
pumping or similar means) into the ZHE.
Continue pumping extraction fluid into
the ZHE until the appropriate amount of
fluid has been introduced into the device.

7.3.12.2 After the extraction fluid has
been added, immediately cloze the liquid
inlet/outlet valve and disconnect the ex-
traction fluid line. Check the ZHE to en-
sure that all valves are in their closed po-
sitions. Manually rotate the device in an
end-over-end fashion 2 or 3 times. Reposi-
tion the ZHE in the vertical position with
the liquid inlet/outlet valve on top. Pres-
surize the ZHE to 5-10 psi (if necessary)
and slowly open the liquid inlet/outlet
valve to bleed out any headspace (into a
hood) that may have been introduced due
to the addition of extraction fluid. This
bleeding shall be done quickly and shali
be stopped at the first appearance of lig-
uid from the valve. Re-pressurize the
ZHE with 5-10 psi and check all ZHE
fittings to ensure that they are closed.

7.3.12.3 Place the ZHE in the rotary
agitation apparatus (if it is not alrcady
there) and rotate at 30 *2 rpm for 18
+2 hours. Ambient temperature (i.c.,
temperaturc of room in which extraction
occurs) shall be maintained at 22 £3°C
during agitation.
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If the original waste contained <0.5%
dry solids (sce section 7.1.2), this filtrate
is defined as the TCLP extract and is ana-
lyzed directly. Proceed to section 7.3.15.

7.3.11 The liquid phase may now be
cither analyzed immediately (Sce scctions

7.3.13 through 7.3.15) or stored at 4°C
under minimal headspace conditions until
time of analysis.

Determine the weight of extraction flu-
id #1 to add to the ZHE as follows:

20xpercent solids (section
7.1.1)xweight of waste filtered
{section 7.3.4 or 7.3.8)

100

7.3.13 Following the 18 2 hour agita-
tion period, check the pressure behind the
ZHE piston by quickly opening and clos-
ing the gas inlet/outlet valve and noling
the escape of gas. If the pressure has not
been maintained (i.c., no gas relcase ob-
served), the device is leaking. Check the
ZHE for leaking as specified in section
4.2.1, and perform the extraction again
with a new sample of waste. If the pres-
sure within the device has been main-
tained, the material in the extractor vessel
is once again separated into its component
liquid and solid phases. If the waste con-
tained an initial liquid phase, the liquid
may be filtered directly into the same fil-
trate collection container (i.c., TEDLAR®
bag) holding the initial liquid phase of the
waste. A scparate filtrate collection
container must be used if combining
would create multiple phases, or there is
not enough volume left within the filtrate
collection container. Filter through the
glass fiber filter, using the ZHE device as
discussed in section 7.3.9. All extract
shall be filtered and collected if the
TEDLARS® bag is used, if the extract is
multiphasic, or if the waste contained an
initial liquid phase (see sections 4.6 and
7.3.1).

NOTE: An in-linc glass fiber filter may be used to
filter the matcrial within the ZHE if it is suspect-
cd that the glass fiber filter has been ruptured.

7.3.14 If the original waste contained
no initial liquid phase, the filtered liquid
matcrial obtained from section 7.3.13 is
defined as the TCLP extract. If the waste

contained an initial liquid phase, the.

filtered liquid material obtained from scc-
tion 7.3.13 and the initial liquid phase
(section 7.3.9) arc collectively defined as
the TCLP extract.

7.3.15 Following collection of the
TCLP extract, immediately prepare the
extract for analysis and store with mini-
mal headspace at 4°C until analyzed. An-
alyze the TCLP extract according to the
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appropriate analytical methods. If the in-
dividual phases arc to be analyzed sepa-
rately (i.c., arc not miscible), determine
the volume of the individual phases (to
0.5%), conduct the appropriate analyses,
and combine the results mathematically
by using a simple volume-weighted aver-
age:

Final Analyte (VIXC1)+(VaXCa)
Concentration =

Vi+Vs
where:

V,=The volume of the first phases (L).
C,=The concentration of the analyte of
concern in the first phase (mg/L).
V,=The volume of the second phase (L).
C2=The concentration of the analyte of
concern in the second phase (mg/L).

