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I. INTRODUCTION 

Pursuant to the technical assistance program for Central and Eastern European 
countries funded by the United States Agency of International Development, the World 
Environment Center (WEC) team conducted on January 16-25, 1994 an 
environmental/waste minimization assessment of Akmenes Cementas (Akmenes) in 
Akmene, Lithuania. During that visit, waste minimization opportunities were identified for 
Akmenes and equipment and process modifications were recommended by the WEC 
team. 



I1.EXECUTIVE SUMMARY
 

On January 16-25 1994, the WEC team consisting of Frank C. Stevens and Charies Fox 
visited Cemenlas Akmenes (Aknmenes) located in Akmenes, Lithuania. 1he purpose of 
the visit was to assess Akmenes' operations and production of products (primarily 
cement) and generation of waste materials and emissions, in order to identify waste 
minimization opportunities. The WEC team visited and made preliminary assessments 
of Akmenes concrete products plants, steam generation plant (used for heating the Plant 
and the town of 15,000 people), the Akmenes Lime Plant, and the quarry for Akmenes 
Cement. They also visited lime and building materials plant of Venta Building Materials, 
located near the town of Akmenes. 

Built in 1952, Akmenes Cement Plant (Akmenes) uses the wet process system for the 
manufacture of c(?ment. This is a complex process, requiring a large capital investment 
and is labor inteiisive in production and maintenance of equipment. Under Russian 
standards, plant labor, fuel, and maintenance costs were considered average, however, 
Akmenes is not currently competitive when compared to Western European standards. 
Capital investments are required to update Akmenes, which has not been modernized 
since its opening. 

The most significant problem for Akmenes is the lack of a cement market for its product 
since the former Soviet Union stopped buying the full output of the Plant. During 1990, 
the production and sale of cement was 3,350,000 tons annually which is the full output 
of the plant. In 1993, the output of the plant was reduced to 726,900 tons (22 per cent 
of full production), utilizing only 1.8 kilns out of a possible 8 kilns. In order to be 
competitive with other cement producers outside Lithuania, Akmenes must reduce 
operating cost by installing new equipment and introducing modern technology. The 
capital investment for a new low production cost cement plant will be at least 
$100,000,000 U.S. and could range up to $150,000,000 U.S., depending on inflation, 
equipment, and construction costs. 

Akmenes also needs environmental monitoring equipment capable of measuring air flow 
in kilns and grinding systems, particulate emissions, and performing kiln exit gas 
analyses for oxygen, carbon monoxide, nitrogen oxides and sulfur oxides, such 
monitoring equipment would cost approximately $350,000 U.S. 

Other immediate capital requirements of Akmenes are for instruments and operating 
controls in the raw grinding cement kilns and cement grinding departments of the Plant, 
and for the equipment necessary for converting the fuel from oil to coal. (Russian oil 
currently costs 110 U.S. per ton, where as coal from Poland and Russia cost 
approximately about $30 U.S.) A capital investment summary follows: 
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o 	 Basic instruments andoperatinc, controls for grinding and kiln operations 
for two of eight kilns. Estimated cost is $800,000 U.S. Payback period is 
IVess than two year-, 

o 	 Upd ti[ng and inproving opr,ation of 1 kiln arid 1 cement grinding mill. 
Estimated cost is $350,000 U.S. Payback period is less than 1.5 years. 

o 	 Environmental testipg_equipment for emissions of gases and particulate. 
Esti[riated cost is $350,000 U.S. Payback period is less than 1.5 years. 
Estimated cost is 3,000,000. Payback period is less than two years. 

o 	 Coal, handlinq_,pulverizing and kiln firing equipment arid controls for two 
of the eight kilns. Estimated costs is $8,500,000 U.S. payback periods 
less than three years. 

Payback periods for these capital investments are calculated based on improvement in 
production, better quality clinker and cement, improved environmental monitoring and 
control, and savings in fuel costs. 

Another method for reducing fuel costs, while maintaining good production rates of 
clinker and cement, above standard quality of product, and improved and acceptable 
environmental emissions meeting the requirements of the Lithuanian Government, is the 
use of alternative waste fuels. Such alternative wastes include organic wastes from 
petroleum refineries, automobile and manufacturing plants; plants using coal, oil, and 
natural gas as the raw materials for their chemical products; and chemical plants using 
and producing organic materials. The cost of a system for handling organic wastes 
including, tires, agricultural products, and selected trash and garbage (organic) is 
estimated to be $5,000,000 U.S. to $6,000,000 U.S., with a payback period of less than 
2 years. This capital investment will include kiln controls, environmental monitoring 
equipment, and will utilize the existing facilities of two large wet process cement kilns at 
Akmenes. 

By comparison with other cement plants built in 1952, the WEC team found Akmenes 
to be clean and well-maintained, with good production rates, good quality cement, and 
acceptable environmental emissions, except in the case of particulate emissions which 
are more than twice the allowable level in Western Europe and the U.S. Akmenes has 
an excellent training programs for health and safety and welfare of the plant employees 
and their families that live in the town of Akmenes. Results will be further improved when 
the proposed mpial improvements are implemented. 

Following this initial assessment, Akrnenes will be participating ir, WEC's Waste 
Minimization hli'pct Project. 
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Section I 

INTRODUCTION 

World Environment Center (WEC), under an Agreement of Cooperation with Akmenes 

Cementas (Akmenes), signed December 13, 1993, agreed to complete an 

environmental/waste minimization of plant operations. The primary goal of the 

assessment was to identify opportunities for low cost activities which could provide 
environmental and economic benefits for Akmenes, and to familiarize plant personnel 

with assessments techniques and procedures. The assessment was completed by the 

following team: 

o 	 Ms. Gretchen Mikeska, Project Manager of WEC, New York, N.Y. 

o 	 Mr. Charles W. Fox, President of Fox Industries, Cottonwood, Arizona, 
Senior Consultant Volunteer Expert for Cement and Process lndustrit S. 

o 	 Mr. Frank C. Stevens, President of Stevens Consulting, Yucaipa, California, 
Senior Consultant Volunteer Expert for Cement and Process Industries. 

o 	 Mr. Simonas V. Anuzis and Mr. Algimantas Mituzas, Director and Technical 

Director, respectively, of Akmenes, Akmene, Lithuania. 

o 	 Dr. ,Jonas Kapturauskas, WEC Country Coordinator, Vilnius, Lithuana. 

WEC's assistance to Akmenes will continue through Akmenes participation in WEC's 
Waste Minimization Impact Project (WMIP) for Lithuania. 

The WMIP commences with a waste minimization workshop (May 24-27, 1994), 
attendance by Akmenes personnel at the Institute of Electrical and Electronics Engineers 
(IEEE) 1994 Cement Industry Technical Conference, and visits to the U.S. cement plants 
(May 30 through June 4, 1994). Further study and the methods for financing will be 
continued through 1994 and early 1995. 
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.1 Background 

Akmenes Cement plant and facilities were built by the former Soviet Union in 
1952; an expanded plant was completed in 1972. The plant was situated in 
Akmeries because of excellent raw materials, skilled work force, availability of 
USSR fuel and electricity, the need for cement in Lithuania, export access 
eastward to the former Soviet Union, and the excellent work ethic of the 
Lithuanians. 

In addition to the annual production of up to 3,350,000 tons of cement, Akmenes 
has facilities for making numerous concrete products and generates steam for 
heating of the Plant and the town of Akmenes. The Cement Asbestos Products 
Plant, which currently produces asbestos sheeting and pipe, is changing from 
asbestos-based products to a mineral and cellular fiber based cement products. 
(Asbestos is no longer used because of health problems.) Akmenes maintenance 
shops manufacture metal products for other industries and businesses throughout 
Lithuania. The supply of fuel oil from the former Soviet Union and maintenance 
parts for repairs of Akmenes equipment have been very costly and only 
sporadically available, due to the increasing difficult political climate between 
Lithuana and Russia since the independence of Lithuania in 1991. 

When the former Soviet Union took over Lithuania in 1940, almost one million 
Lithuanians were killed. The population today, is about 3,700,000 people. The 
citizens work very hard, primarily in agriculture, farming, and animal raising as 
their main source of income. Lithuania is slowly changing to an industrial 
services economy. The environmental outlook is very good, with compliance to 
Western standards a goal of Lithuanian government officials. Large enterprises, 
such as Akmenes, are generally in need of financial assistance in order to be 
competitive in world markets. Outside investments are required. 

While the WEC team was at Akmenes in January 1994, the Plant exported 3000 
tons of high grade cement to Sweden which was then shipped to Africa. 
Akmenes is also pursuing other export markets. The plant management is doing 
an outstanding job of maintaining jobs for employees who have no other source 
of income. 

Akmenes is now 52 per cent privately owned, and is controlled by employees 
operating and managing the company and plant. The Lithuanian government and 
of the private investors have a 48% minority investment without control. With 
financial assistance, the Akmenes management, technical and engineering, 
supervision , and plant employees are competent with a good work ethic, ad are 
capable of operating a clean, well-maintained, environmentally acceptable, and 
profitable [plant that is needed in Lithuania for its development and economic 
strength in the free world. 

1-2 



1.2 Manufacturing Process 

Akmenes uses the wet process for grinding and blending of raw materials 

(limestone and clay). These raw materials sent to long rotary kilns equipped with 

chains at the feed end to dry and preheat the raw materials, and a fuel oil burning 
system at the discharge end of the kiln to supply heat for clinkering the kiln feed 

into cement clinker at 14500. The clinker, after cooling, is ground with 5 per cent 

gypsum into a fine powder called cement. Cement is reactive with water, sand, 
and crushed stone and forms concrete - the basic building material for all types 

of construction, homes, infrastructure, buildings, highways, concrete products, 
and factories. The process requires about 140 KWH of electricity per ton of 

cement and 1600 kcal per kg of clinker produced in the kiln. The equivalent fuel 

oil use is 160 kg per ton of clinker produced. For the 3,000,000 tons of annual 

production, approximately 1800 employees are required. 

Raw material sources are generally located near the Plant and are owned by 

private Lithuanian companies. Since all of the equipment was engineered and 

manufactured by former Soviet companies which are no longer available .to 

Akmenes, the Plant is salvaging parts from idle equipment, while developing other 

sources of supply, including fabricating equipment in their own shops. 

Most of Akmenes plant kiln dust is collected and returned to the system. Sanitary 
waste water from the Plant is recycled for cooling purposes. Effluent from the 

town's water treatment plant is incompliance with government standards, and is 

recycled to Akmenes where it is used to make raw material water slurry. This 

slurry, containing up to 40 per cent water, is the raw feed for the cement kilns. 

When economic conditions improve in Lithuania and a market develops, for 

cement exports to countries of Eastern Europe and Western Europe, Akmene's 

annual production is projected to be 2,500,000 tons per year. 

Akmenes does not have any electronic equipment controls or instruments which 

are needed for production, maintenance, laboratory, equipment operation, and 

office functions. Environmental instrumentation are also urgently needed. 

Aki nenes product quality is superior, considering their lack of instrumentation and 

that the processing of materials (from quarry, crushing, blending, clinkering, 
cooling, cement grinning, to the cement storage and shipping) is very complex. 

The process of making cement and the equipment required are presented in 

Appendix. 

Details of Akmenes, statistics, product composition, manpower, organization, 
environmen tal information, government standards, training, and health and safety 

prograrns, are presented in Appendix. A flow chart of the process is provide in 

Appendix B;-2.
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Section 2
 

OBSERVATIONS AND RECOMMENDATIONS
 

2.1 Plant Operations 

Akmens staff was very willing and eager to assist the WEC team in the 
assessment, answered all our questions, complied with our requests, and were 
willing to listen to our advice. Information supplied to the team and not presented 
in the body of this report, is presented in the Appendices. 

Although Akmenes' equipment is old, dating back 20 to 45 years, it is well 
operated, maintained, and kept clean. Managers and department heads are 
aware of technical developments in the cement industry, but lacked funds to travel 
to seminars, make plant visits, and/or purchase technical literature. Through 
constrained by limited funds and lack of up-to-date technical information and 
equipment, Akmenes has optimized their production process within the limitations 
of their equipment. Plant personnel are proud of these improvements. 

Plant water supply is adequate. The Plant receives fresh water from near-by wells 
and process water from the waterwaste treatment plant, which is operated by the 
plant for the town of Akmene. 

Electric power is obtained from a Soviet-built nuclear power plant, located near 
Lithuanian's border with Belarus. When possible, the plant uses off-peak power 
to save on electrical power costs and balance the power plant load. 

Akmenes uses some iron ore mixed with the limestone and clay to optimize the 
chemical composition and burnability of the raw materials in the kiln to clinker. 
Gypsum is added to clinker at a rate of 5 percent to control the setting and 
hardening rate of the cement. Pozzolan is also used as a cement mixture, with 
additions of up to 30 per cent to the clinker and gypsum and ground to a fine 
powder for suitable pozzolan cement. 

In Appendix B-4 is a copy of the brochure entitled "Akmenes Cement", written in 
Lithuanian, English, and German. This is filled with excellent history, operations, 
data, and interesting features of the Plant. 
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2.2 Alternative Fuels 

As previously described, Akmenes uses the wet process for handling raw 
materials and feeding the kiln, which requires a higher fuel usage (1600 K cal per 
kg. of clinker versus modern kiln that uses 50 per cent less fuel). Akmenes can 
reduce its fuel costs by 50 oer cent by using coal instead of the high price fuel 
oil from the former Soviet Union. With the addition of alternative waste fuels 
replacing up to 50 per cent of the fuel, whether it is oil or coal or both, fuel cost 
could be negligible, considering the income that the generators of waste fuel 
would pay Akmenes when this market develops. 

At the present time, Akmenes is paying fines for excess emissions of carbon 
monoxide (CO), sulfur oxide (SO,), and nitrogen oxides (NO). Using good kiln 
instrumentation and controls, emission monitors for kiln exit gases, and low NO., 
burners, emissions of these gases would be reduced considerably. Such 
instrumentation and control would also make it feasible and safe for Akmenes to 
use alternative fuels (coal and waste organics). Not only would Akmenes benefit 
from less expensive fuel supplies, but existing waste stock piles generated from 
Lithuanian industry could be reduced. 

Many wet process plants in the United States and other countries have been 
incinerating wastes safely, improving the environment, and lowering operating 
costs since 1975. The publication "All Fired Up" (see Appendix B-5) states that 
burning of organic wastes results in the following benefits. 

o energy recovery from combustible wastes, 
o conservation of fossil fuels such as coal and oil, 
o reduction in cement production costs, and 
o destruction of hazardous organic wastes. 

This publication is considered by many cement industry experts to be the best and most 
authoritative text on the subject. 

2.3 Environmental and Waste Minimization 

The gaseous (CO,,NO, and SO2) and particulate emissions from the kiln systems 
in Akmenes .,re considerable less than most of the cement plants in Eastern 
Europe, primarily because the Plant has well-maintained equipment. 
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The dust collection for raw materials, crushing and grinding, clinker production 
and handling, and cement grinding processes are adequate. However, particulate 
emissions from the cement kilns following electrostatic precipitation is more than 
twice the allowable level in Western Europe and United States. 

Gaseous emissions from the kiln system are similar to those in other cement 
plants in Western Europe and United States, and contain constituents similar to 
a properly operated fuel-fired electric power steam generation plant. Emissions 
can be reduced to acceptable levels by installing instrumentation and process 
emission controls. The electrostatic precipitators, which collect dust from material 
handling systems, kilns, arid grinding systems, can be made more efficient by 
enlarging electrode plates, adding modern electron emitting electrodes and better 
high voltage supplies and inzulators, and by optimizing precipitator control. With 
outside financing, these improvements can be implemented, and will result in a 
cleaner environment, higher production rates, and lower operating costs. 

As previously described, water for the wet process section of Akmenes is supplied 
by the effluent from the Plant and the town's water treatment plant. Electrical 
power usage could be reduced in the Plants grinding and handling systems, but 
only with a large capital expenditure. Currently, this is not a critical use of capital, 
as the cost of electricity from the nearby nuclear power plant is about two cents 
U.S./KWH, as compared with higher electric costs in other parts of Europe. 
However, electric power use is becoming critical, as poorly built Soviet nuclear 
power plants are shut down and the power costs continue to increase. The cost 
for reducing electric power costs and the payback will be estimated during 
Akmenes WMIP. 

Man-hours required to produce a ton of cement are several times higher at 
Akmenes than in western Europe and United States where plants are more 
modern. The average labor cost is the equivalent of $100 U.S. per month per 
employee, based on 4 litas per U.S. dollar. Man-hours could be reduced with a 
new modern plant, which would require a very large capital investment. 
Considering unemployment in Lithuania and other manpower intensive projects 
providing Akmenes with both economic and environmental benefits, these 
expenditures can not be justified at this time. 

2.4 Health and Safety 

Akmenes has a written and enforced environmental policy and health and safety 
policy. Each employee receives 30 hours of safety training. Each year, about 
200 new employees are trained and about 350 workers improve their 
qualificatioiis. Approximately 110 technologists and engineers improve their 
professional qualifications and safety engineering each year. Supervisory and 
managemeent personnel receive training and specialized instruction when 
available aiid required. 
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The Department of Labor is in charge of the worker's medical examinations, safe 
labor working conditions, and environment measurements such as noise, 
vibration, dust, air and lighting conditions throughout the Plant. 

2.5 Actions for Improvements 

For employees and their families, there is a good health protection plan with 
doctors and nurses. The Plant also ha! six remote resort locations that operate 
from June through August for workers' rest, relaxation and rehabilitation. In the 
Plant, there is an excellent sports palace and large swimming pool. However, 
these health and welfare services that benefit all employees need updating, 
including new equipment, latest training procedures and manuals, updated 
medical and laboratory instrum. nts and procedures. 

Environmental testing equipment is needed for field and laboratory, as it is 
practically nonexistant at the Plant. Immediate needs will cost about $350,000. 

Kilns and grinding mills require new instruments and controls, plus updating the 
clinker coolers, kiln chain systems, precipitators and the electrical and electronic 
systems in the grinding mills and kilns. The minimum cost for updating one kiln 
and one cement grinding mill is estimated to be $3,000,000. 

We recommend that at least two and up to four of the larger kiln systems be 
converted to coal firing and waste fuel firing. The estimated cost is about 
$8,500,000 U.S. for 2 kilns. The payback on this conversion to alternative fuels 
is less than two years. 

Plant management has previously considered these improvements and is capable 
of implementing them, with western technical assistance and funding. 
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Section 3 

CONCLUSIONS AND RECOMMENDATIONS 

In summary, the assessment of Akmenes Cementas follows: 

o 	 Akmenes is vital to the economy and welfare of Lithuania. Cement is the 
basic building material for homes, buildings, industries, and infrastructure. 
The plant and country need immediate money infusion. Capital for the 
improvements previously described are necessary for securing Akmenes 
position in the competitive western cement market. 

Capital for the improvements previously described are necessary for 
securing Akmenes' position in the competitive western cement market. 

o 	 Lithuanians are diligent hard working, intelligent, and are very capable and 
able to make the needed improvernents. 

o 	 The kiln system needs improvements that will result in a cleaner 
environment and lower costs, with higher production rates. Priority for the 
capital investments are as follows: 

1. 	 Emission testing equipment $ 350,000 U.S. 
2. 	 Basic instruments and controls for two kilns $ 850,000 U.S. 
3. 	 Coal burning for two of eight kilns $8,000,000 U.S. 
4. 	 Waste fuel system for four kilns $5,500,000 U.S. 
5. 	 Updating and improving operation of 1 

kiln and 1 cement grinding mill $3,000,000 U.S. 

While money is being obtained for this list of 5 capital investments, the following no 
cost/low cost equipment should be purchased: 

o 	 Provide technical literature, seminars, and direct training for 

upgrading Plant operations and management know-how. 

o 	 Obtain at least five personal computers and programs for Plant use. 

o 	 Initiate a program for completing studies and justifying capital 
investments. 
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o 	 Following a second Plant visit during Autumn 1994, present this 
report to the World Bank and USAID. 

o 	 Continue work with WEC's WMIP which includes a Waste 
Minimization Workshop (May 24-27, 1994, in Palanga, Lithuania) 
and a cement industry tour in the United States, May 29 through 
June 5, 1994. 
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Appendix B-1 

Charles W. Fox Report oi Visit to
 
Akmenes Cementas, January 16-25, 1994
 

Plant Name/Address: 
Akmenes Cementas 
Dalinreviciaus 2 
5464 Naujoji, Akmene, Lithuania 

Contacts: 	 Dr. Algimantas Mituzas, Technical Director 
Tel. 370-95-54150,58634 
Fax: 370-95-53301 

Stock Company: 	 52% private and 48% Lithuanian Government 

Translators: 	 Dr. A. Mituzes, Technical Director 
Julius Mituzes, Chemical Laboratory Equipment Engineer 
Dr. Jonas Kapturauskus, WEC Country Coordinator, Lithuania 

Complex Facilities: 	Engineered and constructed by former Soviet Union 

Consists of: Cement Plant 
Cement Asbestos Plant manufacturing pipe and siding. Presently 

Presently being converted to cement-cellulous. 
Line Burning Plant - Due to depressed building economy, plant 

may be shut down. 
Limestone Quarry - Reserves in excess of 50 years, 60 feet of 

uniform quality limestone. 
Effluent Water Treatment Plant - Built 1914 by the former Soviet 

Union: Serves the Cement Plant and City of Akmene, (5,000 
homes), central heating plant (Complex and City of Akmene) 

Cement Heating Plant - Serves the Cement Plant and City of 
Akmene 



Cement Plant No. 1 - Wet Process, kilns Nos. 1-4, commissioned in
 
1952; consists of:
 

400 T/H jaw _:rusI ier (1)
 

175 T/H hamrniermills (2)
 
52 T/H, 2.4ln x lim raw grinding mills (2)
 

100 1-/H, 3.2m x 15m raw grinding mills (1)
 
16 T/H, 6m x 127m rotary kilns with satellite coolers, Nos. 1-3 (3)
 
32 T/H, rotary kiln with grate cooler, No. 4 (1)
 
17 T/H, 2.2m x 13m cement grinding mills (3)
 

(2 compartment, no separators)
 
17 T/H, 2.4m x13m cement grinding mills (2)
 

(2 compartment, no separators)
 
43 T/H, 3.2m x 15m cement grinding mills (1) 

(2 -o ipartnIC it, no separators) 
In 1990, Plant No. 1 produced 800,000 tons of clinker. 

Cement Plant No. 2 
- Wet Process, kilns Nos. 5-8, commissiones in 1972; consists of: 

800 T/H jaw crushers (2) 
800 KW hammermills (2) 
140 T/H, 4m x 13.5m raw grinding mills (4) 
72 T/H, 5m x 185m rotary kilns with grate coolers (4) 
80 T/H, 4m x 13.5m cement grinding mills with separators (5) 

Key-

T/H - tons/hour
 
(1) Number of units 
KW 	- kilowatts
 
m - meters
 

Storage and Handlinqg 

Quarried limestone, clay and iron oxide, materials required for kiln feed are stored in 
covered open storage and are reclaimed by traveling bridge crane to bins feeding the 
raw milk where water is added for grinding kiln feed slurry. 

Kiln product, clinker, in stored in silos. Plant No. 1 capacity - 25,000m 3 , Plant No. 2 
capacity - 43,200 n3. 

Gypsum and pu7/oin are stored in open covered storage and reclaimed by traveling 
bridge crane to bins for proportioning by feeders serving the cement grinding mills. 
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Preventative Maintenance Plant is clean and appears to be well maintained 

F'rodCuCLio1 

Operatior i cost,;. 

Raw materials 
Energy 
Wages 
Repairs 
Non production & other 
Amortization 

Clinker 
(tons) 

1990 3,057,510 

1991 2,855,000 
1992 1,366,495 
1993 635,971 

Man Power 

Production Employees 

Nonproduction Einployees 

Staff DistributiOcI. 
Directors 
Administration 
Engineering am(l [echnical 
Workers 
Other 

0/,o of total OteratigCost 
16 
20 
30 
12 
16 

6 

100% 

Cement
 
(tons)
 

3,359,000 (last year under former 
Soviet control) 
3,125,000 
1,484,804 

726,872 (300,000 exports) 

1,594 

228 

1,822 (Total No. Employees Jan. 1994) 

7
 
102
 
239
 

1355
 
119
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Energy Sources 

Electrical power is received by 2,110KW transmission lines from Lithuanian Energy 
System. Power consumption is 140 KWH/ton of ton cement. 

Fuel: heavy oil from refinery 55 kilometers from plant, or by rail car from Russia, is used 
to fire cement kilns, drier, lime kilns, and central heating plant. Cement kiln heat 
consumption is 1,500-1,600Kcal of clinker. Fuel oil costs range from $52 to $58 ton in 
summer to $70/ton winter. Coal can be delivered for $20/ton. Present plans are to 
convert No. 4 kiln to coal. 



Cement Physical Properties 

1clay 3 Day 7 Day 28 Day 
Tensile 4.9 6.6 9.2 
Compression 18.3 26.5 46.3 58.7 
Blaine 4663 
Init. Setting 185 mins. 
W/C 0.") 

H20 28.4 
S0Q 2.0 
Expansion 0.0 
Liter Weight 1019 

Water Sources and Treatments: 

During full cement plant production in 1991, water consumption was 2.6xl 01m 3. In 1991, the City of3 
Akmene used 3.0xl 06 3 of water. Water is obtained from wells, the Agluome River, and a 2.0x1 06m


capacity pond. Effluent water from Akmerne is mechanically and biologically treated at the 10.Oxl 06m 3
 

capacity treatment plant. The treated water is returned to the cement plant and consumed in
 

producing the slurried kiln feed.
 

Treatment facilities are in compliance with government requirements. The 300 tons/yr. of sludge
 

produced is deposited as landfill.
 

Environmental Data
 

The plant has 96 sources of emissions.
 

Five sources are tested every three months by the Lithuanian Government for particulate, CO, NO, and
 
SO,emissions. They are:
 

Plant No. 1 - Kiln Nos. 1,2 and 3
 
Plant No. 1 - Kiln Nos. 4
 
Plant No. 2 - Kiln Nos. 5 and 6
 
Plant No. 2 - Kiln Nos. 7 and 8
 
Plant No. 2 - Clay Drier
 

During the last test, the following emissions exceeded government standards:
 
Nos. 7 & 8 Kilns - particulate and CO
 
Nos. 1 & 3 Kilns - particulate and SO.,
 
91 sources are tested for particulate emission only. During the last test, the following exceeded
 
government standards.
 
Nos. 7 & 8 Clinker Cooler
 
los. 3 & 4 Cement Mills
 



All particulates collected are returned to process. None are wasted. There are 22 electrostatic 
precipitator dust collectors and the balance are cloth filter collectors. Age of collectors in range age 
from 1946-1972 and appear to be well maintained. 

For the kilns, there are i1o instruments that permit the kiln operator to monitor the CO,0, and SO, 
emissions. Monitoring ol CO and O.optimizes the air/fuel ratio. Reduced kiln gas volume leaving the 
kiln reduces particulate carry-out and improves precipitator efficiency. Fine penalties range from 
$30,000 to $40,000/yr. 

Health and Safety 

The Plant has a written environmental policy and a written health and safety policy. Each employer 
receives 30 hours of safety training per year. Each year, the Plant trains about 200 new workers and 
about 350 workers improve then qualification. Approximately 110 engineers and technologists 
improve their qualifications in their professional sphere as ,vell as in safety engineering. 

The Department of Labor Protection is in charge of the workers' check up, medical service, safe labor 
conditions and their control. This department measures the noise, vibration, dust and lighting levels. 

Akmenes has a health protection system available to all workers. A doctor and six nurses take care 
of the patients at the Plant. In the City of Akmene, the Plant has a sanitorium with three doctors and 
34 medical workers to take care of patients. 

rhe Plant also maintains a 983m 2 sports palace with a 24m x 18m pool. 
The Plant has six remote resort locations that operate from June through August for workers' rest and 
rehabilitation. 



Typical Chemical Analyses of Akmt- s Raw Materials and Products (%) 

Constituents Lime- Clay Iron Fuzz Raw Mix 
Stone Oxide Olan (Kiln 

Fired) 

Si02 3.0 47.70 13.21 40.66 13.6 

A1 203 0.14 13.90 8.28 1.42 3.4 
Fe 20, 0.74 5.97 70.02 0.99 1.1 

Ca 51.13 10.66 2.47 26.16 42.4 

MgO 
S0 

1.37 
0.16 

3.86 
0.13 

1.03 
2.71 

1.15 
0.85 

1.7 
0.7 

Na0 

0 

41.081T, 
16.02 

Free Ca0 

S/R 

A/F 

Ca/Si0 2 

C3S 

C2S 

C3A 

CAF 

Tons (1991) 4,321,700 1,315,800 70,300 404,519 

Clinker 	 Kiln Gypsum Cement
 
Dust
 

21.0 13.8 	 20.6 

5.3 4.6 	 5.1 
2.8 .3.6 

64.3 45.6 35.02 64.1 

3.14 	 1.9 3.1 
0.82 4.8 

0.45 

4.3 	 0.18 

4.61 

2.70 

1.9
 

3.13 

64.0 

11.0 

8.0 

8.0 

0.32 

2,855,000 1 	 3,125,500 
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Lietuvos Respublika - sena, i 

naujo atginstantivalstybi, gra-

,MskraftasrytinjeBaltijosjfros 

pak,-',,zje. ia derlingi laukai, 
'dri eeraiirups,nedidelitvar-

kibgi miestai. Gyvena cia darbU-

tt-s irnuofird7slmons, svetingi 
savo galiesgeimininkai. 

Tokia Lietuva po penk inkor-

poravimojbuvusiq TSRS deimt-

meeitq grilta j pasaulio tauttj 

keimq. Ji nori ir siekia palhmti 

pasauli ir jame pritapti, siekia, 

kad irpasaulisjqpagintq 

Sis iliustnotaspasakojimas 

apie vienq i stambiaush irsta-

biliausiaidirbangii! Lietuvos 

statybiniq mediiagiq gainykl -

Akmens valstybin jimonq,,Ak-

ins cementas", esaneiq pa-
c'ioe Ltuvsgittrjestable 

Jnzonsprodukcijapadjoatsta-

tyti po II PasaulinioKaro su-

griatttq Lietuvos akj, imones 
I0m111darbasjanfittasne tik 

Liettvos,bet irkitt kraitl mies-

tt! pastatuose,kaimt! sodybose. 

Lithuanian Republic is an old 

andbeautifulstatenearthe Bal-

tic sea going through the period 

of rebirth. One can see fertile 
soil, blue lakes and rivers, small 

neat towns h hehre live ili-

gent andsihcerepeople in Lit/to-anzia who are well knowni for 
theirhospitality. 

Lithuaniais comingback to Eu-

rope and to the family of the 

world nationsafterfifty years of 

Soviet incorporation.It is eager 

to know the world andto find its 

place there. At the same time 

Lithuania wants the world to 
know it. 

HLere is s story about one of the 

largest Lithuanian plants of 

building materials - ,,Akmen 

Cement" It is one of the most 
workingplants,situatedin 

keoje ht the orth ofLita-
eAk.en i the iorthof Lit/ma-

The plant's production helped 
too restore Lithtuania after the 

210 Vorld War. Its production 

can be seen not only in Litha-

niabut in othercountriesaswel. 

Litaisc/hcIRepublik ivt ein alte 

neiterstehender Staat, ei 

schines Land atfder 6stliche 

Ostseeksiite. FruchtbareFeW, 

himmelblaue Seen tnd Fit 
kleine, ordentliche Stiidte. Hh 

leben fleissige and herzlich 

lenschen, tiichtige Gastgeber. 

Nach ffinf Itkorporationsjah, 

zehnten in die ehemalige Si
kehrt alsodas Litauenin Freiet 

ropa und in die Familie de 

Weltvolker zuriick. Es streb 

nach J'Velterkenntnis, wiinscl 

sich in sie eitzuschalten, streb 

nacl Welterkennung. 

Diese illustrierteErziihltngsteli 
einen dergrosstenandstabilste, 

BaumaterialienbetriebeLitau 

etn vor -Aknencer Staatstnter 

nchmen ,, Ze m enit Vo 
Ikmen ", das sich un Nordet 

Litauensbefindet. 

Betriebsproduktion trug zur 
Aufbau der zerstiirten Volks. 

wirtschaft Litattensnach dem 2 

Weltkrieg bei. TiitigkcitderFab 
rikarbeiterwurdenichtnurinLi
taien, sondcrz uc/ in 

Stadtgeliiuden tnd Baa

ernhfen andererRegionen vere

wigt. 

e7L 



CEMENTAS PASAULYJE 

Nvienaskraftasnegaliidiversti 

bestatyb!.Kuostatybossudtin-

gesnes, tuo patikimesnh! reikia 

ri(amte medgiagtq. ypae a.triaiz 

.iq problemq ikkl spartejanti 

civilizacijosraida,poreikisstaty-

- didelius tvirtus tiltus, pastatus 

irirengimus vandenyje. 

XVIII a. Anglijoje i§ molingt 

klinceit ( mergelio) inta degti 

hidraulines kalkes. 1796 in. 

atgl technikas Parkersatrado 

btidq i mergeliogaminticemen-

tq. 1821 in. tas pats ¢radcjas, 

atk-toje tem)erattroje dcda-

mas klincitt irinolio iizfn, pa-

gaimino naujq ri.amqjq 

mediagq,spalva primenanciq 

Portlandoprovincijos tiolienas, 

ir pavadino jq portlandcetnen-

iat. Jo ganybagreitaiplito A ng-

lijoje ir Prancizijoje,o tlno 1856 

m i.- r k itose ! a"tikt Fl sa mu urop 

valsylb sc, R sijojc, I, V. 

Nuto XX a. prdzios cnemitas 

varbiatsia ir plafiaasiaihart-

CEMENT IN TIE WORLD 

No land can exist without 

constructions. The more 

complicated the construction, 

the more reliable materials it 

demands. The development of 

civilazition showed how acute 

this problem was in building 

bridges,houses andconstniction 

in the water. 

It 18 c. in England hydraulic 

lime was made from inarl. In 

1796 the English technician 

Parkerdiscovered how to make 

C'incmlt from marl. t 1821 the 

samne inventor itde aa new 

binding material, burnting clay 

and limestone at very high 

temperature. The new mnaterial 

was called portlandcemn 

because its colour reminded of 

the rocks in the province of 

Portland. Its production wis 

rapidly spreadin ila tK Iula d 

tntdl Ir Ilice. Si ce 185 (6it hus 

beentp)roduced in Western 

2
 

ZEMENT IN DER WELT 

Kein Land kann ohne Bau aus

kommen. Je komplizierter der 

Bait, desto zuverliissigereBinde

inittelwerden gcbraucht.Mit der 

intensiven Zivilisationsentwic

kiung,dem Bediirfnissnach Bau 

von grossen undfesten Briicken, 
Gebiiden und Einrichtungen 

im Wasser tauchte dieses Prob

lem besondersscharfauf. 

[in 18.Jahrhundertbegannman 

in England aus kalkhaltigen 

7onen (A!ergel) hydraulische 

Kalke zt brennen. 1726 hat der 

enghschc Thnikcr ParkerZe-

M erelfne h24ezarts 

Meel gefunden. 1824 erzeugte 

derselbeErfinderdurchBrennen 

derMischung von Kalkstein and 

de in rovinz Port-Gesteen der 

hid hnelt, ttind na t e sPort

lanidmien nanfe es ort
[Hcr telhtlghtl(ndzelet. Silne 

t t i ch ras htinSiiettl,atd 

nd lrakr ch, I ' eg1 56a/r 

audhin atidereti Lndernt Wes

teuropas,Russland, USA. 



i1- 

dojama ri.amoji statybil me-

r dliaga.1929 in. pasaulyjejopa-
garninta68 mi. t. 

r 

t 

Cemento gaminyhu didliaiUsiose 
pasauliovalstybcse 

1990m. (mn.t) 

£ 

Kinija 
TSRS 
JA V 

Japonija 

203,0 

137,3 
75,5 

84,45 

r 

Italija 
VFR 

Pranct-zija 
Didlioji-Britanija 

41,69 
39,26 

26,98 
14, 0 

C 
"N 

1 
Grup6 Lietuvos verslininkil 
1912 in. jkt-r ,,Lictuvos port-
landcenentobendrovq". Jos jga-
liotasininierittsirmokslininkas 

P.Jodelv2suprojektavo irsavo2e-

tnL&j',tarp Var ntos irValkinin-
ki, pastate; fiihrikq, kiriv 191.4 

in. icit kasamti krcicdu irmlio 

pradcjo g,amiiiti cmcntt !. lir-
nojo pasaulinio karo inelais 

Europian countries "andin 

Russia as well as in the USA. 
Since the beginning'of the 20 c. 

cement hasbeen one ofthe main 

and most used binding 

materials. In 1929 the world 


produced 68 milion tons of 

cement. 


The productionof cement itthe
 
largest countries of the world in 

1990 (mlt. t.) 


China 203,0 

USSR 137,3 
USA 75,5 

Japan 8-1,/45 
Italy 41,69 
GFR 30,26 
[rance 26,98 
GreatBritain 14,0 

CEMENTIN LITH!UANIA 

It1912 a group of Lithtania 
bit Vill ess en .founnded the 

co11an)y ,, it/I itta/il i 

/)ortlandcement". It supplforted 
P. Jodel6, an engineer and 

3
 

Vom Anfang des 20. Janhrim 

derts st Zement das Wichtig 
undgebriiuchlichsteBindemit 

im Ball. 1929 warden 68 Mih 
Zement in der Welt heigestelh 
Zementherstellung in di 
gr6ssten Staaten der Welt 
i.J. 1990 (mill. t) 

SU 137,3 
USA 75,5 

Japan 84,45 

Italieni 41,69 

BRD 30,26 
1rankreich 26,98 

Chiha 203,0 

Grossbritanien 1,1,0 

ZEMENTIN LITAUEN 

Eine Gruppe von litauische 
Unternehmern grundete 191 
,Geseltschaft des tPortlandz, 

nents gitctttns" 1ire Vertrat 
ens rs l;n 'irIn un
 

Vis' 'nschafthl.P AdlL )rojeA 
tiertc tind baitte it.Vicil'n fe 

maland, zwischeln V'arena alt 
Druskitinkai,cine Fabrik,in: 



jmone buvosgriuta,jrentkimaui 

s.'unaikinti. 


Nepriklausoma Lietuvos Res-


ptthlika 1O1-10.10 t. cement 


importuodav( i [)hliosios Bri-


talijos, Belfgijo,',I)ntijos, Latvi-


jos, Norveqijos, 1'S RS hei 


V"okietijos. 


Cemento veinias Lietuvos 


Respublikoje (ttksl. t. ) 

1926m. 31 

1928 m. 47 

1938 m. 124 

Cemento gamyklos statybos 
klausimasne kartq keltas 1930 

- 1940metais,bet Lietuvos Res-

publika stokojo tam lMgit, o u- 
sienio firmos, brqstant IIPasauli,'iantKarui, nesiry~o in 

scientist,who on his own piece o]' 

land between tite towns of 

1Varena and Valkininkai,htilt a 

fiactory which produced ceient 

from local chalk and clay. 

During the Ist IVorhl iWar t is 

factory was destroyeted. 

Independent lithuanian 

Republic imported cement from 

Great Britain, Belgium, 
Denmark, Latvia, Norway, 

USSR atd Germany in the 

periodof 1918 - 1940. 
rmport of cement to Lithunia 

Impor of ithuiaeinet to 
(thousandtons) 

It192631 

In 1928 47 

In 1938 124 
PasadinamKndnesiy~oin-Litauische 

vestuoti Lietuvoje kapitalo. ris 

dho 1940 it. pradtas statyti 

cemento fabrikas ties Skirsne-
,rnane, betprasid4jqs karasstaty-

bq nutraukL. Diskttuota ir 
galimnyb statyticementogamnyk-

lq Akmens apylink~se, kur jau 

buvo i(valgytidideliklinCitjklo-

dai. 

Nusiritus j Vakarus H Pasauli-
nio Karo b1angai,ikilo reikalas 
kuo greiciau atstatyti sttgriatutq 

t-ki. Griuvcsiais buvo paversti 
dattgelis mniesttt ir miesteliti, ga-

ntyklt! ir fabriktt. Lietuvq vIl 

okupavusios TSRS partin ir 
valstybina valdgia iekojo gali-
mybit! PabaltijoirBaltarusijosir 

Kaliningradosrities atstatymui 

c(IMentq, amiti (ia pat,panat-
dojant gatsiti. darbo jcos i<( 

tkliuts. 

Vykdydama centrines valdlios 

lirektyvas, tuometin Lietuvos 

The guestion of building a 

cement plant was discussed 

severaltimes in 1930 - 1940, but 
Lithuanian Republic was poor 

aitd couldn't afford it, and 
foreignfirms didn't risk to invest 

theirmoney on the verge of the 

2th World War. In 1940 the 

construction of a cement plant 

nearSkirsnemumn began, but the 
war stopped it. here bqan a 
discussion about builing a 

cementplantinAkmene district, 
because huge resources of 

limestone had been explored 

there. 

The wave of the war moving to 
the West, there arose a great 

demand to restore the devasted 

aconomy. 1 number of towns, 
factories and plants became 

ruins.The occupantpowero]fthe 

USSR in Lithuania wanted to 

produce cement using cheap 

4
 

nt 191. atslden lliesiel 'ibIt 
und Kreide die Zementherstel

ltung beann,[it den Jahren des 

1. lVeltkriegs wurde der Betrieh 

zerstort, (lie linrichttigcgeni 
vernichtet. 

1918-19-10 iniportiertedie unab

hang e Litauische Republik
 

Zement aus Grossbritanien,
 

Belgien, Danemark, Lettland,
 
Norwegen, SU tnd Deut

schland.
 

Zementeinfuhr itder Litauis
chen Republik (tausendt)
 
iLJ. 1926 31
L J.192847 
LJ 198 4 

i.eJ. 1938 124 - -

Die Frageeimes Zemeibetriebs-

Jahren 1930-1940 aifgeworfen,
Jhe 9014 tfeof 

Republik aber emp-
Laic eui aber elp

mzl etzrfniss ndn Gemittein und attslandische 
Firmet konnten sich nicht 
entschiessen,ihr Kapitalin Li

talen anzulegen, indem der 2 
weltkrieg heranreifte. 1940 

wurde hnimeerhin der Bau eines 

Zementbetriebs bei Skirsnzemtv. 

nel begonen, der Krieg aber 

hatteden Baa unterbrochen.Be
sprochen wtrde auch die Mog
licikeit einen Betrieb in der 

Umngebung ,lkmen zu bauen, 
wogrosseKalksteinschichtenge

fanden wurden. 

Nach demn 2 Weltkrieg entstand 
das Bedurfniss so schnel wie 
moglich die zerstorte Wirtschaft 

wiederherztstellen. Der Krieg 

hinterliess die mcisten Stadte 
and Stadtchcn ,IBetricbe tnd 

l"abriken in Ruinen. Besat

zungsbehorden der USSR such

ten nach Moglichkeiten, 

http:1O1-10.10


1SR liaudies koinisaril tatyba 
1045 m. liepos 27 d. pri ine nu-
tarimt statytiLietuivoje ce inntoe


'anyklq. Stat'bai.jkartq pasi-
rinktas ,kmienivs regionas, kut-
riame jau buvo i.tirti gaus s 

cenzento gamybai tinkamtq klin-
6i1 ir molio klodai. Pirmtj[ pro-

Jektq renge Leningrado 

institatas ,,Giprocement". 1947 
m. pradtistatybos darbaL Pir-
moji cemento gamybos techno-

login linija paleista 1952 m. 

rtsjo20 d. 

LIESTU YSES IOVALSTYBINbT JNONE 

AKMENES CEMENTAS " 

Igimoniis vizitinis kortelis 

Sprendiias prad~ti statybq:
Spre n i asp27 t t : 

1945 m. liepos 2 7(1. 

Projektai'imopradzia: 19416 m.
 

nigsjo 11 d. 


Statybosdarbilpradia:1947m. 

Jgkurtapirmojisukamoji kros-


nis: 1952 m. nigsjo 20d. 


JMONES DIREKTORIA! 

UstinasJUR.AGA (1947- 1949) 
Pavlas PURMALIS (1949 
151) 


Leonidas ZA,.ISEDA fLlS
 
(1951 - 195-1) 


A leksandras A NDROSO V S 

(1954 - 1956) 

Viktoras MA RKE VICIUS 


(1956 -1959) 

AleksandrasSPUDULIS (1959 

- 1962) 


Leopoldas PTRA VI/CIUS 

(1902- 1990) 


Siunonas Vyti" ANUZIS (1ntto 


1990) 


labour]rce, whish was wery 
necessaly not only.for rebuilding 
Lithuanian towns, hut other 

repuhlics as well. 
Under the directions of central 
power, the Coinissars' Soviet of 
Lithuanian SSR issude an order 
to build a cement plant. It was 
decided to choose Akinenl 

district, as it was rich in 
limestoneandclay thatwasgood 
for making cement. The first 

project was made by institution 
,,Giprocement'inLeningrad. Il 

1947 the constniction of plant 
was started. Tle firvta tre.Tefrt 


technological line of cement 

production began to operate ol 
September 20, 1952. 

LITHUANIAN S TA TE LINT 
,,AKMENE CEMENT" 

Importantdata: 

Te decision to build the plant: 
July 27,19.I5 
The beginning of the project: 

September 11, 1946The beginnig of constnction: 

1947 
The first rotating kiln started to 

work: September 20, 1952 

MANAGERS OF T71E PIANT 

JustinasJURIGA (1947-1949) 

Pavlas PURMALIS 

(1949-1951) 

Leon idas ZASEDA TELIS 
(1951-1954) 

A leksandras A NDROSOJK'I S 


(1954-1956) 


Viktoras MA RKEVICIUS 


(1956-1959) 


Aleksandras SPUDULIS 


(1959-1962) 

6 

Baltiktm, elotr1(landundGe
hiet Kaliningrad mit tlilfe der 
Zenzenthervtelhin, an Ort ttnd 

Stelle ["enreltuni, der e,ielb,en 
ArbeitskrafteanJruhaten. 
Der damaliikc Rat der Volks
koininissaretcr Litautischen 

SSR hielt sichian die Richtlinien 
der Zentralheierungund fasste 

den Beschlhss, einen Zement
herstellungsbetriebin Litauenzu 
baten. Furden Baa wtrde Ge

biet Akmen gewahlt, wo grosse 
fur Zementherstellung notige 

Kalkytein-und lonschwhten ge
funden wurden. Den ersten Baaenwr ahedsJsiu
 

entwurf mache das nstitut 

,, Giprocement" von Lenengrad. 
1947 begannen dieBauarbeiten. 

Die erste technologische Linie 
der Zen en therstellung wurde 
amn 20. September 1952 in Be

triebgesetzt. 

STAA TSUNTERNEtM EN
 
DER LITA UISCIIEN
 

REPUBLIK
 

,,ZEMENT VON AKAMENE"
 
Aus der Fisitenkartedes Unter
nehmens: 
Beschhuss zutm Batbeginn: ter 

27. Jidi 9.15 

trojektieruntv,ifang.: der 11. 
September 19.16 
Anfang der Bauarbeiten:1947 
Der 1. Drehrohrofen in Betrieb 
gesetzt: ant 20. September 1952 

DIREKTOREN DES 
UNTERNEI1MENS 

UstiniasJUlA(L, (I9.17-1.10)
 

P'avlas PIIRAAI1.S (1049

1951)
 

Leonidas ZASEDA TELLS
 

(1951-1954)
 

http:I9.17-1.10
http:27,19.I5
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STEBETOJ(J TARYBA Leopoldas PETRA VICIUS 

kYinkta 1990 n. gruod~io27 d. (1962-1990) 

Steb~toji tatyhos pirmiinkas 
Valerijis Z.,1 VJ L 0 V,4S

Va/ej uVASsekretoriusKlem as RIMUTIS 

nariaikutlia INhKU/IENE
ULJ M 0!? / j7 

t asJos(RE USI 

CIU" 


b 	 EdmundasK RIPAS 
Edmundas KRIPAS 

DIREKTORIQ VALDYBA 

Patitinta 1991 . sasio 29 . 

Simonas Vyds 1A'NUZS - direk-

torius, vahlyhos pirmininkas 

Vincas MONTVIL1 - direkto-

rius pavaduotojas, valdybos 

narys 

Simnonas Vytis ANU2IS (since 
1990)


Z,1VJA190)ASUPERVISORS COUNCIL 

7 90 
Elected on December27,1990. 

The head of the council 
Valerijus Zavjalovas 
Secretary K/emas Rimutis 
Members DaliaBinkulienj 

JonasBorusevicius 

EimundasDimitrevicius 
dJulius Uparas 


JliusValerijus 

TIE COUNCIL 

OFMAN,'IGERS 

Aproved on January29, 1991 

Simonas Vytis Anuffis 

manager,the headofthe council 

7 

Aleksandras ANDROSOVA'S 

(1954-1956)
 

Viktoras MA RKEVICIUS 
(1956-1959)

leksandrasSPUDULIS (1959
1962) 

L"sP E 
Leopoldas PETRA VICIUS 

(1962-1990) 
Simonas VytisANUZIS /ANUS-
HISI (vom 1990 an) 

AUFS!CIITSRAT 

Am 27. Dezember 1990gewiihlt. 
Vorsitzende des Aufsichtsrates 

ZA VJILO VA S 

SekretiirKleinasRIMUTIS 

MitgliederDaliaBINKULIENfE" 

Vytatatas Jonas BORUSEVI-

CIUS 

EdmundasDIMITREVICIUS 
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Albinas KLIMAS - direktorius Vincas Mfontvila - assistant Edmundas KRIPAS 

pavaduotojas,valdybos narys manager,councilmember Julius USPARAS 

Olas DANYL1l - direktoriaus Albinas Klitnas - assistant DIREKTORIUl 

pavaduotojas,valdyhos narys manager,council nember 
- assistant ,Ain29. Jantiar 1991 bestitigt.luonualdasNORKUS -direkto- Olius lfu nyla 

Sinonas[ytis. INUZLS-der Diriaus pavaditotojus, valdybos 	 manager,council memrl 

Ronualdas Norktus - assivtant rektor, Vorsitzende des Direktonarys 
Aig,'nantas MITUZAS - vyriau- manafer,council member litums 

- der stelsiasiv inlinierits,valdybos narys A lgimantas Mittzas - chief 	 Vincas MONTVILA 

lvertretet,-le Direktor, M!itgliedengineer,councilmember 

Valstybin'je iionlqe The state plant ,Alnent des Direktoriums
 

,,AkensCement 	 producedin 91: Albinas KLIMAS - derstellvert

illitta 99( m. 	 cementt - 31l25,5 tholusIandtollv retende L)irektor, Afitied desIl 
'cInclio- tolt !,  rl/uled ,a, ((Isbcsto" c ent) - l)ir ikurtnts 

Olias1D NY/..I - der stIclve'rtre( ', 	 (.9501 tt'.nd Icavsch/tlK1 . ioith'tcrsieItcen ch-

) - 609501 tttst.suttntiim 	 Ppes made oJf ll./cstus Cement tende Iirektor, Mit'ied des Di

(set diameter) - 1885,2 kin rektoitumns 
LUo 


lakMtt, 

ishestcementnihq vamnzdzit (su

tartinlo diametro) - 1885,2 km. 

to
 



PAGRINDINIAI GAMYBOS 
PADALINIA I 

1-O1 CEMENTO GAMYKLA: 
./sukatnosios krosnys. Gamyk-
loje yra tIpinino irn-igiavimo 

bei pakavimo skyriai, faliavt1, 
degirno,malino,dulki surinki-

ino, mechaninis, elektros, re-

nonto ir statybos, laboratorijos 


cechai. 

Gamykloje dirba 778,mon~s, i§ 

jtt 700darbininktt, 78specialis-

tai, meitrai vadovai. 

1991 m. pagaminta: 


portlandcemen(io M400 
1.19000 t, 

greitkietjancioportlandcemen-

Jio M400 - 430000t, 

smnlinio portlandcemencio 
143000 t, 

cemento keliq dangai-39000t. 

2-OJJCEMENTOGAMYKLA: 

4 didZiosios (185 in. ilgio, 5 m. 

diametro) sukamosios krosnys. 

Gamykloje 3 barai - degimo, 

malimo, eneigetikos.Dirba405 

ftmon~s, ijt!373darbininkai,32 

vadovai, specialiytai,meistrai. 

1991 m. pagaminta: 


portlandcemeneio M400 
-
125000t, 

greit kiNijaiOiio portlandcemen-

d5o M400 - 16341000 t, 
M500 - 605000t. 
ASBESTCEMENCJO GA-

!d MYKL,,: dirba293.nons,ijt 
271 darbininkas,22 specialistai, 
meL'traiir vadovai. 

es Gamina: banguotus asbestce-

mcencio (.iferio) laktus 

(17501: 1/.)()x5,8 rntn), iairas 
diametro asbescein en tin its 
vamnzdlZi1s irmovasslkiniamnsir 
beslhgiamsvamzdynams. 

T71E MA Iv PRODUCING 
SEC77ON 

CEMENTPLANT 1: 4 rotatory 
kilns. In the plant there are 
crushing, sorting and packing 
devisions, raw materials, 
burning,inilling,dust collecting, 

mechanical, electric, repair 

building, laboratory 

departments. 

There work 778 people at the 


plant, 700 are workers, the rest
 
78 are specialists, masters and 

chiefs,.in
 

In 1991 it produced: 


portlandcementM400 - 149000 t 

fast hardeninr portlandcement
 
M400 - 430000 t 

sand portlandcement - 143000 t 
cement for roadcover - 39000 t. 
CEMENTPLANT 2: 4big (185 
m. long, 5m. diameter)rotatory 
kiln. There are 3 sections 
burning, grinding, energetics. 
There work 405 people - 373 
workers, 32 chiefs, specialists, 
masters. 

ASBESTOS CEMENT 


PLANT- there work 293 people 

271 workers, 22 specialists, 

amstersand chiefs. 


Itproduces: 


niffled asbestos cement (slate) 

leaves (1 750x13(x5,8 mm) 

pipes and chuthces of variuos 

diameter made of asbestos 

cementfor using underpressure 

and withoutpressure. 


RAW ATERIALS AND 

THEIR PROVIDERS 
Dataof 19)1 
Limestone (localpit K'alp)nai) 
4321, 7th. t 

11 

Roinualdas NORKIIS -der stel 
lvertretende Direktor, Mit'liei 

des Direktoriums 
Algimantas MITUZAS - dei 
Chefingqenieur,Atitglied des Di
rektoriums 

Prodttktion des Staatsunterneh
tens,,Zeme vonJ99kJnen" 
i.J.1991
 

Zetent -3125,5 tausend t,
 
Wellschiefer (Asbestzement) 69501 tautsend Vertragsplatten, 

Asbestzementrihren (im vert
raglichenDurchnesser)- 1885,2 

km. 

IAUPTUNTERABTELUNGE 

Der 1. Zementbetricb: 4 Dreh
rohrifen. Im Betrieb sind: 
Zerkriimelung-, Sortier-und 
Verpackungsabteilungen, Roh
stoff-, Brenn-, Mihl-, Staub
sammlung-, Maschinen-,
 
Elektro-, Reparatur-undBatt-,
 
Laborabteilungen.
 

Beschiiftigtenzahl.778 (700 sind
 
Arbeiter, 78 sind Fachleute,
 
Werkmeister,Leiter)
 

Herstellungsprogramm i. J.
 
1991:
 
Portlandzement 1400 - 149000i,
 
schnell verhiirtenderPortlandze
iment M ,400- .130000t,
 
Sandportlandzement-1,13000t,
 
Zement fur Strassenbelag 
39000 t.
 
Der 2. Zementbetrieb: 4 Rie
sendrehrohrofen ( 185 m lang,.5
 
m Diameter).lI Betrieb gibt es
 
Brenn-, idthl-und Lncrgiepro

de ktionsbereiche. .105 LeUte 

siul beschqfti t, 373utnterihnen 
sind Arbeiter, 32 Leiter, tach
leute, Werkineister. 

http:chiefs,.in


ZALIAVOS IRJ(I TIEKEJAI 

1991 m. duomenys 
Klinlys (vietinis Karpni.n karje-

as) - 4321,7 tikst. f; 
Molis (SaltLki ! nolio karjeras) 

- 1315,8 takst. t; 

Gipsas (Saurieokasykla Latvi-

joje) -5tkst.t; 
Piito degenos (Kingisepogamy-
Pintodegens 

b is susivienijimas ,,Fosforttkstt; 


Opoka (Stonikitj karjeras) 
46,6 tzlkst t; 

Fosfogipsas(K&Idaini chemijos 
gamykla) - 52,1 ttMkmt t; 
Fofogipsas (Gorel/o chemijos 
kombinatasBaltarusijoje)-23,8 

tuuktt. t. 

KURO IR ENERGUOS 
SALTINLII 

1991 tn. duomenys Mazutstekt~j (pgrindnO
kwhKal/klsltein 

Clay (Salti.kiaiclaypit) - 1315,8 

th.t 


Gyps (Siauriespit in Latvia) - 5 

ti. t 

Pyrite (Kingisisep plant 

,,Phosphorite")- 70,3 ti. t 

Opoka (Stani.kiaipit) -46,6 t .t 

Phosphogyps (K~dainiai 
chemicalplant) - 52, 1 th. t 
Phosphogyps (Gomel chemical 

plant in Bielorussia) - 23,8 th. t 

SOURCES OF FUEL AND 

ENERGY 


Dataof 1991 
Oil (the main provider is 
Mageikiaioilplant) - 469,2 tit.t 
Naturalgas (forboilers) - 54776 

th. cubic m. 

Electric energy (it comes in 2 
lhies 110 kV from Lithuanain 
energetic system) - 397257 ln. 

Mazutas (pagrindin tiekcja 

fa~eikitt naftos perdirbimo 
jnionfI) - 469,2 ttukst. t, 

Gamtinsdujos (gamybineika-
tilinei) - 54776 ttkst.kub. m, 

Elektros energija (gaunama 2 

maitinimo 110 kv linijomis i.s 

Lietuvos energtins sistemos) 
397257 tnn kfVh, 
Mazuto tiki aptarnauja28 Dar-

buotojai, 

U 
AUTOTRNSPORTO UKIS 


[moe tri146jvari makiqir 
[moto turi 146 ivairit!markiitir 

paskirties automaias,i jtj 76 

savivartes,14 atutobust
 . 

1991 n. pervezta53.53 tt-st. kro-
viPtitf
,.Atotranslortotkiaptar-


ntatja 105darbuljai 


GELEZIVKELIO UKIS 

.elefinkeliu 1991 in. i.sitsta: 

kwh 

28 workers arein chargeof oil. 
MOTOR TRANSPORT 

SERVICE 
Theplantpossesses 146 vehicles 

of all kinds, among them - 76 

tncks, 14 buses. 

1991 they caried 5353,1 th. tof 
load.105 workers re cha ofa t 

of transportservice. 

RAILWAY 

1Gomel 


In 1991 there were sent by 
railway: 44732 carriages of 
cement (among them 16,15 

carriages were exported), 972 
curiages wit/ s/ate, 1258 
cu rriages
with ashesto,.s cement 

pipes. Ihe p/ant has 11 steaii 

engines. 287 workers are in 

charge of railway. 

12 

Heerstellungsprogrammi.J. 

1991:"
 

Portlandzement M 400 
125000 
scheY verharender Pordlandze

ient M 400 - 1634000 t, 
M 500 - 605000 t. 

Asbestzementbetrieb: 
Beschiiftigtenzahl293 (271 Ar
beiter,22 Fachleute, Werkmeis

ter,Leiter)
 

Produktion:
 

Wellschieferplatten ( Asbestze

ment) (1750x1130x5,8 mm)
 

Asbestzementrhren'und-muf
fen mit unterschiedlicheim
 

Durchmesserffir Drtck-und 
dnicklose Leitung. 

ROtISTOFFEUND 

LIEFERANTEN 

cffiLKalngaben Jahir1991( hiesige Kalkcsteingns

be von Karpenai) - 4321,7tau-

Send t,
 

Ton ( Tongrube von Saltikiai) 

- 1315,8 tausendt, 
Piritushorst( Produktionsverei

nigung,,Fosforit"von Kingisep) 

- 70,3 tausendt, 

Kieselkalkton ( Grube von Sto
nikiai) - .6, tausendt, 

Ffoqips (Chietiiewerk von K

dainiai) -52,1 tasend t, 

Fosfogips ( Chemiewerk von 
in Be!orussland) - 23,8tasd. 

tausend t.
 

BRENNSTOFF-UND 

ENERGIEQUELLEN 
A'fuiehL'fis 1991 
Ma s t (tIa upta tlieferer

Erd~lraIiuierievon Mfaeikiai) 

,169,2tausendt, 



8 

J.
 

Is

!d 


44732 vagonai cemento (tame 
tarpe1645 vagonai - eksportui), 
972 vagonaififerio, 1258 vago-

naiasbestcementinit!vamzdz!" 
[mon ttri11 filumve2iq. Gele-

fiCkelio tekaaptarnauja287rdar-
buoojai. 

ILUMOS 

Permet us jmonj pagamina419 
)tkst gigakalorfijt gilumos. 

Asbestcemendlio gamyklai ir 
valstybinei ge/ibetonio jmonei 
,,Karpenai" 1991 m. patiekta 
66,9 tt-kst Gcalgaro.
Kardl2o'vandens 16000 GoalKar~t ~~z/els1600 ca 

sthnaudota itnone. Naujosios 
Akemenis-miestuipatiekta66,4 
Gcal gilumos (fildymas ir karg-
tas vanduo. 

VANDENS UKIS 

Technologinmsreikmnns 1991 
tn. sunaudota 2622 ttslt kbi-

np~virLtnl/333vadkyt ns inct 
ttpLws ir 1333 tt-tst. ktthiniqtntrt! 

- iYSab/alski 1 tlhkkihio. 

":
 

THERMAL SERVICE Erdgas (ffir den Betriebskessel-
Every year the plant produces raun) - 54776 tausend Kubik
419 thousand Gcal of heat. In meter, 
1991 the plant of asbestos Elektroenergie (Versorgung 
cement antd the state durch zwei 110-kv-Leitungen 

vor Verbundhysthem Litauens) 
recved- 397257 kwh.recieSUKSedat66,9me60 Gcal Masutwirtschaft wird von 28 
Thetplantconsumed 16000 Gcalbednt. eits 

of hot water.It supplies the town
 
of Naujoji Akmen with 66,4 TRANSPORTWESEN
 

Gcal of heat (heating and hot Das Unternehmen verfiing iiber 
water). 146 verschiedenartigeKraftfahr-

WATER SUPPLY zeuge, danmter76 Kippautos14 
Autobusse.

dnd 99 technologicalprocesses Giitertransportffrs Jahr 1991:~ ,,,detaed 2622 tit cubic metres 5353,! tausene! t. 

ofwaterthat camefrom the river Beschiiftigtenzah 105. 
Ag/uona and from the 
Sablauskiaipond hESEN EISENBrIm 
The area ofSablauskiaipondis Bahntransportim Jahre 1991: 

123,8 ha, its size is 2 nin cubic 44732 Giiterwaen nit Zement 

metres. (dannter1645 Wagen zur /is-
Drinking water supplies reach fuhr), 972 Giterwagenmit9.1.1 tt cubic tnetresperyear. In Schiefer, 12,58 Giitenvagenl mia
191)1 the town of Naujoji Ashestzementriiren. Das (In-

AincL' got 3021 th cubic terne/tnen verfi't iler /I Die
metres of drinkingwater. 

13 



Sablauskit! tvenkinio plotas 
123,8 ha, tz2ris - 2 rn/n kubiniq 
Metnib 
Geriamo vandens verslovts pa-
jLgurnas 3044 ttkst. kubiniqt 
metn per mnetus. 1991 in. Nau-
josiosAkmen~s miestuipatiekta 
3021 ttkst. kubiniq metnigeria-

mo vandens, 

EKOLOGINIS 0JKIS 

[mottjs eksploatuojamtl van-

dens valymo irengimt! paj~gu-
mas 10 ttkst. kubiniq metnr 
vandens perparq. Permetus &.-

valorna 2,5 rit kubinit metrij 

vandens. 
Per metui sugaudoma 1125 
tkst t klinkerio dulkit. [rengti 
22 elektrosfiltrai. Prie cemento 
mahinb cemento ir klinkerio si-
lostqbeipakavimoma.inq ireng-
ti per 40 rankovini filtrij. 
Stgau(lytos dtdlkv;s grq intanos I 
sukamnqsias krosnms 

EKOLOGICAL SERVICE 

The cleantigegiipmentused by 

the plant has industralcapacity 

of2,5 rn/n cubic metres of water
 

Every ear 1125 t of clinker 
dust is caught. There are 22 
electricfilters. There areover 40 

sleevelike filtersnearthe cement 

mills, cement and clinker silo, 

packing machines. The caughtdust is turned back to the 

dust is 
rotatory kils. 
TRAINING OFSPECMLISTS 

Every year the state plant 

,,Akmnen Cement" trains 200 
new workers on average, 350 
workers improve their 
qualifications,2000 workers are 
tested anew. Every year about 
100-120 engineers and 
technologists improve their 
qualifications in their 
professional spitere as well in 

safety eit imeering. 

15
 

sellokomotiven, Beschiiftigten
zahl 287. 

WiRMEWIRTSCflAFT 

JihrlicheWiirmeerzeugung: 41 
Gcal. 
Dampfanliefeningdem /lsbest 
zementbetrieb und dem Str 
66,9 taenrdGca. 

Heisswassergebrauch:1600( 

Gcal Wiirmean/ieferungfiirdit 
clKinaierugfdt 

Stadt Naujoji Akmen: 66, 
Gcal Wiirme (Heizung unf_ 
Heisswasser). 

WASSERWIRTSCtIAFT 

1991 hatman 2622 tausendmrn 
Wasser aus dem Fhass Agluont
und 1333 tausend m3 Wasse 
aus dem Teich Sablauskiaifi, 
technologischeZielegebraucht. 
Der Teich Sablauskiaimit eine) 
Flijche von 123,8 ha, Fassungs
vermn 'cn on 2 Atill.m3. 
Kapaziitider i'azsst'nvitsc/aft. 

30.1.I tausendm3 pro Jahr. ln
lieferung der Stadt Naujoji /Ak

http:Atill.m3
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DARBUOTOJY RENGIMAS THE SYSTEM OF IBOUR men i.J 1991:3021 tausendm3
IR MOKYMAS PROTECTION Trink-wasser.
 

Per metus valstybinzje jmonje 
 Collectiveand otheragreements OKOLOGIEWIRTSCHAFT 
,,AkmLenLs cementas" parengia- oblige the administrationof the
 
ma vidutini'kaipo 200 naujti 
 plant to garantee safe working Kapazitdtder Wassereinrichtun
darbuotoji, kvalifikacijq pake- conditions. The factors harifu/ gen ffir Rcinigung. 10 tausend 
lia 350 darbuotojlbperatestuo- for health are tlhe following: m3 asserpro Tagilttd Nache 
jama 2000 darbuotojit. vibration, noise, dust, high Jhrlichw,',d ,1ill.m3 Wasser 
Kasmet 100-120 inginerijos temperature in working places. gereinigt. 
technikos darbuotojt! pakelia The departament of labour Jahrlich wird 1125 tausend I 
profesinq kvahifikacijq, atnauji- protection is in charge of the Klinkerstaub aufgefangen. Esprofsin~sind 22 Elektrofiltereingerichtet. 
na ir pagilina saugumo techni- workers medical check up, An den ZementmhIhlen, Ze.
 
kos, darboapsaugosfinias. medical service, safe labour ment 
 ihe , Vec 

andthei conrol.ment-und Klinkersilos, VerpaiccondtionDARBO APSA UGOS SIS TEMA conditionsand theircontrol kungsmaschinen sind mehr als 
Te workers of this departament 40 inelfiltereingerichtet.Auf-Kolektyvin sutartisirkitisusita- measure the noise, vibration, gefangener Staub wird in die 

rimai pnones administracijq dust, lighting, instruction Drehrohrifenzurickgegeen.
ipareigoja u~tikrinti sveikas ir workers on safe methods of
 

saugiasdarbosqlygas. Sveikatai 
 work, check up the equipments BESCILiTA'TIGTENSC!IULUNG 
keksibgialsiffaktoriaiyravib- in workingplaces. Jahrlich werden durchschnit
racija, irengimit triukmas, did- The rateof the worker'sillneses dich 200 nette Arbeitstiitige im

k;tumas, auk.ta temperattra and professional diseases is 
 staatlichen Unternehnten ,,f 1k
gamybos patalpose.Darbosau- stable. During the year every menLs cementas" angelernt,350 
gos profilktika, priei-ra,kont- workeris illf r 10 days. Beschiijftie wciteratts(ebildet, 
r tub/c, 1 1 kcnrsurltaivjtu irdarbb'
 9medi 'itiptitt-ti_t~tttpttvit~rtI l';.lI. 'R T"I,(.'70N2000 2-[ Iflerk iitiitge',~ttl r 

M(lcliill (IDIUI7IWilnf( ruph- I1KALTIPROTECIO 1
ira.i [murr. JI/wrlichhLkummritn 100-120 Indarbo apsaugos ir The plant ,AkincrL; Cement" genicure und Tcchniker Weite
satgutmo tcchnikosskyritus. has createda reasonablehealth 
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Skyriaus darbuotojaitikrina 
triukOmo, vibracijos,dulktuno, 
ap.Vietinzo parametrus darbo 
'ietose, rengia instruktatas ir 

saagitt darbo nietodii mokymo 

u2viemitzs, kelimo ir f*ivno 

(rengimif eksploatavimo patikri-

nimus bei kitas kontroks prie-

niones. 

/Mone stabilus bendrasis bei 

profesinis darbuotojit sergamu-

mas. Per metus vienas jmons 

darbuotojasserga vidutinikai 

1O dien. 

SVEIK(t OS A'SAtUG.I 

[moneje ,,,Akmenes cementas" 

sukurtapatogiirvisiemsdarbuo-

tojams prieitamasveikatos ap-

saugossistema. 

Paeioje(momnje veikia sveikatos 

punktas. Jamepacientus aptar-

,tatja gydytojas ir 6 medicinos 

,)ersonalo darbuotojaL Atlieka-
mos visos fizioterapinsproce-

dtiros, injekcijos, veikia 

stomatologmnis kabinetas. 

NaujosiosAkmenes mieste vei-

kia jmons sanatorijaprofilak-
toritunas. Cia ligottius
aptarnauja34 darbaot'ojai, u.jq 
3gydytojai. Veikiafizioterapih7i, 

pUvo vandens prfioeraisky-
parvo, vandens procedflr sky-
haliacijt, stomatologinis ir 

/tlaii,tmtlgiinrmear 

procedf-nj kabinetai,yrapoilsio 

patalpos. 1991 m. sanatorija 

profilaktoriuanasaptarnavo 

t "1470 -fnoniii i J, ce-

mento "bei kitt iiesto pnoni ir 

2inybq. 

protection systent, which is 
accesibleto all the workers. 
Health service operates at the 

vey plant.A doctorand6 nurses 
take care of the patients. All 
kinds of physiotherapic 

treati en t, injections, 

stomatological service are 

availablehere. 

The plant has a propotylactic 

sanatorium in the town of 

Niaujoji Akmene. 34 medical 

workers take care of patients 

here, among them there are 3 

doctors. There one can find all 
sorts of procedures: 

physiotherapic, mud, water, 
gymnastics, inhalations. The 

propylaticsnatriumin 991 
prophylacticsanatoriumin 1991 

treated 1480 people from 

,,hkmen Cement" and from 

other enterprises. 

CONDITIONS FOR 

WORKERS' RESTAND 

REHABILITATION 


Fortheworker'ssummerrest the 


plant,Akmenj Cement" has its 


own residence near the Baltic 


sea and in the health resort 

Draskininkai. There is a
 
beautifulplaceforfor weekends 

near the river Virvyte, 30 kin 

front town of NaujojiAkmene. 
The planthas theplacesfor rest 
in the following health resorts 

tire Baltic Sea: 

In Palanga- 80places 

In Pervalka (Neringa) - 20 

places 

[it cava (,atvia) -10placesIn 

it healt resort Druskininkai16 

places 
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rausbildung, e'reucrn und ver
tiefen i/ire ,,1rbeitsschttzken
ntnisse. 

ARBEITSSMUIJSYSTIIEM 

Vertragcler Belcschaft trnd an
dere Verabredungen verpjlichten 

die Adminivtration des Unter

nehmens gesunde tand sichere 

Arbeitsbedingungenzu garantie

ren. Gesuitdheitschiidlichste 

Faktoren sind Vibration, Emn

richtungenldrm,Staubigkeit, 

hohe Ternperatur in Betriebs

raumen. Dierbeitsschatzabtei
lung des Untenzehmnenssorgtfiir
Sich erheitstechtnikprophylazxe, 

sich cnikrole, 
Besch und me-

Beschfigtenberatungund me

dizinischeBetreuung. 

Die Mitarbeiter der Abteilung 

piifen Liirmn-, r'bration-,Stau
bigkeits-, Beleuchtungsparame

ter an Arbeitsstellen, 

veranstalten Belehrungen, un

terrichten in Betriebssicherheit

smethoden, kontrollieren den 

Hebe-and feizeinrichtungen
betrieb u.a. 

Stabile Allgemein-und Berf

smorbiditilt der Beschiiftigten. 
Ja/rlici ist em /rleiter in 
Darchischnitt 10 Talge krank. 

GESUNDtIEITSSC/IUTZ 
Das Gesundheitsschutzsysthem 
des Unternehmens,,Zementvon 
Akmemi" ist bequent und fiir 

alleArbeiterzugiinglici. 

Es fAnktioniert eine Sa

,iitiitsstelle. Da bedient lie I'a
t itei ii /ltZt, i/an 'le'ePt6 

Mitarbeiterdes Gcesttdheitswe

sens. Es werden alle Physiothe

rapieheilvefahrendarchgefilirt, 



D/IRBUOTOJV/POILSIO IR 

REABILITACIJOS S.IL YGOS 


Darbuotojt! vasaros poilsiui 

,none;,,Akinenesce'entas"turi 

nioisavas bazL's Baltijospajtje 

ir I)rtskininkt kurorte ir trun-

pain savai,'aliop ilsiui - prie 

Virvyts utp;s, ut 30 km nuo 

NaujosiosAkmens miesto. 

Baltijospajfir)je veikia fios poil-


sio baz&: 


Palangoje- 80 vietit, 


Pervalkoje (Neringa) -20 viett! 


Rucavoje (Latvija) - 40 vietq. 

Poilvio baz Dniskininkil kuror-


te tri 16 viett!.
 
Trumpalaikiopoilsio baz ,, Vir-

v - 160 vietj.

Poilsiobaz veikiapamaionis 
ntto birzlio I iki nrtgsejo 1 d. 

Aktyviai sportuojantiemins o-

iues darbuotojains bei jtj 9ei-

moms skirti ,,Akmens 

emento" sporto nmai. Juose 
yra 983 kv. m ploto sporto Maidi-

ml salj,25xl4 m plaukymo ba-
seinas. [monj turi &adymo 

sporto bazq. Ji remia aviacijos 
technikossporto khbq, rengiantj 
sklandymo irparafitizmospor-

to entuziastts. Lietavos ir Ak-
itennLs rajono pirmnenybese 

dalyvaujaj[in&os krepfinio,fitt-
bolo, tinklinio, §audymo, ach-
inatininkilkoi.andos. 

EKONOMIKA IR FINA NSA I 

Istatiniokapitalostruktfira 

[Inouios bendrasjvtatintu kapita-
las 100 proc. 
tame tarpe: valstybint'"kapitalas 

90 proc. 

kcinis kapitalas10proc. 

Forshort re.vt in ,,linyte" - 160 Injektionen gemacht, ztur 
places. Verftiungq steht ein Stotnatolo

he places./jr rest operate in 9 ge. 

shiftsfroin Jtue till Selptember. In cier Stadt Natjoji ifkmen 

,,AktnensCe ent "hts a sports qiht es das t1etriebssanatoriutm. 

palace for its workers and their Die Kranken wenlen hier von 3

families. Tiere is a hg hall (983 41itarbeitern des Gesundheit

sq. m.) for games, a swt'immiing siesens (3irzten) bedient. Es 

pool (25xl.l in). It hasaplacefor funktionieren Physiotherapie

shooting. It suppors the aviation zimmer, Moorbider, Wasser

club trainingglider pilots aiud heilverfahrenab teilung, 

parachute jumpers. [here are Kabinette fir kurative 

good basketball, football and Ko5rperkultur, Stomatologie, 

voleyball teams, many Heilverfahren, Entspan
chessplayers at the plant. nunkqsriiume. 1991 hat das Betriebssanatorium 1480 
ECONOMICSAND FINANCE Menschen aus,,Zement-von Ak

men " and anderen BetriebenGenaral regulations capital of drSatbhnet 
the plant 100 % der Stadt behandelt.
 
including:state capital90 % ERHOLUNGS-UND 

capitalof shares 10 % REIlABILITATIONSBEDINGUNGEN DER WERKTAITIGEN 
PROFITABLENESS 

Zur Erhohtng im Sommer hat 
1991 indexes das Unternehmen eigene Erho-
The profitableness of plant lungsheime an der Ostsee tnd 

accordbigtoproductioncosts37% im Kurort Druskinbzkai,zur Er-
The profitablenessof the plant's holung am Wo,.chenenle - am 
regulationscapital33 % Fluss Virvyt ,30 km von Naujoji 
INCOMESTRUCTURE AND Akmend entfernt. 

RESOURCES Am Ostseestrandfiinktionieren 
1991 folgende Erholungsstationen: 

-,,-,,, in Palanga- 80 Pliitze,
 
In1colne 1Otl Income in Pervalka Nrna - 2
, thousand, Icoe in (Neringa) -20 reorces ks stn~ructuert Pliitze,
General 

incoOe 2 in Rucava (Lettland) - 40 
for cement 212161,3 77,3 Plitze. 
for slate 18623,1 ( 79
 

forabevos 16951.4 418 In Kurort Dniskizinkaigibt es
 
ca,,ent pipes 16 Plitze, in,Vir__t" 160
 

forodier - 1i i6pCroduction 267)3,0 , Plitze. Erhohgsstationensind 
EXPENSES STRUCTURE voin l.Junihis zum 1.September 

1991 (%) in QSchichten in Betrieb. 
, iraktive Sportier steit tier 

--___Et,holen cos-t-s- t00 -Sportpalast zur Veifiigung. Da 
raw and basic 3 gibt es eine 983 m3 grosse Turn

mnaterials ________ 

additionalmattnals 5 halle, ein 25x14 m grosses Hal
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:

JRentabilumas (,
,,,,,,o,;. 
 lenschwililmbad, cincih Schi, 

1991 m. rodikliai v.rla. Das Unternehen u 
i1 .....- ... e,t erst tit t den Luf t t ch n ikk hi.6 pnons rentabihmas pagalpro- nonprodtictin dn t 

dukcijos savikainq 37proc. dLr Segelflieger und I,'( 
Jtnon.v wtatinio kapitalo renta- PROFITAND17S seirlsparingeratstildet. 
biltmas 33 proc. DISTRIBUTION Meistetschaften Litattens t. 

1991 des Bezirks /Ikmen; nehm,
's PAJ.MQ STRUKTORA IR The whole profit in 19)I a Fusshall-, Basketball-, Volle 

"-1 1i 73766 thousandroubles ball-, Schiess-, Schachspiele
1991 M. 
 mannschaften teil. ___ _iLse ofprofit 

Pajanlr Pajami kiekis Pajarnqt All stateta:forbudet 42eahiniai nikst rb smikttira proc., includin'T ___ ,ro;ftta _ OKONOV1K UND FINANZE 
lBerrosirr intterestforfisingq state 12 

-aamos R '1 274141,8 100, capital Strukturdes Grundkapitals 
d cementa 212161.3 -77,3 Theprofit remaining 58 

z79-
S.Jierj 18623,1 atthaplanth Grundkapitaldes Unternel
ti ashestce- tcluding.dividends
 

0 r,'ntiniufs 1)951,4 6,18, for shareholders 2ens 100%
 
vanmdijs 
 charitncwtechnical 2 dannter: 
uTkit 
 devicprojects( te

prohikciq 2q713f,0 9,73 prenziumsand--- Staatskapital90%
10bountiesforworkers 

ISL,1AID IVS TR UKTURA forsocial andculnaat 8 A11ktienkapital 10% 
99 .(proc.) pro~tra,nmr _____s__

1991 m reservefund 14 Eintraglichkeit 
reservefiindofshare 22 1991U Vllaidq pobdis Proc capital _ 

arE_ oame TRADE UNIONS OF Eintriiglichkeit des Unterneh 
Ft aliavosirpa7indincs 8 WORKERS mens
 

medtfi, u ,nO KE Stnes
 
_pagalbina _5 _ edias 
 nach Produktionsselbstkostejener .tiniairemursai 60 There is the trade union of
darboapmokiiIno 15 construction workers at the state 
 t isIdos..-Eintriiglichkeit des Grlndkt.,,)l" " ramortizacija 3 plant ,,Akmen Cement". It tals33% 

rinItos consist of 1700 members. There 

negarybins iflaidos - are29 organizationsatdifferents STRUKTUR UND QUELLEN 
PELNAS IR JO departments. DEREINNAILMEN 

n PASKIRSTYMAS 1991 m. Thehighest organoftheunion is 
l3 visa gauta pelho 1991 metais conference,takingplace every 3 

1991 
auelln d inamen- Strder 

73766 tfikst. nhlit years. Finnahmen menge tausendahen% 

Pelno panaudojimo Committees of primary Alger7eine 27.18,8 101 
a ikm o Proc.tiksis l"innahmenvals.b i2211,ai,Vitsi organizations make reports on darunter:flr 

mokesiai biudletq .0 their work and are elected every Zent 22,3 79,
pelno mokestir 30 2fir Schtefer 18623,3 79 

s palikanosW 2years. f,,sbese. 1189 valsrybiniokapitalo 12 The committee oftradeunion of uranderePr- 6 

naudoim673,0 
 9,73Imneiikepel,,tas 58 theplantconsists of27mjim bern, duktionsarten 26713,0 9,73 
priskaiecotir lividentaiakcinintkartm delegatedbyprimarytradeunion AUSGA1BENSTRUKTUR 

panaudotoslabda- organizations of other 1991 (%)rdieioiiiifjrrjektaimorainaujovtechniko2 - departments. [ .iah~~,cch,,aatcr '3 
thtant 
 The chairman of the cominittee -bstk-tenpreir hsr .. .. 

,. ,,,tot f p lan t 's tt ts Rhofe ,n~tj,i,,(I .,ls________o trad e un ion D r d a n n ter: . 

lauptnaterialen 
ttilfsmaterialicn 5 
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A,,h,-,i,,.
.. 'March 


progay l-nofrnst realtm ti(I 

(zkinjc kaTtrah) 2he 

I) .'RI bUOTOJ yp;?I' IESN It
D U/V/S.*UPtowt 

flalstybinblj; ;?monje ,Akmentv 
cementas "veikia Statybos ir sta-
tybinil med2iagitpramon&dar-
b totoj p rofsqjungos 
organizacia.Joje1700profesi-
nes sqjwnos narill. [kurtos 29 
Jirmins. (cch/!, bart) organi-

zaci]os, 

Aitlk-Wiaitsias profesines sqjun-
gos orgatiizacijos organas- kon-

ferencija,.Aukiatna kas3 inetai. 
Pirniniq orgazaciijt komitetai 

atsiskaito irrenkami kas2metal 
[monfIs profesiuelS sqtingos ko-
/litete 27retria, de/cgtotipirmi 
nitj (cechij, ban) profsqjungos 
organizacijl. 
[mon& profqilngoskomiteto pir-
itnibikasDrqsutis LKA VICeIUS, 
i&rinktas 1991 in. kovo 12 d 

[MON' JR MIESTAS 

Darbininktgyvelnviet3km nutto 

cemento gamyklos per 4 de'int-


lcctls (*'aIWO Naujosios Ak-

/nenles miestq, kuriame dabar 

gvena 1,-'t-kstancit! fmonit!. 
[motts ir miesto l-kiv glaudgiai 
stik Per daugel nietq monlt 

pastate 3180 buttt i i*divdtta-
/illnamt!. [Jnoni miestui tiekia 
~ihumq ir kar'tq vandenj, eksplo-

rittoijtlgcriuttno vaidens verslo-
IT.l,,a/ttxcl[ m't ,,Ikmens 
CLments'"at/i,ka arba finan-

12, lo l. fit"
 
.. . .. .
 

workem' stttle 'nent,? kn A'itt'trililie..us

froM cetnelt p ant,vrew into the 
o/ tiitjoji,,1kmenu ;d/uring DER ERTRAG UND 

4 decade. the I)()t/htiol i1-/RTE9LUNG
thousand tit present. ie 

economics of the plant and the 
town are tied toget/ier. In the 
period ofyears theplanthas built 
3180 flats anid individual 
hoses. The plant supplies the 
town with heat and hot wate; 
operates drinking water 

enterprisLe' 
In 1958 the plant built a palace 

of culture which became the 
center of the town s cultural life. 
All kinds of banks,folk msic 
groups, choirs, Performers. 
childrens art studio find place 
for work, rehearsals aiid shows 
under its roof 

The plant ,,,Ikmen Cemnent" 
operates a n umber of 

engineering networks, supports 3 
secondary schools atzd the 
central hospital. The people of 
the town are allowed to make 

use of the plait's.restint p/aces. 

The town andpeople livinig ili the 

vicinity can watch TV 

programinsbroadcasted via the 
transmitter set tup by the plant. 
The activity of the ,,Akmen 
Cement" keeps in line with the 
directions of activity of other 
plants in the town. The state 
plait of (Y'i tIttiO/l 

in Natjtji ,.Ikt/it sut/pic thu 
cetne/it production withim 

and clay, operates the pits aud 
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1991 

Ertragfiir,7 lahr 1991: 73766 tau
send Rbl.
 

Zidder
 
E'rrqraenvend hz
 

AlteStatasteem des 

fu;iter. J0 

Lombartjin. r
 
.e'aapchA11
 

Dem Untemehmen
LtbfiebenrrGovinn 5
 

d,,,,,tr: Dividenden 
ItirjktiotfireWoltiiti,-keit, 

Automatisienngu. 
Ak:eiisicnig, 10 

11denata,. den
 
Mlitarbeitern
 
Soziat-und
 

_u/ir,ogam, 8 
Gvwinireser'efonds 14
 
Resern'efonds des


IAtienkatitalc 22
 

GEWERKSCtAFTDER 
WERKT'TIGEN 

Im Unternehmen wirki Ge
werkschaft der Batt-und Bau
materialienindustrie. Sie 
ttMfasst 1700 Mitqlieder.E£ siid 
29 Grundorganisationen 

gegriindet.
 
-T6chstes Organ der Gewerks

chaft ist Konferenz (alle 3 
Jahre). 
Komitees der Grundorganisatio
ien werden alee 2Jahre gewiihit
 
I'll"tcrias
[ Km
Komitetder (Jnterneh
tiLn.W'(k.ACht sind 27 Mit
glieder 
 aUS
 

GrtIndorga isatiieln. 



stoja miesto valytno, gatvilq as-

it/tavimo darbas,ap.Vietimq. 

/958 metais L' non1;s pstat'ti 

/tltrosrumaiyra miesto kult--

tnio ,venitno centras,juose re-

pettuoja ir koncertuuoja choras, 

licndies kapela, vokaliniai at-

saMbliai,spektaklitLu ir koncer-
tts rengia atvykstantys 

profesionaltusmeniniai kolekty-

vai, veikia liaudiesteatras,vaiktt 

daissttdija. 

,,Akmen~s cemento" moni2nuj-

ties'tireksploataojadaugmiesto 

in2ineriniit tinkh, teikiaparanq 

mieste esanciorns 3 vidurinms 

mokyklorns, rajono centrinei li-

goninei. Miesto Uventojai turi 

galimybitj naudotiscementinin-
kit sanatorijos prifilaktoriumo 

paslatgomis,miesto irjoapylin-

kitiLy'ventojams iNcementininkl 

irengto retransliatoriaustrans-

litojamos televizijosprogramos. 

,Ikmens cemento" gamybinu 

veikla susijusi sit kittq miesto 

jmoniq veiklos profilht. Naujo-

sios,Akmens valstybinistatybi-

nitt medliagj jmone tiekia 

garnybaiklintis irmol, eksploa-

tuoja karjents ir atlieka daug 

irengimnt remontodarbit. Valsty-

blil aatotransporto linonL pe-

cialiomis inaginomis cementq! 
pristato Lietuvos teritorijoje 

esantiems klientams. 

Keletas imons darbuotoj L-

rinkti ,Ikmenes rajono Tarybos 

depttatais. 

IMONE IR LIEITUV I 

,,AkmenS ceinettas"jaa datli 

iena iY stabiliausiaidirbaii 

provides repair of the 

equipments. The state 
tran.sportationtphlnt provides 

secialtncks for camyin1i' cement 

to dif/-rent places till over 

Lithuania.I.S 


MwE PIINT.ND 


ITHNIA 


For many yeaers ,,,kmLen: 

Cement" has been oe"of the 

biggest stable working plants in 

Lithuania, having a big 

importance to the economics of 

the whole state. Te production 

of the plant can be met in 

different corners of Lithuania. 

Everything built or restored in 

Lithuania during the past 40 
years couldn't do without 

can 

mention KaunasandElektrtai 
1kmenL cement. One 

powerstations,restorationofold 

towns, churches,theatres,health 

resorts,Klaip~da port etc. 

,,,,1kmeen Cement" was one of 

thefirstplants in Lithuaniathat 

freed itself from the direct the 

Moscow rule. The plant gave 

financial help to Lithuanian 

S/tJUDIS and donated 20 

thousanddollars to Lithuanian 

I'V destroyedby the Soviet army 

which occupied the I'Vtower on 

January13, 1991. 

TIlE PLANT AND THE 

WORLD 

Since the vey begining tp to 
1990 ,,A kne Cement " was 

integrated into the indastry of 

hbuihling, materials of jormer 
eSSR and was one of the most 
progressive plants according to
the Soviet standards.That's why 

26 

l)er ,'or itiende des (;ewerkv

chaftskoinite"es ist I)rtsttis L,-
K,'] VI(lIS 

LA KA VI 1'SCIIJUS, am 
12.MAirz ')109/,ewiihit. 

1 N)1, RNTFEIAtEN UND
 

DIE ST1DT
 

Arbitersiedhig in 3 km vom
 

Zementherstelhngs~internehm 
en ist in 4 Jahrzehntenzr Stadt 

Naujoji lkmzen geworden, die 

hetzittage 14 tausend Mens

chen ziihlt. Die Wirtschaft der 

Stadt nd des Unternehmens 

sind eng verbunden. it den vie

lenJahrenhatdas Unternehmen 

3180 Wohntngen und Einfami

lienhiiusergebaat.EsliefertHei

zung und I-feisswasserderStadt. 
Seit vie/en Jahrecnfiihrt es durch 

atnd finnziert lie rbeitendr 

Stadtreiniagung, Strassenadsphal

tietrng anid-beechtng. 

Der 1958 vom Untcrnehmenge-

Daute Kultrpalast t zUm Zen

mi des Kulturlebens der Stadt 

geworden. Dort arbeiten: Chor, 

Volkskapelle, Vokalensembles, 

Volkstheater, Kinderkunstschu

le. fhre Vorstellungen und Kon

zerte veranstaltenzur Gastrolle 

komm ende Schauspielerkollek

tive, Kalttgruppen. 

Das Unternehmen hatdas Inge

nietrnetz der Stadt gebaut and 

betreibt es, leistet den 3 Mittels

chulen, dein Zentralkranken

harts des Bezirks Beihilfe. Die 

Stadteinwohnerdiirfen das Be
triebssanatorittm besachen, 
ternsehsendttn;gen beobachten, 

die voi Unternehmen einge

richteter ,'ernsehizubringer 

fibertriigt. 

http:PIINT.ND


l.itt'v)s gaiykl, reikSminga 
visos valstyv;'s ekonomikai. Ak-
tncn';S cetiniiiiinktl darhoped-
saktts .f'iandien aptik-'i vistiose 

l.ict vo kamnlplituose. Kauno 
hidrcb ktrint' ir [l'ektrtij filut-

mtinc elktrint, restatrtoti sent ! 
miestif kv(rtalaiir ba:nycios, te-

atraiir kturortai, Klaip dos uios-

tas - visa, kas per pastaniosius 
40 meti Lietuvoje pastatyta ar 

restauniota, daiyta naudojant 

/lkmens cementq. 

,,Akmenes cementas" buvo 
viena . pirmtft tiesiogiaiMask-

vai pavaldgit! Lietuvos imonit, 

,.'sivadavusitt i TSRS dikiato ir 

perejusit j Lietuvos reguliavimo 
sferq!. Jmont materialiaipareme 
Lietuvos Sj0djo kt2rimosime-
taL, skyr9 20 It-kst. doleriiiokii-
paticnas TSRS kariuomencs 
nuniokotaipo1991 m. sausio 13 
-osios Lietuvos televizijaL 

JIMONE-IR PASAULIS 

Nuo patpradliosiki 1990 mett! 

,,/1kmens cementas" buvo tvir-

tai integruotasj buvusios TSRS 
statybinit medgiagij pramonq 

kaip viena stamnbiausitl irpagal 

TSRS lygi viena paZangiattsit 
Cemento gamyklij. .Suprantar/a, 
kad jnzontjw dirba TSRS paga-

minti irengimai, i ten iki giol 

gatnama;aliavtb remonto me-
dliag. Savo ruoltu ilgq laikq 

daugiaukaiptpts /Akmenjepa-

gamintocementobuvo tiekiama 

kitomas btvusioms IIS respub-
likums ir sritms. ., ikt-urus nepri-
khttlsmnq ituivos valstyb', stt 
huvasis "iSRS 1,/io/i'/nis for-

there work eguipments made in 
the USSR and som raw 
materials or t, materials used 
forrepairarebrouhtfrom there. 

F'ora long time more than a hal] 
of the cement produtced in 

1kmene; had been sent to other 
republics of the ]orner USSR. 

After the restoration of the 

independent Lithtanian State 

useful trade anid exchange are 

encouragedon both sides. 

A number of workers front 

cement plants of Cuba, 
Vietnam, Iraq and other states 

used to work probation or 

improve theirskills at ,,Akmen 

Cement". At the same tine 37 
workersfrom theplantworked in 
cement produstion in Egypt, 
Cuba, Iraq, Bugaria, Poland, 
Mal, Yemen, Mongolia. 

Small quantities of ,,Akmene 
Cement" production has been 

exported to Poland a/id 
Yugoslaviafor a long time. Since 
1988 its cement has been 

exported to Finland, later - to 

Sweden. There are connections 
with Germancementplantsand 
firms, Export of cement from 

/kmen has all tie possibilities 
to expand. 

THE MOST IMPORTANTMOMENTS FROM TIlE 
lIS TORY OF 

,,AKMENE CEMENT" 

27. 12 14 Lt/ton a 

ce/nenit p/a/it i/ Lithuania 
1.9.1.6-debbmii'o 
the project KDAS 
19,17 - binnint, ofco/istrction 
in the village of 

Karpcnai,buildingof the railway 
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Die BLtriehstiitigkeit ist e'ng mit 
den anderen Stadtitbetrieheinver
bunden.,,ZcMetll'on ,Ikmcni" 

bekonuit Kalkstein and lni 
yore Ll/i'ter7ili'nitrie,der 

atuch Finrichtttnenreparatar
 

diirehfihrt, Grii L'1trieht.
 

Staatliches Transportinterneh

men liefert den Kunden Litau

ens Zement.
 

Einige Werktiitigesind Deputierte
 

des Bezirksowjets von AknenO.
 