7.3.16 Compare the analyte concentra-
tions in the TCLP extract with the levels
identified in the appropriate regulations.
Refer to section 8.0 for quality assurance
requirements.

8.0 Quality Assurance

8.1 A minimum of one blank (using the
same extraction fluid as used for the sam-
ples) must be analyzed for every 20 ex-
tractions that have been conducted in an
extraction vessel.

8.2 A matrix spike shall be performed
for cach waste type (c.g., wastewater
treatment sludge, contaminated soil, etc.)
unless the result exceeds the regulatory
level and the data arc being used solely to
demonstrate that the wastc property ex-
ceeds the regulatory level. A minimum of
one matrix spikc must be analyzed for
cach analytical batch. As a minimum, fol-
low the matrix spike addition guidance
provided in cach analytical method.

8.2.1 Matrix spikes arc to be added af-
ter filtration of the TCLP extract and
before preservation. Matrix spikes should
not be added prior to TCLP extraction of
the sample.
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8.2.2 In most cases, matrix spikes
should be added at a concentration equiv-
alent to the corresponding regulatory lev-
cl. If the analyte concentration is less than
one half the regulatory level, the spike
concentration may be as low as one half of
the analyte concentration, but may not be
less than five limes the method detection
limit. In order to avoid differences in ma-
trix cffects, the matrix spikes must be
added to the same nominal volume of
TCLP extract as that which was analyzed
for the unspiked sample.

8.2.3 The purpose of the matrix spike is
to monitor the performance of the analyti-
cal methods used, and to determince
whether matrix interferences exist. Use of
other internal calibration methods, modi-
fication of the analytical mcthods, or use
of alternate analytical methods may be
needed to accurately measure the analyte
concentration of the TCLP extract when
the recovery of the matrix spike is below
the expected analytical method perfor-
mance.

8.2.4 Matrix spike recoveries are calcu-
lated by the following formula:

%R (% Recovery)=100 (Xe-Xo)/K

where:
X,=mecasured value for the spiked sam-
ple,
X,=measured value for the unspiked sam-
ple, and
K= known valuc of the spike in the sam-
le.

8.3 All quality control measures de-
scribed in the appropriatc analytical
methods shall be followed.

8.4 The usc of internal calibration
quantitation methods shall be employed
for a metallic contaminant if: (1) Recov-
ery of the contaminant from the TCLP
extract is not at least 50% and the concen-
tration does not exceed the regulatory lev-
¢l, and (2) The concentration of the con-
taminant mcasured in the extract is with-
in 20% of the appropriate regulatory
level.

8.4.1 The method of standard additions
shall be employed as the internal calibra-
tion quantitation method for cach metal-
lic contaminant.

8.4.2 The method of standard additions
requires preparing calibration standards
in the sample matrix rather than rcagent
water or blank solution. It requires taking
four identical aliquots of the solution and
adding known amounts of standard to
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three of these aliquots. The fourth aliquot
is the unknown. Preferably, the first addi-
tion should be prepared so that the result-
ing concentration is approximately 50% of
the expected concentration of the sample.
The sccond and third additions should be
prepared so that the concentrations are
approximately 100% and 150% of the ex-
pected concentration of the sample. All
four aliquots are maintained at the same
final volume by adding recagent water or a
blank solution, and may nced dilution ad-
justment to maintain the signals in the
lincar range of the instrumental tech-
nique. All four aliquots are analyzed.

8.4.3 Prepare a plot, or subject data to
lincar regression, of instrumental signals
or external-calibration-derived concentra-
tions as the dependent variable (y-axis)
versus concentrations of the additions of
standard as the independent variable (x-
axis). Solve for the intercept of the abscis-
sa (the independent variable, x-axis)
which is the concentration in the un-
known.

84.4.4 Alternatcly, subtract the instru-
mental signal or external-calibration-de-
rived concentration of the unknown (un-
spiked) sample from the instrumental sig-
nals or external-calibration-derived
concentrations of the standard additions.
Plot or subject data to lincar regression of
the corrected instrumental signals or ex-
ternal-calibration-derived concentrations
as the dependent variable versus the inde-
pendent variable. Derive concentrations
for unknowns using the internal calibra-
tion curve as if it were an external calibra-
tion curve.