AS UNTERNEJIMEN UND 
LITAUEN 

,Zement vonAkmeu ziltseit 

vielen Jahren za dengriissten 

und stabilsten Unternehmen Li

tauens, das atucl ffir die Staat
swirtschaft bedeutend ist. Die 
/lrbeitsspuren der Mitarbeiter 
kann man iiberall in Litauen 
finden. Pumpspeicherverk von 

Kaunas, Wiirmekraftwerk von 
Elektrnai,restaurierteKirchen, 

Theater, Wohnviertel der alten 
Stddte und Kurorte, Hafen von 
Klaipda- das ist alles, was mit 
Zement von Akmen. in 40 Jah

rengeleistet wurde. 

,,Zement von Akmen " war 

eines der ersten Unternehmen, 

das sich von dier Zustandigkeit 
Moskats befreit hat. Es hat tier 
nationalen Befreiunsbewegung 

Litauiens ,,Sqjiidis" in ihiren 

Griindtngsjahrenmateriell ge
hofi-t, 20 tausend Dollarden 

am 13. Januar 1991 von c/er 
Sowjetarmee verwiisteten Fern

sehen atisgezailt. 

UNTERNEIIMEN UND 
DIE WEIT 

Vom Bauanfang an bis zum 

Jahre 1990 war ,,Zement von 



muojasi abipusikai naudingi 

prekybos ir maini santykiai. 

/lkmen je yra staiavqsi ir k)lk 
kvalifikacijiq Irako, Kuhos, Viet-

natno ir kitil valstvthiq cemnento 

gainykhl darhininki h'i specia-

listai.Savo nuoZtu 37.,Akniens 

ceniento" darbininkaiir specia-

listai yra dirhq jsisavinant ce-

mento gamybos paj~gutnus 

Egipto, Mali, Kubos, Irako, 

Mongolijos, Jenzento, Bulgari-

jos, Lenkijos gamyklose. 
Jauseniau,,Aknienscetnento" 

produkcija nedideliais kiekiais 

buvo eksportuojanza jJugoslavi-

j, Lenkijq. Nuo 1988 netitAk-

mene pagamintas cementas 
v-eksportuojamas j Suomijq, 

liau - j Svedijq. Dalykiniairyfiai 

uimqgti su Vokietijos cenento 

gamyklomis ir firmomis. Ce-

mento eksportas i§ Amenes turi 

galimybiqpkstis. 

SVARBESNI,,AKMENES
GEMEN TO" ISTORIJOSPUS PIATORt 

1945. VI. 27 - priintasnutari-

mas statyti cemento gamyklq 
Lietuvoje. 
19.16. IX, 11-[noncsdarbitpra-

d2ia. 
1947m. -pradtistatybosdarbai 

Karp~ni kaine, tiesiamasgele-

inkelis. 
1950 m. -pradtiKarpntklin-

eiqt karjeroatidengimodarbai. 

/952. IX 20 - paleista pirnoji 

sukamoji krosnis. 

/953. V - f)lciLta artito ji suka-

moji kromsnis. 

1956 m. - atlikta abiejit techno-

loginilt linijt! rekonstnkcija,na-

1950 - beginning to operate 

Karp~nailimestone pit 

20. 09. 1952 - the first rotatoly 

furnacestarts working 

1956 - reconstnrction of both 

technological lines, increase of 

efficiency 10 %, the plantstarts 

stableoperation 

09. 1959 - the constructionof the 

3d cement production line is 

finished 
15. 07 1961 - the 4th rotatory 

furnacestartedworking 

1963 - the plant of asbestos 

cement is built, producing 

ruffled slate 

1964 - beginning to produce 

asbestos cement tubes. Oil is 

usedforfuel insteadof shale 

02. 1967 - the beginning of the 

construction of 5th and 61h 

cement technologicallines 

10. 1969- the constructionof 5th 

technologicalline isfinished 

06. 1970 - 6th rotatoryfurnace 
begins to work 

08. 1974 - 7th rotatoryfuniace 

begins to work 
11. 1974 - 8th rotatory kiln 

begins to work, construction of 

2nd cement plant is over 

1975 - the plant reaches the 

efficiency of3 mn. tois ayear 
1988 - Akmen starts cement 

export to Finland 

1990 - the plant gets into 

Lithuanianjurisdiction 

Alkmlen" fest (lie Baumateria

lienwirtschaftder SU intergriert, 

als eines dergrssten und Ibesten 

in derdamalige UdtSSR. Selbst

verstandlich werden hier die in 

der SU hergestellte Einrichtun

qctt und ,.nlagelt betrieben, 

Rohstoffe hentitzt. Lange Zeit 

ging (lie Hilfte der Zementliefe

rungen an ehemalige Sowjetre

publiken. Beim Wiederaufbau 

des unabhiingigen Litauens bil

den sich eitriigliche Handels

und Umtauschbeziehungen 

heraus. he 

inAkmen6 haben Arbeiter der 

Zen atherstel augsuintrnem 

Kba, Vietnam u.a. Staaten 

We itVerausbildung bekommen. 
litais3 Mitarbeiterats dem 

chen Betrieb haben in iypten, 

Ma/i, Kuba, Mongole, Jemen, 

Bulgarien,Polengearbeitet. 

Schon friiher hat matt die Pro

duktion von ,,Zement von Ak
tnen" in kleinen Mengen an 

Jugoslawien, Polen, vor Jahr 
1988 an Finnland, spiiter an 
Schweden geliefert. 

Das Jnternehmen hat Fachbe

ziehungen mit Zementhcrstel

hungunternehimen ttnd Firmen 

Deutschlands aufgenommen. 
Zementausfuhr hat gute 

Miglichkeiten. 

WIGCITIGERE SEITEN DER
 
VON EMEN T
 

1915.07 2 7 -Beschluss zuin Ban 

des Zero enth erstell ngsu titer

ne/nens in Litanen. 

19,16.09.11 -Anfang der Projek

tierungsarbeiten. 
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uimaspadid~ja40proc., jmonj 1947- Beginn derBauarbeitenim 

pradedadirbtistabiliai DorfKarpnai,Eisenbahnlegung. 

195). IX - baigta 3-iosios tech- 1950 - EriffnungderKalksteing

nologiniscementogamyboslini- rube von Karpinai. 

josstatyba. 1952.09.20- ,nlassen des ersten 

1961. VII 15 -paleista 4-oji su-
kamoji krosnis. 

Drehrohrofens. 
1953.11 - Anlassen des zweiten 

1963 in. - pastatyta asbestce-

mencJo gamykla, pradeta ban-

guoto fiferiogarnyba. 

1964m. -pradOiigamintiasbest-

cemenfio vamzdgiai. Kurui vie-

toj skalinti imtas naudoti 

. / 

Drehrohrofens. 

1956 - Rekonstniktio der bei

den Technologie/inien. Hebung 

derArbeitsproduktivitiitz 40%. 

1959.09 - Ende der bauarbeiten 

der 3. technologischenLinie. 
1961.0Z15 - Anlassen des j. 

mazutas. a.-r'5osi6Drehrohrofens. -
196Z H"- pradita 5-osios ir6-
osios cemento techznologinti 

nijt statyba. 

1969. X - baigla 5-osios techno-

/ogin~s limjos statyba. 

1 MIT 1963 - Bauende des Asbestze
mentbetriebs, Anfangder We!

ebetrwhieferersteung 
e ere rsel n 

1964 - BeVin der Hlerstel/ung 
von Asbestzementr6hren.Masut 

1970, VI - paleista 6-oji suka- gebrauch man als Brennstoff 

moji krosnL'. 196Z02 -Baubeginn der 5. und 
1974. VIII - baigta montuoti ir 6 Zemetherstellungslinin. 

paleista 7-ojisukamoji krosnis. 1969.10 -Anlassen der 5.tech

1974.XI- paleista8-ojisukamo- nologischen Linie. 

ji krosnis, baigta2-osios cemen- 1970.06 - Anlassen des 6. Dreh

to gamyklos statyba. rohrofens. 

1975 m. - jmon pasiekia3 mn. 1974.08 - Anlassen des Z Dreh

tonit cemento per metus nagu- rohrofens. 

mq. 1974.11 - Anlassen des 8.Dreh

1988 m. - Akmenis cementas rohrofens, des 2. Zementbet

pradedamas eklportuoti j Suo- riebs. 

tij(. 1975 - Ilebung der Arbeitspro

1990 mn. - lmonL tampa pava/di duktivitiit bis 3 Mill. t Zement 

Lietuvos Respublikai. proJahr. 

1988 - Zementausfuhrbeginn 

nach Finn/and. 
1990 - Zustiindigkeit des Unter

nehmets der Lit. Republik. 
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I'XILCUTIVI' SUMMARY
 

i 	 agle',(lizardm '; wi,',iste. :tii 	 nw t. li nol ,,ic:; are continually nct-ded tt)iIn 	 ovative Ieas and 
inII 	 :I, : I tIIII ,(II nt Is t tIlrlin' of 

1)resent, oe, of Il mom tt )vtiit.ver';ialoptions 
il'is prac-tice.Call 0V,- lit in the ltollowinig> I',llciit. : 

hazrdolis %vat, in vIient[i e;. 

lIW• 	 t.iieny(y rt-t:( vt'lrY i11)l11 c ll 'i e ti hv-ild tt'b a hith tatt'lt ry, low itlh ilie, alld 


lletals conltt'llt
 

* 	 conSCrValtit ol f i ;; i fil is, Si ich as coal ald oil 

" 	 reduction in cenlltll IpOUti'ion coSts 

" 	 destructitm otf itzirdts or;anilc waste. 

not 	generally reported
'[he issLes associated with hitrniig hzardous waste in cement kilns are 

in p)uiblicly accessible liter, ii te. [his document has been written as a resource to help answer 

many of the 	 tuiestoins thit irisIe whni evaluating this technology. 

In presentingi 1 comprehensive overview of the technical and regulatory iSsues surrounding the 

I fuel in cement kilns, thi; docun eent addresses the 
use of hazardouis waS' asa.i ,1ltnwi'ta 

following topics: 

0 	 the cellent ProductiOll r)! 'cSs 

• 	 restrictions on the wastes that can be used by the cement industry 

0 	 characteristics of a cement kiln that make it a suitable conbustion device for the 

treatment of hazar iouswaste 

* 	 federal regulations that govern cement production facilities burning hazardous 

waste
 

0 the fate of the constituents in the hazardous waste fuel
 

* 	 the potential for at Iverse hliuan health effects. 

This analysis conclutIrs that the organic and metal emissions of a well-designed and properly 

kiln burning, hazardous waste are not substantially different froi the
operated cement 

kiIn htiruing only conventional fuel. In addition, the byproduct of the
emissions of a cement 

production process (i.e., cemeint kiln dust) and the final product (i.e., cement) do not appear to 

il irning; ha1zardous waste is a uti hlnpAilental fuel.differ substanti,illy as i rest!t ()f 

; anid mettal c poi)ieiilt!; have been)se).;trve(d in
Because n() 	 stlan;tiail ilrtese in ()rgaiunc 

in tttttitll 011 or in em'tlllhii(w hazad swaiUt is blined as athi ;,emiss,;iol;, 
,, 	 (tirtstoIntil n it i%,r'ot'at littl 	.l , il , ..i '., ii I !.'(rI(s htIllthstpphln iil 

, t ri tml 1iii0ii l1tA tr.i l[llatI (eiilttit 	 kill iii the
,,I 	 , W11:it T h li';, >' )tIw r,llt'<l (vc nil l i(lt i Lii I cililit. <; .	 l (~'~tI .. ; ll,iv(, , ,i1w)l ', l ),< 

lichtbiltl , ittii i p)tititn itdot it()t I)t;,a 1 lrratti risk ttnlder C( rrtl t (191'd ) 


the convelinitl finI is rplItS'(I by hlazardout; waste.
 

lit 
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SOME QUISTIONS ANI) ANSWERS ABOUT
 
BURNING HAZARDOUS WAST, IN CEM ENT KILNS
 

The followini,, (illust,.iin.; ar , 0oiinu)lly askcd ut cotnt-itiif kiliv alld hazaldoi- wa te. 'he 

answvers helwv are Ibrit and Hill s erenitly sinplifiedl. ( thllliprebtnsve ilswt5 ml'Maya he f-ollind ill 

the sections o1 the douilli iielitl[ ii' in pa rent hisls.l. ,/v -

Why does the cement industry burn hazardous waste? "3 T-a'\ 

Cement production is an energy-intensive process. Ilazardlos waste replaces some of the 
nonrenewable fossil fuels (e.g., coal) required to make cement. If the U.S. cement industry 

replaced 25% of its energy requirement with hazardous waste, 3.8 million tons of domestic coal 
or 14.4 million iharrels of IoIestic crudle oil could be saved each year. (Sections 5.1, 5.2, and 5.3) 

What types of waste are burned in a kiln? 

The cement industry burns wastes that are now restricted from landfills, such as spent organic 
solvents and used oil. F-nergy values of these wastes are typically comparable with those of the 

fossil fuels that they are replacing;. (Sect iin 3.2) 

I)o any restrictions exist on the types of waste that can be used by the cenent industry? 

For the waste to serve as fuel, it must be combustible and have a significant energy content, low 

chlorine content, and low metals content. (Section 3.2) 

Are toxic wastes burned in cement kilns? 

Yes, buLt only if they are combustible and meet the criteria mentioned above. In addition, the 

organic components that make these wastes toxic are destroyed at the high temperatures that 

exist in the kilns. (Sections 3.2 and 4.1) 

Is this practice a recent development? 

No. Cement produiction facilities have been using hazardous waste as a supplemental fuel 

since the 1970s. Approximately 1.8 billion pounds of hazardous waste are burned in cement 

kilns each year. (Chapters 1.0 and 3.0) 

Is the hazardous waste destroyed when it is burned as a supplemental fuel in cement kilns? 

I lazardous waste consists of a variety of nuetal and or,i nic const ituiel its. The cond it ions (i.e., 

high tepineratlre, tllrbulence, lolig residence time, and sufficien lloxyglen) hI e.XISt in cemntln 

kilis esi ire dt i'tl['it i (ifl Ihe or ; i ' nohio1i t-flis in the iazridous wa t. l i ,Nfi; iielot 

" de"nlord i~v any cttruihii:f ui l,'vi,; litvI,W% 'V'l t, vai1t' (diifttrifVli 'll tUii 'it illlb , of 

I" lot is; , ii i Il i ,t .li t - t,Ihe It i Il I ' it'IV ti , tt ii I III I tif I Ii t l ili i I I t .51 

( 't o n .l. ', ni~l ( 'li , r 7".1) 
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ACRONYMS
 

:\ICI ) Air .pouttion colltA dtl'wi 

,\STN An ericant Sii'it. r'l>tiu.' ui1l Nlaterial 

Itlu I[iii;h th il11 unlit
 

CAA (Ihan Air Act 

CFR ( ot FcdcIil lxReiulIatioiu5Cle 

CKI) Cci nent kiln 1Iust 

(:RI Combsti'n Reset rch Institute 

t rn oval li iiencvI)'11;t1dt:tii n ,l 

Nitinmal Atient Air ()uialitv .tadards
NAA(.! 


IitLindaS for I ilzirdous Air IPolIitantsNE..SHIAI Nat i(')inaIt-i.S'Si( 

NSPIS New Soti roe 'erforma nce St a dl/a rds 

ICA IPortlaind (.tnlt As.;iiatiurt 
IPCBs l'olytchhrinl't,'d thith,,nylk
 

I'CI)D s lo'olychlorinaittd dll iz/Li--tioxis 

PCDI-s Polychlorinated dibenzofurans 

Products of incomplete colnbtustiOnPICs 

'rincipal orga nic hazardotus cOnstittIentSlOLICs 

ppiml Parts per m 0illion 

ppmv Parts per million by volume 

RCRA Resource Conservation and Recovery Act 

TCI .P Toxicity Characteristic Leaching Procedure 

"ISCA Toxic Substances Control Act 

U.S. I-IA IIn ited States lnvirotmlental lrotection Agency 

Ix 



l)o [ie elirsiols. (d a ,'ll-operated cemenli kilni burniii; hri.%ardu wa 4 tltfue'l ilfttCr 1t,(01 

lie 'i i-I t IiIOI ilri ',IIIt n Ily t iventio1rtIiriit0i eLI'o tlI 

ot I l !illiI t IIItI.t ' k11 I nII tI fil -ltrttI1 . it ) do nott iI, lt ) ct (i. it ih r 

, tI I I II l r('sill, IIt Idl, . I t l td I I ' , , II'; w aste. (( 'li pIt ,t.) 

Why are these wastes called hazardous? 

Thst, materia s are Lia , led as hazardotIs waste for two treasons:(I) they no long,er have 
cot on rercial valtie anird reqtire disposal (this chlracteristic mnkes thein a waste), and(2) they are 
eith"t Tcificall li'ti bSy the[IIt1c-(S. F-IVIR)IIeItal Protction A !S Ir I'A) mee t oeIt 
the our I'A aIte chrIceristics (ignital ility, co)-ro);ivity, or11 I.. lt.'rd I I rteactivity, 
toxicity). Atlih ,,l1 theI. ltis ( ,.., coal lnd oIil) tilit ha'e kn I )ntned in cenirenit kilnl fur 
decales have cornine1R'i, l vale aid do not require dispo)0sal, tluy wNulld mett at least MW ot the 
U.S. I'A haz lanIoS w aIs e t , ,racteristics.Tihs, in a sense, the difference betw ntUlie types of 

fuel (i.e., conventionl versrl haza rdous) is primarily one of regulatory labels and definitions 
rather than any inherent ha a rdor is characteistics. (Sections 3. I and 3.3) 

Are cciii ,t production facilities burning haza rdotis waste re ,ulated? 

Cement production facilities using hazardous waste as a supplemental fuel are required to meet 
a host of federal aid state- reulations that govern air emissions, waste transportation, waste 
storai e, and worker safety. Il February 1991, the U.S. HTA finalized the Boilers and Industrial 
Furnaces (BI) rule. This ru le, which is now in effect, includes etrission standards for organic 
compounds, 11nt,1s, hylr(ren chloride, chlorintie gas, and Iparticula tes. lit Idditionl, ce~ment 
production facilities tlat burn hazardous waste roust coniply with any rutiles and regulatiols 
applicable to other haza rdous waste treatment, storage, and dlisposal facilities. (Chapter 6.0) 

What if an "upset" in the production process occurs? 

The liF rnle rvqIquin.,; that an ,touiritic ;hultof be installed in tilt- wasteI fu.l lilt so that tihe, 
flow of walste [ kiln c.Ise in the case of ai I ),it, ltiorh heatoHw wNilld upsut. [i e calpacity (I 
the kiIn itself and the mn.rterial inside the kiln, a significant changme inre a briefin telrl~rat i 
period of tineis ii ,t a:;ibh'. iTherefore, the kiln at the tin ofTIhlw the org,,nric waste present in 

upset will be destroyed it tne high temperature inside the kiln. (Sections 4.1,4.4, and 6.1.1) 

Vhere can I get furthitr innftrmation about this process? 

Tlie atta'ch d iloliwrilt provih I; overview of the tIll. , nd Ille curetly availale 
trnat, ii It1 ! n un , ii ! iln;. "1'IIi r 'l't't rtviin i i11 .! t I I, ri Iii,irt hiii; w ife iii c ru.tllll tn ,: .i 

111m.l11'tluitii l unruaiun!, iHit (it 

xi 
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..0 OVERVIEW 

Cement production is a1 extremely energy-intensive process. The a'erage energy requirement 

to produce I ton of cement is approximately ,1.,4 million 13tu (Ulliman, 1991). 'This amount of 

• 	 energy sr h/ iValent to 40.0 poun1ds of coal. In 1990, the U.S. cement inclustry 
-

manufactured 79.7 million tons of celenit (l--Iuhta, 1991I). TIhele 6cqIivi a lent 'Of 16 mi lli iiftons fi6 

coal was required to produce this quantity of cement. 

Because of the enormous energy requirements, the cement industry is continually investigating 

more economical production technologies and fuel options. In the 1970s, the U.S. cement 

high energy and low chlorine content could
industry recognized that hazardous waste with a 

be used as a fuel in cement kilns. The viability of hazardous waste as a fuel in cement kilns has 

been demonstrated not only by the U.S., but by other countries such as Norway, Sweden, 

Switzerland, Germany, France, and Canada. 

25 to 30 of the 105 active Portland cement production facilities in the U.S. (seeCurrently (1991), 
Approximately 20 additionalFigure 1.1) burn hazardous waste (Costner and Thornton, 1990). 


facilities are proposing to burn hazardous waste. Several benefits result from this practice. The
 

most significant benefits are recovery of the energy value from the hazardous waste,
 

fossil fuels (e.g., coal and oil), and reduction in a facility's fuel
conservation of nonrenewable 

costs.
 

Regardless of these benefits, several issues must be considered. Most important among them is 

whether the cement industry can burn hazardous waste safely. In other words, can the use of 

hazardous waste as a fuel in the cement production process adversely affect human health? 

This question has recently become the topic of debate in many public forums. 

This document addresses the issue of human health effects by first reviewing and discussing 

the best available data on the following topics: 

" low is cement made? 

* 	 What is hazardous waste? 

* 	 What types of hazardouts waste are used by the cement industry? 

kiln that make it a suitable combustion* 	 What are the characteristics of a cement 


device for the treatment of hazardous waste?
 

• 	 Why does the cement industry want to burn hazardous waste? 

[ow are the cement production facilities that burn hazardous waste regulated?H 

What happens to the organic and metal constituents in the hazardous waste?* 

use of hazardous waste as a supplemental fuel in
P'otential human health effects from tile 

0Iltilen kilns arc tlenl evaludted. 

Th besl available data wti tised in tie generationi of this doc nitnt. As new data becomie 

available, a reevaluation of the conclusions noted in this document will be conducLed and any 

changes in the conclusions will be reported in a second edition. 
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2.0 CIiENT,' PRODUCTIlON
 

limestone and clay, to 
raw materials, typically

Cement production involves heating 
which is cooled and then gIond with a small amount of

appoximately 2,700 ° F to form clinke, 
a cylinder lined with 

, cement.he heating process occurs in a cement kiln [i.e., 
four revolutions, aidLro1ated-Loneo

heat-resistant bricks, inclined 3 to 4% from 	the horiizonal 

The size of the cement kiln varies depending on the manuLfacturing 
P minute (Tavlor, 1990)1. 

A cenent kiln can reach 750 feet in length 	and 25 feet in diameter (Engineering Digest, 
process. 


Details on the cement production process are presented below.
 
1989). 

2.1 RAW MATERIALS 

The production of cement requires the following components: calcium carbonate (CaCO 3), 

silica (SiO,), alumina (A120 3), and iron oxide (Fe 203). Limestone typically provides the calcium 

Clay or shale provides the remaining components. If necessary, the silica, alumina, 
carbonate. 
or iron oxide content of the raw materials 	can be supplemented by sand, bauxite, or an iron ore 

respectively (Taylor, 1990). 

on the type of cement that is being 
raw materials used depend

The proportions of the 

Portland cement, which requires a limestone to clay ratio of about 3 to 1, is the most 
produced. 
common variety of cement manufactured (Sprung, 1985). 

in the cement production process naturally contain metals and 
The raw materials used 

Thus, antimony,
the group of elements in column VIla of the periodic table).

halogens (i.e., 


arsenic, barium, beryllium, cadmium, chromium, lead, mercury, nickel, selenium, silver,
 

thallium, vanadium, zinc, bromine, chlorine, fluorine, and iodhie are typically present in the
 

on the geological formations from 
The amounts of these components depend

raw materials. 

which the raw materials are mined. 

Ranges of concentrationsare listed in Table 2.1. 
Average concentrations of these constituents 

were available. For comparative purposes, the average 
are presented when these data 

are also listed. Actual 
of these components found in the earth's crust 

concentrations 
concentrations of each component in a given raw material might be higher or lower, depending 

on the source of the raw material. 

to the metals and halogens present, the raw materials can contain organic 
In addition 

compounds. The U.S. Environmental Protection Agency (U.S. EPA) (Garg, 1990b) ivestigated 

raw feed at a cement production facility. 	 The 
the total quantity of organic compounds 	in the 

was found in the shale. Although Som11e aromatics 
ity of organic componllids.greatest qualt 


were detected, the majority of the organic constit.uenits wvee alkanes with 9 to 16 carbons.
 

3	 
, 

, : 

http:cement.he


C()NCUNTIRA'[()NS (ppm)O0: MTNAI S.AANI) IAI ,( )( ;1*NS I'llSt-NTF IN I I1: 
(tNM ENTl\W ,',. ."-AN I) IN 'I1t I,.\RTII I'."; C.RU STITIIAI 

I-1",- Im.!.; / ,,I 

Antimony NIOA 'NA I c 

Arsenic 0.2-12 13-23 5 
Barium NDA NDA 250 
BerylliumI 0.5 C 3(1 6 
Cadmium 0.035-0.1 0.016-0.3 0.15 
Chromium 1.2-16 90-109 200 
L.ead 0.4-13 13-22 16 
Mercu ry 0.03, 0.115 / 0.5 

Nickel 1.5-7.5 07-71 80 
Selenium 0(.1 Cif, 0.5 1' 0.09 

Silver NDA 0.07 d 0.1 

Thallium 0.05-0.5 0.7-1.6 0.6
 
Va nad iu m 10-80 98-170 150 
Zilc 22-24 59-115 132 

HAI.OGENS 

Bromine 5.9 1-58 1.6 
Chlorimie 50-2,10 15-5 314 
Fluorine 100-9410 300-990 300 
hodine 0.25-0.75 0.2-2.2 0.3 

a CRC (1982).
 

b NDA : no dala available.
 
c tinmated concentr, liti.
 
(I Wedhepol (I01}). 

5)ttrct: S;pt uni. (l0,S), utth.+; otherwisc noted. 

The presence of metals, halogens, and organic compounds in the raw materials can complicate 
interpretation of emissions testing' conducted at cement kilns. Tme complications arise because 
many of' the colrn pmnnts in the raw ima, rials are Identical to the components in the hazardouts 
waste Iusei I,s 11el. ()ilce the raw mnaterials andI he hazari.Ih,,m wastk are led into the celment 

t h (),lt { { t llk iln , It I wo ic{,; ir l + + ; ; l , ) l : i t ! t i th +w c { f itc mii' itm ,itl t ; hi:<," v itll p h '. it 
A',I lllliIIIII , l l "c,ll itIII h' ll II ,,. , I,lt,.ri-,tl.; ,it 1 11, Itt . t, v t ; ,' . t ,t .. ' t ' l i l p.w' '1 , .1 1 , t ' 't 

{'I~ I Il{ III, -; I'TIA '1ll (( ;. r.' I'O Mt )l ) ,I. I,,W;;' d,.(> ;lit: .ct, , I ut l ,, , . , to, 

conp)oumIds in thedetermine if the org'i cOiI r'a w feed cold be ceSlI)Insi lhe for tlie olga Ii c 

,., 

http:I,lt,.ri
http:0.25-0.75


lltilitlt.tt'ttt l tile i;i(,Ii'. lpot LIS. 1 I1' rt nt ci m,'li klt''1 Iltt tl icot111 ll it i ' 
cOt ill acoit tl .r the totaI , t'ltttllllhydittc,, )[i; d,t.tv .l in()I

Or'anic contstituents iII tht' 'Iale 
IhI t II . i,,n:I () thII, . t.,1Wl It PI, )(Ill( 'ti ,II fLicilit v u1m h(r st-ild v. 

2'2 1I II I()I )U i('I)N ()1: ('IMIN' 

'.w lllid, Illt- lni'tc raw matrials ,re fed into the itlctItwd t'lj 01&thit, 
After be, hlinladh 

The zones and the cirre;t onl intin the kiln (l'eray, 1986).kiln. Five tht.rnmil zitnes ate present 
leriaI in the, kiln aire listed in 'TIble 2.2. "L'tIn.tratures'; Othit 's 

temperatre IIng'S til. 11 00 Hot 

within the's;e zOnes are eve'n higher thln the t'InI)erattres of the l1MtIia. For e\t.i'it, the ;x 

typically greater than 3,51)0"F (I,t27'), conipart'd to the 
temperature ill the ,itt-rim,zone is 700') F ( 1,,182(V). The location ,1id l ),h Of thes<e
Inateri.1-1I tt,,Iperatllre O)f lpIxIm'ihtv 2),

zones desltpend n()Ihe maim facttriII, I,1.1 '; (sOe Section .. ). 

I'A II ,I 2.2 

ZONES AND T-vIPFRATURE RANG(ES OF THE MATERIAL IN A CEMEN'I' KILN 

TIEMI':RAIURIF RAN(& ; OF N1A IT RIAI. 
"C"F 

ZONt-
15-8)560-1,480Drying and preheating 805-1,2(01,451'-2,19)2Calcining 

1,200- 1,4002,192-2,552Upper-transit ion 
1,400- 1,5102,552-2,750Sin tering 
1,510-1,2902,750-2,350Co 4ia,.(lower nIist ion) 

Source: IPeray (1986). 

In the dryinu anlI preheatin; zone, the free and chemically bounud water is evaporated and the 

In the calcining zone,
tempeitutre of itl',feed mlhatrill is rail'd to 1,1801: (80t5"C) (lPeray, 1986). 

where the material reaches tenperatures is high as 2,192"F (I,2)0"C), ca rbon dioxidtt is 

give calciut um oxide, conmlonly referred to as lime. In
dissocialhted froit the ca h'itmn carbhonate to 

amo umits of oa),nest carbonate typicailly present in the raw feed is
addition, the small This liberation of carbon
convertd to magne.itiu o ide with tI1 liberation of carbon dioxide. 

dioxide front tlhese calb-ohlite pt'cit'-; is kiwtn ,; calcitinition. 

1 'tilt iln 1lt' tttlh'clively rt'ft'rrltn'd to 'i"; tht ill inu/,1 zn , where 
'11h1t terei'zlli ,';.. t ) I '' i , l > . Inll i ip It' ,!: iti llIli i 11(- t 

r
t,.d,< t.,> ,[ it ,l> 11iitlt. ";.>,7'10i t 1tilt- lil -it.!, I P. lwi 

iiilt 
,t ill ' i .I I ' lt ' t l l . lIlilt'I ' t1i( it '.'I ti lilti ( , ii z ' I;ti, illll l',Ill 'h , i it 11( 1iil 

e lt1iln t.. It IdIlitlil, tie :,A'1iidliidl iliatt i1,i 
alh inlilimte, ind tetc,ic~ilcit n adui illuturlit 
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c I det s s to t i) 11kt.i; I.i-tlyI).,III oIx to .;"I ( 111in1)itdilth, , i-cies to, 201 in tlilk-ter 

(12ylor, 1N90). .olldi I I i tto o l IiII le is ) trt ot"lw clinker ', lt Iev 10 tM [t t20 th1' ciIlet It 
k i I I , w ic it ; hls , ;nla t &: c )( i o f-lv -I-,t"al ;t )I I c r y 'a b ' l, )i', r )9 f I,,' . c ti t (, Il ,, h i Ru I ( l t . lhlit-1 c t )( 
IIltl tt cI ii'kte lakcs ) i vl, tsid ,' - inlhlli iker cootler.()I td lit' c it ii' t kilnt t 

tltt, cliikt'r, 'stile i it'li-inlillis oltTlie compositionl ot w,,vtll u t r tHie cliikur t'to lJ itit.its, 
'li,I,cdIk ll.,lh . ',.iveii isqoxidt'-; oTraditim lliv, thw ctmilposilioll (it clinker i:; the 

tlhe early nlineteenth cltu W,.hxi 

chemical structure cOtuId not Ie determined precisely (Pike et al., 1988). Cotnsequently, since 

calctiuin, silicon, al1minuu and iron are the major elements in clinker, its colpositioti is 
typically listed inthe following_( way: 67% calcilnm oxide (GaO), 22% silicon dioxide (Si)2), 

5% alumintum oxide (Al 203), 3% iron oxide (:e2,03) and 3X,miscellaneous components (Tlylor, 

clemental collponents. This c,inventioii trig inated in .itty it le 

I990). 

TA BLH 2.,3 
CLINKER COMPOSITION FOR PORTLAND CEMENT 

Ci iiMwi',-i. NAME- CI I -M 'A .I:ORMUL.A COMI'OSIOt()N IN 

(COIMM(O'N NAMI-) (COMM()N NorAno N) POR flANI) CLINKER 

Tricalcim silicate (alitc) Ga3SiOq (C-1) 50-70% 
Dicalcium silicate (belite) Ca2 SiO 1 (C0S) 15-30% 
Tricalciumn au-iiminate Ca3AI20 6 (C3A) 5-10% 

' tracalciu m alumi noferrite Ca,!A1Fe2010 (C,1A F) 5-15% 

, tjirce: 
,'aylor (1990). 

'Ibcomplete the production of Portland cement, the cooled clinker is ground with a small 
amount of gypsum (CaSOo2-0). Gypsum is added in an amount sufficient to result in a 
total sulfate composition of 2 to 3% in the cement (Kerton and Murra, 1983). With1o11t the 
addition oIf the ceriient won ld set too qtuickly..,ypsum, 

2.3 TYPES OF PROCESSES FOR THE PRODUCTION OF CEMENT 

Cement iiuay be [1 'tdtuLIced by oe ofltIllree r)ocesses: the wet, semidcry,or dry process (l'eray, 

1986). In tHie wel ptoLt, s, tHie kiln feed isblended with water to pronote lionogenization of tile 
mixtturt. Tl lli; lici is tv ). to 'i'vlt llit %, t,'I','ll t. i)% water, is le1d i it'Ictly iit t i ilt, lt' 
4111dt (d t ,'!ilw I" , [ , l~ (,t i , hvdt lt'; ,I 1! %>.' It, Ill .1ilt tli .[it,I l l. hottl (t.t.1 !wil 

(I ': i I l t l 'll t l(' il t l tt.,1i1,+tl . ( c',; ill,ryt /k,, , +I l I ;Ill) .1,1t, n . ,\ '.l i a w t p n it ,.'t i 

l.lni:i'l :i:l,'2 I .- I ~ t 'It{ ll'lllixtlll(-( l I wl',iV, 1,l; 11,ltl~t'a ", I l, l.'ll It(-' lit'w , ttt''~ 

obta ined i tile wet proctss, tills proce,-s reiltlire,;s t11ir'e enersy thlli tile other Iwo. 

6 
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FIGURE 2.1 Typical vet Process Cement Kiln 

(Source: Adapted from Hazelwood, et al., 1982) 



I I I!Ir I v I'1,n I , ,. I 

Iit' :It ri I p t I' , i; ,ll'. vtIII I t t t . r '. I -,I I I Itr he,v,11, 

tyT)i(alf\ I()ft l. ,, :; fIc flit' t'II lt tlrt I I Id , 'iiil. I It'lh'It,at I ItIaI Il(iiehd I Iit l I II lt 
(;ih) t t'liiI.-..,, ,r, f l ( th'h 'c I t'll I [.;t '.t'I tIht- ! t Itil',l .. t I. ' t II i' Ltilui , I . , II' If II 

.flu,. t,'efi].it t"iii r'ac,,' Int' -.ili ,ufrict, ' ;' t.'it)l . e'',ije, teL f iuv ,huinitii thcn (, h 'te 

In the ryIt').irocesS, th t(,. i( att.riul tnt .,; the kiln iII a td ry powdered IerIII. 'hil, I)tF(c'IS is 

characterize(d by tline tyles of ctinlent kilns: the dry kiln, the preheater kiln, and the precalci neu' 

kiln. 'lhet oldest type resemlhs the wet process kiln and is known sinply as the dry kiln. 

The pr,-.ieeater kiln, which is illustrated in Figure 2.2, became popular after V,'orld War II. 'li;is 

typ- of kilt is qeluietel with a tower of hieat-exlu,<.,lin evcloies (i.e., a pre-he,ater) in which 

the dry ft'tl is f)rtlitattdnd paitially c,'lcinel by the kiln's hot eXit gtass )io)r to entelrin, the 
actual kiin. l;cauee' of tile uihiltl,) of volatile coipoiienits such as alkali saits in the hwver 

stages of ine tower and kiln entrance, the preheiater kiln is often e(quipped with a bypass to 
divert a po0rtion of the kiTl's hot exit g from thie tw" to air polluti)in control devices0ases 

(A 'CI)s). 

'Ie precalciner kiln rel resents flit most rece .it thch)ol gica I addva nceiunts. 'I'hie precaIcin"er 
IIn is identical to tiet prelw.iter kilni except tIM a Sec()idarI'y firing device (i.e., 1)recaIcitIer) is 

added to the lower stage of the preheater in which further calcination of the material occurs. 

Consequen tly, the majority of the material that enters tile kiln is completely calcined. 

2.4 CEMENT KILN DUST 

In a cement kiln, the hot kiln gases from combustion flow countercurrent to the raw feed. As 

the raw materials are fed into the entrance of the kiln system, hot kiln gases are exiting. 
Particulates are carried by these gases to APCD3. which remove the vast majority of the 

particuilates from the gaises. This collection of particulates is referred to is cement kiln dust 

(( 'KI )). 

CKD is typically returned to the kiln with the raw feed. As a result, some cement production 
facilities do not ,cwntrte waste (KD. I loweve, because of the buildlz[ of ilkali a;,lt:, which 

can disrupt operating conditions, a certain portion )f the .KI) is occai()rally removed. CKI) is 
ulsed by other indus!tries to neutralize acidic effluents adnd to stabiliZe and solidify wastes. In 

addlitiotLi thI, a;icIIltt Iral ( 'KI )as a lifiue su tstitt, ( lay es (aInd constrution inu(ltstrius; ind, 

Kraut'r, 1982)). TIh plortion o f tIIe ('KI) not iu leda, ,I rtource i.scI typically fI Illll,.d. 

i t l ; I, lt , ,(I tI! ;. ( I I;,, t m ,, h., : , ,, ,; . ,t II ) lt ( 'K I ), Ihn h". 



'J S 

I, S:: ,
" I4 

7-)0 

awP-
F ~ 
".~~ 


_54S _ _ _ _ __._ 
,


'- ' I 

12 FI 


] 
 ,- , , 
/ 

CC,, 

, 1 ,,0
 
- - fo H al.,1-.2 ,--'e-,C


I ( A FIGURE~~~~re:. 2. Tpca emn Kl 

FIGURE 2.2 Typical Preheater Cement Kiln 

(Source: Adapted from Hazeiwood, Ct 47., 1982) 
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in(C to n ,h ,lsitied as 


htiar doll >, .,; 'In 'i ,ttlv, I 1) plii; tlroi 


chara ct riit ,the co Il:;It lu nlts; K I ) aind d(te r lit w,vl. thcr C KI) ll Id w l, a 

t, ( tIV xnes l K ra mier, l .). I:or-this sal H)2U .S;. ce mien t 

prto th11tlllat,l1 clv h l, d'tand 1n,1lv zt d . 'the . itt ns vcr to I).,t t.":v lnaor coitt11 toulldl 

a itl n t7 ,l ( ite ) , -aleil i oxid e (li '), 'il at . nhv ,rite ), w it h vi riolst l atoI dt rn n d e a n ( 

e (jI la rt nd ) 1111d .it 1 11n, , :;i u t o 

thaIt (l I) i> a potential reso-lrce 
a i 1oi nt( i7 d( itoxiti z O r s 1a c iii 117, ,1,1 ,.' (17dm lite ). T h e 

presence,t)I alkali salis was also noted. The report coOClld tle 


as a Sldwstitute fmolime. Any environmentl i ,Sid.T',tio)IIs Inritf' (11, 'nS and Krm ,er,
co a1-e 

1,982). 1The sMame conclusito was reached in a recent reprt h.y ti 'ortland Cement Association 

(I'CA) (IA, I199). (See Section 7.2.3 for a d iscussion of the r-cent stlUdy.) 
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3.0 HAZAR(IDOUS WASTE AS A SUPILIEiN'IAL [UIL 

l 111ri . ;. 1l w "'',:iIICL"l p, t"Ivlly, I v i'lit'fit kiln i , Iit, -d v. It t , , [tIw rh l-Iln kok"', ( )11, .1 ~l~ 


fIl,- 1 ; 4MW , l l , klc L!, illtis hav.' ,l hl z~xwdt' ' '' l , oi:,ilnld
l l.Vl.k' tt, on 

t i rs t k rc,I,. . I'm ti ,Il A..XI n I .t Y,I, tht.ir c .liv(.11tio li'l fllel. II, t'l .:; 'i~ m d .; , 

. tha:'IrI i ti It 'llt' ,i i kilirittd il O ll , 'Ht kilnls each year in law ' i h,:;;il I ( ditrI anIl 

T'ornton, F))R). 

\lthoin l the tt'riiI 'hazardoust aIste" is frequently used, it is rarely de iid.IThis Chapter 

aIddre :;s;Cs the folh win';,, it.cthisl1: 

0 	 Whd i.,, hai,rdol.; wistt'. 

What types (Athiz,lrihtis waste are burned in cement kilns? 

• l low L1 the CinStit iints in fossil fuel compare with the constituents in the 

hazia-IdoUs WlSte tIucI? 

3.1 l)E:INITI)N OF A lAZARDOUS WASTE 

A hazardous waste is a material that no longter has commercial vAlue and requires disposal, and 

that is either specifically listed by the U.S. EPA or meets one of the four characteristics defined 

by the U.S. EPA. The characteristics (Ignitability, corrosivity, reactivity, and toxicity) are defined 

by an extensive list of criteria ITitle 40 of the U.S. Code of Federal Regulations, Part 261 (40 CFR 

261)1. Typically, if a waste meets one of these criteria, it is labeled as a hazardous waste. The 

criteria for each of the four characteristics are outlined below. 

An 	ignitable waste is defined as one of the following (00 CFR 261.21): 

Sa lliid with a flash loint of less than 1,101F excluding an a(liieoils alcohol solution 

with less thai 2';, ty ,olllm (If alcohol 

" 	 a substance that i,,nites "through friction, absorption of moisture or spontaneous 

chemical chaedtl . .. . burn;S so vig'orously and persistently that it creates a 

hazard- (40 CFR 261.21) 

* 	 an ignitabl' :oimr(ssi'd vas specifically listed by the U.S. ElTA 

" 	 an oxiliz'r s;ttcifiilly listed bh the U.S. FPA. 

.,Iic ,lo-'t . aiI lnt'l h, iol.I'xiiiijlth, tt sii ;t.i"i Il,,iti0 0i1d heI as ieiiita th1wa;t 

II
 



::' A corrsivk. wast istdel I(d I-; one (d the follwiine (I) ( "FR 2o 1.2-):-

0 	 an jll eoull' acid (phl I Is t ia oIr eqlth to 2) 

9 in11 11>ir 1,'r-c thaiin or ctjIlal to20ik Ia,'.' (tlt tt 	 12.5) 

per 	year at a" liquid that corrode' steel at i rate greater than 0.2,50 inche-; 

telnperalture iof ). 

andfxamples of substances that could be classified as corrosive wastes areA cetic acid 

atill~ia. 

A reactive waste is defined as one of the following ('10 CI-R 261.23): 

an unstable stibstance that undergLoes violent changbe without exploding 

--	 a substance that reacts violently with water 

a substance that comrbines with water to create an explosive mixture 

, 	 a substance that produces a significant quantity of toxic fumes when mixed with 

water 

* 	 a cyanide or sulfide containing substance that releases a significant quiantity of toxic 

fumes on exposure to an environment with a pH range of 2 to 12.5 

an explosive substance that is either capable of detonation or specifically defined by* 

the U.S. EIPA as an explosive.
 

Examples of substances that could be classified as reactive wastes are trinitrotoluene (TNT) and 

nitroglycerine. 

', The designation of a waste as toxic is somewhat more obscure than the designations discussed 

waste that contains components thatabove. Officially, the U.S. E[A defines a toxic waste as a 

have d emorist rated mu tlgenicity, carcinogenicity, or tera toen icity ('It CUIR 261.11). Benzene is 

an example of a comtpound that could be classified as a toxic waste. 

The generic toxic label also includes two other U.S. -PA classifications: a "toxicity 

waste and an "acite hazardous" waste. These classifications are defined in the 
-characteristic" 

If a 	represeiitaIi S.,im0ple of a was'te contains,; coIncentrations offollowing way. If an extract 

the linits set by lhI 1.5. Il)E/A, then ihe
compOnenlts listed I y the IJ.S. IEPA that eqlal (orexceed 

c'hir,atii ic" waste (.'I) ( "l:I< 201.2.1). 'lh' indtividual linmit; .tl
"-	 wa';te' is; ith'<i:,;nath'd aJ; ai "*l'tiilt 

IVt iw I . T''. ,r I1 , It.,, i"ili M!itl i t " l ti. t rtlii il tv, v..' li t lil. tt 
, ~ , (-_. 1111111t. 1 ltl I Al hl ; )('v'llHIt w 	 1, 1(~,lb t t t , i i A ll Adl ,i lllti'li

• t' tllt,,ll'lll; c,.1l1it 

v 	 , ()1o(e thaji 01. l).A s. idthaIt,1 v t.' 1II P A l 

are either faital or believed to be fatal to htlnians ill snall qtlailtities (11()('t 261.11). Iotassium 

cyanide is all exanple of a collOlinld thalt colild tie clissifiled as aln ,iac hazardoi;. waste. 

'-(9)12 /7 



':1. 1Z:.t aI I: !r,;;c'ultaI Jtt 1 
It It.s'?r : t .il. 

to l ie 
h a, wcr.lc te i' i, tilt' 1i'ts,.''' nt (laitJ'.iihl.",a ' .h' .' ,luh lci ,~p ii,' 

\tl, i sts nI:'l11w hl.,ilo.,i; 

i-tin,, ,,\,'iil I 'h,,i li'r ,liiin Ii 
t nui ,ci i t i, tivc'V lhInk1 S .'olkIi li ,,t ,it hwast t t t I L . ri, 

ii ve IIIii. iIS d h the-..etticial 'A
-incii)h" iir

reillt, ii i tItSII i>t wiste that c in 

lmt 1.hazaldoiii; ws, 

E CENIEN'T
3.2 TYIPIiS 01 fIIAZARI)OUS WASTE USED IY TI 

INI)USTRY 
Fo~r tfle lici;:,irc s waste tol se;rve as a suitable >uipplullweiitil fulI, it lllst ie iilltstil)e alildco 

rO,tIlatioIl; only reiuire the hi/,al10)us
Although the recent

have a s,nificadlt clileny collteiit. 
LITA, 1091), typicail liiz, rd(uts 

waste fueil to have ani energy content ()f 5,000 131ti per pound (1I... 

lhav,i anl eiC ,ly COlteilt g te'r than l(,tt0tt) bitl per itIlln (IP'etei i' l., 198 ) 
waste ruel c,ii 

portion of the coinveintitinal 
priliary flnction if the hazarlus waste is to replace ,i 

Since the 
tICility (101's 110t hiiiii huirdoius wistC that is either (corrosive,

fiel, ci ceinCIlt )rociili( in 
conlntent. Ii'hly

stible with ,a significant cnergy,,is also colbu ;
reactive, or toxic, iless it 

corrosive and reactive wastes are generally avoided, since they could damage either the cement. 

with tile cCInent Inanufactii rinii prices s. 
kiln itself or the tanks, pipinga,and valves associiated 

content exist. For exalple, the cilonin 
Restrictions other than combustibility and energy 

as those 
waste fuel is restricted. When chlorinated wastes, such 

content of a hazardous 
are burned in a cellient kiln, lydroLen

containing carbon tetrachloride or trichlorobenzene, 

This acid gas reacts with potassiun and sodiumI oxide ill
 

is typically generated.chloride (t-ICI) 
zone and condense in the cooler 

to form alkali salts, which volatilize in the burning
the kiln 

portions o)f the kiln. If a large qulantity of these salts are formed, Clue to high chlorine content in 

hl.i(' c upset the ttellltlit 
Ccii occur ill the kiln <;y>teln. These

the Wci';tc, thenli locka '; 
ntitti0 lile wciti. i;

For this reasoln, the chlorin 'll 
nlina lfac.Uirill"; pioc<; (VW itzniin, 183).1' 

strictly monitored by the cement prod uction facility. 

waste also( exist. As disciussed 
Restrictions oin thIe mnCtal colltenut Of tilie hazard ou1s in 

clinker (I
( )'lwi -'litI,it It'lil; ( dcirc incorporated into the prOcCss solids (i.e.,

7.2. I, the ma jorinlity oif htI mleldls t,I vcrsclv ailec t' '( I w ho llt lit-c 
.Sectioi ';in( i/ct .<c lln l (At 110 t''l ilt. CAi 111C KI)). t ;'t I 

l mnus1t iliethe hiciz/Ilh)ii ; vis tt fu .111' 111'0. I, tl1'e iIIet'll lil t Idt,"; It 'I I' Im l .
Cetaiii inttiI1; l,-(c(vc([ ,%li ,1 Illi coliceltrilil;i,-Jll(, Ii i 

ill ,i i ic .il11 ilt -' i 
I ' KlI,-,I, ,III (I III , ')II t ( i l I 

I~i Ilw l,'\l 'hI 111t , 't tv 
p l~l i ' IV t I .lVII IlIllI I IIt lI -1ti r,'-1, 11( klll Jlilt it~lk~~ ,,-t 


t t< . l l""' 111 li II rv It w'; lit l ,itIl i
 
1\I I) kiitt ii l , ['ll

I wr l',Jlin .' ,illtd N.~'i i f ,I, 
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. t t ',llt-that a -,tjitirt'i tit' ll Ii11I.l,; Ie't'hn,l' tIrdmiL). I ' .' iiid n i ( v , i 1u1tI,'unt i jt!ns Iv 
It II;lt,,.vintld Itpi, t t, ..
 

utd w v FI 


7,0 1~)t ti Ij.Il't', ' 0F( ', (tI ,th'ir 1I1 tI. 