8.5 Samples must undergo TCLP ex-
traction within the following time periods:

SAMMLE Maouus HOLDOING TBMES (DAYS)

From:
Fron::
from: | TCLP | PSR
Fietd exiracton Total
coftection 10 “"::,1'0" elapsed
to: TCLP | Prepara- i ttme
extraction ve dole‘:vrztm-
extracton} o, ysis
Volatiles ... 14 NA 14 28
Semivota-
tles ... 14 7 40 61
Mercury ... 28 NA 28 56
Metals,
excepl
mercury 180 NA 180 360

NA=Not applicable

If sample holding times arc exceeded,
the values obtained will be considered

0013-9211/93/$0+.50

minimal concentrations. Exceeding the
holding time is not acceptable in cstab-
lishing that a waste does not exceed the
regulatory level. Exceeding the holding
time will not invalidate characterization if
the waste exceeds the regulatory level.

[Appendix 11-—8.0 text revised at 57 FR
55117, Nov. 24, 1992]

TABLE 1 —VOULATILE ANALYTES'?

Compound CAS No.
Acetone 67-64-1
Benzene . 71-43-2
N-BUIY BICONOL.....coeecreceemserinsinsmrsase s 71-36-3
Carbon disulfide.... . 75-15-0
Carbon tetrachloride. 56-23-5
Chiorobenzena...... 108-90-7
Chloroform .. 67-66-3
1.2-Dichloroethane 107-06-2
1.1-Dichlotoethylene. 75.354
Ethyl acetaio ..... 141-78-6
Ethyt benzena.... 100-41-4
Ethyl ether 60-29-7
Isobutanol 78-83-1
MOLNANO ..o eviiaerecenier e esrsraneneesnariases 67-56-1
Methylene chioride 75-09-2
Mathyt ethyl kelone 78-933
Maethyt isobutyl ketone . 108-10-1
Tetrachloroethylene. 127-18-4
Toluene ... 108-88-3
1,1,1,-Trichloroethane .. 71-55-6
Trichiotoethylene ... 79-01-6
Trichlorofivoromethane 75-694
1.1.2-Trichloro-1.2,2-trifluoroethane ... 76-13-1
Vinyt chionde 75-01-4
Xylone 1330-20-7

 When testing fo any or aft of these analyles, the Zero-
headspace extractor vessel shalt be used instead ol the
bottie extractor.

1 Benzene. carbon tetrachloride, chiorobenzene, chloro-
form, 1.2-ichiorethane, 1,1-Gichloroethylene, methy! ethyl
ketone, tetrachiorosthylene, trichioroethylene, and vinyl
chioride are toxecity charactaristic constituents.

TABLE 2—SUTABLE ROTARY AGITATION APPARATUS'

Company Location Model No.
Anatytical Testing {Warrington, PA,  |4-vessel (DC20S).
and Consutting (215) 3434490 8-vessel
Services. Inc (0C20), 12-ves-
sel (DC208).
Associsted De- Alexandna VA, 2-vessel {3740-2),
sign and Manu- | (703) 549-5999 4-vessel (3740-
facturing Com- 4), 6-vessel
pany (3740-6), B-vas-
sel (3740-8), 12-
vessal (3740-
12). 24-vessel
(3740-24).
Environmantal Lynchburg, VA,  |8-vessel (08-00-
Machine and (804) B45-6424 00) 4-vessel
Design, Inc (04-00-00).
IRA Machine Santurce, PR, 8-vessel (011001)
Shop and Labo-| {B03) 752-4004
ratory
Lars Lande Manu-{Whimore Lake, 10-vessel
tacturing ML, (313} 449- (OYVRE), 5-ves-
4116 sel (SVRE)
Mithpore Corp Bodford. MA, 4-2HE cr 4 1-Wter,
{B00) 225-338/, hottie exitaclor,
(YT300HAHW)
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¥ Any device that rotates the extraction vesse! in an end-
over-end lashion at 30 t 2 rpm is acceptable.

TAME 3—SUTABLE ZERO-HEADBPACE EXTRACTOR VEBSELS!

¥ Any device that meets the specifications kisted in sec-

tion 4.2.1. of the method is acceptable. a 110 mm filter.

TABRE 4—SUITASLE FLTER HOLDERS'

Company Location Model No. Model/
Company Location catalogue Size

Analytical Testing |Warrington, PA,  |C102, Mechanical No.

& Consulting (215) 3434490 Pressure De-
Services, Inc. vice. Nucleopore Pleasanton, 425910 42mm,

Associated De- Alexandria VA, J745-ZHE, Gas Corporation CA, (800) 410400 47 mm.
sign and Manu- | (703) 549-5999 Pressure De- 882-7711
factuning Com- vice. Micro Filtration |Oublin, CA, 302400 142 mm,
pany Systems (800) 334- 311400 47 mm.

Lars Lande Manu-{Whitmore Lake, |ZHE-11, Gas 7132, (415)
facturing? M, (313) 449- Pressure De- 8286010

4116 vice. Millipore Cor- | Bedtord, MA, {YT30142HW[142 mm,

Mitlipore Corpora- | Bedford, MA, YT30030HW, Gas poration (800) 225- XX1004700 { 47 mm.
tion (800) 225-3384 Pressure De- 3384

vice.

Environmental Lynchburg, VA,  |VOLA-TOX1, Gas ! Any device capabia of separating the kiquid from the
Machine and (804) 845-6424 Pressure De- solid phase of the waste is suitable, providing that it is
Design, Inc. vice. chemicalty compalible with the waste and the constituents

1o be tnatyzed. Plastic devices (nol listed above) may be
2-5-93

Environment Reporter
0013-9211/93/$0 + .50

used when only inorganic anatytes are of concarn. The
142 mm size Riter holder is recommended.

TABLE 5—SUITABLE FRLTER HOLDERS!

Pore
Company Location Model Sizo
{um)
Millipore Corpora-|Bedford, MA, AP40 0.7
tion (800) 225-3384
Nucloopore Cor- |Pleasanton, CA, 211625 0.7
poration (415) 463-2530
Whatman Labora- |Clitton, NJ, (201) [GFF 0.7
tory Products, 773-5800
inc.
Micro Filtration  |Oublin, CA, (800) |GF75 0.7
Systoms 334-7132, (415)
828-6010

1 Any 6ilter that meets the specifications in section 4.4 of
the Method is suitable.

[Part 261, Appendix II]
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Figure 1. Rotary Agitation Apparatus
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0013-9211/93/$0+.50

[Part 261, Appendix 1]


http:0013-9211/93/$0+.50

161:2246 FEDERAL REGULATIONS

Liquid Inlet/Outliet Vaive

!

Top Flange —»-{ .

Support Scmn//<

Fiiter
Support Scree

Viton o-rings
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Figure 2. Zero-Headspace Extractor (ZHE)
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HAZARDOUS WASTE CRITERIA

S-931
161:2247
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METHOU 131)

TOXICITY CHARACTERISTIC LEACHATE PROCEDURE

Separate
liquids from
solids with

0.6 - 0.8 um
glass fiber
filler

<0.5%

' START l

Discard
solids

Copyright © 1993 by The Bureau of National Affairs, Inc.

Use a
sub—sample of ‘ A ]
waste
Liquid
What i Segor?te
hat is iquids from
the 7% >0.5% solids with
solids in the *10.6 - 0.8 um
waste? glass fiber
filter
1007 Solid
Examine
solids
Yes
Reduce
arlicle size
ExIrocI with ; 0 <9.5 mm

ro riate fluid

1 ot ] extrocior

or non-volatiles

2) ZHE device for
volatiles
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METHOD 1311 (CONTINUED)
TOXICITY CHARACTERISTIC LEACHATE PROCEDURE

Store liquid
l B ] at 4qc

Measure amount of

Separate 1S, liquid and analyze
extract from | | liquid ?moihemoﬁcolly
solids with | Liquid compalible combine result with

0.6 - 0.8 um result of extract
glass fiber analysis
filter
Solid
Combine
Discard extract with
solids liquid phase
of waste
Analyze
liquid
STOP l
{Part 261, Appendix 1]
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ATTACHMENT

UREA PLANT POLLUTION CONTROL

Good afternoon! My topic is "Yrea Plant Pollution Control' and | will
be discussing the control approaches used at the 700 ton per day Vistron
urea plant located in Northwest Ohio. Vistron, incidentally, is a wholly-
owned chemical subsidiary of Sohio -- more formally The Standard 0il Company
of Ohio.