Ciht) -, s IIII Itour ti IiltivI~.~i.~ II I l~' : Ia
t p l II' ' V i'Hi I , 'It 

ruti,'jo- r II.'1t1', ,'1,,IJ 0.r. i'. 1i,;' 

,,,t, .iIik' r (' ,li a i '; I -, vj,.'S,, ' IX trt,.., Iii;I t t 1,1 , t i(1', ,.I.', wI. ,, i i, ,It.( I 

VVhen all of the restrictiIIns and rt II iret ,nts art ' , I IIIly Iec t ,II I I.i I ,R-on'tiF'r(II t I, ' tr u) I 

waste can be effectively utilizt'd by the cement IIIlist rv FAAI hud
t. ,iIs()I l 
by the cement industry are spelt or,anic S )l',ilIS that , i iniate tlrtit the, "'tilt ali c(oatin,,
 
a'lit O nJd truck assembly, sodvent r'cla matim ink a tid pri nting, ntic., ldt'dical 'and
C( t1(,V, 

electrm ic"industries (Flt'ineein I, I )i', ,st, l9$',)). 1I1gr'n'-r, Oly IttltitniI, .',L;teS with a
 
high nergy, low chlorite, and I iw t'tIt,nol i iI10 tal co Ittr ltrtI I cCIIit k~lI. 

3.3 FOSSIL FUEl,VERSUS HAZARDOUS WAS'1'E FULEl. 

Alt hotigh petroletum ci ke, oil, and natural gas are smni tim,.s h'iurri.d, tit, most common fuel 
ISCLtd by the cement indlustrV is coal (Weiltzmn, 1983). LSimilar to the ra'w materills aInd the 

hazI ouis mste fitel, coil ,',II contain sig litIc'Iait (tljtli s oli(..,;tals atd Il!t l'i.s, ,.1oatr 'l.f ,l
 
may contain antimony, arsenic, barium, beryllitim, caldniium, chrotium, lead, nTr'rcury, nickel,
 
selenitm, silver, thallium, vanaditm, zinc, bimitie, chlh rine, fluorine, and Ii,'. \verage
 
c(ncentrations ()fthese components are listed in 'Lble 3.I. langes 
are presented when tlhee 
data were available. Tle actual metal and hal ,,y concentrations (it a Specitic cAa hIIpeiLd on 
the area in which it is mined. 

For comparative purposes, the metal and halogen concentrations in used oil are also presented 
in Thble 3. 1. The status of used oil (i.e., hazardous versus nonhazardous) depends on the 
constituents present (00 CFR 266.40). Although some nietals such as zinc and lead might be 
hig,,ht'r in u.,ed oil, o)ther metals suctlh as 1tr lillallis ighlt I' ,rin co,,I. 

Although coal contains metals and halogens, the ma ri ty o coal, ,asis the case flor the
hazardtous waste fuel, is o)rgalnic (Kirk-( )thiner F, cyclopdia of (dheO'ical'l'echIrMNr'y, 1979). 

The org,mic comport nds in coal are generally arorattic. (*OIsequen tly, when ca ISi..btrned, 
aromatic cimpotlds, such as toluene and beizene, ane emit ted (Braiscomle e't 9,85).Id., 

~rthei atire imws tli';cw tIil ection 2.1 with r , Ird Irhe raIw mi terri,~ th In' ''eirce ('I 
It-I'r!. Irlld. ii r Crini M'rij ldnrul Ill 110. toil1 clii c.t'Ipict1k the 'p 'tio IrotlwMt 

i1,11 'ii ft' i1 '110 11 i' d 1( 1 ~ ltill' h ii I'1 :,1111wi' '~.,it 
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.;I h ',uid,~i...: Ic,t a :i', ''C 'i1l'uc! 

.. .. . ..... . .. . . . . ell~, t . ' 

NI )A t, 

..1(11)1 l ) 

0-3t)0) 

NI)A 

.I 

.1, 

Iv.0 , 

i. C 

10-2 1,700 
NI )A 
3-30) 

NDIA 

.o 
, 

1 

NI )A 

! 

NI )A 

240-3,000 

NI)A 

100-2,200 

NDA 

NDA 

KIII.\I1 .\1.', 

M~ 

Antiii)iv 

Arsuic 

Baritlil 

BeryllitiIn 

(aIdn itzIn( 

I.eatl 

Mir'ury 

Nikvl20-810 


,%''liull"3.50) 


hah''Irt 

T'A,, 1 -. 1
 

1. 19 -' 

9-50 
' 
2-1.5 

2.27 " 

0.1- I() 

11-27) 

0.2-1' 

" 

5i Ivt r 

'0lh ini 

V, iiadiuII 

Zinc 

Bromine 

Chlhoine 
FI,,rii 

Iodine' 


0.06 " 

).2-4I..' 

30-50 

16 220 

7-I1 

100-2,800 
50-370 

0.8-11.2 

,'l()'(I )nulor, (IP')I 

IT A:,(l)"I 

.n:. ) t~n i) ':) tri",;(ther-wi.e noted. 

W:lJ; 
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4.(0 (,1 IAI\,( I'*I IS'I'I (S (F A ('F IITN I' Ki ,N
 

ill tloll , IIItil',*'c illlt " i ,lla
(t)Il(tit Itl),i c Ii IL ' i ' w ili ltr the 

, idcuiat,'lr hw ilin'ii'rii'uiz it i,'/,irdo :,W rlh'. " l iar.l~ ri L',. l 't h. I I'Ilit Mii 

i 'k .. .,1I.h'4W . r al hLIII ,, ,hiiir tilt-I lV,,ililit'litI o 'i'i., %vi i 
,in,lp ropriat' 

1''I'
4 1 H-GH-. "I'IMI'RATUI Rl- A NI) I()N( RES l)I'NC INIl 

by ilCiltiuol, eiwUi'iil cml tlutitln criteria 
To ensure the destrctllo4i1n otf ogailct" '- 1 I 1 )ildS 

1llog),enated
have been (t4vh ped for both hale),nated and nonhalogenalltilCompoinds. 

conltaiin a1 lea'st llme of the tollowing: bromine, chlorine, tiliorille, or ilodine.
('0mnpolinhl.s 

I" The
contil .11l lbroIlllile, chlorine, thlotioit, iii-Iit.
Nolnhail'o;nhIe d c01 poilllls d io)lo 

inI' c, ii 'hiiilL 'r 
1 xygen

ti'iliii illrtire aind rt',it'n0' lih ri 'jli iir i hll ll L Ihw 

I)" it(ih,.s uticliol ot 1)1111h ili,.(,I. 1 4411 1p)ltitlSd aiie 
c01 il rail miilretjiiiIrc inl tit exit ) tniu 

I. l(l
I((lltld I hJ.1. 


TAI;'9FE )xI.1[
 

(I'mN IN I IAIlON bATIMFiiTIMI't Ii 1A'' 
CLASSIFICATr )N 


2 seconds 2%NcOnh,logenaled I,I832 "F (1,0(0) (7) 

2,192 'F (1,20)() 2 seconds.7 3%
I alot'enaled 

2,192 I: (1,2()o "C) 2 s'conds 3isI>CH; 

2,912 <'F (1,600 "C) 1.5 seconds 2%


I"CBs 

;IIn th~e (i-l)4ll ,II4ln chiilttlr. 

Since lI'ts (see Sicion 7.1.1.5) are considered to he the most difficult typew of hiloge lted 

developed ells 

peratilit', 
coIpOlllnds to ilcinerate, the two comlbushoini cri!triai for them i;o Iisted in 

in ll hi,,h'Ihe ' liteu the 
'tlle' 1.1. Fromll th e two) ililhi ttl( ir1411ii, 011 .t'Il see that 

e
Lim' I\xy C r'.juiidCL. 11eiti r critt'iio iS iIt, the1n IC ' lare

lower lhe residenc,. ,mid i 'llIItt'it 
L 1S I).

c1 4 ,)141hn'-1 Ih 1' 1) 1ilwIllil)' t t, 

'l,ith 
2l i,i il e a e' l gaii ' i Illc , ti lleInll t e h iiiL 'ih,I ,)"I 1 , ii' , i ''.rl i .. I

'., nd' 

I t (d I It. 0 4 L 0))(V';) j'4 It, I' ()fri 
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t 	 I" I , s, ',i tf I t!.Iii:. 

l ' t.lii .t,i)t
I ti

I 	 . iit lt ' li.t t, ii.m, i1 t l i t 
i 	i.i i'I I il .ii r1' I It 

I(VIt.sIu'!1tant td I., b ,
I A tt 	

I " I I I "t1 t'IiI I ) I1,1 ( 1 1,1 
I, I1',ltI l lit,} t I'k,Il,III l IlIl 

"i 	 i .,tt 'l' dj'llijol'i;Cli 'l.. C, u: itt !i..... i .t)) ,i",
,L i t l lI lt ill l , I t-i1 ci )IlI t liII h e I I l it 

tt, ,ih,t~ oly>r 	 i,' k It I I,i t llk,tLliijt.I i I-( ',I III l ' th ).I, ii1tI1,I 
<' 

Ct I ',',I . ,'Itt dI 

I,'I In< c,,lkth ttl~ tCondtion;'ll I
..,ll il ( () l ll l) t-1llik . l t, 11 1 I,'.l ICL
n,,llllt 


11O.r L t-tLL'Mi ()yI k ,l ill' 
.... ' hILIIIItr I itf ,.;l tI I, Rt t tllii11 htiC
th,
cenilit lIll (ly II( 

l,; Itvt- btciiuI tal ntitl2d by theC 
I'I, ttllici.lWVt'-~it iI (I i.)) IIplI lds< (v-!/,, Pt T1";.).
111(, CM I 3 , ()t 
< rI itu ' tIlw a ~lV A~ I Viilt'nit kii to LIC' tl7 0i';,,,inic 

orlii"I 	 00 
II)l ht
,k-t ia II IhWIt".,t il t t-iI n. I IIt 

resiu I t,( 

lit~II I Y .W ,t:; t t: ,1,t; 	 ,

1 I
 
"1,0 0 0 

3, ) 0---

IL] 

< 2,000 

a
2 1,'500

500! ,000

6 7 8 93 50 2 

TIME (seconds) 

'l'r ure for a Cement Kilnlime Virs;
FIGU R1:1. 1 C'.I1utative Gas ResidencI 


(Source: Witizmall, 1983)
 

tuc'iperIt II''S -'' iiri" thu'..'Iilii io IC.'iiiratt'.' ,itiight le 
1trditin pit it ; rIIThe. ineuil pt 

l ,it 	 ati'riil ji ;ije tlit' !-iln't'l,,.
,,,Jh.! I , ltI (,,t u y,)iuii hi./,rhliL ; , Ft) ll,' chilk r, Il.' 1 

I 1 I t I III I I li. t ,,, .ii ,t 
,111 1t, , . ' I

l,.i > . 1, 1P1 1i . 

dil t
, t '.* I' l t , ii I,i,l I,4l il ,[ht i1 .li tI( i , ilt 

.ci 111i1l1,.,,i i .iili,, 
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4.2 NA'I'URAL, ALKALINlE l,:NVIRONNII -NT 

O n, (itt ittepl bleilt'; witlh the iti'iitevlition itl4 tll h11,iait, i , is tht ,tl. atitlot oIt acid 
i,,,I st.'.; (t'.!.,s', . C m.l;'l ~lt l[',I,,.'lrdo~ll , 't.v., inc,.Iiw r,) tor..; have il:a~t~~t7 (1h-viC,:.;.'1). 'tclti', 

w hich l;,C' ,l IIW ' l it s, Stic'h 1;;;,t1 tl I',',] ,', I i -,tliltlt', to, ittc liti,111"t. tht, ', id!,, : ' l C(lilt llt l 11" 

it, ntI i It-lit iI Ilit- kiln i',Ceicnit kil , doa not hol ,v I (i scrilh bin'i,t i t, l ht\ itemi' ti l l 

2.2, one of tilt- iin steps in tie pliditctitii ofnattilrally alkailiii'. As disculssed in .,ection 
it produt' lite, which is the' :;, tle iatt'itlcelmnt-t iVthe cahinition of the calh'illi carbonilt' 

alkal in(e CtMponents, suchused in hazardols waste incinerator acid scrubbing devices. ()thei 

as me nesi lm xidl', are also gener:ited in tile prI-dtIction prct;es's. 'lheretore, I,, the acid gases 

zone throutgh the calcini ng and drying zones, the maj(ority of thesetravel from the burnin, 

gase' are netit raiized Ihy the alkaline material in the kiln. 

4.3 MINIMIZATION OF WASTE GENERATII) 

Another roblen with the coIllbLIstion of wastes in it ha/airdots waste incinerator is the 

Since this ash is derived from the combustion of hazardols waste, it isgeneration of ash. 
a ,mnmncr approved b y the U.S. EIPAclassified as i,,zardous waste and must be disposed of in 

(1110 -('FR261.:,). 

The only byproduct of theNo ash equivalent exists in the cement production procCs. 
rawAs discussed in Section 2.1, CKl) primarily consists ofmanufacturing process is CKI). 

material (e.g., hiie). CKI) is typicallyraw 
raw materials. 

material (e.g., limestone) and partially processed 

recycled and fed back into the kiln in an effort to minimize the loss of the 

Depending on the manufacturing process and the concentration of tie alkali salts in the CKD, a 

but instead removed and either sold as a resource orportion of the dust may not be recycled 

managed in a manner approved by the U.S. E'A. Ilowever, whether all the dust is recycled or 

only a portion, the "waste" generated in the cement production process is ininilnized. 

4.4 THIIRMA L STAI1 1IIIY 

Because the cement kiln is a large manufacturing unit with a high heat capacity, a significant 

change in kiln temperature in a brief period of time is not possible (Black and Swanson, 1983). 

Consequently, if an upset in the normal operating conditions Occurs, any organic waste in the 

the kiln iss;topped.kiln will he aitletjiately de,;trtycd, provided tle.th)w (dt hiz dllns wmste to 

Recently p,,ased re,:iilationls retiiire a tacility to install al Iltoitli ti(' shtitlt to Itthe hi,i artl ls 

i lt ', lit' w wi( ;it tiit litittl ill Ili' v''t tt , i Ii t t'it (seewil;t,' II'll l l lh,t. It it t 
;'tit ," 1.1 
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5.0 	 IlIENlI'lIS ()!I 1LRNIN(; I IA\ARI)OUS WAS'IVI
 

IN ('T"M IKNI" IIINS
 

~ ~heii ) il11I-,V11.(the ~ ~ ~ ~ 	 ~ ~ i t ,',.It 'r t i' it I ,c( ,,tl. 11drh t l i nh ltll it - 11, ,LtAt ' It -1 11 	kl It-(il,. I 11. II I I 

,t.Vtl' ' ' tillitti;. t tll t't;i .ii<lt . tli :.. ,' it, attits
t",.+ t i, ln Illt~Ilt hazardous .te;t vv mI' I

3 " 

I,,, .,t' briefly a ,dd,rsst'I l 	 tlit- fill, ,cl ' c, itI 

RECOVERY OF ENIRGY VALUE FROM HAZARDOUS WASTE'5.1 

,sti nm rtitil in the 1U.S. 	 has i tl'itificnt energy content.o lizilhlarg, ir lntlllyt h,1) ; v,, 

t1as;0ll; for tlhe cteent in, ltl;triV' ilnterestof tikttelitic l elir,.;'.v i ,n, ith l -i Ir 'aythiS (.clllt 
it. I~tcaltl , tlt w,.',te V 	tillih ttI as ,a Li'l i a Iiitt,t tt ltltlr[ ,., plt¢'el;l,iii Ilitl ili; lil/,t h t ', ; 

,Mid, therefore, thlie,,ntry value (t the Waste is recoavereid, this pra1tices; hetVi dcigiated .s 

''recycling,. 

This practice is coiisteiit witi the naotional waste t gt1'lemCli t plic.y, whose lrinulry goal is to 

If wvlste is 1elt itcd, thwn it ;i1 ,hlld lit'ttcycled.R'lce the qualntity 4itw e that i 'ntl t 

ti thei ienllr C1YCIl,ie' 1 tniti ott tit' waste i, 

or biolo,,ical itliiod . It iicitit'cttion is 
0r reItstL. liitp l rt'd iIt-d i ,1,1M,ip'itt otinillt l 

tr'Iatinent bty either itl itnit'rtloi 0 il ,icil, cheltical, 

such IS a cement kilnt that recoVer. , the energychosen as the teltilli'ilt option, thtn aIdeviceL 


value is preilerred. Te lea;t )rt'ft'rrei "wastelanltgemllent option is Ing, tIi st+ig, (e.g.,
 

la idfilling). This pretlerence is Sn ol+,let;,rd by tile I ltzardoLS ad Solid Waste AioltdnIlc nts to 

Act ( CKRA). a1Cnd nILnts required tile'heCse Ithe R11 uIce Colnservationl and Recovery 

Ft be I ndfilled (U.S. ETA,U.S. 	 -A to develop restrictiolnS (oIt the types of wstes that COtId 

m utst be treated prior to laindlilling has
I9 89 a). As a result, the amou nt ot hazardous waste that 

Irain tictlly itiwrl:'tL. 

1: NON IRENE VAIIi FOSSIl FIUiIES5.2 C)NSiIVII()N 

ott(sili; hlzarotts waste Is a supplemental ladl in the
One of the most si;Iiticiint advanltgsc 

ceuiielit induiistry is tht conservat ii, tit loltt'lw ,,lclte losil utsl;, such as coal and oil. The 

;,Ived hy thils practice is s.ubstantiail. For examle, it 251yo ot 
,11101i1ui )f fossil ftlel that coldh bhe 

th lu irgy liStmi in tilt' ro.ttittiiil ittt i itlit iII tlt' I J.>;. were repla ed by lzi rdhlou; was;te, thell 
, t ... w 

(11,it'l v,,r . < ;,, ,Api.;l A Ito r lIIIb 't' fit tli ""'v 'IIII,; t':tillw ,l , M th l l'iltlt] 
, S t11 111ll h m, '.;(dl (h;,ttI ((,,II ''II .I 11111 1k,,11I, 1r-11-k 	 (it (I lt~t , l fit t I 11 (h+ il ,,tm htl i ;,t[. 

,\,i l 	 lt , l1':. 

t t ' 
(tI I ''. , IPPI ], t h, 1 . , i ,' till . , ll', ,k1it 

Ct ll ll ,, i ,kI l tl~ l l l 
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5.3 	 RIEDUCI'ION IN ICIOS)TJS1ION (S'I'S 

I 1i.it 	 'I on iii t ti,TlW P ,hIilcition I, t oruit , 'iiereV i.iiVt, ;;. The I)p,rti 1 Ilie ni 

c ts attilttiteil tI tu ' .- i iiut Th''' II) "_' (Ii' .iW 'iih,.I , I i. ",' Iiintly 

cenmelnt p r otdictiiml c(k,jr! lit.,ivi]y drivetll by fel lices. As a result, "'nu()t et'eitlt plants 

have niad thw capitlal InvtllintntI.es;aIry to achieve tliel fl(exibility ain1d can st hec ellergy 

sources 	accordhg,o cost" I)igest, 1989). 

fos sil fuels, 

the indlustry has an1incentive to use this potential source of energy. The replacellment of even a 

fraction of the conventional fuel with hazardous waste fuel can significantly reduce 

manufacturinlg, costs. 

Since the hal ardou.; waste fWel is substantially cheaper than any of the convent ilnal 

5.4 	 USE OF EXISTING TECHNOLOGY TO TREAT LARGE VOLUMES OF 
HAZARDOUS WASTE 

The U.S. is facing a waste crisis. The rate at which hazardous waste is produced far exceeds the 

present capacity for treatnent and disposal in a manner that prevents long-terln eXposu re (U.S 

Congress, 1989). Innovative ideas and new technologies to manage hazardous waste are 

needed. Unfortunately, the design and construction of new hazardous waste treatiment and 

disposal facilities are extremely expensive processes. 

One of the advantages of using, cement kilns is that the technology and the facilities are already 

in place. In addition, the use of a cement kiln, as opposed to the construction of a new facility, 

does not result in the creation of a new source of emissions. Therefore, cement kilns provide an 

attractive option for the incineration of large volumes of certain types of hazardous waste. 

The cement kiln option for the disposal of large volumes of hazardous waste does not promote 

the generai lnha1 rdoii; waste. Interest in the reduction of waste might be lost when the 

),,enratr Ils the i or when treatiuent is 	 reductioltreati'it lacility llore protitalle thaillin 

or tIcyC 1in). 1 Ihwevcr, sn;lh is oitt lhe case for Cement production faucilities becallse they to nt 

generate the hazardous waste fuel they burn. Since the generator still must pay for treatment 

or disposal of the waste, tie incentive for reduct ion or recycling renhiituS. Therefore, cement 

kilns do not provide illincentive to generate more hazardous waste, but I unea ns Of treating 

s.;ome types of hlia I ii ils waste tlt Ca, 1not be in Iiiin ized or otherwise recycled. 
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CL MIENT
6.0 	 lETi)IoRAl RIEGULATIONS GOVIERNING 


KII NS TI-iAI' BIURN 1IAZARI)()US WASTIE
 

tl It'cilI t 'dl to. ltlt',-t.';lI t'It-t 'lt ,
l olIt t"Icid ities li i gh,.,r.l'!,,,,,.;tk,;aellt 'lt prot . 

l W,.''te tri istp t )lIti ,i-,'','".tt 
a 11eO f ' rhll ,iod sgtate l lldtii)5 that ,;.t r itr t'iI , 

tile U.,;. l '\ li ze,11i,.,dthe loilers andIlndth trial 
In Febritary I00)1,stor-,+e, 	and worker safety. 

the actual burning of hazardous 
Furnaces (BiIF) rile, which applies additional re!qlirementts to 

kiln,; as well as other b1i le's nd inlistrial itlirnaCCe. This rulte sptecificaly sets 
waste in cement to hII-t1deviceS 	 that Chlotse

1and operatlin,, ,standards for ciomIbustio
string,,ent pe rforilan(Ce 

The BItF rule and other federal regulations that govern 
hazardous w,,ste for energy recovery. 

.CIiscussed 	 In the following,
waste as a supplemenxtal foel are

kilS burning hazardouscement 

sectiO ;. 

THE BOILERS AND INDUSTRIAL FURNACES RULE 
6.1 

as an industrial furnace. Accordingly, a cement 
The Ul.S. 	 EI'A has classified a cement kiln 

uses hazardous waste as a supplemental fuel in its kilns must comply 
protdIuction facility that 

I11i rule. hese regulations include emissit stadards f(Or 
with the regulations defined in the t" 

organic compounds, metals, hydrogen chloride, chlorine gas, and partiCulaites in additioil, the 

as a supplemental fuel 
U.S. EPA states in the BIF rule that facilities burning hazardous waste 

to any other waste treatment, stora'e, 
must comply with the rules and regulations applical)he 

1991 [U.S. T'A, 1991 (p. 7134)]. 
and disposal facility. This rule became effective August 21, 

Although the BIF" rule 
In the following sections, the BIF regulations are discussed in detail. 

focuses on those regulations that 
applies to a variety of combustion devices, tile discussion 

specifically affect the cement industry. 

Ixlc OR;ANIC E7,MISSIONS6. 1. T 

The lIF r1 le requires tat a facility deinonstrate a 99.99% destruction aiid renlovalI efficiency 

for principal oranic hazardous constituients ('OlCs) in the waste stream. A DRl- of 
(DRE) actually 	emitted in 

put into 	the system, less than '4 ounces are 
99.9% 	 ttins that out of I ton 

"Willi ensure that constituents inl the waste are not 
the stack 	gas. Achieving this level of D)R, 

emitted at levels that could pose significant risk" IU.S. El'A, 1991 (p. 7116)1. 

iS tile deIIIOnt str,Itionl that a facility i; inl 
The )RI- is established in a trial burn, which 

t'1 l',- ( )'l H tl t , 1( "e e1it,1d O1 the, tillIllt t Il- iI' 
l(t' vin 1 	 ' l"it.. Ilat re' 	 +\ tit 11(ll IcHlill lit-	 ,-W 'A itlt f Inr ,u 

, )t'1 . th I I Ik m h,' l ' 111dt l" I ' \ 
',tt l im ,tl.t lt , ' i ' .lldkl , '.'.ld . tl 

, t , tlli1 th t ,) l ;tilt
t;ill& litH ,' ,,+, . t ' ll 'I 

t lit,- i t, ," , '111"H wuy' ,If,, ty p 'l', l tt llip t +, 	
{ 

(1ltt'll 

netl inIS the 1ta-; 01IHI 
to destroy. A I1. i; deterimlined for each of tihe selected 1'(.l l(; , y Iir;t 

githe com bustion device in the ,va.,;te streaml and Ih,1d lh ',I;lils i , the 
teritile :;e cte I0'( )W1( 
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I,!.,I,f,P,'1"1aIn tl,,-',tc i11lt-1,lrI . ."IluIt!,', It-I 	 ,:v 

Where: 

Win= the mass of the .;elected '()I K( enltering the combi-ust io device in tihe waste 

st reain
 

Wtout , the mass of the selected I'( e\lit ingin the stack gas.
 

A r)R of 99.99% must be demonstrated for each of the selected 'OI ICs for the facility to 
dc~i iont rate rcegiilati ty coilp t icince. 

A sp'cial 	permitting',process exists for the incineration of "dioxiin-listed" wastes. Th,-e wastes 

incl ude two distinct classes of COMpounds: polychlorinated d ibenzo-p-d iox insactually 
(ItCIDFs) (00CFR 261 Appendix VII). In general,('CI)Ds) and polychlorinated dIibenizofurans 

PCDDs are referred to as dioxins and IPCDFs are referred Wo as furans. These wastes are 

Therefore, an even more restrictive l)RE of 99.9999% mustconsidered to be acutely hazardous. 

a trial burn [U.S. EP'A, 1991 (p. 71,16)1. A L)It<E of 99.999(5% means that outbe demoustrated inl 

of every 10(0 tons put into the system, less 1han4 ounces are iaclually emitted in the stack gas. 

A high DRE does not ensure complete destruction of0the organic constituents to carbon dioxide 

and water. If good combustion conditions are not maintained, prod :cts of incomplete 

The U.S. EPA defines PICs as "unburned organiccombustion (PIlCs) may be emitted. 


compounds that were present in the waste, thermal decomposition products resulting from
 

organic constituents in the waste, or compounds synthesized during or immediately after
 

combustion" [U.S. EPA, 1991 (p. 7149)1.
 

To guard against significant emissions of PICs, the BIF rule requiros that the carbon monoxide
 

levelS a1d, where appropriate, the toital hydrocarbon concentration in the flue gas be
 

ci)ntinuoutisly monitored [U.S. ElA, 1991 (pp. 7150-7156)1. Coilipliance with one of two options 

is mandatory. Under option 1, the carbon inonoxide emission of a cement kiln burning 

100 parts per million by volume (ppmv). Compliance with thishazardous waste cannot exceed 
tinderoption is difficilIt for many kilns that normally operate above this emission limit even 

ideal comlustio)n conditions with conventional fuel. 

Ulnder tptiin II, the t,1rbol tnotOxide(on.eqitently, tle. li: rIlile offers a s;ecomnI optioni. 

iult the totall Iivdlit,,r o io ti ,ii n iili t be cttntinlimoiislyi'iliil,'i ii dil t",tt' 100 t)1)iiv, 

IIwItlil , I II],il( t ililil (. , t ' till. It-, hli ,,l ,'' i, I ,',1 111i111 ill ."0]t l~ Il ,',.. t, I 't lli
 

!li(,li,>,itl'l 'It'd i, ,,i' il l~ illir. Il- i [1 1i il ili All illi'll,iliv,'i11')'1,1i it.l tt'll 

....I ( :.ik lhli,1h1w l(lm l t1 I 't V t1)v ;l l.:/, t ili, .1 I~i, ill t-'ll!ll; tt.; ,ii ' I:,t ll lilt' .u~ .lit' 

totlid to contailn or'amiic c it-mpouiids that .igiIliIicliltly idd to t iuyditcciil tun e nii;.siion. 

22
 



t Iraa IK~.:It II I ItH ; l l t ' ' 

.'iI l th* tii' t ,it lyIt r I ,.vt I i i.ii 'n '.[lit';. . 
t I lit i t tliiii t , l t. ' 

ncenit ra is I , .(tiit'tl ition 
tcoii t ilill ll!; v i littri t .Vl i itlton t,l ltc 

1 (p. 75) .1(t)0 ppiiiv11A,I I0S. I 

fuei linle miust he installet and linked with
* 	 An atitoitatic clit device in tile wat 

tMtal 
;ti , ii it t xitirh int iti r ali, if appropriate, tht continolus 

the coltilt 

ti totr. 'hittivrf, if the emissions limits are exceeded, then the waste 
hydrocarbon 

I'PA, 199 1 (p. 7159)1.device [UIS.ff t) th II it.oinbiititnfue l is cuItI 

SE-mis.sion testing d tdispersioni modeling must be conducted if the facility has the 

:s. This analysi; must 
Potential for en ittin, sign-ifica it quantities of IPCD*Is or lCI 

ensure that the hypothetical niaxiimi-ln exposed individunal (MEl) is not subjected to 

that wolld result in a lifetime cancer risk
of these compoundsa concentration 

EPA, 1991 (p. 7162)]. As defined in the BIF rule, the 
g,reater than I in 100,000 (U.S. 

nmed to reside at the location of maxi muin possible exposure
hypothtic',l IF. I 'issii 

days per year over a 7T)-year lifetine. This evaluation must 
for 2 h mirs ptir day, "5 

tie point of maxmimif whether anyone actually lives at
be completed regamdlh;s t 


1991 (p. 7170)1.
exposure [U.S. E-PA, 

that the organic waste constituents in the 
All of these regulations were developed to ensure 

toxic organic compounds are released in 
fuel are destroyed and that nohazardous waste 

quantities that would adversely affect public health. 

6.1.2 Toxic ME[AL EMISSIONS 

10 metals: antimony, arsenic, barium, beryllium,
The BIE rule sets emission standards for 

-I'A, 19-1 (pp. 7171
cadrlmiti m, ltexavalent chromiun, lead, mercury, silver, and thallium [U.S. 

t)ential for adverse ttectS ti, 
7179). [hi' J.;. ElIA select'd these metals beause of their 

as either carcinogeec ormetals are classified
heaIth and the envirotment. These

ihtrman 
are classified as 

noncarcinog2-nit-. Arst'nic, beryllium, cad mniu in, and hexavalent chromiu'm 

sone debate exists iea,,rdili', th e scien tific ba,is of tle risk 
carcinogenic metals. AIthoug,'h 

were developed by the U.S. El A suCh 
standards (I.TI', 1992), the standards for these four metaIs 

would result ill a 
wI not be suliicted Itt ctt centrationis that 

that the hiyptlliil wotihl 
(du ttt tie t' tSell ot0 tli ot 

lifetimei cancer risk "at't'tlit, I ii l(I)Mt)(I. T1%e in.l 'Vitli,i trisk 

to tih (yp ii(tht th 'tit' IV t 
tt ttit tiit ,l tnl lt ". ;Ilinll id i W'it tht. tittil ri;sk

tl ;e ,,tw iI 

lit H UU
l(v 1 1 'I 1 - 1 I -	

'In th , 11 m i A c It. 1 1,11 d t 
, i lw [, lit v ," , ,l 1 ,A 11111' 1()11,f it ti 1 k"." 

licn tlottl. 
whith aIe levels below vhich "itavere htalth tl fects h ive 

rferi 'ce be.t!; (Rtl )s), 


xis;tintg Natiotnal A mibient Air (.)titlity ;lald rl (NA Ai\ )
 
o; in th, c.ase (d lead, onl the e' 
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' ir t IbV. (r1 '1, 11ittv
Hllt IrUiat t 1( k t Ii'.,, i 1ret, t lt lLa:. 4 'lt iieta 

t 'iltti~ il i.llI Iti,' a lh(e ltl I I k in11 I 

t sti , whli (ltete trlitrls the' 5t1 4'(iliQ inetalsq rndl their .'oilc,.,n trlirns
Imtter tie~r i, nio (,ihir;,;rri ngii hli 

which estinlates the colickntlit tioils of 
in the stack gas, aid lo Lite-specihtic Llisper'. Sinm rnoIdelin, 

any testing, two aslsumtions are 
the metals in ilent air, are coinducte-d. In the Il';0ence Of 

In other 
inadet. The first is that all metal<; enterin; 	the hevice are Cmnitted in the stack gases. 

i assulled and lno inCOrporatilol of tilt metls intl 
word., no removal of metal.s by the Al'CI) 

The sCl nd assumption is that worst-Cise
the process solids (i.e.. CKI) or clinker) i. aSL -u Ii. 

lhereforC, a fIcility that is perinitted under tier I ILust c)nlly
Iispersion of the metals occir.-. 

rates that were established ising the llost conservative assutrptis.
with metal feed 

Under tier II, emission testing! is conductedl. The emission testing must prove that metals are 

in the process Solids (i.e., CKD or clinker) and that the AI'CDs are effective in 
retained 

If the emission testing shows that the aimount of metals fed
removing metals from the flue gas. 


into the system is more than what is emitted, then a higher metals concentration is allowed to
 

worst
be fed into the kiln. I lowever, since no site-specific dispersion modeling is conducted, 

the stack i.; assirred. Conpliance with this tier, als opposed 
case dispersion of the metals froiu 

to tier 1, would allow a greater concentration of metals to be fed into the kiln. 

Under tier Ill, both emission testing and site-specific dispersion modeling are .7onducted. As a 

in the stack gas are determined and the concentrations of
result, the concentrations of metal-

the emitted metals in ambient air are evaluated. Compliance with this tier would allow the 

maximum amount of metals to be fed into the kiln since allowances are made for the removal of 

metals by the process solids and APCDs and for local conditions such as climate and geography 

that affect dispersion of the emitted metals. 	 In general, large facilities such as cement plants opt 

for compliance with this tier. 

is typically
A special rr,triictiln exists for ctirnent kilns,;. As diScussedI in Section 2.Al, the (KI) 


Because of this procedure, the concentration of the metals

recycled and fed back into the kiln. 

in the CKI) could increase over time. Accordingly, the total aimount of metals entering the kiln 

that the facilityover time. To account for this possibility, the BIlF rule requirescoild increase 

comply with one of the following criteria: daily testing of the collected particulate matter, daily 

kiln prior to compliance
emnis;iln te;tirig, or ta,,ltishirgit , inctal e(tlil)lrill in the cemnent 


il olhdll(',t'('i
tite ail wVould be representative
testinl so that tile imetal colicenltr'i tioll lliot 

l ,imi, ted iito tit, kili A ill tirille Il Fl',\, ll')l ( . 7177)1.of the, rn l 

l 1wii Iit)
ti',.l41i '<' ,it lii. Itir it~i I<; kliitt'l I l t l'.4 ili44 V , i:,li' kll'illil heili! yt <; t iilhe 

nade. 
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6.1.5 

I~ [ .1~ tI tlt)1.11wI 

> tmNIt apat pp Iculati~ Itc Io,grt'insIik .I:' i,'l',tt st e Ic Imit .
('YIW I.I) 'II. Ills, e 11IIiit{ .l..g[ i;! lid .. e.l.5,(IYII[hIk rfrom x~t5I\''-

iA ... itIt ltn'~:, sd'3lt t efllf,"lafvl'et St tl
the po tntl.iall adverse'l 

,l,. pre.u ilt'' I ' 

l rlease,,'fegd ag,i Isttl h 
,,I) ll.h ' isstandard'lisr ' <teisa 

tl.ml'l( rds. r1(;)I.IIII I - I r 'M I II 
per. dr standard'" cubic i It.1.1 1 1 


s , s hutm t igt0 i n while -t.L0 .h trel
t usinghah ris ~ lt otaiin ca hs 
o 1re t., tus tit tiusaloto cdi.cltie etB IlI r-i a ~ r i t lrl i lll at C ' 11 ; 510 th I~EIfro m e:x to, ,;i.' e p an 6.1. SiAIthe ribus ;! as7awasteit use,'\ha 

a de tain imfl,.c;, tinIto.g 
je 'i t were sti i n r ce; 

I ly thel~ haci sttsr facility mustoTis undr irio er (opplyfrineiper dry stqidlrd critc 
te oh 1rle FerVAll Cln adsorb to particulate 

ec feI iwe d
supplemenontalst I eittothe environmcat because these COMI ont 

'nd oide,of m 
)).

i ibA,pilatter U iss.1991 (pp.17 

WINI' STATUS 

uste dazarous wastrti ns a 
isntor had 1pdce cltindmmitments to 

menFacilities that 
the cirbr nle niere (lto aply yr "interimaIllo 

l lfrRE th ( ,ff..-,,.eiVeLMtt f 
99tSa999i9nw - -stewhile tlliEllof't i > l i; h aza rdu w;uolin g

,thi teows taciliti mid 
Meta ls, hlycirogen chloride, chlorine,Statir." This st tol 

r i at e ) , facility coplyburst ith til 
undr interim status, a

tao~l hydlrocarbo~n (if app-rop~
r9quired perts. While Opratinlitmono~icarbonnewl 

(pp.7184711. The 
% cannotribe [U.S. ElA,1991 

a1 ) of 99.999ithi
parite i becuswate u. , I , tl(' demonstration of 

mior interim S1l.t
c)plible atiof acilitys notonly eCireqtiritent that e and total hydrocarbor

the cetedesrction onox 
The U.. te9.99 DtE. of 99.99% [U.S 

. ,ytryrilllhazardous waste with a Dl, 
cmtt,thed triuiCiliiy Will b 

to burn -dioxinstandards are is nIo t allowedstatusinterim
is . t flowev uner 

199f (EPA, 1991 (1. 7w1 
of 99.9999cb cannot be aSfailreit[U.h. yEA, 7184)Au. 

c s -t a EI lixl; Oly c-onldlnctedlisted" wastes bteau 
t ~r l l t l l t tac'ilili s.'< 'The 11.. 1-IA 

o , r clill/
A,pcI'll rt.;lrictil .l 

the kill). A~tlt l)l',itl<'li I vivlI,,J(- (1'1cct¢'d Into( 
, tf '('d%Vil LI lilic' ; th,li.thC~lilli .)ol/ ht-c ili 

h' " V i te Wn,I~ll t I (II-lr>cl lt io w,to into 
" Ctliijt f('(,<l .,-ttlll(-.v i 

n , r t O W COn Itl l/ I l-'titlLll IO<lrOnt it lu
rllltrIlliOOllyt ell. il7 uild l i <t tigthe 1kill),] i ,itl wltehr oLrtl -dothe:r thinu t lihizaI r l

llirnn/, tlt ll rcorlhl",'lcidt,$h'uclin,lIIiIt L(~ni~ 
' ' l ,rin<ttlv; JIJ. ;. FP.IA, 199U1 (1). 718'5)1.the kiln in orde~r to tl-IIr1 O 

i-I-te rl i 
in~ ~ ~Iri o lit~lclcn 

t
Ill /\lil iI 191)1l to 

Iwl il'l a;~to l~litlixh i; I ye',ir hit 
i mill5llly

W hleh iillllIIl ,,Itwil; ,h 


.11
1. . . > , 

l Corrcctcdto7% l-y,'-1n . 
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( 'fi I-I'l Iio-h II (,', Ir1,,1,hIrI,,!ftt, r !' t'. ,,< I,,, lm : t' in ~ .ph,!:It:.l t 1i Il,z 

(Id'(. te2(l .3). staittory ".tnptiol known astie l evill A\neuineit elxclud,: (;KI1 (-I . 111i. 

261.4). lheretore, it has not been classifiedt as a hazardious waste reOv, id less of wictiher 

ieetn iivwl I,; ,I ftuel in the cement productioni proces;.hazard s waste ha; 

a lacility iim>t slhow that the CKI) generated when ltuirmini,, hIza-MOltsUnder the BIF rule, 
not differ si, i fica ntly from the CKI) generated when iiurnin t conventionalwaste ftul does 

For tle first pa4rt ot t test, Ifuel [U.S. I.'A, 191 (pp. 71 9(,-721())1. \ tvo-part test is otutlined. 


facility must show that tile toxic 2 comlponents in the CKI) generated while burning, hazardous
 

waste are not present at statistically significant higher levels than the toxic components in the 

CKD generated while btrning, only conventional fuel. For the second part of tile test, a faility 

must demonstrate that tile concentrations of the toxic components in the CKD do not exceed 

demonstrate that thethe health-basel standards set by the J.S. EPA. If a facility can 

concentration; of toxic comp miindis in the CKID generatedl when burning hazarlotus waste (to 

not exceed the lo'llthl -;,sd sta1ndards, then the facility does. not have to prove that t e (KI) 

generated while burning hazardous waste has the same composition as the CKI) geecrated 

Only if the CKD fails both parts of the test is it considered towhile burning conventional fuel. 


significantly differ. If the CKI) is found to significantly differ, then it loses the levill exemption
 

and must be handled as a hazadous waste.
 

6.1.7 COMPIAR1SON 01: BI EGUI.ArONS TO 1-AZARDOUS WASTE INCINERATOR 

REGULAIONS 

At present, the fIF regulations are even more stringent than the regulations governing 

hazardous waste inCinerators. Althouigh a hazardous waste incinerator must demonstrate a 

DRE of 99.9, or selected l't.)l 1( , arid a 1RI o 9)9999% for "dioxin-listed" ,was;tes 

(10 CFR 264.313), no ,trbon nonoIde or toitaI lhydrocarbon emission limit:; similar to thoe; 

exist for hazardous waste incinerators.outlined in the BI F ru t 

The U.S. -PAhas tot specificil y set any nietal emission standards, similar to those onutlined in 

the BlF rule (s'e Se,ct m 6.1.2), for hazardotis waste incinerators. I hiwever, Under the authority 

for ar.useiIberyllitiof the (lean Air Act (( '.\A ), t {I ". I'A l:; !;et ei;ission standard; ic, , 

l0,d, anIL rIIICVI"' 1li.t .,.iiidlpphv to lr :; waste incitnera1tors ('it ;tcti 6.2). 

2 T wt ,ii-p of tho word '10xc" V;Co ii;i'tf l with ily the I'11: rule. I towev r, any slib'i;llcecall tie "tic " if i 
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1,i1/,, il t ii:t , r,t , i i1" *illowt I tt Iit Itt.IIl i ittrt y Ii.i'li it lti [,. , iIiiieratti I 

' 
It()II',II d lttt, (I ittlh' ;tIt I i lt icill the , tI irticuII u1il1t.niL1it lit' ;iiCii h ite eilil'-, l)11
I
thIeL tI 1(IrI t. l)t' ;I ) I t, pr )d diCIlI tV h-urnint iS ,,viAIi(tIr IS (-[I l ~It IIct itn)It I Zizit-lctIM 

illre reStrictive thiaii those t-or a lizairdois wastei licnrator. DIespi te these difference- , 

coLn pi ii h tihe ,,slin, t1 itli. .t l,d el.sure t hat Iol ,dVerLst hiuicts occ rlll' ,vllit l- Irot 

e hither tp,(f fticility. 

6.1.8 ()IT(u)ME ()F IIE BlF HM.UF. 

Two sitg nilicatnt inttcolles SIh-ild r;';lIt from1 the e.nactllent of tile B i'ule. The fil1l nile shouIld 

prevent ally poorly operated boiler or industrial furnace from burning hazardous waste and 

provide ;(tnle ISSirance that the remaining facilities ire operating ilna manner that will ensure 

protection of both huli1in helth and the environmienit. In addition, a reL uction in tile halogen 

and metal content of wastes should resilt, since the ill" rule restricts the quanltity of these 
c minpinitnt,; that call be burn-rued at tlhese faIcilities. 

6.2 AIR POLLUTION CONTROL REIGULATIONS 

Before compliance with the BIF rule became mandatory, cement kilns burning hazardous waste 
were reqtuired to meet federal, state, and local air pollution control regulations that were 

established as a result of the CAA. Under authority of tile CAA, the U.S. EPA established the 
NAAQS for pollutants such as particulates, lead, and sulfur dioxide. These standard , were 

ceilings that were not to be exceeded anywhere in the U.S. and were set to protec ath human 
health and the environment (ledersen, 1987). 

The CAA emiplowers5 tle states to develop the regulatory franewo rk to ineet these standarJ-. 
The St ' lit i ueit at'll which airei the ru;illt (if tl ie iwerini , ! ;ist include I1lan,,i 
deScripltilln (tIth aiLquality ... llemissions inventory oI sourcest h.:1 iil the pollutant indl 

qtiestion, eli.ssion limitations and compliance scheduiles to reduce pollutant emissions to a 

level low eiiouigh to ichieve the NAAQS, ilriinit proralll for review of 1ew sorct' 
ConstruLIt loll to iluISire new eniisioins will not cause itviolation of NAAQS,monitorint- ald 

reportin; retujiiertlln, and einforceinleit 1 trocedureS" (l'edere4in, 1987). Site mnd local 

,,iViliitsllsIhrlutil the l'tonlionI of Significaiiit I )eterioratioii program mAyo'also-t 

t,1l it. ( , III (ofl ;~l~ti~ ,Illti111,,tl,,Il,.7". .t I 1 1 1 tlt 1:\t, ,1.i( v. , , [ i ii!il , \ i , 

l- I .'til A\ll\ t i ti C, l1A ). ,tl ,.. 
aniitI ,,itili .igi itt:; liiii lgoigiiitlililiii i i t ii' ttl:,it l'ti l Iitt s<ilgnliitcuiut ,_tnitriiuuih,it 

to alr thlitn ,lle rl(Tlired to meet the NSlAS. "lhtse st.'andrdsaire technology-based atlk 

27
 



I t t I, 't,t t I 	 " t tdtt, tit 

" 
T ' NI, L , , i 11%~ll -. tit, t ll l I ..,)i[t 'It..\ ,'r i,r k".1,11, Iw',l , ml 	 ' l l~ llg ( '),, l" tl i 

.
Ih)e'ry illll, ,II It I t 'rcilI rtI ) e lt hi II , t,.\.I (II',,; t h,li ,it ii .'J..\,(,\. '',I i t w III nitd . 

'l'ht.~ ll l ,tlIPPI ,, l,',.)ti ,.111 ntww : i ttm t"1 .;tat aa ~ t,th) 	 l-(tr. hcvcl ,IdeIllu tc. 1to 

protect ilt- polldtic lw,,tli with ,inIIlipih nirg,,in (d s ltty '"l c sen, 1)87). The list (t these 

pollutanls was sin,(ilicintly expanded in tile \CAA Amcnduit-nts of 1t)t9). 

6.3 TRANSPORTATION RII'; U LAIIONS 

Under a111(1 rity ( RCIVA, the U.S. 'A regulate.,h ta rtation of hazardotus waste, whichsr,IsI). 

includsC hazaroLIus waste to 1Weisted iSa1sIip)pleniental tuel in cement kilns. According to 

these regulations (10 CFR 263), a transporter must perform the following tasks: 

* 	 obtain a U.S. H'A idlentiticaton number 

* 	comply with the manifest system (i.e., a system which ensures the integrity of the
 

shipmenIIt Irom0the p)int of origin to its destination)
 

• 	1,ai,1tain1 tlio',i[1r ,piate records 

* 	 take immediate action in tile case of a release to ensure the safety of the public and
 

the environment
 

* 	 remediate (i.e., clean tip) any releases to the environment. 

The U.S. (I'A coordinates its efforts with the U.S. Department of Transportation (DOT), which 
under the authority of the Hazardous Materials Transportation Act establishes regulations for 

the transportation of all hazardous material which includes hazardous waste (49 CUR 100-177). 
In general, the U.S. EPA's "regulatior., 1,.crrporate and require compliance with the DOT 

provisiIv; Oil Lillin,,,narkin,, placa-di, U.-ing pr(per coiitaiIirS, and rep)rtling; di'Scharges" 

(1lall ct at., 11,87). 

Inaddition to the reg l,itory functions of the U.S. IPA and tihe DI, several agencies perform 

nonreg,,ulatory lunctions to ensure tile safety of the public and tile environment in the 

transp( rtati n O)f hazardmins materials (National Governors' Association, 1988). For examinple, as 

one (f its 1,I11V ftincltiOls, the Interstate (onmmerce ('OjIinissL;Oin investio1ates inttate ('rTiers 

to ''nSUiI' that Ili' ,.t'rVi e,({t 't t' al, etLIICt,:, ielit, ,M l ficiiidies thall y tIlvidce te (toriit'eting,
aill the i et,'s-. ,rv ri'''n ,li,,ii. Ii'1,I'ile'FaI Lii irgt,'hey \Iiziit;ei'itl A\genc y ttvitle lie 

a few otl(lie nuiniy that ire intvolvedt with soln jhiust' inltlhe tliettattm hiI/.~IItdZltttl5 

materials. For a d i';cinssion regtardling the risks of transqporting liazardols waste, see Sqection 8.5. 
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hichl appi~v t(ct.Ilit-lt t) Il .I(,tI ' t1, z,|dl't %Vast(.'m|site'(40ll lltlt-. ,It 1h st" 


¢.FR( + ( 1 a1 ta i11It ik t It t I t h(dhIt v,:I
.4~,.,,1 y ",t 

- waste*anlysis (0t (1R 26-. 113 and 265. 1 

" security tr visiots (l0 ( '1;1R anil 2tn . 1-1)264. 1.1 

* facility i|tsf.'ctitmis (1(1 (i1:R 24.15 and 20 . 15) 

" persminnel trai ni nI (40 CR 264. 16 anil 260. I ). 

cm:ictinelincy plan and emergency proceLlures must also be established. "The continency 
plan must be designed to minimize hazards to human health or the environment from fires, 
explosions, or any unplanned sudden or non-sudden release of hazardous waste or hazardous 
waste constituents to air, soil, or surface water" (40 CUR, 264.51 and 265.51). Records must be 
maintained such that the fate of the stored waste is documented (,0) CFR 264.73 and 265.73). 

inailly, the stora,,e area must be designed and main tainel such that the integrity of the 
ground'w,ater is assured [,10 CFR (264 and 205) Stubpart Fl. These requirements are just a few of 
the many th-ai are in place, and were in place even before the BIF rule was developed, to ensure 
the safe storage of hazardous waste fuel at cement production facilities. 

6.5 WORKER SAFETY REQUIREMENTS 

The Federal Mine Safety and I lealth Administration establishes regulations that protect 
workers at quarries and cement production facilities, including those that use hazardous waste 
as a supplemental fuel. The regulations include standards for worker exposure to airborne 
contaminants and requirements for the use of protective clothing and equipment when dealing 
with haz, Imany ii t)re are doctumented in 3(0 Ci< Parts I to 19.),1,I. 'he:e re)I lalt ions ant 

!.ahor organiza tions that represent workers at cement production facilities have pubI iclV 
endorsed the use of hazardous waste Iis a s pplemental fuel in cement kilns. Both the United 
Paperwork-rs International Union and the International Brotherhood of loilermakers, Irm 
Ship Bl eihhlrs,hIlacksmiths, Forgers and Helpers have written letters to their congressional 

repreentatives ring tthem ttLnih w;e hegislation that supports this practice. (See App ldix B 
for t ,I- t;e letters.)pies Of Ill 
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7.1 	 ORGANIC U )NSTI'IJNIS 
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t i;aIli( coinlpoiliun colmpo'd oily lo 

(,olpl t'e Coiolifi n ill an 
O ilI 	 i i in; cl Itiit',~ till hydictgeit 

( 1) d,-Te nd in1 , 1, t10 C()I11)IIMI HIC, )11li tions. 
vter. If tilt- org1anic C in 1 ,1 ~vl.	 111 

|rodi! ce~d,ii )Ifl it iIx it',,1 Saii ; ,pli-oduII C,;i ( -C" ~rn'(IliI1Chh1M(.) 
thetse .>0lie 

. ilorni r sIIlfti, t t'I t I lcs i IltS 

it I I(' tI ,nic iil!"tinnd( ( (oiltains nitrog 
I CO ,d C I to kICttdctroyeLd if thu'

aditjti l, AI Ci I[ililI 	 t~ii:ithr 
'( ) ) irt' prottttl(c., , N( ), 1Ii 

oilly onc's foinledtI 'Iitn ', itvIt,-II a)Iret It-w
pro(dn cts InI i 

of the organictltliCltionto the coiilttt,are not -oind)ICiVeconlitionsIf coiminstihin 	 the stet(26 il dtetrminingOne 
compoiLd:S, PI (Cs can be cmitted from the combustionl dUviceV. 

is tIe theuinostration of the 
burn hazardotis waste effectivelycanwhether a ceiilt kiln 

This deli ,onstratiolI -eqniric:; measnr'ment of the DRE 
destruction of the organic components. trial burns that 

[he tI lowing sCctions vaI utlalte' tile res-ltS from 
and the I1( emi:;o;inls. 

establish DMEs and investigate PIC emissions. 

7.1.1 	 DI(s voit S...CII ItlCs 

of organic constituents in the 
to evaluate the destruction 

One of the criteria developed 	 a DRE ofceenont kiln demonstrate 
,. ' ;IF rule requircs that a 

hazardho:i ws,' i,; the I The 	
[l'ht folMVinI e,,ctiols address the 

trial Iti1n (see SectiOl 0.1. ).
IP( )I I( 's; il a91.() '., for ,h'lt 't, 	

i1 trial burns fllon the
and tile r Itilt5 

UlICtctlliititCl with detCrmining the' Ii)1l1'Z 
probleins tha1t 1 

I 90s), as well as trial burns that focused specifically on I CBs. 
1970s, 1980s, and 
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ra ce w tI IItItkor ,t l.iIII lt (I ,lIl rt t', I..rk. III tI.ttI+IIIrItI I I t I lohseil Ia' teI k v I,.Ct 

I t Ika t-.fih.Ill ion,It
IcJl-ic,hi,;I,lqo ithI v ,I,-tt,tt hti I Itn Lt+ easeII IIISI -tI. I r,It,h htI ti t th It 	 W itwF m ,lItI.'Irnt' . ' I III tyti;'+I~", tt I tm 'r l INI h k.1,t~(tlu t.1.t11C1. 

l y It IkI r l tI I IhI o n.t.1onta,ril-t " t tbIntiItA th1I t n/"o I-coo c ra t.)lk l iln ,lv th tir99.99, y()ttII,_ I '-o'% t e tt at 99 9'i tefnc(ICa~'. t Ithitim -. ter , l jltlr. (Iliivt. 	 Otltr 

heon lw 	 tt are d i uls a t aln ('('eslt.lt -u|)rts tltt cbist 
ic'me,t)in vc,"utils (Tlr,w( r Teultnch vit-le, 1991l). .Stilll r hi.x~ttitii dr w,vn ,chosctin as'thet PO(I IC 

cat.se ot It; thr i'd stability ,I5l CAT, t nt,,urCHlCtII. IIItilt'AaCk ),aS(.S. In additi, 
it lik('ly"COnltanllinlation '' I)rB6 ChIuS ,111L I'" intt-I1Crln.-C.' ,11 u With thlu tIlSt'Ot this C0nlII)OUnld. 

)REs greater than 9)9.9998(70 were obtained IIIvelry 4-*,1(. 

TlheseP te'+strv~ti lt'sIllustratet tha~t et~xtrtlltly high I )RI':,; (-,il betotained fo~r cement kilnis even 

when IPOHCs that dreP difficult to coinhtst and dtestioy ar iue -.d. 

7.1.1.5 FRO TRA.B RNt 11A _(CI'.)(I CI 

The results of trial biurnls involving I'C1s provide additiioal supsnrt for the ability of a cement 

kiln to td estroy Ihe organic constituents in the 'wazardon s waste fuel. I'CBs are a class of 

the genir l itrcture itvn Iliuirt 7.1.cihtrilited tirgalictil t lI Isntl[; that have cttMnt sho in 

n ber that giveCs'lit0 itMIt t cttllmll ltltratit' 11,111l il li t [1 . i;Aroilr. :\ lour-tIiit 

oni the chtimical structure is associattd with the trade i1a'1te. FOr eXcIlnli)Ie, theinformation 

i'siiiittti /Arwhr12.2 ilt1li t5 tt H th lI Itst .iltiisa chloinated biplhnlyl (12) and that it 

cmitilii ; 4I2', chhIl ine (12), o- ,I 1 )[)rtv.illlttly thret cdtirints l) Iiplietyl rin,, (MItck Index, 

I1 	 w ;;). 

thtVir ti 	 ;tli'h l' thit l il,, t\y.%I+,tit ielectricl~t'h'tu,' iii iiftfltl tiitttistiis, ~rii , 	 ",tl 
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overall ability toI(Ie;troy tlhI iijritiV ofI 

:evcal trial Iurl,, conulctedt in other countries ire listed in lable 7.2. 
1)REs determined froi 

illthe U .5. have chosen not to 
'he majority oftcemnt kilIns lur rnin, hizarus waste as fuel 

bru PCB wastes for tho ra;n1; disc(_iIs;CI in Section 3.2. Regardless of this decision, the 
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results indicate that ceneit 
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' , ( It I ItI( '. a thIaI.ItIII( at t'S tltitn o f tiltJ.ihv; ,II' IC I.t i ' t' I tt, ;:t ' 1. 	 I t: t ' 

7.1.2 i lI)t( - I Il IN l'IilI (." NIIUSI Ii IN 

1'l arenott eustiltt' thait smatll q{ti.ltittit5: iii 5 ,tt .. F h1i 'tst ti t"iuciiuuti~li hillt'>\ i iiIl 	 ii~ s+t'it' 'lt:; 

'k As 	 tiill l.11 1; i: h' ( 1 ttit l tilltit1,'ti lls

loot t-i ittI i it ti l t,-i ;. :., titt iI t110 


llttli tmmli ,>iilbi' ' h l.S. IFl''\A

IIt 111tl iLO' 	t, I ltt ollI,t.,de 'Ind, it ,Ipl lictIli, ttal ll,,t 

that it these eui5suoi. rates 'Ire kept withiii the ,llow d ,oodlimiit;, 	 Ci i1[i-itio11,1) tnotcs 

em I l t' iniitim 'nze.
CIltditiOl 'ill ite muaiutaimuId andl theIf ii('C iiotI I'l( ';will 

t Ia; Suipptrte'l ,ti t'Iioirt',t'tt.1 tilt- illviti' tioi Of tht- practice of'lt Ntm'.'e:.'iami ',vtln ttue 

letai td test 	billisItlt'ritii, lia.',ttl t ,.'';tt' ii t'mtitit Kilis;. (m'omit'jm hv, 'illit' it lteIlui;t 

, 19811)). I'l'o 
(I 98)). The 

havet+ eIeuI cttIdlICdtt l I thC nentve i, ent coimmi1 ,atiit': l t 1, ; l,llstadt 

resutltsit O e (1 th' tIOSt thoroughtt! ivt ;tiTatioiis WtIe retotted by eultestadl 

I983 aid ')8'/ With a (1l-ry ttIt''; ; cttmllt kill, inldicateresults tutill thesestttJldies, colducted in 

that the tOii~it oganic COMil!utidamid IAiticnLlatt,'r are depetndeh'llt Oil the, oper,atinlg
'Sureid.conditin'; andi/t ithe fl type (i.e., fosil VersusI ]IaZ,rd'tost; Waste) that iM 

f l'ICs IttoIIt 	 facilitierscemtltt p1rouictiutSeveral LL-;. sttldies invesii;,ting the eisio 

burning haia.,trdtis waste as a sqppleiticlital Iluel have beel comlIpletedl. The results from these 

studies are discussed in th, following sections. 

7.1.2.1 C( ),mJILRt:tEN5IVI m:,;l)W 

in the studies of the wet and the dry process cement kilns
PIC emissions were investigated 

the only fuel 	in the wet processreported by Br;ranscomlle ('Ial. (1985). When coal was burned as 

aphtlhalene were amonl thekiln, tolulent, belzenec, xylenle, bilplinyl, na plt lhalene, and methyl 

compounds detected inl the emissions. The rate of emissin for benzene when either coal or 

waste was burned ranged from 15 to 50 milligrams per second (mg/sec). The rateshazardous 

of emissi) forirthe ot her c impoitis ,ilvleither coal or hazardous waste was burned ranged 

fromI to It) m /:;c. The highe;t rate; ot 'lli';ion"l co1 1 oants i ll'r'ed weill liol'llot theset 

;t tit ,lly Si' nifi'ant increase illOplVtm tin il'iditils w t i rul t I w h ' lI iiu in' t tcal."'INo s 

the wasti, f(tlil%vas int'' (brrae;nscoini 'tal., [Q85). Thee'mission rates was; observet Iwhmi 
s for thne wet pro .';s cemllnt'lit

ftor" liI' 

wa; that the rt,; e order ot ii'lillitlid less'; (i.e., 
te i;tIlt; dry Itesv'; ; emietit kilni wert imiir' to thi,' t 

kill. T onily e\,'thiml of 11iitna 
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atr s o u i n,.e iri:tll .lHit i:lt 
ti;. lie; olt , a. '.rvi is,tioil o, , mt~i: j Iwl- o , ,.t se i ,ol i ii ,l i tm il i 

The L~I.S. I-I'..\ .) ;> r' ,,.rt rI.:;I llt.dt inhi-t.il cic dryI rocIssI(( ;.ii:', 1( Ith, lin', ol t nt 

three (tt.:riitn ( ditittl;: no va-t Ite. (i.e., cionly'), liuMI wast ired into [li lirniv' 

kiln, anu li( 1 ul~l waste tiredl into the ltiirnin ' /one with containerized solid waste. f-ed 
::nofO itt' 

The gas inthe mnain 
into the kiln entrance. In till the tests, the pricalcinrrwasfield with coal 

stack a-t Ibypass duct was analIyied for li1) compou mls clas;siflied by the UJ.S. I-I'A as priority 

pollitants. 

Twlve volatile compounds and one semivolatile compolind ere detected inthe bypass duct 

for the three different operatin coid itions. Concentrations of '[Cs for the three d ifferent 

operatint, conditions were similai, except for higher emissions of benzene, ilnochlorObenzene, 

thie fed to the kiln.and tolfuene win Ioth id and solid waste were 

swlati mpilltiltd were detected in thele co on1Oundsy comparison, 10 volatile coinpoi nds ad 


main stack for the three operating conditions. 
'ICconcentrations were similar amon; the
 

concentrat ions measured inthe main stack were 
higher
 

different operating cowlitions. ()vera !l, 


Benzene, ethylbenzene, and toluene in 
than the concentrations measured in the bypass duct. 

Since the main stack receives gases from the kiln and the 
particular were significantly higher. 

precalciner, whereas the bypass duct receives only kiln gases, the higher emissions of benzene 

and toluene were attributed to the combustion of coal in the precalciner. In general, the number 

and concentration of PICs detected in both the main stack and bypass duct were lowest when 

liquid waste was fired into the burning zone of the kiln. 

The author concluei.Qd that both the type and concentrations of PICs from this cement kiln were 

of PICs from a typical hazardous waste 
comparable with the type and concentrations 

incinerator. Since the results of one cement kiln test were being compared with the results of a 

series of tests from eight incinerators, no gneralizations concerning PIC emissions of cement 

kilns versus P[C emissions of hazardous waste incinerators can be made. 

fII D'.; AND 1'C)IFS0 t'u0 v !.r;4oN7.1.2.2 Sruvs ocPsf - r, 

The general chemical 
Many stu(Iies evaluatin',PIC emissions focus on PICDDs and PCDFs. 

igure 7.2. Blased on the number 
structures for these two classes of cmpounds are siown iln 

the rin,, sriltire, 75 isomers Of dibenzo-p-d iox in and 135 
and I osition of chlh rite at nis on 

, I11 
are ;ill (Mile:; C'H., 1o'7). A licie;.ed in Section i.t 1he 

instiniets 0f dibeii.:01,r 1 ; (t iti t i1-Iwn
('i 111
i li t ii'' () i ,
it', tsl,"p ( i a rui.h v il li IsrVto: ii d i . ',it h 
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FIGURE 7.2 General Chemical Structures for PCDDs (a) and PCDFs (b). 

The presence of PCDDs and PCDFs in the emissions of cement kilns burning hazardous waste 

as a supplemental fuel has been investigated. In trial burns at several different kilns, these 

compounds were not detected in the stack gas (Branscome et al., 1985; Lauber, 1987). In general, 

when these compounds are detected, their concentration in the stack gas when hazardous 

waste fuel is burned is similar to their concentration in the stack gas when no hazardous waste 

fuel is burned (Garg, 1990a,b). 

The U.S. EPA (Miles et al., 1987) conducted an extensive study on the emission of PCDDs and 

PCDFs from combustion sources. The primary objective of the study was to identify the 

combustion sources that emitted these components and the quantity of these emissions. The 

secondary objective was to determine the factors that influenced these emissions. The results 

from their extensive literature survey and emission testing are summarized in Table 7.3. 

Cement kilns burning hazardous waste as a supplemental fuel do not appear to emit significant 

quantities of PCL)Ds and PCDFs. In fact, emissions from cement kilns are, in some cases, 10,000 

times lower than the measured emissions from other combustion devices. 

The U.S. EPA (Miles tal. 1987) discovered two factors that significantly influence the emission 

of PCDI )s afl( I'ClDvs. ()ne of the factors was the combustion temperature. Devices that 

('lU[hoyel I I ,--t'mleliitllr cooll )I)s alidistioi prtOCess elnitted the larg,,est qllalltitie; of loi.' 
t tL {pt'r with 'l co( tl)tl,;l loll tlolilt oi ; rsit-s1'(' )l:s. S11 iini lilt; e a) h re, ,,as id nce 

.111d 1' t'1 .Vg0 tl hli tHtm e, l t t iii ant ot, Itft t slt-.t I l I .tst'ctll[tu(n1ll(;co s i i ,t 

be significant. 
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I'L- 7.3>TA 
SUM MARY OF PCDD/ PCDF STACK EMISSIONS BY SOURCE CATEGORY 

RANGE Of: I'CDF EMISSIONS • 

s r.ijarcld,Os/ri... '/m3 ) 

37- 9,831 

8.5- 22,000 

170 

<0.002 -5.5 

60,700 

<17c - 587 

83.2 
-NDd 1,371 

866 

2,390 

305 

25- 156 

11.2-19 

27 

0.3 

0.05-3.3 

0.6-2.1 

<1 e. 0.7,4 

<0.31 - <0.10 

<0.10-<0.70 

<0.67- <1.31 

<0.67 - <1.31 

<0.3 - <3.0 

.iCXirk ic :n 

Municipal Waste Incineratrs 

Eropean 

U.S. and Canada 

Boilers Cofiring Waste 

Commercial 

Industrial 

Secondary Copper Cupola Furnace 

Wood Combustion 

PCP-Treated Wood 

Salt-Laden Wood-Fired Boiler 

Sewage Sludge Incinerators 

Wire Reclamation Incinerator 

(wire and transformer feed) 

Industrial Solid Waste Incinerator 

Wire Reclamation Incinerator 

(wire-only feed) 

Hospital Incinerators 

1lazardous Waste Incinerators 

Rotary Kiln 

Drum and Barrel Reclamation Incinerator 

Carbon Regeneration Furnace 

Without Afterburner 

With Afterburner 

Black Liquor Boiler 

Cement Kilns 

Lime Kilns 

Utility Boiler Cofiring Waste 

Fossil Fuel Combustion 

Coal-Fired Utility 


Pulverized Coal 


Oil-Fired Utility 


Incinerator Ship 

data not reported. 

' 
", RANGE 0r I'CDI) E~,is-go,\:sNIM:R 0F UNITSTIrlH) 

Study -- Literature- ... (as.recisured, 

71 -,18,9970 • 8 

10 3.3. 11,6860 

1,400- 17,0000 3 

<0.002b - 76.I0 5 


1 
 0 	 11,900 

<17c - 1,5200 2 


195
1 0 
-

3 2 NDd 812 

7041 0 


625
I 0 

1 0 173 


0 '1 15-69 


2 7.7-8.6 

51 0 

0.180 1 

1 	 1.6-3.7 

0.8-2.9 
1 

3 0 

<1 e. 1.350 3 

0 1 <0.34 - <2.0 

1 <0.031 - <0.100 

<0.0 - <0.700 4 

<4.2- <7.910 I 

<,.2 - <7.9f0 1 


0 1 
 <0.0009 - <0.0869 

Analytical data for noncatalytic woodstoves tested in this study were not reported. 

b Numbers preceded by "<" indicate detectioi limits. 

c Detection limits reported in terms of parts per billion by volume. 

d Not detected. Detection limits not reported. 

Detection limits reported in ternis of ng/ul of sample injected into GC-MS for analysis. 
C 

S2,3,7,8.'['etrachhloroditb..nzo.p.dicMi/2,3,7,s,-etraclotrodlibetofiirnscan only. 

9J Detection limits reported in terns of ug /ml injected into CC.MS hr analysis. 

Source; liles ! ni.. (1.)$7). 
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The Io0thI "iaCt )z W.-; t I I t,(ttII iti,(I (t the t,,d Inateril. \hicc!; (II .", iiiv..I.; .i t 

em ission of P .I(1I):. I )F:;; cc ciit kiln w hen I tI i't° ci pi l ils (,..., tilt)lrin'itci) ,la P't tikt c , 

Ihenlols; anid .t\ ,ltij,.:t toiitd to'ctissWilS of cIIIi~ ii tto c.ive ri.-;c t.ii.i< thtfi., t 'lt. -it) 


iei ,,ii a cu . tt i octaexclclh od t .:c ,,s III ftictils cture th Aas\t ii ,iitit, t.t bsit 

comt,,ncnti i lie, ,Ii'N 1i" W isHipossibh becaullse thwy wer..e t ttlrcetiIm illsLticitnt 

quantities for pt it t' Itv it 'ii. 

Both the colmprehensiVe studies and the studies that focused on I'CDDs and l'CDFs indicate 
that cement kilns burning hiaza rdMs waste fuel do not appear to enit a greater quantity of 
these l'ICs than cement kiln.s burning only conventional fuel. 

7.2 METALS 

Although a metal compound is clanged in the combustion process, a metal, like any element, is 
not des;tr'oyed in a combl-tion device. Accordingly, metals will be present in either the 
emissions, the CKD, (tr tie clinker. As discussed in Section 6.1.2, the IlF rule places limits on 
the concentration of i0netal s that can be emitted from the stack. 

In addition, the concentrations of 12 metals in the CKD are indirectly regulated by the BIlF rule 

(see Section 6.1.6). The facility mist prove that the concentrations of these metals in the CKID 
do not significantly change when burning hazardous waste or show that the concentrations of 
these metals that leach from the dust do not exceed the health-based limits set by the U.S. EIPA. 

The BIF rule does not regulate the composition of the clinker produced from a cement 
production facility burning hazardous waste. However, as discussed in Section 3.2, the 
concentrations of metals in the clinker are limited because the quality of the cement cannot be 
adversely affected if the cement is to meet ASTM standards. 

Regardless of these regulations and requirements, determining the fate of the metal constituents 
is important. 1inSection 7.2.1, the general behavior and distribution of metals in the cement kiln 
are discussed. The remaining sections address metal emissions and the metal concentrations in 

CKD and cement, as well as the metal concentrations in CKD and cement leachate. 

7.2.1 GENERAL 13E(AVIOR OF NIETALS IN TIlE CEMI-NT KILN 

Since lead was considered to be the major metal component in waste fuel that was also 
associated with adverse licalt h effects, the earliest investigations focused on the fate of this 
metal. lBrancscocIle Nmitt. have reviewed the results of the'early tests. Theild rittlian (1987) 

r'estilts fom ll the "t. C , kteIttIt ('ti y ill d , t 't'(.Iwral tltnil. V llI. ttt O' ipa',ll (a etlree'l tile 

wia.id oil tn t,ic i i . I i l it i, lea, l r aitl It ' . . ,enV i ii c I t-,I t1.; t J 1,1t I li lIt lilt'', ()hI;ii c 

lead was retained icl th. clinke. Iloweve,, ellccihloricnated wV;tes WithIc lOw e1ad ctlIteCct 

were burned in their wet process cement kiln, lead emissions increased. In this case the 
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reviewed by 1r1,n,omene and Miotirnig.hai (198/) tupptlii,;
proce<.s CenIent kiliis ,list 

u tte Ihlat 	 C'11'1., v.' l ir'nlin ll, til 't+ ,, tt. ll' ,+. ';t llind ic, h',I!'tt.<i , ; ,l 


o tlltItrtiIiil,(.Ihlj )it,tht' LIj;triliitiottl (t the h0.d 'lhilt-k h Int tit, cliitktir to, the (lI) (Icac. 

()flIl, it- volatile lead (lilt-it. The nIo';t jitilicnt til'servtii, ho v, t; titt Ihi, 

thth P , (ise., clinkcr Or IKI)). Ia,t5(ItpO o ,litl>,iljitritv of the lead is itaied 	ia 
_c0's;

'vlotrnig+han (1987) conclude that a cement kiln can retain itleast 99% of the lead in the 

to 50% Of the lead IrIII tit' ",,,
solids, vhereas a boiler burning waste oil will reta in only M11) 

of the Ilead isemitted frotn ftle stack as opposePd to the I ' 
Oil in the ash. The other 50 to 60'VZ 

kiln stack.emnitted from a cenent 

on tlie Imetals that might be present in the raw tnaterials
The mnmore recent sltudies have focused 

or ftel iwnvolved in the cement prtodtction process. Sprtung (1985) investiga ted tle blthI ior Of 

arsetic, cadmiumt, chromium,lead, nickel, thalliutm, and zinc. The majority of these tatls ht 

into the kiln were retained inthe process solids. Sprung's (1985) 
investigation itilicafti' that 

) can depend oil the qtantity of tiethe distribttion of a metal between the clinker and the (KI 

into the kiln, the chloride ctonteInt, Or the Iam'ntiifCturini process. For exainl Ic, tit
metal fed 

productionlistribution of zinc was relatively insensitive to both tilt' prtess and the lilhit he 

I htwever, tiet d istribut ion Of lead in tIhl iIc ;';
conltent, and was larlgely bounL in the clinker. 

a id the chloride content. Arstnic,
solids depended on both the ianufacttiring process 

behaved like lead. Thallitm was the nost
chromium, and nickel behaved like zinc; cadnium 

volatile of the metals investigated. Less than 5% of the thalliumn intake was bonded in the 

Because of the high volatility of this metal, Sprung (1985) recommended that its intake
clinker. 


be strictly monitored.
 

The most recent and extensive study investigating the fate of metals in the cement kiln system 

was carried out by von Scebach and Tompkins (1991). Three dry process cement kilns 

two dry process cement kilns equipped with preheaters, and one
equipped with precalciners, 

Wet process cement kiln were used in the investig;ation. I lazardotis waste was burned in two of 

tile kilin system.s. The metals investig tIatedwere antiimony,arsenic, bariun, eiyll iuin, ka.Ili iii in, 

The concentrationl of metals fed
chromitm1t, lead, nickel, selenium, silver, vanadium, and zinc. 

into the kiln systems was varied by at least I order of magnitude. The total input and output of 

solids verst:; the
the metals were analyzed to 	estimate the retention in the process 

In all but one case, greater than 99% of the metals was retained
concentrations in the emissions. 

in the procs-; solids. Sele niutii,)va; the exception. ItIs retention rate was greater thawn 95%. No 

was t tctd when a p)ortion of the coal wads retlaced
(ififenCrsIe il the (m'issi(ons of these metalIs 

lieOftta'lls va,; 'eneratly l thaii I ,otthe
1'v haia,rdols waste ulel. Alth<omel,h the emissiono t'l 

i ,t I. *1,.I,i t() ti ktil filnthil , tl ,rlt I it t;nIh,ii t l Ohlittan Iii in tv, in Ii it It.,it, 

I tt. aI'h'iiit Al,, ziii"t,(.,lit t li il, i i t ,,irtth ()Itilt-t tl-II citi', I t -nitl . 

and tlmitilllm) were also ex.itililted Iby vmui 
The fte of the imore volatile imieta ls (el., mercury 

Seebach and Tompkins (1991) under the test conditions described above. Variability between 
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,'(11,1 :•( ;: ih'It /*.III!h-', I It;: :Ph! 

Ilad e tfll,te"It rc.,il,; (Iill it'lllt It) it,lt ,;o1 I lhi.,;l d ltIqs ,.Kt, ,.ludh'c: IlitthIe killn systi lls 

and t he retenti ill ol mici etl (d . l'cIllt'e.I tltretention of tlhalliiiu averaed '11) rv , 

thI t 1h, inipult itIlover retention ot thes;e mietals. within the proce' "olid.s, the, aithors iioted 

tliv:ee intals inlto( ie kiln IhotltLl Ito .'ireliiv m onnired aldt iiCtoi eiideIl tiirth.,eri 11 
IIIvt.. l ' l,,,l d Ih,,,t .I ,i%7i(>w 11;II,...,I Iti¢i) Ilk' IIt -

The studies diSCiSSd above t1(cise It l te IItite itt te iittilt fed iilt( the, clt' ,int kiin. The 

tilt'heix fved reI-fIi 1l-0ir.Muilt. inIIdici1ti. thait the inaj)rity (t tile inetdlsiil 
retaed in litpriocessq sol ids and that the emissions are not siglnificantly different when a 

portion otfthe coiiventional fuel is replaced .yhaiardou.-; wasle. 

7.2.2 LMISSIONS 

metal emIissMons dLoAlhIlliolththe rest.ilts of tlhe literalture Sttllie's di'>cuse,d ,h0tVL' in(Iicate thait 

Ilot s;.,itilntlieautly ellilge Wvhlel 1)tirn i halarciMIs ltiCIl, ilta11 llli sSions cond inue to be a,rig waste 

major issue. (.onseqiiently, the (illll.;ti lKeCearch Institute (CRI), a division of 

Ln viirinmentail 'Txicologly Initernatlional, has establisihed a d aba';se to evaluate potential 

differeltcs ilnmtal ellissions dle It burning hazardoLs waste. 

The raw data are Sl IllrnlriZ-'d in "lhble 7.4 [roin a cursory inspection of the summary table, the 

TABLE 7A
 

COMPARISON OF METAL EMISSIONS (mg/sec)
 
FROM CEMENT KILNS (CKs)
 

CKSIBUINING CONVENTIONAL FUFI. CKS BURNING HAZARDOUS WAS;E FUEL 

METAL Avg St D,v Miii Max Avg Std Dev Mill Max 

Antimony 0.685 1.58 <0.01(X) 5.76 0.808 1.78 <0.0100 5.18 

Ar.<,nic 0.991 1.65 .. 1t.1;7"65.70 0.592 ).890 <0.00723 2.80 

Barium 10.7 37.7 0.03541 166 19.9 47.3 0.0218 1,t4.76 

Beryllii in 

Cadmium 

01.04,13 

0.3.114 

11.1018 
0.376 

<0.X1500) 

<0.02".0 

,0.36 ) 

1.2() 

1.0-152 

0i.30) 

0. 111 

).317 

<0.0(M)99 

<1)1)218 

<0.326 

1.3.1 

Chrolitiln 20.6 sx.5 .0.0101 2).1 12.5 52.4 ,0.01(X) 299.1 

Lead 1.95 2.37 0.0527 12.0 5.83 I 1.4 0.0210 50.8 

Mercury 0.)1 2.30) 0.0537 10.7 2.1,1 2.96 0.132 1011 

Nickel 17.3 4.1I <0.063 138 1 .1) 34.5 0).06% 171 . 

Selenium 0.0719 0(1.678 <0.11736 0.261) 0.00155 0.064 1.(W)029 .:0.195 

Silver 0.555 1.01.1 .11(1221) .96 0.886 2.26 .,0.0'217 7.9.1 

Thlliumn l.,t) lii 0.1173 5_.77 {}.8006 1.7,8 . .1).00723 O 

Valladitllll 0 338{ ()2?! .1 8 . (2) 11.,359 0.2.15 0.).08"5t .i2 

Zinc 2()7 !1 () U 7,.8(7.8 I I .1), 0.1.17 -IS 

I1,\; 01. 1cl 1 .il .1,"1llil ' [i,,lthiiIllwe'l ',t..ll, h , . 'I:...,-ill itIh Il 'h'Ilit Illittill i ,<,I',ih-dl thi',t, 


ilIi".1 th Ivi-i I.- '1t. 'ltLill' Il fltl:,,(.11 ' l,l t it i}", , '.,~ l Il V.IllW,.,'I,.ti , h oi1(it ,-Il 11, 

Jim cit. 
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(lit' kilti sV:\'slrn, ii,ie tin' It':t re,,,utlts tilili l t Ilitit t t l ,ic itrh:;s tt thi, jlIi l lil, iel, 

hL ii)Ii1i ,1viI tIerh,- Lt i. i i t r'ed O(A/ ,Iind the jetenic i o I torIli v \' rCI ,Ic (i b cc, IuII'o 

hrwt-ver retetlio (I o 1hest m letalls witll ltilt It)lV,:s s ti t1t,lt, itillois ilmtecd that thc iliptut (t 

tIi' t' rm 'ti s int (e kiln slnorlliI ( I I IriIn-h'i.Lletitt llv iltrti It rthtI rtni K' cIi 

lihe stldis 1i:;CIs'ed loV'e t0cIisC'd (n the ,1tat' ofI Inll(-iS lte it.ntl) the cenitii kiln. 'iTe 

results iincicLte tHaL the majority Of the e1ta1ls nt1rin' i(0 either tihe rIw feed Or lit- are 

retai n'd in the process sol ics and that the emissions are not significantly different when a 
po~rtion l the cmventimal fuel is re)laced by hiazanous wastte. 

7.2.2 EMISSIONS 

AlthMh i" the restiltS Of1 the literature studies d iscusseI a1ove indicate thit inet1ll emissicins do 

nlOt :'",Il~lic~antly cha nrge when buriilns hazardous waste fuel, ine, Iemissions cortinue to be a 
major issle. (msecjuenlly, the Conibiustioin Research Institute (CRI), a division of 
livir, it itll oxicology International, a database to eva hi ate potentialTL' has established 


differences in metal emissions ciiIe to burning hazardous waistc.
 

The raw data are summarized in Table 7.,4. From a cuirsoury inspection of the summary table, the 

Ty\I1,E 7.4 

COMPARISON OF METAL EM ISSIONS (mg/sec)
 
FROM CEMENT KILNS (CKs)
 

CKs BURNING CONVENTIONAL. F1l. CKS BURNING HAZA\RDOUS WASIT FUEL 

MFrAL Avg Sid Dev Min Max Avg Ski Dev Min Max 

Antimony 0.685 1.58 <0.01(N) 5.76 0.808 1.78 <0.0100 5.08 
Ar:-senic 0.991 1.61) <0.0XJ736 5.70 0.592 0.890 <0.00723 2.80 
Barium 10.7 37.7 0.0354 166 19.9 47.3 0.0218 1,14.76 
Beryilitum 0.0,138 0.108 <).X050)1 .136 ).0.152 0.11 <0.0(0499 <0.32t) 
(1',ufinlniin t.34.l 0.376 <0.0220 1.20 03.31) 0.317 <A.1218 1.14 
(Chromniunm 01.(1).. ,.i-)lI W.1( 12.5 57.I .I.IX 0 . 

Lea'd 1.9, '.37 (.(0)527 12.13 5.83 10.4 0.0210 50.8 
Mercurv 0.984 2.301 0.0537 10.7 2.14 2.96 0.132 9.8-1 
Nickel 17.3 ,43.1 -:0(3 3 13, I I.0 34.5 0(169 171.4 
.Se'hniuin 1.071) (3.1ot,78 <((.1)71736 0(.21 0.0.155 (.06 I ().(X)(029 <0.195 

.Silvr 0.555 1.0.1 0.0220 3.96 0.886 2.26 .0.0217 7.9.1 
lbhilliun. 1.,0 .(Y) • )(1I07 , .77 0.800 1.7s .:}.03723 5.08 

0122! 0 0..Va Il I iu I3 0,-l? 1 .1:N.,4' . (0.?.10 <.0 6, 
Zinc' I I I;s 1.1.17 I.S5I, 
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' iiigi pittittn
Iv r,Il r, li,.'l clt;t,to be sim ilar t 	 Ilie -C; IzIll IIe, ) liiq I t"ct-IIntIIt kilill .tt 

+ 	 t . , . 'I ti I I ' c,'ii 'flt'l '5 lfvl t 	 I :t l t 
d t . " a 	 r'st't llh'ti -,' lltittt t"t'1t1;'t I;'hr rtI;,tt Hl )li d Asr-t,itil' it(d Il it, ( I i( 	 ,,,l Il,,lilt i~tmIt 'I rqi, ItIt<I,,,lit t. (.1I ' 1 

vnnI , It~l1 %t',. II',.Ih>I flt,.to (ith,r,.,_,+n ttx, ltt ri t,' I In,ri, IItt,.xlt t t e ,.,th it 


tht :,. 11CVf''It<111 ~ta t11 SsqI Is t ,.
S 111 11 In II 1Y to
rnothiods-. As aI tl 11t,I tt ' 	 r(~nii,' 

I I I lt" Wastc IIl.,itIInt'l ta/replclIt 'i1ttt c(Ctivt'ntit(ll 

One final note ont' t'Vlullatilin (I tli' lata conceIrns values re)orted at less than tle 

leIs than the letectitn linit, the 
It'tCctitn lIIitIt. Whel a facility in -iclt.,tihat the result was 

i t ' eI Irat itln (tf tlitlstI itary tblde alntd in the evalm tiI of the
detectiol ii tit ,, tiels l 

Vlril i' u(Ilta t ir ltitittlInt~thidIIlsi,,ificint',. ihis enSllreiirtlidlythat the most ll) 

Ctl<lV Iv( rt,;I+IIt w ,u; cI(I(t~v l 

tilt t-ti, aIalysis, which are stmitarized in ta'ble 7.5, indicate tIIt hor the 
The result it st ati III 

is In the emi.ssioMs fitMI ceIleI It
Is stat ist ica I iCi at ( 

hazardous wa!;te; ltt)t0Sc', to those burning only coIvenItioIal fIII.lh two
majorit y of tlletno i tferenc 

kilns turningv 	 i 

hatd aIIIn nit'l Icy, which aia,"to exhibit tatistically .ig,,niicat higthtr
exceptions iaret, 


emissions from cemient kilu; un hiai~ardous waste fuet. A\lthough statist icallIiy ica nt
1iglil 
were noted, the average emissiosts for these two 

differences inithe lead and mercurty emnissions 
less than aMl order of llId initt-Ide. 

metals presented in Table 7A indicate that the differences are 

terms of potential forthese di ference.'.-; are not substantial in
As discussed in Section 8.2.4,1 

adverse health effects. The statistical nalysis also suggested that selenium emissions fromt 

cement kilns burning hazardous waste fuel are significantly lower than. those front kilns 

burning only conventional fuel. 

The lack of a significant difference for a majority of the metal emissions might be surprising in 

kiln, in which 
light of the restilIts of a trial btrn iconctited in 1983 at a wet process cement 

emissions itf caimi'n, copp't; lea, n'nlrcillrv, and sele ium were significantly hilgher whenl 

waste tiuel (I lst,ld ct ill., I985). Although these emissio;ns increa.sed, tile 
burning hazardtis 

waste fluel was bit;'ned.
nickel emissions were ftound to significanrtly decrease when hazardous 

tll 1901 s. 
These differenIcCS cOi l b di ,to the qithility tit tlie l azardo ls waste l It i tile trly 

lint her review of results from trial burns C)imdIicted in Norway in 1983 a1d 1987 with a dry 

ct,iullt kiln, lltuest,ld (l 0 nutld the concentrations ot leal anld cadmitunV89) thatProcess 

t tlie


tlecreia..ed sig,,nitlicmntly inl thii typic,1l wlt., ,tiilitetw etn 19'.1 and I!)S'/i As; a lttl 

, iii Ic8, IN(,	 i' lm t ilIl the lq tiIl.vl tet,;
SiIunifiti,u dlinl tlt :.dlecrlwt, t ucI' illh.id 'i1d nlil 	

/ 
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i'vll~li~l. k~l I.>;lI',2 .I. N1I.:, l~)IS,\II jil1tI ,41 )1 ih i I I( 

,a\i in in; >,,.1' ililiclliit dilIerenc ' 

IBerylliuml "No.d<,nii'int fference.
 

Cad Miu ill .Nolqinitin difference
 

Chrotniuin No diif;nificintlifference 

Lead iK/1 IFI ('K/(CI, d 

Mercury CK/I IVV>: -(OK/CF d 

Nickel No si;n iliclit difference 
Seleniun osilt *i-,icn tfilfrence U 

Silver N\J .- ;niliiti d iference 
l'halliiunl N"/o si,,,ificai nt difference 

Vanladitunl Nou sI;inilicaiit difference 

Zinc No ilicant dgndiference 

g!Cond wa';olls. t,.Imsed oli, );,il ld t, h(MOR,l (oll[:idVlCe thalt tlhei.,..VO', 
rt- ;ilib,; %ver~t, iwit ¢(it ilnt-t by imidmii ch wl )'l 

b CK/l IIWI - ctin ntitkiln ), hotttiiitLuI , w It li. 
C CK/Cl :: t-ni nt kiln Itirmwi;i t!, t1)V('lliton, fuel (e.g., cotil). 
d CK/I IW1l - = tiut otrult kiln burning hazardous wasteCK/: t'i,,; 

greater thIan emxislsions rom ceitt kiln burning only conventional fuel.
SSt,<ti i(,Il lit-ndIS l(K/I IMF : .C;i';' 'KI('_ 

As more data are coIlected and compiled in the CRf database, the results presented above could 
change. This assumption is supported by the fact that a preliminary statistical analysis of data 

initially compiled in the CRI database indicated that no significant differences existed iI any 
metal emissions (Kelly and Pascoe, 1991). As more data are collected and compiled from 
compliance burns, which rep resen t the worst-cas;e scenarios with the highest InletI in puts, 
additional sigiificalnt diftieerciices in the ntal emission- inight be indicated. 

7.2.3 CINFNr KILN I)JST 

'I\vo separate isstes exist regard inlg the CKI) generated by a cement production facility. One is 

the conlctlltraItio- l of Ineli;l intllhe (7KI) ,intd ie other is the potential of the imetals; to leatch from 

the CKI ). hese i;;ieS are li;CIIad helow. 

()It th ell 'll A~tillt P'( ' A\, til e'( '~ i ; i i ' ! l i I, , l i l ; v l , t t r lh ii ,.; l t-'l ll t ,l iih~ c ,I r .lt ?<wl wt' 

p) ject to tv,ili:te ti ilittil c iictiitritlitn., it (T\ (l'tCA, 119 1). l're2linriliiy dtaIil that have 
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' 1,frtI1 the tIt,;tlt; I ,ittII (ti( It t t I ( A Ic.p)1t. \ 

S11mr airv ot the reStIlts of the ICA rtl'ort andti lt 'I<td,ital~ ist' I ,+.tl t lt- It 
l 'en ,trnmli l in the ( II t, taI'v;I t I I t 

are slt" in l)wIi, 

:;et ktjp;:"f:
tAiK.l 

Snmtplc. of (KI ) ftni 97 North American kiln systcns wl'e colleCted itl ailyz,td o htllt 

IP'CA report (I'(,'A, 1991). The restllts, which are tntinriieM in 'lhlic 7.0, :anj tIcsl tcrt't 

from both cement kilis hurfiing hazardous waste adil those btrt~ing only nonhazardous fuels. 

TIA I1,I1 -7.6 

IVETAL CONCENTRNATIONS (ppm) IN CKD: 

19! INVIISTIlTI( )N 

NW-TAl+ j\VI:[..( ;ti IMINIt Im IMAXhMIJM C 

0.3 3.AAntim ny 1 2.0 
159Arsenic 18 2 
767Barium 172 35 

0.13 3.54Beryllium 0.65 
0.1 59.6Cadmiu m 10.3 

293Chronmium 41 8 

34 7,390 (2,680).ead 360 o 
0.004 25.500Mercury 0.660 

1 60Nickel 22 
307.00Selenium 28.14 2.68 

4.80 40.70Silver 10.53 
1.40 776.00Thallium 43.24 

a Average of me,;,irable vdlle;. 

SMaximumt ifnsin;rabhe vaftws:. 
G Naxilttitin/ itu ,tt;tlraltevailue';. 

IMajority oI val.1; w; re below ttcctittn limit. 

0 Anointlomisly high value (7,390 ppm) cXCIlded from calculation of average in accordance with standard 

,;tati,;tical protimirt;. Average value if value of 7,390 ppm is included i; 434 ppm. 
[ -tcomd fln ', 1 v,mlt. 

Soum rce: IP(A (Iist). 

psrese high b Mclaue valuesThe gt5 prVt tedh in Tittle 7.6 areV 11rtificially only mtuasulralbh, were 

(.(tIht ty t o ;) illyze.d.t114td ill he ti ,ilitn li';. 1:0r t iinpl', tili tivmw l; l in o ot . lt:; 

()lily tlw,.to, I[elt I ni:; ten ii etl Itt CilnlaI.l" e iit ',t' I iw.to ill I'lth , /. . l'li.; 

t tiltlu t rtr n.;itted inl Iluiej. lv t'titum rvai tiv' 't'lru<;' miii ' ,tlituilltriittisl iln t Hl. ). 

'I(1 



Altlou'i h tlIhh ii ,r( itv (t tlie in tali conictntrations Ii;tid i) lIl t . ''It ar toh e low, tlit lenl 

Conlcntr-, Iion (i.r., ;0(i) p)illV) layatpear to be hiegh. Ilput thi.; VaIie i perspective, Mix ild 

lurphv ( 198.) citilatul t~i t.It c(ui'centXtirlltl lht migiht he preseti inl the CKI) frmll a 

ciellW nt kiln rt..lacin ',a tititli Ill its c iiveitionlil ttil with waste tuel.l/-i1i he value 
tlh,il lh' tilt Itl l(I t,' " pptili. lt'k, (' lnlincn-lte,. Ill'it --tllsi, ht'vl ki ct' ,il inlliili(Il; tvtpic, l 

ol .tirkit, -;() iM I i. I. c ti ln( perh plp I Hillidl itle val l !iti i ll-oil l[ iilritii- wall , ,irctltlit.'' 

ih, a 'i lie tll I' )lt't ritttlil Ilut'aSllrte in the ilor'e recenlt P(i loui,,hly half1 I the 

viluc 0lciilattl' I y N'Ii <Jl Nliiphy in l9)S-1. 

Oil exa minatiion of the ma ximum iivaIues, tile PCA (1991) conchliCLed that the most significant 

factor in determining tile netal concentrations in CKD is the amount of CKD that is recycled to 

the kiln. If a cement production facility uses raw materials and fitels that contain volatile 

metals (e. ., cadmiim, lead, selenium, and thallium) and recirculates the majority of the CKI), 

then the metil COnenilation; in this CKI ) will bw higher than those t a facility that reciicIllates 

only a p)trtioi of their ( 'K ). 