Our urea plant is part of the Vistron nitrogen complex consisting of
units to produce 1500 T/D NH3, 700 T/D urea, 650 T/D CO2, 180 T/D nitric acid,
275 T/D ammon ium nitrate, and the blending and shipping facilities necessary
to handle this volume of production. This plant, which adjoins the Vistron
acrylonitrile complex, is situated on the Ottawa River in Northwest Ohio about
one mile downstream from the City of Lima, and immediately downstream from

Sohio's 175,000 BPD refinery.

Many of you are aware that as the texemplary'' plant, the Vistron plant
figured prominently in the development of EPA's urea plant effluent guidelines.
This is a distinction we have viewed with mixed emotions -- and yours are

probably more "mixed'' than ours.

To understand why well over a million dollars have been spent in an
effort to minimize urea unit losses, the receiving stream situation must be
examined. The water supply for the City of Lima is from upground reservoirs
charged largely with water pumped from the Ottawa River upstream from the
City. Our plant discharges to the river gglgﬂ_the City. Thus, for much of
the year there is no natural flow at our point of discharge because the total
natural flow has been impounded upstream for potable supply. This means
Vistron must discharge its 2000 gpm effluent to a stream composed of about

12000 gpm of municipal sewage treatment plant effluent plus 3500 gpm of
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treated refinery effluent. And that means that effluent quality must essentially
that receiving water criteria suitable for a warm water fishery and other uses.
Ammonia is a critical parameter. Obviously, this situation dictates extraordinary
measures in Vistron's pollution control efforts. Recognizing this, engineering
emphasis was directed during the urea unit design stages, toward minimizing

losses to both air and water since surface run-off contaminated by fall-out from

losses to the atmosphere would affect effluent quality.

Let us first look at the means devised to control losses to the air. Our
unit, which is the cet Girdler design, is a complete recycle process.
Ammonia, CO2, and recycled carbamate are fed to the reactor where they combine
to form carbamate and urea. The liquid urea is separated from the carbamate in
a series of flash separations. It is then routed to product tankage, or if
prilled urea is desired, processing continues as the liquid is concentrated and
prystallized. The crystals are then conveyed to the top of the prill tower by
an air blower on top of the tower. The air-crystal mix passes through a
cyclone separator, the crystals dropping into a melter, while the exiting air
stream passes through a two-trzy water scrubbef where the urea dust is removed.

0f course, our major concern from a pollution standpoint is the air stream
at rates up to 500,000 SCFM moving up the tower countercurrent to the falling
urea droplets. This stream exits under the spray head deck through ten
windows in the tower. At this level there is what we call a 'bustle"
around the outside of the tower (see slides | & 11). Awnings on each of the
ten windows direct the air downward across the water pond that encircles the
tower in the bustle. The object of the system is to remove the urea dust,
but unfortunately the system is capable of removing only the larger dust
particles. Removal of the smaller particles is necessary to comply with air

pollution control regulations, and that remains another problem.
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While the unit design was not entirely successful in preventing air
pollution, the scrubber on top of the prill tower is effective in absorbing
the urea dust, and a certain amount is picked up in the bustle water.
Obviously the more successful the air pollution control is, the greater the
water pollution. Of course, the overall water pollution problem was
recognized in the original design and its control had not been neglected.
The general concept was that the urea-rich waste would be collected and fed
to a specially designed stripper or hydrolyzer. In this tower the hydrolyzing,
or decomposition of urea,would take place, leaving us with a relatively clean
effluent, while the ammonia-rich overhead was recycled to the process. Well,
just as we were disappointed with the process dust removal capability, so did
we find the waste water system inadequate. In the first place, there was
far more water than the hydrolyzer, which was designed for 60 gpm of feed could
handle. Furthermore, the tower's initial efficiency in destroying urea was

much lower than we had expected.