A perspective on the averag;e mnetal concentration- n1easured for the IV1CA report call be 

obtained by comparing the recent I'CA resltls to the reSults fromt the U.S. lB1ll'illl Of Mines 

study conducted in 1982 (see Section 2A for description of their study). The U.S. Bureau of 

Mines study analyzed 113 samples of CKD collected from 102 cement production facilities. The 

resilts of this earlier stidy are preseted in Table 7.7. 

TABLE 7.7
 

METAL CONCENTRATIONS (ppm) IN CKD:
 

1982 INVESTrIGATION
 

METAL AvRA;I"a MINIMUM MAXIMUM 

Antimony b 7.5 <1.6 70 

Arsenic 24 1.3 518 

Bariun b -- <55 <55 

Berylliun l -- <2 <2 

C idiniumn 23 <1.5 352 

Clromnilum 42 11 172 

264 <26 1750Lead
Mercui v 0.52 <0.13 1.0 

Nickel 30 < 12 91 
No dataSelenium No data No data 

17Silver 8.3 <3 
185Thallitima - -d <60 

.%Li , i I,, t v i .11'' I ,! '. d,'h , tw il 1i1n11. 

SOHiC' I iy , ,dld r (45 
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t)I IIt Iv t I-,h I IIL'I(b ) .? I 

lI '. :t II hhrniiitI i thit II>. liIiS t.
(totiltrv i, i*f the vern i inttlal i ra:t o in the l'(',' repo~rt reveall that i ti sla,,iitiail
to the ,aeixige intlal concentrationsq dtermined 

tellK
I tarII IIIlII LIt tlde) Ih.i',t hI .eoccurredI over aIperiod l , II'(i.e., oder til ii: ii ( 'KI
.sgiei,itil eli,.i:es in taeilitv desie',ii, ltll, ,inl raw tnate'riils, the.iii.t.il t'oii,itttli 

i rl
hay,'~~~ i , V,II I II .
 

evaIItate potential diftIerences in ilieta I concCtit iis o
The C .Idatabu;e has been designed to 

have Ibeen
CI1) di to )l1rning hazardotis inlt elnIe itkilIns, althonth very little data 

Available compiled data aire summarized iInTable 7.8.
compiled to cOinIlid this Cvahlialton. 


This summarn shou ld be reviewed with catition because it represents a small sample of the
 

cement industry1ail may It be represenltative of the whole ihndustry. 

TA II[, I1,7.8 

CONMIPARISON O[ INI . ()NCONNTRATIO)NS (ppm) IN ('KI) 

CIi;. UKI I IA.AI)I'.GIiRNIN; ; W ',l 1 FUI.
CKs BUiRNING CONVENTI )NAI. 

Ix 'td lDev MiiI MaxMin ', AvgMETAL A vg Std IX'v 

1 lO [5 38 <1 121Antimony 16 36 
23 10 1.07 61512 12.,8 44. 1Arsenic 25 

137 57.A 56.l 279
Barium 161 19.8 119 271 

0.8s <1 3.93<0.5 2.63 1.6Beryllium 1.0 0.(96 
. 25 9.3 II .-0.5 40

Cadmium 5.6 7.3 
17.6 113

Chromium 53 18 27.3 84.4 50 29 
66.9 788144 277 228Lead 83.1 41.0 23.2 

0.0218 30.A 0.6 0.0369 ,;2 OA 0.8Mercury 
6.27 '17.17.7 26 50.5 22 11Nickel 40 

15 16 <0.5 39.14.6 3.18 16.8Selenium 9.4 
2.5 3A < 1 1o

Silver 6.0 7.5 < 1 25 
7.8 19 <1 60.50.59,1 67.5Thallium 10.5 25.1 

33.7 10.1 10156.5 167 63.0Vaiiuliin 127 35.5 
297 150 52.5 96.3 2I 

Zinc 1.11) 84.6 683 

Data reported at less than the detection limit were assumed to be pretsent at the detection limit in order to 
NOTE': 

procedme will overestimnate the actual c(ujCCitrt.ntioilS
c,dciulh the averaie ad standardldeviation';. "lhi.; 

present. 

for
cif indicates that tlie average metal concentrations in ( fKI)
A cursory inspection Table 7.8 

ceinent kilins biirniiin; onlv ciiveiitioial fitl dio i t diffe.r ,4atsilsltidlly Iron the averat' iital 

LI111- i tl l i,t i, lii iii t()Iii Nt.qi wi . ilt W1t 1iI u t 1'(;;
Cit' lt l ,';tii ill I t ct-'1,,i,l it 

lim ;,1. [lilt
*J,. Ill,'I li, flh, t,o,1t ' lc'm it'l.tdiffer Iv , q All,W 
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'I'll~~~~I~~ IIs ItII t 

that tlt' use of h()I r )wtlwi tte Iu('l is rit tie imiin, tilt Iiitll cmckIiitritliii:; (I, rlt tactitr inI ' 
tit, C.KID veiwra'tle( I t I ct-, nt pro )d Iwt io n flcility. 

AlthoughJ 1the cm>nct'lii.,im (t 'I Iliettl it) the (CKI i ipt.litl, I]lw pnt-'illa ftr tHiP Inci'lI to 

tl1' 1'ttrtdant. t01h vwort t11C t' o l>jitleachtr m CKI ) i.-; t_ tially (W[lttle i'C In r -,, tilit- a cmil it 

doies not II(Osa rily illtidiha thW eICit (Kelly 1991). As a rest ilt, tilte U.S.L 'l>, has developed 

the Toxicity ( haracteriStic Leachin, I'roceduIre (TCII') to e:.lijate tll' potenltial of a ;ubstlrce 

to lea'h 111)rm a Iali×tri, suchi soil or concrete, and cause IldVtsC (41) Cadverse ¢ 201 

Appendix I1). l;rietly, this test retquires that the sa nple he reduced to a specilied size and then 

continuouly e'xtracted with acidic S01tion 10r roPximiMAtely I'S Thethe appropriate 0 luirs. 

resulting mixtlliii' is hn filterd antd the liqumid extract analyzed i[or the s1"citied coitaminants. 

The rnaximmIrm mnetall cicentratitm; all owed in the 'LI .1' extract arc' yiven in 'lhile 7.). These 

limits are health -hlxsd st'ldirds. 

'ABLE7.9 

VIETAL CONCEN''RATION LIMITS FOR T I"T'lCI_. EXTIRACT 

Md IA L. C( )N(T.NTA I I( )N (p ) 

Antimony I 
Arsenic 5 

Barium 100 
Beryllium 0.007 

Cadmium I 

Chromium 5 

Lead 5 

Mercury 0.2 

Nickel 70 

Seleniu m 1 
Silver 5 
Thallium 7 

Souice: U.S. F.I'A (1991); p. 7231 AppenLIix VII. 

[Ti-tehiica] ctrrction'i to Appendix VII: [J..5. I['A. l99). Federal 
Rc.gi,;h,r (]uly 17) 50 : T-161)1.]1 

[:(I-l tilt, I> 'A\ n -p' 1,li f [II;;'ik,,, l l i ' . I'i\ 'I' I11 ';I t Wdi, lt . lli ld ( lif t,,ith (Il lilw 

C KI) 1idlii lit'i t ill ti iii 'i:; in ll,, l( I.1' ext r, t dctL'trmiiii l d. The re i ill; aIt, 

Stlllm ri/ll ' inl 'lalule! V.IU. 
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"I,,\Ir1,1. 7.110 
)NtB1'Al. (i(ON(Tl2NITATlONS (ppm) IN TCI' -XI'A( "IS 1l' )IM(KI 

I,-I: I IA VH ,) . I} lllI"i}.(I 

11220.00 0A). I20 <
1.004Beirtllinu 

0.2200.0001Cad inItin G 0.028-) 
1.20)0.0 10.10Chromiill 9.7180.0020.349Lead 0.022300.00015Nler(:ry 0.00183 

0.32Nick..1 '' 0.13 0.06 

0.06 1.717Sc'cn0in 0.152 

Silvtr 0.07 0.03 0.17 

TiuliInu (0."38 0.01 450 

'1 Avera,,e of ini,,irihle valliet;. 
bJ Mhinmum ot iile'~rlble vaillt!;.
 

C M,iiil~kiinl(1 lilte,,ilra"blo"vahlit-S 

limit.IlI6w &tde,_ctiolld vlaiority (I vaihit,; wi 

)urce: ICA ( 1(I) I). 

by using only the measurable Vales for tle 
are overestimatedAlthough the lverages 

listed inthe TCLP health-based standards 
none of the average values exceedcalculations, 

In addition, the maximum concentrations of all but two metals do not exceed these 
Table 7.9. 

standards. 

Two out of the 95 samples analyzed exceeded tile 
Lead and selenium are the only exceptions. 

Both of these samples were collected from a cenient production facility 
TCLP standard for lead. 

One of the kilns is operated with only conventional fuel and 
that opvrate!s two cement kilns. 

The maximun lead 
the other withli a nixtire of colnventi onal and hazar-dolis waste fuel. 

resulted from the CKD sample collectedI from the cement kiln 
concentration in the TCII' extract 

that hiirns only conventional fuel. 

standard 
Similar to the lead scena rio, only 2 out of tile 95 samples analyzIed exceeded the TCII 

facility that operates i cemilet kiln 
Iotluh of tlhesa.mp s were collected from a 

for selenihinl. 
and li'ii.arldoll. wastewith conventionilfuel nd another cement kiln il the kiln thatwith only CotiVeltitll,1I et ract r'-,;t lI d Ir

l Ill CO,.1 ihu'tl 11111 It lratioll inl the 'I.I'
t'e1L. i 

,irlt JiPlt t " til'it lIto . iO ll ftIc, 0 t , tIt t li thei s !1,,i,'mlcr .1it Ii -,;l lit ,ttIlit. 1 ' A.. r, [ v ' 11( tlilt I ' l i i t y ) i t il lit1"l:, Ii t -I
A ll ity (td lic t,ilki Ill III,' --.I
bu'tm~cil ithe (11ti1tn 

4t8 
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C KID . F~orexamleh , t l,'it- . ; l tl,i~t C(,Mtiil('dtllIII ' ll" m -i,it I(IIt l ,It[,.,d kild [lot 

proCdlice t ihetie;t tlKI) lead wncitLtrtioi. Iitact, the, sJIimp le ,hat 

contained 7,3;9() pl i f ht iIIhtl at.i T(1I.I' i,Ti't tlhat coit'ijl d .'cd )irt1 t I))111,Whtill is 

Hiw it l0 I' staMlard. nt'il/lore-; 
the fac.t tHIM hl'~ tii v , imtw, thi,l Iiit a Imtll~ itn o t l t , int I] c tiit atl i,l III tli,- t 'KI I,Illore tlai aIII onh (dimtliIlltll eti w tile lthi-Iiett ]Ihis rct-llt 

The res lts of tit- '( 'A repolrt are rt-levalt iIIlli',ht I tl pilt- lic (unicl!1 ie,'girdiii, 

contail atioit o ',lu. itullllwat e ' l t-01hIree S1.)t (T lid hiardolls waste sites that coiit'ain wvast 

CKI). Two of these sites ire located in Mlas.Son ( ity, Iow,I, and tHi third is in alt I.ake City, 

City contains chro: nomn refractory kiln bricks, which weie classified 

as haza rdous waste, lld (KI). The other two siites in Mason (' ity conta iin (Only (KI). Although 
Utah. The site in Salt like .

Lile to thesome leaching of metals has been detected, the primary concern at these sites is i 

from the C(KI) (W&FI/FIT, 1988; Iowaalkalinity of the waste (I) and not metal leaching 


Department of Natirn-a l<e,;i'rces, 990; Uta h Depaitment of I lealllh, 99()).
 

Some debate exists . ver tlie applicabliIy of the TCI. test as a tool to predict the potential of 

metals to leach from the ( K1). t-or exaimple, iMix and Iurlhy (1984) state that the CKD 

disposal site is likely to bLecomlne very alkaline. Lead would have a high solubility under these 

adequately account for alkaline environments.conditions and the "I'CII lest does not 

Regardless of this lebatt, th, H.S. FPA has designated the TU.P test as appropriate for 

determining the hazardoi;is'ia race-ristic of waste which includes waste (KI). 

7.2.4 CEMENT 

Similar to the issues regarding CKD, the issues regarding cement involve the actual 

concentrations of the metals in the cemeat and the potential of the metals to leach from the 

cement, once the product has been used in a construction project or other application where 

people can be exposed to it. Both of these issues are addressed below. 

7.2.4.1 METAL CONCENTRATIONS IN CEMENT 

Recognizing the public concern over metal concentrations in cement, the Construction 

Technology Laboratories investigated cement metal concentrations in conjunction with their 

study of CKD (WCA, 1991). In additidn, CRI has begun to compile data to evaluate the potential 
The data from the PCA reportdifferences that might arise dle to burning hazardous waste. 

and the CRI database are summarized in the following section's. 

PICA Res;ults 

For the PCA report, ceicnt .,minples ci collected fri[n 97 Norti Ainericaln kiln systems 
el
ivreseittiiiHU, 1)0th kilits 1 iii ilu i', lI,Iz,II'ttsl,< waste nid kilits buirnlin, oily itoi[itaiartu isfull 

I ittust ll,l ly.is ar-st' al(I'( A, I). 'lti' It; e I ll rized iii "l,l eh'. Ii. 
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IAI1, 1:7.11
 

NlITAl C( )N(*INTIATI( )NS (ppm) IN ('!I-NT
 

1.0 C 
.-\:li\i\xly 

,.\i 'lic I" 71 

1 102Ban21i 

3.1
ryllium 	 1.1L 0.3 


0.03 	 1.12Cadmium t 	 0.34 
t22
70 	 25
{.hrommum 


1 	 75I1l
Lead
Mercury d 0.01409 0.00005 0.03900 

10 12931Nickel 
0.62 	 2.23Selen inm'1 	 1.42 

[9.90.Silver 9.20 6.75 

'halliu m { 1.08 0.01 2.08 

b). iitrnltirio of ilet,, tl L ' vllt.',dit. 

C ',xilla i ll of ItIICa;ui,,I le Vilies. 

(I Miajority of valu,-; w.re blow dttlCtdion liimit. 

' -tiro,: ICA (19I ). 

The averages presented above are overestimates because only measurable values were used in 

the calculation procedure. In particular, the averages for antimony, cadmium, mercury, 

selenium, and thallium are highly conservative because the majority of the values were below 

the detection limit. 

Similar to the results of the CKD analysis, no direct correlation between the 	use of hazardous 

For example, the 
waste fuel and the maximum metal concentrations could be discerned. 

maximum barium concentration resulted from a facility that did not use any waste fuel or 

metal concentrations in cement
The factors that contribute to the observedwaste ingredients. 

the fuels burned, the system design, arid the operation of the 
include the raw materials used, 

facility. 

C NI ResculI It., 

The CRI database has been designed to evaluate the potential for differences in cement metal 

is waste. Becase the concerni regarding burning
concentratiins related to the use of haza rdoI 

little data exist with which
hazardotis waste in cement kilns is a fairly rocent one, very to 

th' Iwata that have t'-,, collcted lor imletl
tOvalIIlte thi; i1ssello. I I:}wt'ver, a sml1niarv Ol 

I i liist it llid t .itti , l, i i 1,i;l 't iit j LII
'Ielttl l I'liWT'I,; Ill I i lt 'tI "' P 

, { . , t l ilt, .-t l . r t ittr ll lil [,rt ;,,1k,, ilp ct tol:hel,l~t~ll~t ~ ll 'lil ,'111i t t 

should be reviewed with cautiontbecause it represents only a liritited number 	of test results. 
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("hnaphu'r ,': Ilt (,/ til'n .t t,:Ith-

I'.,\ t'1 ,1 ' 1.' 

COMIPARISON OF NIl'IAL. (i( )N(':N'I'IA'IONs (ppm) IN CLINKHR 

c:R.S BIRI4IN( ( 'tU,', L'i\ 1 It ( "K.s I'11mNIN; I [AZAI<I ). )tit, l:UFIXII [u VV..vII 

NIi I,\l \vI Std I ),'v \11m1 .1. .t\, , 1;td I)t-v Miuu M, 

..\nti n V I.1.5) .. I I 1.7S 1.91 I1 ;: ..\r,;ni 11.2 2.3,' 7 ' I.LoJ2 22 2.12 , ! 

!",,ri i I.I,1 1 ( I ,, 1 13( 42.9 7t) [0 
[Yrylliuu 0.5 0 . l. 0.76 1 3.18 
('Ad3 1113 0 .L3 0.7 0.2 <0.5 <I 

ihoroiiui NO i )AIA 71.1 38.6 13.8 128 
1.0.1d 6.7 4.7 < I 14.3 17 '12 <1 1 .3 
Merctry 0.2 0 <0.2 <0.2 0.2 0 <0.2 ,-0.2 
Nickl NO DATA ,19.6 7.57 .40.4 56.3 

0.6 0 <0. <0.6 9.11 12 05 
3 0 .3 <3 I.A 0.67 2.)9 

hallium 0.5 0. 5 .5 <0.5 1 0 I I
 
Valnl' illill 156 19.5 
 131 180 82.3 23.2 .16.7 127
 
Zinc 23 17 4.4-1 F1.3 61.9 3,4.2 13.55 113.7
 

NUTH: Data reported at less thanl the det-ctiOn limit wre a.sumned to be pre.sent at the detectiOn linit inl ou.der to 
calculate the averages and standard Ih-viati o,;i This proced u re will overestimate the actual Concentration:; 
lpres;ent. 

The average metal concentrations in clinker produced from cement kilns burning hazardous 
waste do not appear to differ substantially from the average metal concentrations in clinker 
generated from kilns burning only conventional fuel. The ranges also appear to be 
approximately equivalent. Similar to the results of the PCA investigation, the majority of the 
clinker metal concentrations for cadmium, mercury, selenium, and thallium were below the 
detection limit for both cement kilns burning hazardous waste and those burni-Ag only 
conventional fuel. 

The data from the CII daal ;e stp{rt the cotncl usnns of the I'CA report. Differences in 
clinker metal concentrations are tmore than just a function of the type of fuel that is burned in 
the production process. 

7.2.4.2 A'IETAL CONCENTRATIONs IN TCLY f-XR(AC-'7'; fROM Cf"NIENT 

One of the major pttblic concerns is the lmtent ia of the inetals in the cement to leach into the 
enviroi-nent once the cemlent has beln tse in a construct ioni project (e.g., road, bii iling, or 

pati() l:ir the I'A repo}rt, the [J.. Il'A T( 7l.l' test was conduRced On each of the cI'emenl 

f 1)7 'hesamplc. r, l h , Irmin th, kiln sv';hIezll (V'., P)01). reslts are siiniii,,ri.I in 
Lliluh 7. I 
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1 AI( .13 . 13 I' F1I:()N' ( 'lEM EI-'", (ppm) IN "'("I .I' I.,KlI IA(
N] II'A I ( '( )N( VI:N'IlI,..TI( TNi 

(I H)) 	 4).27Ill.'bain 

erylliu~m 	 (1.0005(iD0001 0.1030 

0.0020 0.000}3 0.(0123Cadit i m 
1.510.070.5-1Chromiiln 0.110.0020.011ILead " 

0.004970.000100.00055Mercury d 0.170.060.11Nickel " 0.0250.00 10.011Seleniuml d 0. 120.050.07Si lver 0.0280.0)10 	 0.002"l'halliu in 

.
l t nwaIll,,urlec VOLuC-S
Ave~rii', 

b t li'ii iln ofllit ,i lttir le valuecs. 

d tvaiility (i) vIio" Woic (,ltw dtctitn liiit. 

So I rce: I'CA ( I"I'. 

the averages presented above are overestimated by having used only measurable 
Although 

in the TCLP extracts 
none of the average metal concentrations

values in the calculations, 
As indicated by the maximum values, 

exceeded the health-based standards listed in Table 7.9. 


none of the TCLP extracts from cement exceeded any of the TCLIt limits.
 

an earlier study conducted by -ansen and 
are supported byThe results of the PCA report 

metals from mortar cubes 	(i.e., cubes 
Miller (1990). They evaluated the leaching of seven 

construction project, it is generally 
comptsed of ceent a1n I salni). When cenent is used in a 

mixed with wa,[; sind, aid grIvel to prodIIce concrete. CeIment is actually the gile that tbinds 

is 10 to 15% by 
the solid ima.ierials together. The typical concentration of ceient in concrete 

weight of dry solids. By comparison, the concentration of cement in the mortar cubes analyzed 

27% by weight of dry solids. Consequently, the results of 
wasby Hansen and Miller (1990) 

their study are conservative estimates Of the (1uantity of Metals that would leach from cement ill 

aconstructiin proiject. 

Iuel and by facilities that 
p*rlvidhd ty facilities that bllrltied fos,;Il

The iortir ('lw tt'; 
the, lit'll; to la,ch from the 

1I ii, tlinitl l tiI. It' tit
I;t{t

of w t'- { t( - t l i!411
ht ll hi ilihlii; W i , 1t'I 1Tle 1ItII thhe ',1 ' ItIh b,," hJ tt1 1,i:1wIrl I 	 ' I,-.i I~vt 'l ( 

, )( ,11 li i rii It ,illy ill i(t'A Ii i t w ith
(l '111 w , %,l i I 

i I 'A l ' 
s lclir' i nt IiVI( IllI [Il C, t(IiI -	 i 

worst ci:o> eii llliIelill 	 tinlthlitiI..
liet rults rertlit ttl-real life condiitio s. Again, 
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t , iI 	 c 1%liit't t,1 1l: 
t h t t 


t/.,1tk)Idit itI I( ,inilicant.I tIose I)taiIit 	 hazarihotu I (I t bt )seL-to t i. )orkiln ; 1n;11 1 1inr 

tI' li O itit o t'ot(tIII 1fct, t'sI 	 itlIt-it i'l. Nih rt' tIII Iitl , 
& :+

. t[it It,titti-; o tlit
tilt Ilt:. w ore, IilIII(>-l 	 :'t' r

i:,. lltItt11-1 u,tt,:I" d ' Int-t.lls itItile TI(7'IJ \xtt '. IclIt it-h 

I Irid 1 Iih t indILIcte
The reslults of lhoth [ite I'(A it-ort t I'(.\, I I) ari thll I Iisr j\ lt-( l IrILv 

hit t lt( o1 talS Ir , V,C\1rIir ,.ly l()o .. l rii I )Inl it 

7.3 ACID G'AS EMISSIONS 

Because of their ability to cause adverse effects at high concentrations, hydrogen chloride ( ICI) 

and sulfur dioxide (SO,) are two acid gases of regulatory concern in the emissions from cement 

kilns. The results from I(1 and SO, emission testing for both wet and dry process cement kilns 

tw.aRe d i.Stissed thelh 

7.3.1 1ICI EMISSIONS 

hiurned, I[CI is produced. 	 As diiscussed in Section 4.2, the
When chlorinated solvents are 

lICI generated.alkaline environmnt of the kiln acts to neutralize the mnjority of the 

and potassium oxide in the kiln to
Accordingly, the gas typically reacts with calcium, sod iumin, 

produce callcitin, sod iiiIIu, and potLssiun chloride, respectively. These salts are volatile at the 

Occasionally, calcium 
temperatures inside the kiln and are typically removed with the CKD. 


chloride or waste IICI is intentionally added to a cement kiln to control the alkali content of the
 

cement being prIoL i icl. 

for both wet and dry process cement kilns were
The results of several -Id emission tests 

reviewed by Branscome and Mournighan (1987). Despite the variability that existed between 

increase when chlorinatedwithin the same kiln, HICI emissions appeared tokilns as well as 

wastes were burned. The majority of the chlorine, however, appeared to be retained in the 

process solids (i.e., clinker or CKI)). 

If wastes with ia low clorione content are burned, then IlCl emissions do not increase when 

conventional fuel is supplemented with hazardous waste fuel. Benestad (1989) reported the 

results of I-CI emission testing conducted for a Norwegian dry process cement kiln. When only 

coal was burned, the I l(,I emission rate averaged 8.5 milligrams per cubic meter (mg/ in). 
3 

When waste oil wvas butrned, tile average -1 (emission rate decreased to 4.4 mg/n . The 

and tie t ..B waste (6.9 mg/ in3 )
average I l( '"eiissin rates 	for the typical w;te (7.9 ru,,/n) 

IvCge rat( for c)til. lherefome, il'emission of Ih'i were less than the 	 1t(1 emis ion c: 

()ri- 1 f -litt 1 r t'hl II( I t,",ti iit rt-m tie frttrri tII)it1( it i nl, ltd, ,.,i l I 'l %.,,'itlI tlt. y, is 

To tlteastr tileeeilission of I ICI, a sa iiile of
production procetss that can yield tile chloride ion. 


the stack a; is basically pase;td- throug,,h a Solution into which the lICI dissolves. The
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Et t 
tit 
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WhVI' cellentt I kiln, (Ifmlle dry bigt'st t esm 
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methdPAil atI

I i h tt-t; ,measred'. that shAt dU.STht It'sllts 

'l ot oed ;with()IanM truent thlat specfitall measures IIC'. 

sysltmilt ll be ctinly 

,ltofl tesehtid's huldrteh wl 1 theature lttilt, I ( 'I an. ulml. 

lIl,l ifI ,t t1d 'Ierigiiiti I ned for11ha1 d)lltoIluIsI11 I )I, or
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'C teiII iiIt tilt- folrlbl Ilkt-ti 
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ret iltsinoreI lo nlI t c iot Ib ; AdILeIIIly I ilingCI ItICI t iIn 
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solution besides tile Chloride ion, tll-y disco~vco- that the+s,-oluli.e o~f tile 
of other ions Illtt, 

alld Other Chloride salts. Tfhey conIcIlIdedICI hbut ammonitum chlOI-Rlechloride ion %+a" nlot 
tile cemenCt kiln ellvironn111ent is inamppropriate and yields

that this; netht0d of testin+g for IIC1 Ill 

ico~r-ct tcV;ldt.. 

the U.S. I'IA has'- initiated futrther hI1VCstiratiOn1 Of tile stanldard 
Oil the basis of"tht,:; test re.'ttlts'-, 

1991). Inthese tests,
from acement kiln (Seall,ICI emissionsMethod being used to iea;rte I At tile same time, the 
the IICI emissions w+,ill be mtesured by the standard U.S. FT'A method. 


in';trUmn~~t that specifically 11e0asurIes I ICI.
 
system will be continuou~sly mnonitored with an 

!;Ilou~ld rt,,veal the nature of the actu~al einiiis:;ions.Rl,.tlits o~f thte w tes+l!; 

lt'tIl,,zfdt~l.
,t',)Ily dCSI)',tItt'd 

Tlhe'tt";,tt-thlw ds fI*()[- ,:,lti~l 

' the' I.';;t'l(''IIC "]I I 1-"1'tl'[-i+ 

waste incine~rators. lie+fore any definite conciltuilor11 call be filide concerning,- IICI en-issiOn s 

must be validated to
plicalbility of the~t, test filethod's for cement kihnls 

tCcmetnt kilnis. 
from cenwlnt kiin';, the ,ip, 

e21SUt'e that they Call ,11-o ,dcTtirately me'aste,r IICI m i.';in 

7.3.2 S()+ ENISSIU)NS 

Ittlit il t e ijit'lltrttlilttv'ed by the alkaline eilivirItiiv,l ;tI Itll',,)ilv (t -t) k 
w ttlt-tthlt' t o (4!).,,IllI 


k.illn.'lth,,li:.'lltlt- %'1It,' t 111,'l
Sillii.i tt II1( ht i 1 l : Ih, t tg lli-,I1)Il liy
I,1111 ,', Ml,I ,.1tl, lt 1" 

11i11"t0 ~ 

" (m (tll , :, 1( itt , l,ildld ' 1,y1i t, l lt l ', 

t)H l t'tl, l ! ,tpI[-( ,l-', wll, 

%iIt(ItI lC I ill tilt- k ttillt, , , t
' 1(l w w,IltIttfl",!, t
(.tttilliihm <,I ,.. it, lt l dl it 11, (-

iloItuini gha n, 1987). 
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Ir 	 -lItnt iii LiI. 

..\ltwh ,ugh e te 1 of ft i t111 IaitoI' that fetsI (.1(1 ,., i t 1 , rIepici.d aipO 't icI of the 

. fossil fuel with hazaridous waste that do r t conIta in a si gnficant ardiitI (ilr-containiin 


(11.u1r significant decrease in S( ) emissins.
can result in a 

IARTICULATE7.t 	 EMIISSIONS 

til frI I 	 l .. if5ie te d t1is have the atoten ciu ';sIl.,.\s discusse in ;ectityp (f . , eC tisart icla irs 

advc'r;,' t teds tlo human health and the environment. Accordingly, particulate emissions ar, 

stringently regulated (see Sections 6. 1.A and 6.2). 

turnin, chlorinated wastes potentially incr'ases ptrtic.niate emnissions. As explained in 

c tt In 1. I,wvII'vn cluItinated a.Istes are	I ,r'd, I [(1 ,is 'Irated. '[his acid g,,as reacts with 

to forin alkali salts. These salts volatilize at the
the alkaline c0orpmnl 'ents in the kiln 

Typically, the gases int,_,mperaturcs in the kiln's hot end and condense in the kiln's cooler end. 


the kiln carry these particles to the Al C1) where they are collected. I lowever, alkali salts are
 

fine particles with a different resistivity than the normal tparticuilates generated. Consequently,
 

the efficiency of an AI'CI), such as an electrtstltic precipitator ( :S.'), may be affected.
 

Weitzman (1983) discussed the effect of birnin; chlorinated wastes using the results of the 

emission testin, conducLed at the St. Lawrence wet process cement kiln in Canada and the 

Stora Vika wet process cement kiln in Sweden. Both of the cement kilns were equipped with 

was increased, the particulateIISI)s. 	 When the aml1ount of chlorinated waste fed to the kilns 

,ittinCVreaseid as well. WVeitzmanii (198"3) ctrcluled that the particulat, emissions were
'Ini 


the amount of chhlri ted w'a;te turned.
ptlnlt'ii ()I 

More recent test restlts have shown that particulate eiilisSionS do not necessarily increase when 

A corresponding increase
chIl(rina'ted wasth ; ar'1 birii (lh',n:;corie ald Ivloinilian, 1987). 

burned in a s;an Juan wet
in 1tarticillate eriuisitrs did not result w11011 chlorinated wasts were 


process kiln eiupiitteti l with I1abaglnolse (i.e., an AltCl1) with fabric filters). More importantly,
 

tlit':;e rct,,t tthlit's havi' luitvi Ihait t,-tiicilaIte i'nim!;ir ssi in cenient kilns equipped with ESl;
 

dIIIjlliri 'cilyt t'i ,tn tll hhl'sst" h rne tl. No incrie , i I ta iculate
rii chhtirlll 

'" v l r t"
,,.,11.i',. ll l~l i,. %%-,,I f,.it I l'Tl IIt. l1.1.- ,, 11,1 ~',~ , ~ t ~ '; i 

il , ' 5 , r l ... , I ( )w It" ' l i li t"
l, . it , ,,i~t II w,I , ,,. 

Ii 
I 5I, 

1() III(. 
t 
i 
lit 
h t " tI 

I 
it p l 

t~tIfi w it~l !11 iw 'i( I it'IiIi A I 
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I I !,aI Ic' t; to I ItI,ChapterS: h't'IIt I II 

8.0 POTENTIAL EFFECTS TO HUMAN HEALTH 

liclyI; b t' -d t clCI prodliction tacilities in cli-i ion-,e\ ChC l-. fr)II InuntitI luman;ti 
ttoIhe llzairdt nisl U pro ict. -xp-al r'e'Oirui-tIt I're>C: or, he 11,tte Iilill tat ti i , ;

byprodct-
 facility. o.rsoIts enptt -t' 
. ,sfu l may al:;o ,ccur tltinii ,trai-fL'tr ti( iiot Iti.l; to, tlh 

waste I irte atverSc health 
or pr-,es-a dis tai 1xt 

to hih cimi-ciitratitilS of failitV einiit' 
only il the workplace ,genCrally in cti ntries 

effects. Typically, high conc ntratitns are ftit 

woolI be affected. i Iigh 
HWhere pulhUic healbthin locatt i(other than the U.S., and not 

humansome of the potential
none thClCss useful for elucidatingareOcculpati( nal exposures unavailable.

when adequate public health studies are 
health effects from cemcnt prod uct itm 

as a 
address impacts to public health due to burining hazardous waste 


The folowing"secti( ms 


in cement kilits.
suppemCental fl 

8.1 BACKGROUN) 

to cement plant emissions in 
Despite the decades ot operations and extensive public exposure 

found today, neither clinical nor epidemiolog,ical 
this c tunt ry, often at hiher levels than are 

public health of a cument production 
exa mine the effects on 

studies have bteCn pcrformltd that 
Evidence of problems with local 

or haza rdoiis waste fte1.iventionaIlfacility brning, either cu no 
public health has not been sifficient to calse concern or to trigger public health stuLies, and 

plants to be a threat to public health. This lack of 
major health agency has considered cement 

may result in part from the low rate of occupational illness in the cement indlustry (i.e., 
concern 

workers), which is less than one-fourth the average incidence rate for 
24.8 incidences per I0,00) 

These occupationalper 10,00) workers).108.3 incidences 
any type of manufacthring (i.e., 


illness rates, as well ismany others, are listed in Table 8. 1.
 

that lack of emission 
plants in other countries concludecementThe available studies on 

result in extremely high concentrations of particulates in ambient air. Exposure of 
cases of r-espirato ry diseases,controls can resu lltein increasedaisittus has

local coinmuni ties t)th:eem 
(lorka, l)5St; lKrishnalmrlthy and 

'1 strointestinal tract diseases
skin tliseases, eye irritatitim, and 

1986; Mvishra and Tiwari, 1986; And a, 1987). Since the 1t7)s, the 
Rajachidaimbarain, 

plants have considerably reducetl the 
on emissions from cement

increasingly strict controls 


potential for public exposure to hazartous emissions in the U.S.
 

increase in the use of hazardous waste as a supplemental fuel in cement kilns, 
With the recent 

the issue for public health has become whether the chemicals emittetd from cement plants 

waste might Mw be a threat to iiblic health. This concern is largely based 
burnin haza rtM ,Iis 

ulcll plant; t'iit jl'h greater amoulnts of pttcitially tttxic cimuicals 
on) the suppo;itiol that 

than tho-e using)' nlly livcntitital fuel. 
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-\ R).S, 108L)
C( :C' Vil( ) IJ. II .i N 

Rpr(_ttIWt ' T ( : I II).L'SI v' '1,11 

It lir 111. 	 and allitl D rILltM t', 57.5(lu'uit,',il
Ship and hoait lllildi j,, 


Nl lri'vli a'lil t' i I'Paptr anldll alliCiltP'' ,li
nd i111llt 	 t 53.0 

373.1 I'ctrmhen in req iujug< 	 52.'.) 
mnanu faicture 

dlicts 	 (;uided missilt!, .ualC- vebhiCles,lunht-in and hatliu; pnI 
4.5tat t iCt3-16.5 parts ma nutlmanuactu ei 


s
Ihu.sehold appliances manufactulre 275.3 	 1ihotographic Cqu iplunIL ani lppliCs -48.7 

g(mii; 37.4274.7 Soaps, chuantrs antd toh lLe t:ootwear mIanntaUfCtrlk' 


I.eather tlalnillg and finishing; 2 .L) (iOlplItr and of1ic- equ nlimCnit 37.3
 

195.5 Watches, clocks, watclcases, andnlmlilincr'ILits, cap'; and[ 
37.3I1. parts Maniifactiirt'Oen's and boys' fur n-hin, 


AgricutltLral chWiinicaI1s 36.9

Bug ine and htiriine llannltIcture 174.3 

Metl -,"<, nd stanil~l'>s 172.4 	 Painting and paTer hanging 2.4 

CostLmIe jewelry and ntotionS 28.3
Preserved fruits and vegetables 1-15.6 

Toys and spirtin:.; iods manNfactlure 1-1.7 Concrete, gypsumi,
 
r t 132.4 and plaster products imantfacture b 2.1.8


Office fulitirL fliailiilutti-ttl 

Plens, penCils. ,liandt alt s;ip1Jilik" 121.3 Newspapir priiitilt; antI publicatio 22.3
 

in; cot'.- 17.S
;rtltliin
Musical instrument ma[nUt'adctre 1041.9 esidntclial btlll 

16.710.5 ServicesIron and steel foundries 
86.7 Transportation and public utilities 	 16.0

Forestry 
79.2 Women's and misses outelrwear 	 15.9

Greeting cards printing and publication 
75.6 Cut Stole and stone products 	 14.9

Bakery products 
7.768.9 Retail tradeGirls' and children's outerwear 

68.1 Finance, insurance and real estate 6.1
Tire and inner tube manufacture 

62.6 Asphalt paving and roofing materials 5.5
Coal mining 

' 


1 liLt'idt'l1t'f>
r,Itf!;1l- 10,001l) lull-tiilmW illker;. 

r,',ldv i Lt)Icrtt.- ,LdI P'ortlaitld c,1110 t. 
b [hiYs citcvry IiWLCLiLI'-. inliiniWt.ItiLft' 

Source: U.S. )epartient ()t .ib r (1911). 

This isstle is add ressel by reviewing the available information on the potential health threats 

from cement plants supplemcntin, their fuel with hazardous waste and from those burning 

only convelntional fuel. '"'hre nalor sources Of expoSU ie a.re eva! lutCd in this review: 

*I . -i I -, IL 'I . I, :.L' i l 

j t , ,t,'llt i ln i l t li i '>ti c '' (1\(i ), tli, ylt ) lil(ti lt,, 

* Cement, the final product. 
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,:h ,tc'r I' !(' iti i 'It h, 1I lu an I h'alth 

II\t ," ,tt' d i l Ss.tI)I 't f C otSIiVt o lI Idt1) I 0 i ; W,'j e 1t1 1tl at cenent plahnt- liv e 
iii-i 1(111itiint tile Ittintl to thIt f icililV. thi i rret'tMR ; ev hlll't'(, Ii'.VIit a 5si titiIICs 0n 

fpjl! - lint (ittt'itI .- hiI'irtijI1,s Iiitr I,rt l 11-ti li.e t ,IrIrI; 11ii 

lt Ir c-icli tii Ir (4ttrLJt ,\l(t) iiie tll lte irl. i~t , elltt -; t ttililul ii ttlh ie' discri-eset below 

lom- wast, 

are al-o -vi ,vd in li.h o)t recel itt I t r. thiIi (i . lh, t I 


itiitl .t to Irtht hit/ar w:'inii.1,ciiit to intinj.; coln\ctioiti tliet. t'oinliit ,', io -,.s 
II,\A F rill.. thaI t fIrth , re-dIceI, 

iiis-.l,,I nom' centiem t kiliis. ttia IdI )spit ie (t)-ot1 (''opid oi at sItudies-, tihe 111alysis 
sii''ests thIt the threat to public health frmll hllrnill. haialrdois waste fuel in properly 
operatld cement kilns does not differ froin the threat associated with the Use of only 
Cl I vet, l it) I tael. 

8.2 CEMENT PLANT EvIISSIONS 

mIa; at exptsed t) cementIl hitas I)i plant enisson s frill hoth the stack and from fugitive 
emnissions, The folh(wint; sections discuss the ct nllcpMllts of stack and fugitive emissions, tile 
factors iffccting their dispersion into anbient air, and tie potential threats to human health due 
to exposti r tothese enissions. 

8.2.1 StArjK 1,tiSSto(,NS 

'Fhe constituents in emissions from cement plant stacks that are Of human health concern are 
divided into three broad categories: olralnic chelicalIs, Metals, aMid particulates. The organic 
chemicals inclde unburned compounds present iln the waste, thermal decomposition products, 
alnd compounds newly created from the burning process. Ill general, ten metals are of concern. 
Four are reg;ulated is carcinogens--arsenic, beryllium, cadmium, and hexavalent chromium; six 
are regulated as noncarci nogens-alntilmony, bariu inl, lead, mercury, silver, and thallium. 
Particulates ,re of concern for two reasons. Excessive inhalation of dust particles ill general can 
be harmful to health, and toxic metals and organic chemicals adsorbed to particulate surfaces 
iay be relsCd whe0n they contact skin or hli ,mgtissi e. f lowever, in the U.S., emnissioIns from
 

Celitlit pt , il' t iR,Pd'a.1throuh A'( 
 ,'t is that r ln the vas t majo1rityof the p'irticillates;, thuns 
iitil.ti; etp)suire to the, hih levels Of particltes a;sociAied with adverse effects (see
 

Secti n 7.A).
 

Once released from the stack, eni5.ions are d iluted by anibient ir anid may be transported as a 
plume away from the facility. Any potential health effects to ihe public are directly related to 
thi a1nt11llt o)f exp)Sure ifter tr,aii-;prt iwy fromt lhe stack. 'h, meteorolo,>ical conditiils At 
the ficilit, sch aS wind speePd and direction, ld thelocl t'rin ai imjor factors that alftect 
the , ttin (d tra il;port, the a mootl it 4 (till it Ii. mI -;I t lt' lllithckl lllltii t t . 

A\-; Iii'. pl im w, fillT r i t ; . tl',l (i ll tiII ' 1,1t ililtv, Il l i l l. ; l ,t I <r , , < l l t'~'Illitt ' l i l < l l t 

o co oi , l tir ll,,r d iliht t ill n il i tti iir. ( 'l lii'l'l!ti ililii ; % Ji'h t 11tc 1;i,i, hi ,<i i i ,e 
LIepenlent oil the extenlt of dilution and Oil the deposition of gases aned particulates oil soils and 
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I t1 it h un i lcalth
(ha~tf, ,-: 1'ttnltil fi 

surface wvater y vravit V, Win,, a d pr11ciFitati)I. lh1e 1n 1otes Of tli.-jIer Iiona tI LIt.),itilM 

are illist ra ted I Iue 8 . I. 

I'lhe compolwi ts a-11tr ini n1",ill the lir a tir .1 li a1iooantI ltj)0Itsi ii aRI lh Ill"ljl.rtM rct oI dir'ct 

t\}l re to t'orlnpo0(UIIS [rhll the facility. int tlittltmicatk i ,1l1 

pa rticula les may be inuhaled, or they mahty c0mie ill direct contact with skin. 

RAIN 

WjIND 

_DISPERSION -

STACK DRY DEPOSITION WET DEPOSITION 

FIGURE 8.1 Modes of Dispersion and Deposition for Facility Stack Emissions. 

Contact with emitted compotillds m111lsoa)I CCur thn0u1h investiom of watclr or food ,rown 

in soils on which contaminants were depo-sited. Ingestion is considered an indirect route of 

exposnre. Another indirect route of exposure is inhalation of resuspendetl dusts. TI. 5 exposure 

occurs when const itueunts that Itav eIen tranuspo.Irtetd awvvay from a faCility are depositetd on local 

soils and then resuspended in the air by wind erosion, where contact follows by inhalation. 

let' sptle thhlnfr ii thelse cases tlhnot con1tribute substantially to pIl icsI; ni stawk tlmni;sisn 

expOsirt. (Clement, I088). The public Il'lltI t hrtsit is low lrely becaus, the par'tiCie; lAV' 

been tlittt- with soil inaletil, !li ""ri 1, lvkb n tie ,rat l Mr Vtl.'d ili/.etl, anlllic', k 

contribute relatively small luantities of HL:tilIs to public exposu re in the U S.ci MIpa red with 
other sources. For example, cement kilns contribute about 0.1% to the atmospheric chromium 

59
 



t~nlis In.< Hitt IJ.< . o ft " h ich 0I.2>., , l 't !k t .ilill Ilh". illlw l tt> iot\ lt.'i 'l t l r n 
(,\lS!I)RI ' ) ii~ ii ' i tl82,'). n rvtl c'ti sv tn l itf i ul l I~il llilt i )i t cltI Ik t ) It i, 4f h 
at osflti 'ric Ithrt ill n, oi 111li (,Ilt Ii llt - , l lh r Ihfin1 th, c' ilri'iuili,o l l',i 1 t,.I I- It kilII .qilntrv, i , itInt kiI i i. RI tl Ail*lI Iht, , iitif ' It ic,10 I in k i tI It.I, Is 

tr k)Ir 11.)i ii I
tle. nitI ,itt! l it U, a , t ullnii vtliii (..\TSI 1N,II i r hi liit -; . thatn 

8.2.2 "U(;iIvi: Lx.\IINS
 

lu eIIlssh S airi.MI, rt soi rc,111other [hiln the stack and aire

.itive 

tistially associatetd with
normal paIt o[peration_, sthra.,e, i.psets, or leaks at the tfacility. lFuigitive enissiolns assticiated 
with the actu,il kiln contaiin essentiall'v the sacllel m ;t-llic'll conistittients ias stack emiiss
howevLr, they may cot l n ore Particitilates than do stack einlissiotns, since fultiv e .iInisSions
t10 ttit MS- tltrlltiti4h thie A,-\'(I )s. tiitL ivet tlll,;-InS 1tsociatdt with ltra; a td i usl r (If tlhe 
haizardot s waste tui tio tit kiln w uld \'ttilfttil itHt, ille ctlm(t1 l tn IS tlt' tstt'.
 

The ptitlttl.Itiou expi),lsed to fn<.liVC, t'lliSSit 
 HUlt lltplati s CtOIlsists prinarily of workers attihe facility rather than the_ eCli lt il.'. lulitlive Ilti.;siOns (ttlll" at lowe- elevations anti
have larger particle sizes tlhan staick ellni.i;t;tits, i-t ill iii isperion over a silller ground
area. ()ftsite trmn plrt t'idept ti io the f ,i lit i i t lhtrifiy inliniilnI× l, t11v theIis; 
ptentiail ftl-r adverst' hieIllth 1, -k.A lyi it,i tti k ci tv-ithsIlt i t ilisg Io -;cate i Licilily :iredispersed Ill the ellkVi ltleuiitit biy the Lt ticttsl'.S lat tivrt thispetrsion of SLtck eliiSSionS (i.e.,
local climate, gogra phs, andi che iC~ll i_)ropertWs of theL'emissions). 

8.2.3 REGULN-'l' RISKS( HUIAN [UIE-A1.-1;r 

The potential for current stack emissions from cement plants to adversely affect public health isgovernted partly by tile recently enacted BiI rule. The fi; rule regulates emissions from cement
 
kiln stacks on the basis of potential risk to public health (see Section 6.1). 
 Tlhe limits set in the
BlF rule are described as risk-based since they stirt from work
an acceptable risk limit and

backward 
 to maxi mu ill allAwle emissions. By contrast, a risk assessment starts with 
iliissio[K anl woiks iorwtrd to tilt r isks to&iiiin, l ialth witlotit a fllttl i-iil i -,l lh'ottco.

Ill rot ugh,1tht. uset itt r~-ITsetl expialine Iiuiiils, the MI 1-ile AttIIIlpts' to lrtVV0tt (c\jliiSLIcs,of thepublic to lit>h levCls tf tC, i.sitlils frot cetllent p l ns that 
collid CILUS ( lug-term illness or
 
tdIlCCr. Vethtiglh hihtr 
 'milissions fromclli etllll flilts may haive existed prior to

regLulItiOils, alverse fleIlth effects 
 issocia ted with the emissions have not bt'el tdOCi Mnlted.
 
"[hus, redLuce l eXposure tinder theHew BI F rule is expected to 
 result in still lower potential for
 
ildverse healt"Ilt l ftlts.
 

iorse'lc{t ,t 1PI' f k('; il i ii,t l i ,-; h t iht< ' I I. . I 1'hI ii-i'rl I11 rill ,itIii t< h 

Ilhii )lev I i, ik . iMtl, l li I -;. it.h Iliil-dliuuei-,t ,,.) t ilii i iiim . te lile'"ri-k tii 

is well below other types oIf federilly reIgulateCL risk, is described in Section 8.2.5. The I rule 
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I )RFi i I'il ItitIot t, .tt , r IIk)t ( -I IIII atit;Iha-I iI w Ftfuirth~er s;tate's tIwt a I i)'
i I,, ti>;l. virtt1t,t11v a >e art I _. -.PA1, 101) 1 (I). 1 10()lh.v,+"S thw it cmtI l ,tpO,tis ic,ItII k iI ll 

t:rt I r I ,I I It st )I ,.'. r I v ,, 

l iii it 1 l i t "'nu tr to ;tII ,.t nttii- Hl v;t ,lltM,,.lo,,..' 
l'l~t+ctt'(i irt tl I ** iII Ii t, I ; nih r the I Ih (II t I1 rr .