So here we were with nearly a million dollars invested in waste control
faciiities and we couldn't meet state requlations for either air or water.
In fairness to the designers, it should be noted that they had had no idea
how restrictive those regulations would be. But for Sohio and Vistron, it
was back to the drawing board. The water pollution was the mcst serious
and that problem was attacked first. Working on both water problems simul-
taneously, hydrolyzer tower operating conditions were modified through on-stream
testing until the tower's efficiency for urea removal was consistently high.
The excess water problem was solved in two ways. It was decided that

except for the 15 gpm of fresh water used in the scrubber atop the prill tower,
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and the wash-down water at that point, no new water would be brought into the
system. But since calculations, based on early operating experience, indicated
that there would still be more water than could be handled in the hydrolyzer,

a concentrator was designed and installed. These two steps and the integration
of the new system with the hydrolyzer have been very successful. The only
water of any kind going to the river from the urea plant battery limits is the
60 gpm of lightly contaminated hydrolyzer bottoms. There is also a surface run-

off stream which can become contaminated by prill tower fall-out.

The remzinder of this paper will be directed to the details of how the

water pollution control system works.

There is nothing especially unique in our reclaiming system and | offer my
apologies to those who may have similar systems. However, because it is inte-

grated with the hydrolyzing system, each must be understood.

The next slide shows the sections of the reclaiming system and the purpose of

each.

SLIDE 111 RECLAIMING SYSTEM

1. Hot Solution Wash System

To wash urea deposits from work areas and from equipment.

2. Urea Trenches

To convey reclaimed urea to the urea drain tank.

3. Urea Drain Tank

To serve as an accumulator of solution and a dissolver of urea solids.

L. Urea Rundown Tank

Yo serve as storage for reclaimed urea solution and as a feed source for
the concentrator and the hot wash system.

Urea Concentrator

To concentrate urea solution from about 20 wt. % urea to 75 wt. %.
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All of this system, with the exception of the urea rundown tank, was

added after the unit was in operation.

Now let's look at how each of these components serves its purpose. The

next slide shows where the hot wash system is used.

SLIDE IV HOT WASH SYSTEM

Main floor process building

Centrifuge floor

Screener floor

Melter and sprayhead floors

Prill collector floor

Prill tower ground floor

The wash system in the prill tower was integrated with the water systems

already there for dust removal. Water from the vent scrubber on top of the
prill tower, as well as any wash water from that area, gravitates to the bustle
water pond. The pond provides wash water throughout the tower, with the excess
overflowing to the lump dissolving drum or the prill tower trench. I[f the
urea is contaminated, it is always collected in the prill tower trench and
flows to the steam jacketed urea draiﬁ tank. This tank is below ground level
to permit the sewer system to gravitate to it. This sewer network surrounds

all areas in the urea unit where either liquid or dry urea might be spilled.

In addition to receiving the wash water, the urea drain tank is the
recipient of all the scrap solid urea from the warehouse and other areas. The
solids are dumped into a hopper in which there is a sparger fed with hot
solution wash water. The dissolved scrap with some floating lumps flows into

the sewer and thence to the urea drain tank.
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The lumps are caught by a screen at about mid-level in the tank. The
sump pump maintains continuous circulation through a spray header above the
screen, thus dissolving the solids. It also transfers solution on level control
through a leaf filter to the urea rundown tank. Because the filter has to be

cleaned by Maintenance twice a week, it has to be spared.

From the rundown tank the urea solution, which is normally at about a 20%
strength, is reused as a hot wash or it is pumped to the concentrator. The
concentrator system consists of a flash vessel with one bubble cap wash tray,
a reboiler, an overhead condenser and twin ejectors which hold the pressure at
4 psia. The feed enters above the wash tray scrubbing any entrained urea from
the rising vapors. It then overflows into a downcomer to the bottom of the
vessel before passing to the rebuiler which is on temperature control set to

produce a 75% liquid urea product.

The system is operated under a vacuum to minimize the loss of urea through
decomposition. As this cannot be entirely eliminated, the NH3-rich overhead
condensate is routed to the hydrolyzer feed tank as is the condensate from each
ejector. The feed rate to the concentrator varies, of course, depending upon
the amount of clean-up underway but normally runs about 30 gpm. Occasionally,

it is possible to shut the system down altogether.