-

1)1.*14 -14-1/ I.lhoiiv' 

I:, k'- 1 o-ikt'tt IJY-;. rtt~tt~'y tl-trslw4ld' I'it w,lith 	 ()l~t t~t ,, .lT i , thet hal',;t-, 	 t) l tt ~ tl ;, t 

t ii 	 1 t ;ks vlen 1i,'l,s titl t uirs"stalten tlh ()iti5sii15l')s hut pI) 1 ;ij.nliti( wi[iIi 

ln er g CO )'u-;ti(bIi ncliti %'A,lI' I (p). 71 -50)I.t)j)CIat c 0( t ItI , .5. 

The BI;F rtle also regvtlates ',rinhi,"iinic inietal einii-;sions on the basis of Irtectin.; public 

health. According, to the 1nis-iOtf I-r,;tlated Metals tixlnt cenient kilns are linitedtlie, e ,-; 

sO(that lifelorn," CxoslrI to IP Ml'iIinhI In aitiotilnts of all il'l metals inl arbient air lititlt all 

pittl ways of possible 'xposlii' frn tcility re-;ilk ill a risk of contracting cancer no grea.' 

11 

adverse halth eftcts to t utblic evenl utild.er InaxiilnimiM exposure to Lill possible epo:t/tSir' 

rote; IU.S. t. IA,1I)l (f'p. 7169)-7171)1. 

than I in 0ll),O)). :or lonclrciumo, ,teni tmtal,;, the hI standards are,intended tb, prukvcnt 

Of the KIF-re liateil nictalIs, thallituin iniay be of part icutllar concern for releases flm c neieit 

kilns. Althoulg.Ih soilite 1,i11P of thallitttl ire cMtidereid hig.hly toXicT, with dernal contact being

the 1 titt.n iid' l klnlw about i('ntiall licatli tftecl; roliriiflrv ronilte Itt , w blt',', little i-; 

hi,h volOitilityr" oif
chronic loV e ;ures (Kezati, 	 IO"O. .\, dicussed in Section 7.2., 1h 

in clinker, resulting in less renmoval Of thlailliuIm to tile proccssthallium can result in less boncl 

solids and its subsequent clha ncentient in the di:;t,oiases in the kiln (Sprung, 1985; Kirchner, 

1987). Such elcvtated l!vls, which Caln Ie avoided by periodically ri-lovinlg CKI) frol the 

process, have been shown in the past to lead to exccssive thallium cinissions fnm ccnent kilns 

For those kilns burning hazardous 	waste as a fui, the emission(l3ambauer and Schiler, 1984). 


of thallium is regulated under tile tIlF irules, requiring tHat public &waith iinpacts b>e avoided.
 

In sumnmtary, cement plants that meet the re,1ulations described in the BIF rile are operating
 

under conditions identified by the U.S. EI\ as associated with risks below those of regulatory
 
i l .concer

8.2.4 I-IEA[II! ASS.S.SMNIS ()F 	 ltJININ(; I-lAZARI)OUS VASTE ANI) C()NV.NI[()NAIL UIELL 

to celent plaints are notAlthOutIgh epidCemliological studies Of ctirreitt public exposures 

available, the potnential risk to the heaIth of resi!'_nlts living C,1'cemAent plants has been 

estimated in a few recen ,tics. lhese stildies a're esp)ecially uisefu I to evalutIC tihe potential 

diffterences in exp)sure and issiiciated risks ItlweMi Hit uIs Otcoitventioial ftel and tile us of 

iith' ti4 ,tilIIi it.;.A>ZtCdoSwt i:;tefora p 

t ;,I h ,h),lH t,l t,-,ilw . >l'' 'h " < i ,tu,,,(Vt' 1 I illi l, 11)''Ill Ik.+ti l lr '{tt ,[',.il!. Ill. 111k 	 .1' 

I',A< i t 11i11t t . , 'ii t; 	 ' I i lt tl-iIF% it'ii1, t- ,it i' , I'It'i . I ti',ii in1in t6.wt .,.ih I i liil,l 

waste were ,>tilrto Ht ii.mioint itiitt-d ,iolyConlventional time1 wai:; bneiid. i'he 

U.S. EA (Gar;, 1990b) aiso exatnined potential public health effects due to emissions from 
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"It ,: I Ptt' It ,I I I It(- t I.!!U , h', 

tir.l I.u.. ti . ol f ti e fltjl w ith 
hat,i hmlrdotw inIII tl ,t tt j'r,,cte ; kilit. tinld r tlit' coit'li rv,ti'vt a i ptiton.a that a Iitlitttl'rlO 

t t [uiblit 1 it' t it ,i'ini i f4 i. t lt, It I 

l'iiii .;~~c'I l l\'4iioi llI ( ,i ir 'oil,ii110 h ) .1 c', vtit toi il ix 'l 

( In,i , Mr the , nt t ) ,iI t . ;Il A st iI I it 

risk tIt d.ltvt Itpi ) ', CadiIn Tr w it'II ct ,t1 1 tit'l w~i' bit nt'd w i l,)(,)tt, ,in! ti l IvI,,n 2 iii 

nitI lrttntri ,.'k-; i Un.-\ inri!ar ,as-;i'> ;inrt'nt i l,. i' ,iltirri'nlc ~ tinit'it kilni il (.aliftorrija. 

iIIv(-;ti.hItt ) :'S plausibl 'e ,\i.tii- , for th, inh1ilition rtotitt' as wull as frto ini esti' it of.!tilitd 

soil, crops, and '.sed i n epOSIted Iio nldil f tile S0it (St,_in and L.oWe,fish eNpo to 

19)0). rtimated inIg cinctr froi of o1-111,mTOf
risks of dvhi mtals and a iuirLI colimpotind
were tqIaiil both ha<lizardiou tit, l aI" tmoal ,()(,t)t).tfor aste I I C iven , t2I 3 i111e1 
risks are virtuilly tItt, si 1s those e-s timIlated by th. U.S. - a((;<rg , 191ob). More-( 
import'antly, te invtiatr folnlid tHIt tile estlimited health riks ac'tully decrea;Cd fo' thre 
plant Is tte-cLnvential ntli ,[ (i.e., petroleum coke) was increasingly replaced by h,1zarcous 
V.,.Iste, fuel it a.l tsllt'; 01 . 0 I)andI .7'X,, the volu me. ln Il COmIoIulds preen-; t in ilt, 
petrolum coke were not pret-(sent in tIhe, hazirdotis waste fetil, rte;uttltig inI an overall dcCrease In 

'inis~io t luzh,iZ rd, i_- c nstitunts anldt ris. 
Further ,evaltati(n of the potentiall diff(erence in lealt',j effects between cement production 

facilitit- I' tl 'tn-m1:u,haz, i nt.,,,ate ainI tin e bti Iur itngI olly C et inI 11W May bt l withIIVL l Il-t1,1 . ,Made 

the availbll-fhe Lai ( ) en, -; inttli database. As shon erlii r in 'lable 7.5, whichoI itaItttl ii tl 
is based Oil emiss ions data collectud through September 1991, the average allouIt; of llost 
Metals currently emitted from kilns burning hazardouts waste art not significantly different 
from tile a.,otmtiitS em1ittedt frlom kilns burning only conventional fuel. Emission; for tile two 
exceptions to this trend, lead and mercury, were two to three times higher for kilns burning 

hazardous waste as a supplemental fuel. 

On the basis of this filding, the major concern for public health is whether th increases in lead 
and mercury emissions are sufficient to affect the health of people residing near cement plants. 
However, no health or epidemiology studies have been reported on cement kiln emissions in 
this cOulntry. In the iabsen ce of sIcdh s;tulist!;, one way to evalulatel tihe incresd emis';ions is to 
com1npare tl'iii to similai euintision; from a specific cemitii kiln for which ptnt)OIlial ublli+c hlt',h 
risks have bTen1 estilIdtcl. (tlilpitistil of tlhe averag,,e lead and mtrciury emissions ill lable 7.A 
with those froim the cement kiln in Ciali f rnia disctissed bove shi ws that they fall with in a 
range of 1.75 to 1.5 times their concentrations in elinission.s from the California kiln. At the 
emission rates for tile ( 'alifornia kiln, the downwind concentrationts of lead and mercu.ilry were 
e'stiial"ted to be2 tirt ffsnnitule (tloi'''m) [)1 ers (lead) Ibelow theirordtS lofnalnitutde 
respective hIalth citeria ( and Il()). ljy extrapola tioili, one wolltl ,xpect that alHtinlow, 

mirea.< ill esiut llo'lfrt' and lh',ad b a fator of 2 to from kilis burtnini hatoz-liui
 

.i-.,n l I - i nt .. l'i ti li t ;it , i iti ratiit tmuw ell i 'h I tEl i, liflt i(ItIn eii s, 
po,;i',.i ' > < I ,otI'r. i itrutj. ititi .I. to 

Un tile basis t this a ia lysi., tieu potCntial health UefUcts lue [IonetaIs exposire from kilns 
burning only conventional fuel or a mixtutire of conventional arid hazardous waste fuel appear 
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to be essentially the sam. 'llis ciclmsi i is sl)porltd by he ,ilove review of currtreIgulations of ceiment kiln ;tack 'minisshi's. 

8.2.- ": (RlI -\i L.; K 

ill -_llti'ral, li .-;tlWi- ci-cmtlS d aboe( iuclicat that [ie public's risk of dlt-vtlopin)1 Culicetr trOlli 
cenient kiln emiissions,, wlirthr IMItrminig haartlOm; waste or comventionual fueli, ls- thaln a 
mew ill a million. 'lhe U.S. 1I'A anid other regtlatOIr'y a'encies (i. U.S. l:od and rig 
Ad ministration, C.al iornia O)eparimnentof Ileatlth Services) Lisuaily consider healtii risks near otr 
below I in l,0t00,00() to be de 1iiut1iMU5, Or below the level of coilcerl for rei;, lt ion by the 

Vovern illell t ('Ira vis 't a., 11)87; Kelly and (Carlol, 1991). At this level, the incrernuLal risk of 
developing calcer equates to all increased chance of 0.0003% after accolw.ltilng for the
,..pproximately 33% chalice (if developing cancer ill the U.S. from all SOilrCes. Risk levels less 

tHun I in lt)() have typically nt bteen rgulatea,lnd even levels tip 1o , in I0,00(0 are 
seldomrn re Cmkluaitd. C)nu1vilustiis risks, Or risks that are of regilatiory co nce n', have enera!ly 

"',1 c( i'tsidered to( be a few in a thLIsanod for developing catncer (Travis 't ill., 1)-7). Risks from 
cenent kilns brning halzardoLS waste are thus considerably below levels of "'acceptablle'' risk 
by most regula tory standards, although the ultimate determinaLion of acceptability is a valIuC 
jud.'lt and not a scienutific decision. 

In -tlinwary, auam,11ysi:; O(f CIll'rlent c'lilt kin elissitOmis demnonstrates that coilceitritionsof 
emitted chemicals from facilities burning hazardous waste as a supplemental fuel are not 
substantially different from those bu riing comiventi mal fuel. Since the threat to ii blic health 
from conventi onal fuel so11rces has been accepted by the U.S. {PA as negligible and within 
acceptable limits, it follows that the similar exposures from properly operated kilns burning 
hazardous waste under current conditions would also resLlt in negligible health effects. 

8.3 CEMENT KILN DUST 

[h, major exl'Iosiires of tlie public to CKL) occu r either to the d ust itself or to chemicals that 
hav, lacled flIl itilt cl';. The folomwi ng sectioins add ress the potential for adverse effects to 
hluii health icle to expisilre t( Idust or leachate. 

8.3.1 lusr 

As a byproduct of cement plant operations, CKD exposures are generally of concern to onsite 
vo rkers because they llay be exposed w heniCI list is suspend ed in tie air or itiring 

imaintenince activities. )usts may oxposurs ini)se niior to the plblic whlen containtd 
likely c\ro;mlr, are, inhli, on,1,0101, 


, i i,, i';t itl <ii i6l.' 


, ,,11-; thii gril', tfl;it ,. itt',; t i111(1tioii, a nt act 
cl '. 
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Chapter 8: lotentil Effects to I 11tt Ih-alth 

8.3.1.1 	 OCCLtrATIuNA. 'IIL .; 

;ec,. tuse eari-iIr concerns re~;ardin," the effects ot CKI) on hu <naiihealth focused pri narily Oil 

plantS, the oniv available iillornlltiofl Onl potential health effer'IS is froil 
r,''kers at Itnt'llt 

nind when evalrating, these studile.; thlat 
high-dose ccu pationall studies. It inwst be kept in 

process conditions might have bel sltibstantially different from those at cuirrent pliit,
past 


burning haZa rdous waste as a sri pplCmental ftel.
 

is dermatitis, as indicated in 
The primary occupational concern with exposures to CKI) 

as calcium oxide in CKD results in corrosive 
Table 8.2. The presence of such alkaline material 

moisture in skin, lungs, eyes, and the intestinal tract. I lowever; the 
action when it contacts 

alkalinity of CKD is not known to change with type of fuel, and the type of fuel burned, 

to affect related health probleir-s.
iii, hiding hazardous waste, would not be expected 

'AM.[ 8.2 

OCCUPATIONAL ILLNESS RATES a FOR TI IE
 

CONCRITE, C;YPSUM, ANI) PLASTER PROI)UCTS INDUSIRY b
 

14.0Skin Diseases or liso tders 

Repeated Trauna Disorders 2.6 

Agents 2.3Respiratory Conditions [)ue to "oxic 
1.7Physical Agents 
1.1Poisoning 
3.0Other 

24.8Total Cases 

a Occupational illness rate per 100,0f, full-time employees, 1989 
(Because of rounding, components do not add to total.) 

D This cat eg ry incluhitn an ufacturt, of ready-mix ctncretc and Iortland cement. 

Source: IJ.5. 1)cpartment of ILabor ( It0ll). 

In addition to dermatitis, occupational exposures to very high levels of CKD have resulted in 

decreased lung function, increased incidence of lung diseases other than cancer, and intestinal 

Some of the respiratory effects 
disease (Amandus, 1986; Abrons et al., 1988; Wright ct al., 1988). 


observed with occupational exposures at cement plants are also observable with high exposures
 

to otther tvp,"s of dusts.
 

d llh t-tfth ; oI ( KI) I e lael re;lated to tht plrte-e lce' tI 
Ill ,;'Irt',l, tire rnort' 'riili alvtrsr' hit 

(KI ) iiay tnfi-ro4 to 0';,i (Utlh I )tt),inteitit otC 

1990), and free silica is the primary factor in ling disease's in occutpational exposures 
free -ilicm. (otentratiow; , free silit il 

Hlealth, 
results inimmune system cells in the lungs and

(Wright et al., 1988). Free silica is toxic to 
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Iit Sit).Ih rIttIu'iIe silicosilicosi's (i.e., buildu' lib its nclhI ' thatoliitti&cl , I:IIIt:,t 

critptliir." and Iilt-shn 


tPO.,Ms t,, dlitsts AIlsO ca ;,L tl11lin alv(,dlar Iilr Sace.; with lpid-t)-Otetil
 

i':t rictIu n function; in severe caists, th, Itwc ira ,tb rtining. I lIlh 
s-ilica can 


nia.t .ri.c o,tlnin silic, (,,\(I, I , ;l iiar been shown tI caue In,.,,ca cr i rats ii
 

11W It.";; I~in
I1'tout ,rv ttnhi It( v er stul ictT; ito rit slhtow a c l'Cnnchll I)Vbetween IlIn, cancer. ,anI
 
>ilIra expio-sures tIIaiti, I' '80).
 

No health studies have been performed on exposures of the public to CKD fr'omll Cellent plants, 

So it is difficult to know whether CKI) from colnventional orihazardous waste fuel has
 

-resented threats to public health. As noted earlier, public health effects have apparently not
 
lct. r hig.0h enough to trig"er hlealtll StIlieS or te,ilth agency concerns.
 

The major health concern during possible, exposurs of the public to CKD from kilns burning
 

ha ia rd otis waste is related to the presence of tne silica, as noted above for occupational
 

exposures. The silica content of CK) is directly related to the content of silica in the raw feed,
 

which does not change with the type of fuel used. If a minimal effect of the hazardous waste
 

fuel on silica formation is asstimed, then the silica con tent of ( Kl) generated wien m rning,
 

harIa i.dMis Vaste fuel woUld Ie mItdiffUrent fIroIn the silica content Of CKI) proluced when
 

burning only conventional fuel. Cionsecluently, the0 ptotential hiealIth effects froi exposure to
 

silica in CKD would be expected to be independent of the type of fuel used.
 

Since CKD effectively traps metals contained in the fuel source, exposure to metals in the CKI) 

from hazardous waste fuel is a potential concern to public health. However, data are 

insufficient at this time to statistically determine whether metals contained in CKD from 

hazardous waste fuel differ from those in CKD from conventional fuel. At most, the data 

presented in Table 7.8 are suggestive of possible trends, with greater contents of certain metals 

(e.g., beryllium, cadmium, lead, and selenium) in CKD when hazardous waste fuel is used. 

lowever, inspection of the ranges of values for all the metals suggests that any apparent 

inCt"ease, Ire not substantial, anid t differences in potential effects on health wt uld Ie 

uxpectcod.
 

It fact, the average lead content in (iKI) of 36) ppmn (see Table 7.6) is actually less than the 

averagle concentration of lead (1,60) ppn) in soiIs illurban residential areas in the U.S. 

(U.S. EPA, 1989b). The same concentration of lead in soils (i.e., 360 ppn) is considered 

insulicient to c'atuse a noticeable chaney in blood leid concentrations of exposed children Or to 

affect a child'; hellth (U.S. FI'A, I'YII)t). ('hiIdren are of primar 7 tMiVll for expOStires to) lead 
111 -;1 '.Ill", c lllt'n t-0 l -;(il ,ti ',;d t t ey r,i ie litliit(' ie .; i i' Ith 
;;I ,Ii hl , ,. 'f,, , t i l i !iw l , h' -ktt il, ) I' ,l l l l l )l i ti l i.)X t 11 111 ' 'i ., ,' I t ,ll i , 'l l It 


! i, ,' i ill 't1:;l , l .; ' ' .\ "
f'{'lt I'. lr''d I I i],,ill I' l',i :{' V '' 

To evaluralte increases n in(tlitiIic intenlt in (_KI) due to llazardous waste fuel, a 

comparison can be imide between its cotntration in CKD fromi1 hazardous waste futel and its 

65
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COiicerltI.Iti(iM in 'KI) ItcMt aninattd WvSite Sitt's to' vinch risk to publiC hIl.alth have eIL,.en 
,ssessed. II Such a crMu,,irisiSn, the, daver, ,' coIeit, it i()It Idiu Il) t1 n1 c ir.ntly 

operating plaits (see Table 7,S) i-siillar to the ran,e o, eontntritin-; (- V ppm) f(o1r cdi,]iii 
.v.i.;st- at meI,.nt 	 t I1 1 in ( KI ,) pih'S an (hl,'r e' iplait illI!tliA ( Iit'll) I)', rtui lt I IealIt, )).
 

A'ccord in, , t hell. .(.1:1l'A., tht. 1'.1ilit . m o idr,il th< .,,Ilk, t~, oh, l<tl, t )
 ll inl 	 iii-

public 	health; the alkalinity o)f tht wast. i" 1hw iilir pr,,hlI1ili (Ut h I ) ,,irtriiilit ol I I<t',lthl,
 
The 111111. )i in (11KI) tn I t1lant11s ctIri'1-l-1 bthturiiii1IlaholI (ti.
i lld0iuiconcl tratit)n L I It 'iit 


waste a.s sipplemenI ta fuel Would therefore not be ex pected to criate ipiublic health problem.
 

The U.S. FIPA and other regulattry aencies generally halve ()t considered coInceltraItions Of
 
beryllinII and selenilln illwaste CKI) at older cenltl pl ,ntS to be a C011ncrn for public health
 
(I:&FI'', 1988; I(owaI )epart ment of Natural esoil'CeS, I99); Utah I)epi rtllIent (f I lealth,
 
1990). Their presence in (_KtD from plants burning hazardouis wavste and ol_eratinglll
Unde
 
current re'IulationlS w(ould Similarly not be expected to tose a health cotnerl.
 

8.3.2 	 L01ACiATI-

The primary concerns regarding long-term exposure to small anounts of CKD are that it 
becomes c(rrosive follovin,g exposure to water and that sollle of the meta Imay leach into the 
elivlrimlln t.The cornsiyve p'c yerties i)f hii lily alkaline (KI) leacha te Cdii result in contact 
derinatitis and other damage ti (octil,iranid intestinal tissues. The U.S. FIlA regllations for 
allowable leachate concentrations of metals from CKD are intended to be protective of huiman 
health (see Tfable 7.9). As reported in Section 7.2.13.2 (see table 7.10), the current average metal 
concentrations in CKD leachate do not exceed the U.S. ElPA limits, and are often orders of 
magnitude lower than these limits. This comparison suggests minimal potential for adverse 
effects to human health from exposi !rf to metals leached from CKD, particularly when present 
in concentrations at or below the U.S. EPA health-based limits. 

The concern over corrosiveness of CKD is not a problem associated with current facility
operations meetin's, BIF regulations, but is a potential concern with long-term uncontrolled 

disposal. Such c mceri; have n ised wi ile conta I inat iom Of suriiface and grindwater 
from improperly disposed CKI) resulted in tlle elevat ion of piI to unacceptably high levels, 
exceeding drinking water quality guidelines (Iowa Department of Natural Resources, 1990; 
Utah I)epartnent of I lealth, N90). 

Cement plants that improperly dispose of CKI) may also have elevated concentrations of the 
certain metals in waters and soils. [ however, even thie elevated concentrations at such sites have 

been determined to be insu fficient to pose a threat to publ ic health (Iowa Department of 
9 );U AIh [)ti'Natural [ionirce, , 19 pirtin nt of Ihe'llth, I !iMj)). 
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8.4 CI NIN'
 

O'"t ' .AC nc%,Tri to liidl 'health prima tily I IautttI it 1l- i 11.Itr tcd iiIit it 

KItII Iio.I~1-tI Iin it . Ix\ piN I.s IR'- 0I'i t Ii I I, I 4I o I II t ,IItIa t Itt IIII I t I[lie I I'lic bt to 

11 z "i111, I it I I u iit is t IIt involve-Ihe d Iiii~lit i te 

S..I. l)1 1 

Since ocent is composed of ground clinker mixed with a small amount of gypsum, evaluations 

of health effects from irroul-nd clinker are used interchangeably with those from cement in the 

following discussion; very few studies are available on the effects of exposure to cement itself. 

I[man,explrt, toe ingesti)n.hiCement ustally ,CClors by derinalI c(ltact, inhalation, t)r l)ermal 

,IIII f with Ct-Iment can occIIIr while handling either wet or dry cCment. CeCmeCnt dust has a 

very fine te\ture, with F30% of the dust particles Capable of being. respired deep into the lungs. 

mucusIn addti!iein, larger particles of inhaled cement diuist may be swallowed or accnuilate in 

that is then transferred to the stomach during clearance Of Inng airways (['halen and lrasad, 
980). Incidental ing~estion of cement may occur with poor hygiene habits, such as handling of 

fe l items without washing; hands after mixing cement. 

4,.. 1.]NA!/',."" tI( ) 1'. E
 

OccupatioInal studies have provided the bulk of informatihon on human exposures to cement, 

supplemented with a few clinical studies of suicide cases. Occupational exposures were also 

identified as; the source of most exp)osure information in a recent review of the potential 

exposures to cement and cement products (ESE, 199 1). 

The occupational investigators found increased respiratory and gastrointestinal disease in 

workers exposed to high concentrations of cement (McDowall, 1984; Amandus, 1986; 

Abrons ct al., 1988; Jakobsson et 1'1., 1990; Vestbo and RasImussen, 1990). According to the 

tuni s, ce'meWnt dllpt reXI-),;tu-e may cause bronchitis and a decrease in lungin the workplace 

function. .\lthiitgli that alii; i-ass;oCiateil hi'h iccltpationalthe evidtnlc l Cncer with 

exposures o wtvnnt is co ntradictory, expoSuLre to very higli levels Of cci nent dust may be 

associated with colorectal and stomach cancer. Ingestioin of very large a mou nts of ceinent 

results in solidiied masses in the stomach that may need to be surgically removed 

(Visva nathan, I986(). 

i tihe stud ies teviewed wer'te illth gre,ater 

Wo,:iuld lit' ntc-,ll tter dlvy thet pul)lic ner.r a CrteIn0 t plant. N,,alv of tet! icctpatiolnaal studies 

,il,it~,, t, ' ;,i .,.'o i''i.,t .I) iti ll'e t ";i' itt'eiiniit or l'aw, 

[he exposiw. irit',ned in occu patiotial hereini than 

a.,.'\pi t-i ',1t tilt ( 

ill tile old r it s iot. clear whether title iW'iVetti lit',ill e ttl: , cLeea ,e)ciAted withithies; 

conventioinal or hazardotis waste fuel. 

67 



h L/'t1rs hCha;,ttr : I'o4cnt il I/!zniat I h'alth 

a v t , , t i'', ,il i l i't I'i;.I,,, I, I..,Il hII ,, Ii i, ,, IiIc I,, kii h I,,IIn I~i, , i 

m i Ilkl~ 1, 't,--,,v,..ik t~ ,( lt t,<l clli',l1- ,. i't,-!
lz ' lit 


ht.,alth ti o crit',if I I-',,l i Iiilw c 


prodct t (AC(Ill I, 11)8so; I ,lha pell(e, l9,So; l'Otts, I98 ; :\vis11 torp, l<8~i). T'1' c)lp u [il ts of
 

nt't0litm1*in cemnlent dust are the si me those of colnctrn in ( iKI ) (i.., lka-,ilies, silica, aiC ceta, 


It ittlclic from expt 1re( lit ,I , ith ii, )Is n aI 

Ihea IiII 

IIta Is). I l ew Ithr, l ftree .-ilica cotnttn LOf cellni-lt llm -st Iw Is>< thai t', m(e AS'Nl l,, Ii 

h tI(- .staiutCarls (-\too) lo)w to catrise'i tth e u/t' ) Alt'etc inl theii n;s CKI ). I halfh 

effects f oiui e, stiin, to eelli iiit -Ar i, st lIsts to t,ilt Cdit inclhtie dt , il T >onll ls 

. l avuent1 cli romi'it, nickel, obalit), a l alali H1i I ,II ,i ll e,ts , p iiittl.mi . 

it earlierT, hiwW er, the, hailth cn)Iwcerlls art, priI,1ril Iel VIk tkik'octipaII ,t1it-\p itIi'lS.t ' 

Tiu' i i.niti il Jnli hn,,th o(f ullic Lx 1)(YsuirIV to) Ceiiiit lust JiIl tl 111'liti r ,duCtb aFe rot(i Ii 

th s11- IW'IcalIle a IIMi t iiil xIos res, nor irt, li, C(oil-;t( tieit t it'etL>. 

Since the public c()IntIact aillt conctelt a MI pi) ntI, COnIcernllSh< can ci'n]en Id Is ti t tl)Iic" health 

t(ltr - oI) l ( a vaiilab.,ilitv (t lit, ictls1; fo)r transfrI I[lir tI We, ,llit otW co ilTtet dIrin.; h iai 

lity ii I (iiit i ll ,Iln te 

fuel, alld its cmctrt, prodctsl. , is likely tpuit limited (Vain er loot, I)1). tinder flit 

,aSStlium1pti ln that (tie bioa vlilability of nletlls from Poitlaild ceulienlt is limited to 10%, FSE 

(191)) ca iiCLateCL c;I iuceni[rltitins that wonuld be IIth)waible in cent't. These "Lcceptable Iclve'" 

,lre drivd flrom1l octC-II)ionalI exposIle limit.-; Set by r-egullitory aWeincies ([S, 19 l). 11h 

proposed limits are from I to 3 orders Of mgn1,llitICLe (i.e., 10- 1,010 tines) greater thaln the 

concentrations typically fLound in Portland cemIent. This com11parison is illustrated in Table 8.3. 

acltlc.[. ItU %vttvtr-I-, t ie Iti lv ila V ( itaI ; tu ItIh'n[I - k,.- I I I II i l Ih.'a h I.; %h,,Isa 

It should be noted that these "acceptable levels" are fo.r comnparative purposes only. Even 

matikins, the worst-case assumption that all the metals are a bso)lbed flli cement followinl 

in,'stio -i"other ex os) s (i.e,., 1)0% b[iovailbil itv), ais Wa.; (t det,irinig anl Issess nllt itt 

pott'iial i-ks It a ceeilnt ptint with iinplperl, ispodi l ( 'KI ) (j ifh I)epartlmw l itt I ,ltih, 

199), fhe: oiitratioiqits o it'ls iin cemntli V bunin. hIalltnas waste as-Oaiotlti:'l while 

suti h e ta I fuei ,l wOVilId be below those usially associated with ca licer risks of regiL IaLtory 
tci )ltt'rnl. 

8.4.2 l:,.ci iATE 

Vhlihn witr or- Other liquils come into conllltaIct with Cemnlt lulst or hardened concrete, 
iununrilie'; may, leaclh outl. E'xpu ret to [h1' th' hilft Iuv occ''llr by injio):;iul of1 tt',umliiiuit ! 

'll1 " '.it 1 rV (; lill u ti' ,l i i ht'l iiI UI', , r , ti I ii 

hat'lt illF lh ''.I ili I I I i\ illFIll . 7,1 w it ! I I It11 ' il m flt'" liuiuit; I l , ll 

TCII extracts exceeded the health-based standards, and that the pttenltial is minil Ifor large 

\,>
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::lth( haptcr S: I'ItcutItI p iI'tit I HmutI 1 

Ct)MIP,-IISON t>l:IW( 61Sl:l)\' ,I"' , I7 NIlI.TA . ('t)N('tIN I'RATR()N ' Wlft I 

A\V 1:l M\ \I. ' 1l ),"; 1N PI' R1,:1 .I,FN I';: \\,, ('()\ ( -,I \ 	 . N I ) (T 

letat .,\cpc,ltlth ' l vel " l'ortllail (Cemtentt 
(tpu) (tpm) 

AlnttilllV q)l{l . 

A n ic 20019 

l' i riu in St),0))O 280 
lhr llum50) 1.1l 

( ad initiI . l,)t'O 0.34 

('hiim illt II1 
(.'hiotiil VI 

5t),00() 
1)0 

-
- -

l tal ('hIr,uiit - - 76 

I.ead 5,)000 I1 

Ni ICU ry 5,000 0.01409 

S;ilver I,(h~t) 9.2) 

'F(ill199i1(.~l( bia l. iy f 0 

a 	 Source: F'.,+ (19Ql). Based On Occupational exposture Iimi<; with ,is+lled bjoavaillability of 10%. 

Ste Tie 7.11 

amounts of chemicals to leach from cement. This analysis suggests that the metals present in 

cement produced when burning only conventiolal fuel or a mixture of conventional and 

hazardous waste fuel would pose no increased threat to human health. 

8.5 RISKS OF TRANSIP( )WTING I IAZARDOUS WASTE 

of hA, rdou. waste fuel in cement kilns will significantly\ c(mncern has,ten raised that the 11,( 

icrease> the health risks to local i''-idtls d.1e to transportation spills andiaccidents. I lowever, 

the datl do not indicate that this iS the case. For every mile traveled by truck or rail, the 

nuinber of acci(Ien s,lamages, and injurites involving hazalrdous waste are statistically less than 

th, n itnhe involvinge hzardostl-ials (e.g'., gasoline). In fact, "gasoline historically has 

killed i- injired mire people in tra n5spOrtationl acciihuts; thain all Other hlazartit)is iuaterials 

t1thI ldcii 'S, aiid1- 

deaths and injuries, with only One cleath reported tile to interst,ite hazardous waste inicidents 
accOL n tud for 2.9% ot all hizardOuus matena[s release,, 2.34 e 	 (.61 otall 
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S: I't' ttrhitl l ," ht t I, I Ir(h v tl II 

velrs ( v. I''S;s). 

[,, factrs ilay explain the rliflfcrtilce in traIsprtat Int saLty [letw teII ha rtI wis and 
haz ,rdot;S iiiateriais. ( )11e, hazartlotis wvastes are generally spent or diluted by1eprodlcts, jid 
collcenLtrated riav mat:rials, which makes them inherently less ih,/ArtlOiis than 111(1;t hat1ircotis 
tiaterials- when spilled. IwO, IIA/irdolis waste transport is Miore liihiy, rIlateil than 
hazardOuIs iiaterials trxn-p rt (Ioy, 1)8 ). Stricter transportati onl rcIlti-oiis ;ei eraihy redluce 
thrI11111Tr (d accide nts-k as-Ociatt'l With a ,ivenl type ot shipliit-it. 

The above illforniati(I s;tl;;ests that the risks of tralnsportation icidhjitts and injtri s viii not 
li.:elv increase due to, transportation of hazardous waste to a facility, particulLrly tor those 
lacilis ctlrrent ly acceptin; sh ipients Of coiniiercial fuel designated as ha1zardouMs materia ls. 
For those facilities using; noiihazardotis materials to fuel the kiln, the statistical risks of 
hazardoiNs waste accidlen ts are stifficinutly low that a major increase in risk to residents along 
the tIi0 1- rt Iti II rk)t I tI , a kil 1i; tnIik l,y. 

8.6 SUNMMARY 01 POTENTIAL HEALTH EFFECTS 

The fore Igoing revie-w Of CUrrent literature on the health effects of emissions, CKD, aid cement 
from properly operated cement production facilities using hazardous waste fuel and in 
coMplia nce with regulatory requirements indicates mininal potential for adverse effects to 
huian health. In fact, the potential health effects from kilns supplementing fuel with 
hazardous waste are not expected to be different from those that could be encounteret' from 
burning conventional fuel alone. This conclusion is based on a review of the concentrations of 
or'iiic chtiiicals and metals in tlist-;itls from kilns tisine each tye olf fuel SoutIce, and a 
r(ivitw oft ,i.;:; i;, lt-; ttf 1 ten tiil h'alth risks from a variety Of ficilitites tiletTr Va,0riotus 
OI)tratiilg ciliIditiOIIs;. 

The potential forI ad;verse health effect, is higher ill occupatiMal setting.s; iowevei, tiIsafe 
exp)sures are unlikely except at unregulated pla nts outside the U.S. The health effects from 

stich hi.lb exposures woiuld not be ex pectet to occur to the pihlic in this Con ii try With the 
extremely low co:centratioiIs of cheiiicals that mutIst be achieve tlulder current Illi and -AA 
retIl,ititli ,. Tl(I ri-lutivtdv lw incidel n e (f cc pa tiolal illnes within the. cellnt illlitrv 

iiid .. a t iitsM h ,w i citieic ccpttl atit nd ti t te (in dt11litry Ira lly !e Ill : , tlai ibli hi h i ,._act, 

not pose a greater risk to public health LIUe to burning hazardous wvaste at lproperly operated 
facilities. 
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9.0 CONCLUDING R!IAA/\KS
 

On February 21, 1991, the U.S. IEIA finalizd tlt, fill:Iile, which regulates 01". burnin, of 

laz rtlo eeI kilns. The IMl , le ,,n sta i(Lird1 t) I C'tOIfllpmIlldI,vate; in t 1,11,0i ,rr " iic 

inleilIs, hvt'fn9 'nei cliloricle', c1l10i e0 lit1ls, xlrlictll,t(,,. l ' e1,111ilatitiiis dR' even 11100' 

sfiiiigt't than Ilwe prte'sii reugillatio s for hlzart wlris wIt incilrerxrtors. II fact, a 11.5. Fl'A 

,s:istalil admini;t rt(r r iII the Office of Solid atV,it' ald LillnergencyIResponse stated that these 
"facilities will have to Meet o1r most Striinl;enlt retu ireln[iT, enstu ill public safety near lIese 

sites" (Bureai of National Affairus, 1991). (on.1Stluenltly, it a ceiIent productionl facility that 

wants toi l-in hazardois Waste canllot Meet thC.ee rtlfor[lantce standairids, then it will nolt Ie 

permi tted (i.e., allowed) to hiirn hazaudours waste. 

Reglard less of the reg,,ulations, many want to know if' tile emissions, tlhe byproduct of the 
prodticfion process (i.e., CKI)), or the final [)roduct (i.e., cement) is changed in any way by 

using hazarcloiis waste as a supplemental fuel. Recent studies have shown that the organic 

emissions from cniment kilns burning hazardous waste do not appear to differ from cemient 

kilns burnings only conventional fuel. In fact, these studies indicate that organic emissions are 

not dependent on the fuel that is burned, but on the operating conditions. 

TIhe majoriity of the letals in the hazardous waste, as well is in the raw materials and 

conventional fuel, are retained in tile clinker or the CKD. Consequently, recent studies indicate 

that the majority of metal emissions dto not significantly increase wen conventional fuel is 
supplemented by hazardLous waste. 

This observation leads to the tquestion: are the concentrations of metals significantly different in 
the cement or CKD? The preliminary results from the CR1 database indicate that, for the 
majority of metals of concern, substantial increases in metal concentrations do not occur. More 
importantly, a recent report by the PCA indicates that the type of fuel is not the primary 

determinant in the distribution and concentration of metals in either the CKD or the cement. In 
addition, the I (CA stiily dhein mstrated that the leaching of netals from cement and CKI) is not 

significill. Nooll f the verlate rntal concentrafitmis in tihe TC,'1 extracts from either ceIent 

or CKI) exceeded the health-based stanldards set by the U.S. I'A. 

All of these results have important ramni ficalIMit0s for tlhe ewAiation of health effects as.ociated 

with tlhe pract ice of birni ng hazartdous waste in cenient kilns. Since no substantial increases in 

organic and metal corniponents have been (observed in enissions, CK]_), or cenient whell 

burning hainI razalos wa!;le, 11 increases ini dyeslit! heatIth .effectsare expected to (Orccur. 

Asses;. f;il~of helh"k; rl elirissmis ,and (', I) flri facilities ill il' 1I.S. halve supporled 
lh i,; li;<, i '[l tl; 11wi~ l , i [ i< , d th"i! l <, , , l ''illt-iltii ,0l1ci ; lll~iIt l , ri ' vl 1,11w ; (h ) 

niti< 1>',<; , :,rit ,,lr ri';I.. fi1 m flie lirilili ,.jiu i < li,.'rutn lnui[ ltf i ; ll] i l'llt '< lri' itlihr 
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( "h.z~'r liV: ( ;h,,;'.an, 

10).0 (i)SSARY
 

A\cidic: tm; :;.iin' th ' ,lilitv to L t,1 e .hi 

ttcoils (or,5:t));tt halvin:;. i 11"' <tc~n 
k 

the ,bility ic'tittoe;sint- to accept, ,Alkaline: 

Proton ori" clnath , ItPair of t'hctr~is; (1r' 
having , 	pl I greater than 7. 

minum11A lum ina: com mnol n aime for alt 

oxide (AI(.0 ,i nece.s,lry i ugredi ent ill 
the.niaietctile ma~nufa ctture o~f ctcnllcit. 

an or ,anic c0m1poundAromnatic compound: 

similar il i1ohC' ULt rlti-turt' to)l, leIIIt.C. 

control 	devices (AI'CDs):Air pollution 

IlVt'l(Ve I )rtic'ut!tis from
devices i;sd to 

trele',sethe gases 	of the emneint kiln btteor 

to the environment. 

controlBaghouse: a type of air' pollution 


uses fabric filters to remove
dlevice that 

particulates from the flie a 

RuleBoilers 	 and Industrial Furnaces 

(BIF): regulations passed by the U.S. E'A
in 1991 that govern the actual buring of 

hazard1uhatovern tactl in ocement 
hazardous waste in cenment kilns. 

unit (btu): the am1nount t1British thermal 

to raise the temperature
energy reqired 

hteeenerg rurd to rai 
of 

I
I ptiuld of water l)y I.1). 

Calcining zone: tile thernialI zone in the e-

isl hImenilt kiln ill which carbn idxi h 


i , 'ch
s Is (11ser aited from (mhoi ite 


i il l 


ui'iti , Ilht 0i a t 'iIt '011 r 

('1-cin110 J'i'icity tlit' 1) 'ntiilt i . sub-

Ce e n t : 111 " ( -, ti it r 1n ,.1 ,1'1 l I rtIt lll,.11

0,tI' Iii.siiiill 

Cement kiln dui.,t (('KI)): tie collection otf 
t~artictll t' natkr red fin tl. kiln 

)Ol 	 cOlIt1 l de'ices. 
,ases by thlt' Jiir itiOi 

' 
|o;d 	 ftr.,ucc~l~~idChlorinatedp ii~rl,vasL'-: wdts that arHIcon 

i' 	 dsPosed l 111iiiaiily otfrg n oili 


ct'it a ininiv chlorine.
 

Clinker: n0lil', ('O1lIl)OS'dl of triclciiIn 

tricalciininlusilicate, dich'iuiIn silicate, 

lmtl tetracalcitln l,dimninoferritemina te, 


that form in tie siiterin , zo1 t t he ce

iient kiln. 

the ease 	withConbustible: relating to 


which a material catches fire and burns.
 

Concrete: a mixture of cement, sand, and 

gravel. 

10 to 20 	feet of thleCooling 	zone: the last 

kiln in which the clinker begins to 

cool. 

one of the foLr U.S. I'IA haz-
Corrosivity: 

ardlous waste characteristics (see Section 

Destruction and Removal Elfficiency 

( )R Fl): a paraau ter developed lby the 

to (leti'iiiirini the ibililty of I[.5. 	 \PA 

444 11 	 ) . (d1t111,'4l0 ' 	1I .1, i liii' .tiltiHI 
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I liox,i1: til,' co m mn I 1,111t. t. mr t, vchlm. 

ina ted (ibe lizo -p-d io i s ( P( A) );) 
I'ro t- ti,)II o, tltw, .(I [)i~l t1,1 ; I'','1d!llt; 

,> , u i~I ,1 .;lill h),v l.iltwrltllr,. I ml m'l-

C( ) I, ,I~ l. .cv1 ,p:: , ,,I, .k ,.ill ,k -

V0e r s4e hl a l t h ','tp'l l,t icri l'l ,r l v i l t r 

tory a 11in1, 11is . 

Electrostatic precipitator (ESI'): a type of 

air pollution control device that uses an 

electric charg,,e to collct [,artictilates. 

'pideniology: the study 01 Ihe mirces and 

distribution of diseaSe ill a pipulation. 

Flash point: the minimniim l eniprature at 

which tIhe vaIor-air mixture above a 

volatile substance ignites when exposed 

to a fllame. 

Fossil fuels: fuels such as coal and oil that 

are gIenerated by tile decay of plant 
and/or animal matter under conditions of 

heat and pressure. 

Fugitive emissions: nonstack emissions 
usually associated with normal plant 

operations or leaks at the facility, 

En ra ii s: t he commnon namin e for polychloi-

nated dlibenizoflrans (l'(1)ts). (;'lmlrationi 

of these cqOInon ds has been associated 

with how-temn perature coMI)ustio pro-

cusses and high exposul e to these coin-

pounls has been associated witlh adverse 

health effects, )irti i'llarlv ill laboratory
animal. 

ItIii iI 
:;,(~,Il'1 1111 . t 'w t (d1 t,.il , il that ",.lllo :, 
thet raIte of ,sLtlill",. 
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IIlalol"en:, ally ll,' O fethe(eh'e ll- ;t (i.c'., tl o

rint, chlorinie, bomi n e, ioldi e, aii si';ta
tint') HIM t ip i, c, d lli VIlla I hfi t(, ri,tiln O 

(dic"kaldc.
 

I la z a rd m is w a s tle : I l k' i I ' l th ' i t n ,t lh)Ti k t . 

has ; c o l, m ml a ll d I req u i re ; ( l i s w ,, 'i ,l v , 1 1l uc 

posal !Ind is tither specifically listed by 

the I 1.5. 1','A or metIs one of the four laz
ardolis waste characteristics lefi ned by 

the U.S. PA. 

I!eat-exchanging cyclones: a unit used in 
the Cement )produlictiO process that till

lizes the kiln's hot exit gases to heat the 

,'aw ml teria Isprior to enIteringt lhe kiln. 

lydrocarbons: compou nds composed of 

carbon and hydrogen. 

Ignitability: One of the four IJ.5-. IPA Iaz

ardous waste characteristics (see Section 

3.1. 

Iron oxide: :e20 3, one of the necessary in
gredients in the production of cement. 

Kiln: the manufacturing unit in which 

clinker is formed. 

Leaching: the process )y which a soluble 

component is "washed" from a solid 

material tyl)ically by pe rco latio0 01f a 

Iiquid thIironugIi tile solid material. The 

sollition which contains tile soluble 

compolnents is known as the leachate. 

lime: tilt, coliuiuloi uiann' fr callciun o~xide 

(('a()); ftnild in Ile calciillin,, zone of Ilie 

, ,v i ((\lil( 

l~ ~~ll, l,'~ ta ll r,'.v,: lt 
mAIxIMU l,,';:;it( o to a chemicalCX 1 _Iiur 

froti l lt illh' sin ict,.; an1d pathways. 



0f ai lla lict.ttw pt)OteiltidlMutageilicity: 
rs e;4C11 111 

to Ca tl t', I lill ita tio l or a nla d v e0 

in~~~ itl). ,- ,.I,,i.
l'eiWtiC Iitt'ril P NK\ it-

POIv IIolyIhinIIl ted t)1i 11e II' s (P( c"c I1: ri

l st ithat .k,
nAt,.I . i ltitiC C)I lftII Li 

btc, luse' (it their toxic-
ill the l0I{7

} 
ballltd 
ity to lIb ratory minilltls an! longtern 

the -ivirmtillent..taiilitv ill 


vaietLyPortl and cement: tihe most collnl 

oif"ctcllilt/.
 

I'recalciner kiln: identical to a preheater 

kilit e\xCept tbr a s.<econdary firing in the 

tower it heat-exchanin, cychines which 

cormileeWs thie calcination of the
nely 

tt'(I inittriill. 

kiln: a ceiilt kilnPreheater 
cyclonestower of heat-excharIkingwith a 

pa rtially cal1ci1ne thewhich preheat and 

feed llltCril, 

Principal organic hazardous constiltlellts 

(IOHCs): organic compounds chosen to 

di eterii ne the of it coibl.ltiOn"RF 

device in a trial burn. POHCs are 

in the
ntatlive of the compolllndsrepres 

waste s;tream that are the niost abuindntlli 

mlost difficult to destroy.Toand thle 

niailt ctiring pro-i cemet manProcess, dry: 
miateriall eniters thle 

cess inl which tile feed 
nat ibial-,id the 

kiln system Inl dry 	kpuwdere'd 
ti 

i niifaCtiirin,

Plricess, semitidry: 	 I ctiieiit 

' I'vpi .llv 1fr'o, t,Pi .Ilt ttt , 

.itllt'l iito the. I-i 	 , 't l
teri'll 'Ind 

itittt, htliltI, ) )
'rocess, wet : a(.ttllt 1 

lW ' ttoCOSS ill \,',ll 
toltd 

i; ' 1d dC to till.I ,tdllt,IIIt l ld tt'ti 
n ~tt t'.it,,i- II. t 

ullustinl.,Il pletct-ec It Ilk Ill'!Prodicts ot I n t ' \'\' IIWlK 's): "'litl11l{itll 

,.ilt inl tit, v,,,tc, thtl trilthat re p 

t il prt) licts rcsultinzg I'ro1iu
o.ecoili 


organic c0 ns itin t intIi,; w,wl te,
teor 

Ilip i n -l .l d ;y tte,i ed l luW Or 

inm diael YIly 11 inl_u itiln" II 1.-. IA, 

l99 (i). 71,49f). 