The next slide provides a sketch of the whole system. This reclaiming
system works well and with a minimum of opcrating problems. |t recovers a lot
of urea for us and it keeps major pollution out of the river. But in itself, it
comes nowhere near enabling us to meet EPA standards. For the final clean-up,
we must turn to the hydrolyzer which | have mentioned briefly before. This
tower handles both the urea-and ammonia-contaminated streams shown on the next

slide.
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SLIDE VI HYDROLYZER FEEDS
The NH3 rich sewer system 111
Condensate from cryst>llizer ejector hot well
Condensate from flash drum pre-condenser

Condensate from the concentrator condensers

The tower is designed for a 60 gpm feed rate. The overhead, which is
rich in ammonia and carbon dioxide, is returned to the process. Removal
efficiency for both urea and ammonia is high, leaving a bottoms stream with
an average of 87 ppm ammonia and 130 ppm urea. The next slide compares the

results with EPA guidelines for prilled urea plants started after January 1, 1970.

SLIDE VI VISTRON VS EPA GUIDELINES
Source Pounds per 1000 Pounds Product (Average)

EPA Guidelines
NH3-N Urea-N  NH3-N Urea-N

Hydrolyzer Bottoms 0.047 0.057
SRO* New Plant 0.072
B & S** + SRO (0ld Plant) 0.219
TOTAL 0.047 0.348  0.05 0.67

* SRO - Surface Run-off, including dust fall-out

** B & S - Blending and Shipping

Before closing, | should say that as yet we have not been as successful
in solving the air pollution problem. We do, however, have a system designed

that will bring the particulate emissions within limits.

Thank you for your kind attention.

Jay M. Killen

Presentation at The Fertilizer Institute
Environmental Symposium

January 14-16, 1976

Fairmont Hotel

New Orleans, lLouisiana
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VOLUNTEER SP&CIALIST
CURRICULUM VITAE

Wesley (Wes) W. Atwood
5 Alamo Court

Lake City, FL. 32055
Phone: (904)752-6479

B.Ch.E. Rensselaer Polytechnic Institute, Troy, N.Y.

1963-55

1956

1959-67

Chemical Engineer Trainee, American Cyanamid Co., N.Y. N.Y.

Project Engineer - Engineering and Construction Division, American
Cyanamid Co., N.Y. N.Y.

New Venture Studies; project engineer on design and construction
of synthetic fibers plant.

Plant Engineer - Brewster Phosphate Chemical and Mines,
American Cyanamid Co., Brewster, FL

Supervised plant engineering department for assistance to
operations in maintenance, alterations and improvement projects.

e

1967-75

1975-79

1979-86

Chief Process Engineer - White Springs, FL. Phosphate Chemical
Processing Plant, Occidental Chemical Co., White Springs, FL

Supervised process engineering, environmental control and
analytical laboratory departments.

Chief Process Engineer - Design and Construction Project for new
Chemical Complex, Occidental Chemical Co., White Springs, FL

Manager, Environmental Control, White Springs facility now
including two Chemical Complexes and 2 mines to produce fertilizer
intermediates, Occidental Chemical Co., White Springs, FL

Duties included supervision of State and Federal regulatory affairs
environmental permitting and control activities covering air, water
and dredge-fill.

Supervised first CORPS 404 Wetland Mining EIS in United States
leading to a CORPS 404 permit to continue mining at location.



1987-92 -

Environmental Special Projects Manager,; Occidental Chemical Co.,
White Springs, FL

Primarily responsible for creating, designing, permitting of special
waste abatement projects leading to both reduction in
environmental impacts and permitting of new outfalls to insure
continuation of major phosphate mining and fertilizer chemical
processing complex.

1993-94 -

Consulting Engineer
Clients:

e The Fertilizer Institute
501 Second Street NE
Washington, DC
RE: Environmental Regulation Studies

e World Environment Center
419 Park Avenue South, Suite 1800
New York, NY

RE: Environmental Review at Kedainiai State
Chemical Plant, Lithuania

Other Associations

1965-66 -

1978-80 -

1968-88 -

Vice-Chairman and Chairman - Central Florida A.l.Ch.E.

Vice-Chairman and Chairman, Manufacturing Environmental
Committee of The Fertilizer Institute

(A 40 member standing committee. Have been on it since 1974.
Representatives appointed by officers of about 35 major US
fertilizer companies)

Florida Section, National Air and Waste Management Association

1975 - Annual Program Chairman
1980-83 - Director

1984-85 - Secretary-Treasurer
1985-86 - Vice-Chairman

1986-87 - Chairman

FEEL,.

LAUG 00y

]
Vi

o

!
N
i

i

\b