EIA hiaztithe Itotir I I.S.Reactivity: oile ti 

ardIis waste characteristics (see t1ion 

3. 

aResidence time: the anilotilnt of time that 

or at a
gis pend ill a particilar location 
pa rlitill,1l" ill Itiilirv. 

i llaiiptfCt 
foir silicon diox-Silica: the coIImon lane 

Oine of t he necessaryide (SiO,); 

iiigretiiensL in the produiction of cemntl. 

in the kiln
Sintering zone: the therniil zone 

in which clinker is formed. 

Teratogenicity: the potential of a substance 

to cause defects to the developing fetus. 

Toxicity: one of 	the four J... Fl' hi
i ty n, ftlfurl..FP 

cItiollarcotis waste characteristics (see 

3.1). 

Toxicity Characteristic Leaching Procedure 

a u.s. II A test tieveloped to(TCI.I): 

e1valuiate the )otnitial (itaita'Oill l'itl to 

iiiti 
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( 7a'eI 

N"hI.tR' Pol wi"s Jurnal'm' 

tro,,I 1.1 .., M'.lR. I'etersc i, W... Sali :;on, .\.1 .. lBn',,tll ,er',,aind I'. litr.r i<.s .<y ttm .i 

vtitilatorv fiiA'oiOn, andi ('1iViIlll hIlllll X')ll(.)IIr'et in I'orlHil 'litnI V 'orkeis.lwii h Jt! _a i 

o- In tiost i M,eic iit 15: oB-;7 . 

..\,.enc' f~r lkc i' Sii, intc , liiid I i str (,ISI il). 0i87seR,. loxicolog,ical profile for 

chromimnin. I)ralt. ()ik Rli),O Nationil ILal)oritory, Oak Rid , "N. 

forLToxic Sill;tali ces anl I)is.ise Re,,stry (AISIO[). 1990. Tfoxicological profile for lead.
Agency 

I t k Ridge, TIN.Oak Ricdlge Nat ( iional iLt'y, (),i 

)eMstruction of chlorinate-d hVdocarbl1ons in a cent kiln. livi-oionental
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ABS3TfACT 

This study was iniriated by the Pacific Bajin Consortuz for 

(PBCHWT ) to document current knowledge andHazardous Waste Research 

operating experience in the United States, Canada, and elsewhere 

concerning the use of cement kilns for the destruction of hazardous 

waste. The report summarizes results of tests in the United States by 

and State agencies, and inthe Environmental Protection Agency (EPA) 

Canada, Norway, and Sweden. The predominant types of wastes tested 

included chlorinated organic compounds and metal-contaminated waste 

oil. Kiln types included dry, wet, and preheat processes. 

Parameters investigated in this study include destruction and
 

removal efficiency (DRE) of principal organic hazardous constituents 

(POHCs), particulate and HCl emissions, metals, and the effect of 

burning hazardous waste on sulfur dioxide (SO2), nitrogen oxide (NOx), 

total hydrocarbons (THCs) and carbon monoxide (CO) emissions.
 

Sampling and analytical procedures required to monitor and dispose of
 

wastes safely are discussed. Technical and econanic factors, and
 

wasterisks associated with the use of cement kilns to destroy 

materials are reviewed. 

Potential applications of cement kilns for economic and 

disposal of some hazardous wastes in developingenvironmentally sound 

countries are examined. Many existing cement kilns in the
 

Asia-Pacific region, when properly operated, have the potential to
 

of the organic chemicaleconomically dispose of a substantial share 

wastes generated in that region with acceptable risk of adverse 

effects on human health and the environment. More than twenty cement 

the United States are currently being used for hazardouskilns in 


waste disposal.
 

Site-specific feasibility studies, risk assessments, and trial 

burns are reccmmended in order to determine limiting conditions that 

may be applicable. Risk assessment can help determine whether 

potential benefit3 can be achieved at acceptable levels of risk. 

This study constitutes the Consortium's initial phase of research
 

on this topic.
 

ix 



1. INT ROD UCT 0 N
 

1.1 Background
 

High-temperature industrial processes have often been used for
 

the disposal of organic wastes. Process heaters and boilers are among
 

the most common industrial processes; however, since the equipment for 

these cannot tolerate more than trace quantities of organic chlorine, 

they cannot be used for many wastes currently generated. 

Consequently, a number of other processes (e.g., cement kilns, lime 

kilns, aggregate kilns, and blast furnaces) that can destroy 

chlorinated w4astes have been proposed. Cement kilns are of particular 

interest because of their potential for reducing the environmental 

impact of disposal in a cost-effective manner. The promising 

characteristics of cement kiln disposal include: 

" 	Existing high-temperature combustion processes at 2,5000 to
 

3,0000 F (1,3500 to 1,650 C), long gas residence times of up 

to 10 seconds or more, and strong turbulence in the kiln 

virtually assure the complete destruction of even the most 

stable organic compounds (Hazelwood et al. 1982).
 

" 	Rapid temperature drops are unlikely because of the huge
 

thermal inertia.
 

" 	The alkaline environment in a kiln absorbs and neutralizes HCI
 

from chlorinated waste combustion products. 

" Kilns are operated under draft (slight vacuum); therefore, 

there is little outward leakage of fumes. 

" 	Burning of liquid organic hazardous wastes as a replacement 

for primary fuels (oil, coal, or gas) allows for the recovery 

of substantial amounts of energy from these wastes. Liquid 

waste fuels typically being burned in U.S. cement plants have 

a heat value of 10,000 to 12,000 Btu/ib, a heat content
 

comparable to coal (Peters et al. 1986). 

" There is a potential for earning disposal fees from waste N-1 

generators by treating wastes in a kiln. 

1/ 
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Cement kilns have the potential to dispose of 	large volumes of
 e 


liquid organic wastes. A typical cement plant in the United
 

States can burn 25,000 gallons (about 100 tons) of hazardou2
 

1987).liquid waste per day (3eer3 

/ .	 Cement quality is relatively insensitive to the addition of 

most of the impurities found in hazardous wastes and 
waste 

oils (Mournighan et al. 1985). 

into the clinker product,* 	 Bottom ash is incorporated 

Any metalseliminating bottom-ash disposal problems. 

incorporated into the cement

contained in the bottom ash are 


product in an inert form (Branscome 1985).
 

a Modification of existing cement kilns to accept hazardous 

waste fuels requires relatively small capital investment 

(Beers 1987). 

to cement kilns. However,
The scope of this paper is limited 

much of the discussion on onportunities and constraints is also 

applicable to lime kilns. 

waste in cement kilns has been
The combustion of hazardous 

1975; MacDonald et al. 1977),
investigated in Canada (Berry et al. 

Davis 1987), Norway (Calonius 1984;
Sweden (Ahling 1979; Piasecki and 

Viken 	and Waage 1983), and New Zealand (Holden et al. 1983), as well
 

Lauber 1982; Hazelwood et al. 
as in 	 the United States (Weitzman 1983; 

1982; 	Branscome et al. 1985; Mournighan and Branscome 1988; Argonne
 

1981). Some researchers report that disposal in cement kilns is often 

particularly for 
preferable to other hazardous waste disposal options, 

1983;and Swanson 1983; Lauber 1982; USDOEchlorinated organics (Black 

Beers 1987; Holden et al. 1983). 

have also been published indicating actual and potential
Papers 

risks 	associated with hazardous waste combustion 
(Mix and Murphy 1984;
 

fuelsdifferent waste
Bouse and Kamas 1987). A number of kilns using 

(Day et al. 1985;raried 	operating conditionshave been tested under 

and Weiss 1980; Peters et al. 1984;
et al. 1982; DuckettJenkins 

et al. 19311; Swanson Environmental 1976; Carter and Benson
Branscome 

tests have been very1984; Stohrer 1986). rome of these 

determination of
comprehensive. Purposes of tests have included 
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effect3 of various wastes on stack emissions and on cement quality, 

determination of the fate of metals and chlorine, and identification 

of products of incomplete combustion and mechanisms of their formation 

(Branscome et al. 1985; Mournighan and Branscome 1988; Viken and Waage 

1983; Higgins and Helmntetter 1982; Oppelt 1987; Peters et al. 1984). 
Over the past decade, there has been a gradual increase in use of 

this technology in the United States. Bouse and Kamas (1987) have 

addressed opportunities and corstraints, have documented the u.e of 

cement kilns for disposal of solvent-derived fuels (SDF) at seventeen 
U.S. sites, and have cited at least three additional plants that were 
scheduled to begin such disposal in 1987. Relatively slow acceptance 

of the process has been partly due to public perception of risks 
associated with the siting of any facility dealing with "hazardous" 

wastes. 

1.2 Purpose 

This investigation was initiated by the Pacific Basin Consortium 

for Hazardous Waste Research (PBCHWR), a group of research 

institutions. The purpose is three-fold: first, to assemble and 

analyze reports on current and past use of cement kilns for the 

destruction of hazardous wastes; second, to discuss same of the major 

issues associated with burning hazardous wastes in cement kilns; and 
third, to investigate the potential application of cement kilns for 

safe disposal of hazardous wastes generated in the Asia-Pacific 

region. This study constitutes the Consortium's initial phase of 

research on this topic. 

1.3 Methods of Study and Analysis 

To accomplish the stated purpose, it was first necessary to obtain 
technical reports of laboratory tests and demonstration projects.
 

These reports included detailed descriptions of cement production
 

processes, waste fuel handling systems, and technical capabil±ties and 

'I 
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limitations. Operational data, where available, were obtaned to 

assess performance of kilns while burning wastes. Information was 

also sought on energy 3avings from substitution of wajite fuel for 

from the USEPA on regulatoryprimary fuel. Information was sought 


measures, license and permit requirements, and state-of-the-art 

technology. A thorough search of the literature available in this 

Discussions were held with cement manufacturers, EPA
field was made. 


personnel, and researchers at Argonne National Laboratory and the 

sought fromPortland 	 Cement Association. Information was also 

PBCHWR members about research or operating experiences inselected 

their countries.
 

Specific critical issues addressed in this study are (1)
 

operating experience, waste types and characte tstics, and test 

results--destruction and removal efficiencies (DREs), emissions,
 

and analyticalproducts of incomplete combustion (PIC); (2) sampling 


procedures; and (3) economics of waste fuel use.
 

1.4 Organization of the Report
 

First, a brief overview of the cement industry, the technology of 

arecement production, and waste fuel handling systems presented. 

Second, the operating history of burning hazardous waste in cement 

kilns and a summary of test results are discussed collectively under 

various emission categories of interest. Third, the economics of 

waste fuel burning is discussed. Fourth, risks associated with the 

burning of hazardous wastes in cement kilns are evaluated. Last, an 

overview of cement plants in selected Asia-Pacific countries is 

presented from which one can infer potential for hazardous waste
 

disposal. Findings and recommendations follow.
 



2. CEMENT PRODUCTION
 

ials section provides a brief over-view of the cement indust'y in 

the United States and describes the technology of cement production. 

2.1 Overview of the Industry 

Portland cement is one of the largest scale mineral commodities 

produced in the United States with an annual production in 1985 of 74 

million tons. About 200 cement plants with more than 325 kilns are
 

located throughout thirty-eight states. 

The cement industry is capital-intensive and is dependent on the 

construction industry. Energy costs normally amount to 33 to 40 

percent of the total cost of cement manufacture, but in same cases may 

even be as high as 65 percent. Energy efficiency improvements have 

been made since 1950 when about 7.8 million Btus were required per ton 
of product. The estimate for 1979 was 6.5 million Btus per ton for 
the wet process cement kiln. This figure has probably continued to 

decline based on historical trends (USDOE 1980). Preheater 
modifications on dry process plants have reduced energy consumption to 
as low as 3 million Btu per ton in some instances (Branscome et al. 
1985). In 1972, only 39 percent of the industry's energy was supplied 

by coal, but conversion to coal started in the 1970s. In 1978, 
pulverized coal accounted for 63 percent of the fuels used in cement 

production (USDOE 1980). Currently, more than 90 percent of the 
installed capacity uses coal as the primary fuel (Mournighan and 

Branscome 1988). 

2.2 Process Descriotion
 

Portland cement is produced by controlled high-temperature 

(2,5000 to 2,800 F; 1,400 to 1,500 C) processing of a carefully 

5
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silica, alumina, andproportioned mixture of finely ground limestone, 

iron oxide-bearing raw materials in a rit ar-y kiln. 

For a typical U.S. cement .ant, the raw mattariala--limestone, 

silica, and iron ore-are proportionately mixed together in 

The and ray eitherapproximately 4:1:.07. cru3hing mixing be 

dry or wet (i.e., as slurry with 30 to 40 percent water).performed 

For several years, the wet process was preferred by the U.S. cement 

manufacturers because of its advantages in control of blending and 

ease of grinding (USDOE 1980). Recently, however, there has been 

conversion to improved forms of dry processing primarilyincreased 

because of lower energy requirements for the dry process (5.5 million

Btu/ton for the dry rocess, as compared to 6.5 milion Btu/ton for the 

wet process).
 

Thermal processing of the mixed raw materials may be viewed in
 

three stages: drying, calcining, and clinkering. The first stage 

(drying) applies primarily to the wet process and requires 

temperatures in t.e neighborhood of 2120 F (1000 C). The second and 

third stages (calcin-ing and clinkering) apply to both the wet and dry 

process. Calcining is the controlled heating of the mixture in order 

to dehydrate the materials astd to drive off carbon dioxide from the 

limestone. Calcining temperatures are in the range of 1,0000 to 

F (5500 to 1,0000 C). Clinkering (scmetimes called "burningn)1,8000 

the chemical reactions that convert the raw materialsis the term for 

into hardened granular masses of calcium aluminates and calcium 
ferrites. The clinkeeacQnrrec _take place at temperatures in the 

range of 1,800 to 2,500 F (1,400 to 1,500 C). The resulting
 

fine powder (90 percentclinker is then air-cooled and ground to a 

<200 mesh) for use as portland cement. The solid's residence time 

varies from kiln to kiln and is controlled by the kiln's revolution. 

Typical solids residence times are on the order of 2 (range of 1 to 4) 

hours. Often, gypsum (i.e., calcium sulfate, CaSo 4 ) is added to the 

clinker during grinding in order to retard the setting of thetime 

cement. Portland cement ofz.2n contains 5 to 6 percent gyPsum. 

For most (about 80 percent) of the cement production in the 

United States, all three stages of thermal processing take place in a 

rotary kiln. Figure 1 is a schematic of a typical cement plant. The 

tJ
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Figurv I. 	 Schematic drawing of a rypical cement kiln (Source: Lauber 1982. Reprinted 

by permission of the publisher.) 
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wet or dry mixture of raw mterials enters the rotating; cylinder at 

the kiln -ind Droce_-is throun :ones of 
the upper (or back) end of 


'- -duntil Lt
 
for the we proces3), ala ining,drying (only 


%he It exita as clinker.
k!_- wner,-
reaches the lower (front) end of 

of the kiln is supplied by suspension firing of 
Heat for the operation 


erd of the kiln. As
 
fuels through burners located at the lower 


in the kiln
heated gases
indicated in the figure, the flow of the 


of the solid raw materials. 
 Gas residence
 
to the flowcountercurrent 

for cement-making range
 
times range from 3 to 8 seconds. Rotar-y kilns 


8 to 25 feet (2.4 to 7.6 m) in diameter and from 200 to
 in size from 


length, and are inclined at approximately 
3
 

600 feet (60 to 183 m) i 


to 6 degrees.
 

Two features of the cement-making process 
are of special interest
 

when coal and easily combustible solid 
wastes are used for fuel.
 

First is the fact that much of the ash 
from combustion of these fuels
 

It is a standard practice in
 
becomes incorporated into the clinker. 


materials feed to account for
 
the cement industry to adjust the raw 


Second is the
 
incorporation of ash into the clinker 

(USDOE 1980). 


that the kiln itself acts somewhat as a 
scrubber for sulfur
 

'fact 

potential pollutants from exhaust gazes.oxides, thus removing some 

present in the calcining zone of 
effect is partiallyThis scrubbing 

to calcium oxide (lime),
the kiln where calcium carbonate is converted 


calcium sulfite 

can react with the sulfur oxides to form and 

which 

to use relatively
permits the kilns

sul1fate. This scrubbing effect 

to 4 percent) without exceeding air 
high sulfur fuels (reportedly up 

pollution codes (Ahling 1979).
 

end of the kiln must undergo
The exhaust stream leaving the upper 

The most common types of
 to the atmosphere.before dischargecleaning 
clean the exhaustthat are used to are 

air pollution control devices 

or baShouses, often preceded by a 
/electrostatic precipitators (ESP), 

as 125 tons of particulates may be

As much
centrifugal separator. 

1 ,000 ton3 of cement clinker. Most 
collected during the prcductlon of 

:rt Cle_ ofnote) .. 

of thDs. :artiU.At- ( ,3 .. .. r 

of fly ash from the
rather than parntides
cement or raw -t'rials 


recycle. through the 
In scme cases, the collected dusts are 
fuel. 


safety

kiln, but in other instances--for environmental 

and 


http:artiU.At


reason3--the du3t3 are conide-ed derrimental to the process and are 

therefore di3ca. qed aj wa3 e2. 

Several U.S. and Eurozean cemenr manufacturers have beau:: 

modifying their plant3 :o acccmodate lower priced fuel3 and to 

incorporate energy-conserving process changes. In addition to 

shifting toward the use of the dr-y process, most of these 

modifications involve scme separation of the three thermal processing 

phases carried out in a conventional rotary kiln. Such modifications 

include the use of preheaters (either suspension or grate type) and 

the use of so-called "precalciners" to carry out drying and 

calcination of the raw raterials before the mixture enters the rotary 

kiln. The rationale for performing the three thermal processing 

stages in separate furnaces is that each furnace can be designed to 

optimize a specific function, and the rotary kiln can then be used for 

clinkering alone. 



3. USE OF WASTES AS FUELS
 

3.1 Waste Fuel Sv:iemi 

Many liquid hazardous wastes have heating values of 10,000 Btu/lb
 

or more. Bouse and Kamas (1987) state "The annual estimated 

generation of all types of hazardous waste in the United States is 265 X 

million short tons. Fifty-five percent of that total is estimated to 

be 	combustible. EPA data suggest that 26 million tons of hazardous
 

waste fuel with a heating value 8500 Btu/ lb is available and that 

only 7 oercent is Dresently committed to energy use."
 

Liquid organic wastes that are presently burned in cement kilns 

include: 

* 	 Spent halogenated and nonhalogenated solvents generated by a 

wide variety of manufacturing processes, including 

metalworking, degreasing, painting, and printing; 

* Still bottoms from solvent recovery;
 

" Petroleum industry wastes;
 

* 	 A number of used and off-specification organic chemicals; and 

" 	Waste oils, consisting primarily of engine crankcase oils, but
 

also including transmission fluids, hydraulic and compressor
 

fluids and coolants. 

Although cement kilns have the potential to incinerate all types
 

of organic wastes, cement manufacturers have been interested to date
 

only in burning high-Btu wastes. Due to a desire to avoid public
 

opposition, these facilities have not burned "hi9hprofile" hazardous
 

wastes __- h _a2_polychlorinated biphenyls (PCBs), on an ongoing basis,
 

despite the fact that test burns have demonstrated the ability of
 

cement kiln3 Jen.roy 3ubstances (Laub-r 1937).to _hcje 

In order to Drop rly burn complex:c chem!cai wastes in cement 

kilns, it i important to have technical data such as shown in 

Table 1. Instruments required to, analyze waste fuel in an on-site
 

laboratory include an atomic absorption spectrometer or emission
 

11.
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Table 1.Data pertinent to incineration of chemical wastes 

Critical waste incineration Physical and chemical properties 
parameters 

Ultimate analysis C,H,0,N, S, ash, and moisture 

le.nls Ca, Na. K,Cu. V,Ni, Fe, Pb, Hg,Cr, Cd, 
eEc. 

As, 

Halogens Chlorides, bromides, fluorides 

Heating value Bw/lb or callgram 

Solids Size, form, and quantity to be received 

Liquids Viscosity, specific gravity and impurities, HP) 

Gases Density and impurities 

Organic portion Percent total organic carbon 

Special characteristics Corrosiveness, reactivity, flammability 

Toxicity TLV (Toxic Limit Value), carcinogenicity, 
aquatic toxicit'y, etc. 

Sources: Lauber (1982).
 
3ranscome et: al. (1985).
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spectroscooe, a bomb calorier.tr (Car neat Alue mea.urement) a 

hydrometer (for density measurement), a vscosinMeter (for Viscosity 

measurenen%), KarL ?I.her aDaratus (for "atcr-content ana!y~i), a 

gas chromatograph/3ass 3cectrometer with flame ionization (for organin 

specification/quantIfLcation) and an electron capture detector, and a 

combustion bomb with combustion product analyzer (for ultimate 

analysis of gas and ash content) (Branscome et al. 1985; Bouse and
 

Kamas 1987).
 

Tank truck shipments of waste fuel are analyzed for the
 

parameters described in Table 1 before unloading. Approved shipments
 

are unloaded into storage tanks. Each shipment is filtered as the
 

truck is emptied. The storage tank contents are kept well mixed by 

agitators and a bottom-to-top recirculation line. The waste fuel is 

filtered again before being pumped to the kiln's burner line. 

The waste fuel pumped to the burner floor enters the waste fuel
 

line inside the burner pipe. Fuel supply pressure varies from 30 to 

about 50 pounds per square inch gauge (psig) depending on burner 

capacity and size of kiln. Air is also introduced into the waste fuel 

through a whirling vane near the biu'aer nozzle to aid in atcmization. 

Air pressure supply ranges from 40 to 70 psig (Viken and Waage 1983;
 

Ahling 1979; Branscome et al. 1985). 

3.2 Plant Modifications Required to Burn Hazardous Wastes
 

Cement plant modifications required to burn liquid hazardous
 

wastes as a supplemental fuel include:
 

• 	 Installation of relatively sophisticated laboratory equipment
 

to characterize wastes on site;
 

* 	 Construction of waste receiving, storage, blending, and piping 

equil-...:1.; and 

*La of t: kiln' fuel injection system. 

>In 1986, capital costs for construction of plant modifications at 


a U.S. cement plant planning to burn 16 million gallons of waste fuels 

http:calorier.tr
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at a little more than $1 million (Henz 1936).
annually were estimated 


equipment, and public relations
Costs of permitting insurance, safety 


were additional.
 

can be fed into a
 
On an experlental basis, selected solid wastes 


For some solid wastes, a preKi-n
kiln together with primary fuel. 

is set or programmed to suit the type
must be inatalled. The prekiln 

In some cases, combustion of the
 of waste that is being destroyed. 

cases onlythe prekiln, and in other
solid waste takes place in 


low-boiling substances from the solid waste 
are driven off in that
 

of prekilns available, namely, rotary kilns 
kiln. There are two kinds 

and pyrolysis gasifiers (Ahling 1979; Weitzman 1983).
 

Despite the potential for burning solid hazardous 
wastes in
 

cement kilns, any ongoing commercial burning 
of hazardous wastes in
 

v cement kilns has been litmited, insofar, as is known, to pumpable 

of water. To accommodate solid
/ liquids containing minimal amounts 


-X wastcs, major plant modifications would be required (USEPA 1986).
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4. OP EAT E A!ID T: ULTS 

4. T-trJi-Uctiofl 

A number of test burns have been conducted at cement facilities
 

to determine the impact of burning organic hazardous wastes on 

emissions of many air pollutants, including organic constituents and 

products of incomplete combustion, lead and other metals, hydrogen
 

chloride, particulates, and sulfur and nitrogen oxides.
 

Trial burns conducted at more than a dozen cement plants over the 

past 9 years in the United States, Canada, and Europe have 

demonstrated that these facilities have the capabfIitT- estroy 

greater than 99.99 percent of even the most difficult-to-incinerate ,X 

organic substances (Beers 1987). Although exceptions to the 99-99

percent destruction and rf_-oval efficiency (DRE) were noted during 

some of the trial burns at two of these facilities, the majority of 

these tests demonstrated DREs approaching 99.999 percent. Those tests 

at which the 99.99 percent DRE were not obtained appear to have 

resulted from q failure to properly atcmize wastes or other operating 

errors.
 

Small amounts of hazardous waste burned in an incinerator 

achieving a DRE of 99.99 percent may escape complete destruction and 

be emitted to the atmosphere. The resulting concentration of unburned 

waste in exhaust gases can range from 5 to 50 parts per billion 

(Fennelly 1986). These emission levels of unburned waste are below 

the New York State Department of Environmental Conservation's 

regulatory air emission standards for the classes of solvents and 

organic chemicals that cement facilities incinerate. 

4.2 Ooeratin g History, With Hifhli.hts of Test Burns 

Pyroprocessing of hazardous wastes in the cement kilns began in 

the 1970s in Canada, Europe, and the United States. An outline of 

this early experience is included in Table 2. Before 1980, waste fuel 

15 



Table 2. OpxraIing history ofceIll kilns Fuel types testedProg. Parameters
Pdmnaqry est 

Ham-ea---ces---C" roccs ACD Fuel PAI ! )tiCs PICs l IC tLIPlat L" 


- Lub icating oil contiillad with meal
;.La±4ClCC C~ucucOntari 

1974 Dry-Pichcat
1975 -76u:' 

IESP Fuel oil x Ch l r i n'at d a l ph a tJ ti (etyL. 

1975-76 Wetc~ ESP Fuel oil x X - x d 
aruMatLiC.; PCBS 

Peclcss Cceent 1976 Wet ESP Coal - PCBs 

Dcuuit, Nil Chlt 'iaLatd aliphatics; cI. bor inated 

Swua Vika Ccneit 
Sv,eden 

1978 WI ESP Coal x x x x - aboiatics; ChlorophenoAs and phenox) 
acids; Frwon 113 

Noicciii Cceent 
Slecu ad, Norway 

1980-82 W,4 ESP Fuel oil x x - x x T (alkues, alkabciizencs, poly 
iomatics, hydroc±wims -PAl 1) 

PCBs (481% Cl) 

MalLpcitc Cement 
Oglcby,IL 

1981 DIy ES1- Coal x Chlorinalcd ahph'alics. NIF.K, toluclic 

Sal Juari Cement 1981-82 Wet Baghousc Fuel oil x x x x Clilorimuied aliphatics 

ucro Rico 

Alp.L, CciieIt 
Cemcton, NY 

Generl Ponkind 

1982 

1982 

We. 

Dry 

ESP 

1aghouse 

Coal 

Coal 

x -

-

x x 

~x 

Waste solvents (halo "-n s = 590 ppm) 

Aromadics and chlorinated aliphatics 

Los 1{*,jles, CA 

Gecr.al Porland 
Paulding, Oil 

1983 \VCA ESP Coal x x x x x clilorinared aliphat'i 
toLIt.A n 

HEc., 

L.IAe Star 1983 Dry ESP CalCokC x x x x x Chloinated aliphatics, MEK, toluene 

Oglcby. IL 

APCD: air pollution control device 
rt and Branscomne (1988).

Surce,: Mourniha ESP.elctrostaicprecipitator
 
CL (1903).biall n dolue al. 

Vikvn and W4aage (1983). 
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was used at St. Lawrence Cement, Peerless Cement, and Stora "ika. The 
waste burned at all three locations included PCBs and other organics. 
Test data generally indiaated acceptable performance in ter=3 of kiln 
operations and emissions; however, since there waj adverse public 
reaction to burning PCBs at St. Lawrence Cement and Peerless Cement, 
hazardous waste burning was discontinued at both locations (3erry et 

al. 1975; Bouse and Kanas 1987). 

The 1980s have seen continued testing of waste fuels in cement 
kilns at several cement plants. Table 2 continues with the experience 
of the early 1980s. This section presents highlights of tests at each 
specific site, with pertinent comments on operating history and test 

results. 

4.2.1 St. Lawrence Cement ComDany 

From 1974-76 the St. Lawrence Cement Company, Mississagua, 
Ontario, burned waste chemicals in two separate kilns. The test in 
1974 burned waste lubricating oils contaminated with lead and zinc in 
the company's dry process kiln with a 4-stage preheater. Test results 
indicated that these metals became incorporated into the clinker. 
Waste chlorinated hydrocarbons, consisting of approximately 45 percent 
PCBs, 12 percent aliphatlcs, and 33 percent chlorinated aromatics, 

were burned in 1975 in a wet process kiln. 

Extensive tests were conducted during these trial burns of 
chlorinated organics. Stack Lests performed during the trial burns 
indicated a destruction efficiency of at least 99.986 percent for the 
chlorinated hydrocarbons. PCBs were not found in the clinker. About 
50 ppb of volatile low molecular weight compounds (carbon 
tetrachloride, chloroform, dichloromethane) were found in the emission 
samples. A mass balance carried out for chlorine indicated that 
essentially all the chlorine had reacted with the process solids. 
This demonstrated that acid gases such as HCl, which are generated by
 
the pyrolysis and oxidation of chlorinated hydrocarbons, are
 
effectively neutralized by process lime in the cement kiln (Mournighan 

and Branscome 1988; Hazelwood et al. 1982). This provides an 
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need to produce lowadditional benefit. Some cement plant3 have a 

cement products.. 7n such cases, the burning of chlorinatedalkali 

hydrocarbons diiec ly result3 In the lowering of the alkaliaity of 'he 

cement products.
 

During test burning of chlorinated wastes, the average 

waste fuel was about 12 percent, ;replacement of primary fuel with 

whereas the heating value of these wastes averaged about 10,000 

Btu/lb. Fuel requirements for the kiln were reduced by about 65 

the actual energy content of the wastes burned (Hazelwoodpercent of 

et al. 1982). It was demonstrated that chlorine can be added to a 

typical wet process kiln at rates of about 0.4 to 0.7 percent of 

clinker weight without disrupting kiln operations. 

The burning of PCB waste at St. Lawrence was a technical success
 

in that the wastes were destroyed to below analytical detection
 

limits. For about 2 years, wastes with up to 10,000 ppm of PCBs, a 

most difficult compound to destroy, were burned completely without
 

accident. Public opposition, including resentment, developed because
 

they had not been informed. PCB operations were subsequently
 

suspended after extensive public hearings. 

4.2.2 Peerless Cement Comoany
 

In December 1976, a test burn of PCB wastes (a mixture of 40 

percent archlor 1260 PC3 with primary fuel) was conducted at the 

Peerless Cement Plant, Detroit, Michigan. The waste was pumped at a 

rate of up to 0.75 gal/min directly into the main coal flame of the 

kiln using an auxiliary burner. The burning zone of the kiln was at 

2,650 F with a residence time of 10 seconds. 

Stack emissions during PCB tests showed a DRE of 99.99 percent. 

However, when background stack tests were performed with no PCBs being 

injected into the kiln, some low-level PCB emissions were detected in 

the kiln cmi2sion stack. The paradox was that PCBs were detected in 

the plant's feed water used in the raw materials feed slurry. 

Following these PCB waste destruction tests, considerable public 

opposition developed and hearings were held. 
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4.2.3 Stora Vika Cement Plant
 

Between February and July 1978, various chlorinated chemical 
wastes were burned at the Stora 'Itka Cement Plant, about 70 kilometers 
south of Stockholm, Sweden. Chlorinated aliphatics, PCBs, 
chlorophenols, and phenoxyacids were burned during these tests.
 
Average chlorine content was 17 percent of waste fuel weight. 
Chlorine content in the wastes averaged 0.35 percent of clinker 
weight. There were no kiln operational problems so long as chlorine 
input was kept below 0.6 perient of clinker weight; at higher rates, 
alkali halogen rings began forming in the kiln. These problems
 
disappeared when chlorine feed rates were reduced (Hazelwood et al. 
1982). Destruction and removal of PCBs was 99.9999 percent. 

Analyses were also conducted for dioxins and furans, but no 
detectable quantities found. emissionswere Dust from the plant 
increased during the trial burns due primarily to an increase in 
potassium chloride concentrations in the kiln dust. 'Water was used to 
extract these chlorides from the dust before recycling. 

4.2.4 Norcem Cement Plant
 

At the Norcem Cement Plant in Slemmestad, Norway, an 
energy-saving program using hazardous waste fuel was initiated in the 
early 1980s. By introducing 30 percent combustible hazardous waste,
 
energy consumption of primary fuels was reduced from 1,000 to 700 
kcal/kg of clinker and 1983).(Viken Waage A high temperature (above 
1 ,400 C) in the combustion chamber maintainedwas for decomposition 
of stable materials such as PCBs and other polyaromatic hydrocarbons 
(PAH). DRE for PCBs was 99.9999 percent. Special efforts were made 
to detect dioxins and furans, but none were found. No organics were 
detected in the dust from the electro-filter or in the clinker.
 
During the burning of these PAHs, instrumentation allowed detection of 
heavy organics in the stack emission at extremely low levels (e.g., 
PAH, ketones, alkanes at 14, and 150 Ug/Nm3 ,23, respectively). The 
detected levels of these decomposition products did not vary greatly 
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from emissions under baseline conditions (i.e., without hazardous 

waste fuels).
 

4.2.5 Marquette Cement Comoany 

During 1981, the Marquette Cement Plant, Oglesby, Illinois, 

methyl ethyl ketone (MEK), and tolueneburned chlorinated aliphatics, 


as waste fuel in their dry process cement kiln. Test programs
 

included POHC analysis, metal analysis, and THC analysis. DREs for
 

various organics ranged from 99.94 to 99.999 percent. When lead
 

contaminated waste oil was burned, reduction in lead emissions down to
 

a level comparable with lead emissions from burning primary fuel
 

(coal) only. was reported (Mournighan.et al. 1985). Quantitative data
 

was not included in the report available. The Marquette Cement
 

Company is currently owned by Lone Star Industries.
 

4.2.6 San Juan Cement Company 

of 1981 and 1982, the USEPA conductedDuring fall and winter 

several worst-case trial burus of highly chlorinated chemical wastes 

at the San Juan Cement Company in Puerto Rico.
 

The San Juan tests were conducted in a wet process cement kiln 

bunker fuel (no. 6 oil) as the primary fuel. Eight testfired with 


burns were conducted. Process temperature was 2,4000 F. Gas
 

residence time was 4 seconds. Chlorine content of some waste fuels 

The fuel mixture with the "most difficultwas as high as 38 percent. 

to destroy" constituents included 1.4 percent methylene chloride, 


chloroform, and 8 percent carbon tetrachloride.
percent 


One of the objectives of the program was to determine if
 

dibenzodioxins (PCDD) and polychlorinated
polychlorinated 

(PCDF) wer3 emitted as products of incomplete ccmbustiondibenzofurans 


to the kiln.
while hazardous waste was being fired 

4 

http:Mournighan.et
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Juan 	test3 staces (Peters et al. 1984):
The 	report of the San 


"CONCLUSIONS 

Some of the results observ1ed in this demonstration program were 

from other cement kiln incinerationcontradictory to results 

lower DREs, no change in particulate emissions, andtests; e.g., 


and NOx emissions. The conclusions
significant changes in SO 2 

presented below apply only to this oarticular kiln and the 

results from this demonstration orogram. 

1. 	The inability of this kiln to consistently achieve 

99.99% DRE (a value which hazardous waste incinerators 

must demonstrate) of the POHCs is attributed to 

unatomized waste introduction to the kiln flame and the 

of the POHCs. These compoundsdifficult incinerability 

(CH2C12 , CHC13, and CC14 ) are occasionally employed as
 

to removefire retardants because of their ability 

hydrogen atoms from the free-radical branching 

reactions to form HCI. Combustion ofcombustion 

chlorinated species containing less chlorine may have 

resulted in higher DREs. 

dioxins and chlorinated dibenzofurans2. 	Chlorinated are 

not produced at detectable levels (1.6 ng/m 3 ) when a 

cement kiln firing chlorinated wastes is operating 

normally. 

3. 	 Cement kilns will absorb over 99% (about 99.7%) of the 

HC1 formed during the combustion of chlorinated 

hazardous wastes. This absorption is partitioned 

between the clinker and baghouse dust. 

4. 	At San Juan Cement Company, approximately 82% of the 

fed to the cement kiln appears in the clinker.chlorine 

This limits the chlorine content of the total fuel to 

less than 10. Thi2 may vary at different cement plantci 

because quarry alkalinity (ability to absorb chlorine) 

varies at each cement plant. 



5. 	 Achievable fuel 3arlsn.3 ar,2 a function of the chlorine 

content of wa--r-,,. in.. each pLant'3 ability to aborb 

chlorine. At Jan ;a-y, i nazard=npi. 


waste containing 1-!33 than :" Wi!L result in at Lena a 

20' 	 sav in-s in fuel : o-ta. i3.ther fuel 3avinW3;3 may be 

Possible for higii.er chlorine contenta at other plants. 

6. 	 Production of 3alable cement product is possible when 

burning chlorinated hazardous wastes provided the 

plant's chlorine absorbability limit 1i not exceeded. 

7. 	 Atomization of .he waste fuel would be desirable, if a 

flame configuration can be obtained which does not 

alter the pr-.mar7 fuel flame configuration. 

8. 	High feed line pressure [1,380 to 2,070 kPa (200 to 300 

psig)] is not required for waste injection to the kiln. 

This pressure requirement may change depending on the 

type of atcmizing nozzle used. 

9. 	 There is no significant change in particulate emissions 

due to burning chlorinated hazardous wastes. This 

result was observed on a cement kiln equipped with a 

fabric filter air pollution control system. A cement 

kiln with an electrostatic precipitator may not achieve 

similar results due to a change in dust resistivity. 

10. 	 Emissions of sulfur dioxide, total hydrocarbons, and
 

hydrogen chloride Increased significantly when waste
 

was burned. A cement kiln with a higher alkalinity
 

feed than that at the San Juan Cement Company may not
 

have an increase in SO2 emissions.
 

11. 	 Emissions of nitrogen oxides decreased significantly
 

when 	 waste was burned. 

12. 	 There is no change in particulate ambient air quality
 

due to hazardous waste combustion in cement kilns. 

13. 	 The solid waste (bahouse dust) generated by nazardous
 

arewasje burning, i1 Lt CRA (l.hate) artract 

suitable for landfilling."
 

http:higii.er
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4.2.7 Aloha ,,,n Comoan"y 

Dur~n-: ju~:.-. I), :he burning of waste noL-vntn waj begun in 

the w .: :rJ, aC *e ent kilns az Alpha Cemen Cc:zcny, C-.enon, % w 

York. Durin: t. ntn, up t: 15 gal/min of waste jI].'en.c o L-ng ,':) 

to 2 percent chiorirated organics were burned at this demonstration 

project. These waste fael3 were fired at up to 25 per >2n. replacement 

of primary fuels. Front-end kiln temperatures were 2,200 F and 

above. Gas residence time was 5 seconds. In the tests, DREs of 99.99 

percent were achieved for the POHC3. The demonstration project
 

indicated about 58 percent lower SO emissions than when the prizary 

fuel (coal) was burned alone. 

The firm planned to conduct additional worst-case trial burns 

involving various higher halogenated principal organic hazardous 

compounds in the near future. 

4.2.8 General Portland Cement Company
 

The cement kiln at General Portland Cement Company, Paulding,
 

Ohio, uses the wet process with coal as the primary fuel. Beginning
 

in 1983, normal operation of this kiln included co-firing of waste
 

solvents as supplemental fuel.
 

An EPA demonstration test at this plant in 1983 included 4 days 

of baseline testing and 5 days of testing during the waste burn. The
 

POHCs in the waste fuel included methylene chloride, MEK, toluene, and
 

Freon 113. The waste fuel was fired through a separate burner pipe
 

inside the coal burner with air atomization of the solvents. Process
 

temperature was in the range of 2,500 F to 2,600 F with a gas
 

residence time of 4 seconds.
 

Test results indicated DREs of 99.99 percent for Freon 113 and
 

>99.99 percent for trichloroethane. There was no statistically
 

,
siznificant dif:'rence between averP- ' POiC en:m1,o-n r2., 3 for the 

baseline and waste fuel burn. This was also truv for PICs.
 

Most of the chloride (about 95 percent) was removed with the
 

dust. Less than 5 percent left with the clinker and stack gas. There
 



were emissions of Cd, Cu, Hg, Pb, and Ce when waste fuel was burned. 

Dibenzofuran3 and dibenzodioxins found in 'he stack gas were at a 

concentration level of lesis than 0.17 ppb. 

4.2.9 Lone Star Industries
 

was 

conducted in 1981 when it was formerly owned by Marquette Cement 

The first trial burn in this plant at Oglesby, Illinois, 

Company. In 1983 there was a second demonstration project at this
 

plant, now owned by Lone Star Industries. The test used paint
 

solvents composed of chlorinated aliphatics, M=K, and toluene. The 

waste was spiked with Freon 113 and fired through a separate pipe
 

under the coal burner with pressure atomization. DREs were in the 

range of 99.999 percent. 

4.3 Test Results
 

Test results have shown that use of waste fuels does not affect
 

cement quality. Other specific test results for each of the
 

demonstration projects are discussed here collectively under various
 

categories of emissions interest.
 

4.3.1 DREs for POHCs
 

Destruction and removal efficiency (DRE) is a simple efficiency 

calculation based on the amount of a compound emitted from the stack 

after thermal destruction and gas treatment in the control device 

compared to the quantity of that compound entering the kiln with the 

waste. Demonstration projects for study of hazardous waste disposal 

in incin -,rato:'3 --ind 2.... kllnj .3 n 7-0o. (volatileVO.T 


organic sample train) and Modilfied Method 5 (MH5) techniques to
 

determine the concentration of principal organic hazardous
 

constituents (POHCs) in stack gases.
 



The DRE re3ults for some of the dtmon3tration projects are 

summarized in Table 3. The reoorted DRE are >99.99 percent for 

wastes with mostly chlorlnated org-anic, >99.939 zercent for 

chlorinated aromatics, and >99.986 percent for PC3 mixtures. 

4.3.2 POHC Emission Rates
 

POHC emission rates are 3ummarized in Table 4. The tests at 

Paulding, Lone Star, and Los Robles showed that the difference in POHC 

emissions between baseline burns and waste burns was not statistically 

significant. During the trial tests at Stora Vika, the only compounds 

detected in the stack gas were chloroform and Freon. In burns at 

Peerless Cement, there were low-level PCB emissions during both the 

baseline and PCB burn. PCB was detected in the plant's feed water 

used in the raw materials feed slurry, which accounts for PCBs in 

baseline emissions. At San Juan, lower DREs were attributable to 

unatomized waste introduction to the kiln. Also, the most 

difficult-to-burn compounds were chosen as POHCs (i.e., CH 2 C1 2 , CHC 3 , 

Cdl4). 

-.3.3 PICs (Products of Incomplete Combustion) 

The burning of complex mixtures of organic compounds yields 

emissions of compounds other than POHCs. Several tests at kilns have 

attempted to quantify concentrations of both volatile (boiling point 

<1000 C) and semivolatile organic compounds that are emitted under 

baseline and waste fuel conditions. 

Table 5 lists the types of compounds that appeared as PIC3 in the 

tests. The results show that when hazardous wastes were burned, there 

generally were minor increases in ?PCs compared to baseline 

conditions. 7.:rsuits :'Dr baselifne burns (1.., no hazardous waste) 

indicate that many of the PO"ICs are by-products of coal combustion. 

Trace quan:ities of PICs were found at San Juan during kiln upset 
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Table 3. Summary of DREs 

Plant 

St. Lawrence Ccment 
Mississagua. Ontario 

Peerless Cement 
Detroit, MI 

Stora Vika 
Sweden 

San Juan Cement 
Puerto Rico 

General Portland 
Los Robles, C 

General Portland 
Paulding, OH 

Marquette Cement 
Oglesby, [L 

Lone Star 
Oglesby, IL 

Sr 

Norway 

Waste Compound 

Chloinated iliphatic';
Chlonrinated aromatics 
PCBs 

PCBs 

Methylene chloride 
Trichloroethylene 
All chlorinated hydrocarbons 
PCBs 
Chlorinated phenols 
Phenoxy acids 
Freon 113 

Methylene chloride 

Trichloromethane 

Carbon et-achloride 

Methylene Chloride 

1.1,1-Trichloroethene 


1,3,5-Trimethylbenzene 

Xylene 


Methylene chloride 
Freon 113 

Methyl ethyl ketone 

l,I1-Trichlorethene 

Toluene 

Methylene chloride 

Freon 113 


lethyl ethyl ketone 

1,1,1-Trichloroethene 

Toluene 


Styrene 

Ethylbenzene 
O-Xylene Ben~alehyde> 99.99)8 

I 

_ 

Destruction and 
Re-rroval E:tIc*-.:Icy
{DRE 

> 9.9) 
> 99.989 
> 99.986 

99.9981-99.99S6 

> 99.995
 
> 99.9998
 
> 99.988
 
> 99.99998
 
> 99.99999
 
> 99.99998
 
> 99.99986
 

93.292-99.997 
92.171-99.96 
91.043-99.996 

> 99.99 
> 99.99 

> 99.95
 
> 99.99
 

99.956-99.993 
> 99999 

99.973-99.997 
99.991-99.999 
99.940-99.983 

99.94-99.99 
99.999 
99.997-99.999 
> 99.999 
99.986-99.908 

> 99.999 
> 99.999 
> 99.999 

Sources: Branscome ec al. (19Z5).
 
Yournighan and Branscome (1988).
 

http:99.94-99.99
http:92.171-99.96


27
 

Table 4,.Summary o P[HC emission rates 

Bascline WaSte ImTest Lcatinn PO IfC; 	 eni;!S;Ioru; emnisSon 

San Juan 	 Methvlcne chirde 1..4 94
 
Chloroform 11.0 94
 
Carbon tetachlonide 71.0 191
 

Paulding 	 Methylene chloride 0.6 1.1 
Freon 113 <0.02 <0.025 
1,1,1 -Tnchloroethane 	 0.04 0.149 
Methyl ethyl ke one 	 0.77 0.54 
Toluene 	 4.7 .- 70 

Store Vika 	 Medhylene chloride <7.3 
Trichloroythlene <0.3 
Chloroform 	 10.0 
PCBs 	 <0.04 
Chlomphenols <0.025 
Phenoxy acids <0.05 
Freon 113 0.03 

Peerless 	 PCBs 0.1-0.75 0.13 -0.55 

Los Robles 	 Methylene chloride <0. 1 - 0.43 <0.003 
1,1,1-Trichloroethane 0.13- 0.34 0.005 
1,3,5-Trimethyl benzene <0.1 - <7.5 <0.42 
Xylene <0.1 - <3.1 <0.21 
Benzene 35-54 75.00 

Lone Star 	 MeLhylene chloride 4.8 0.9 
Freon 13 0.43 0.075 
1, 1. 1-Thchloroethane <0.025 <0.014
Methyl ethyl ketone 0.17 0.14 
Toluene 1.5 0.98 

• None of the target compounds except chloroform was found duIng the baseline test. 
Sources: 	 3ransco-e ,!t al. (1985). 

Mournighan and 3ranscome (1988). 

http:0.1-0.75
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Table 5. Prodtucts of incomplete combustion (PC) 

Tests 

San Juan, Puerto Rico 

Los Robles, CA 

General Portland, 
Paulding, OH 

Lone Star, Oglesby, IL 

Store Vika, Sweden 

Baseline combustion 

Benzene
 
Toluene 
Methylene chloride 
Trichlorcthene 

Methyl ethyl ketone 
Toluene 

Benzene 

Biphenyl 

Naphthalene 


Toluene 
Benzene 

Biphenyl * 
N:i htha lene
 

Sources: 3ranscome dc al. (1985).
 
i-.!n and Waage (1983).
 

ItTrace quantlties
 
* o incre.e du± to ,wasce ueL combustion
 

Waste combustion 

Benzaldehyde
 
Phenol 
Alkylbenzene 
Benzoic acid 
Naphthene isomners
 
Anthracene 
Polychlorinated 

dibenzofurans (CI: 5,6.7 
isomers)*" 

Methyl ethyl ketone 
Toluene
 
Benzene 
Piphenyl
 
Naphthalene
 

Biphenyl
 

Naphthalene
 

Chloroforn*
 



conditions, and trace quantities may have been present when 

chlorophenols and phenoxy-acids were burned at Stora 7:ka. 'iowever, 

tests at two other kilns (O;leaoy and Pauldinw) and moo: of :he 

analysej a: San Juan and Stora Vika revealed no detectabie quantities 

of PICa :s determined by M5 and VOST (Branscome et a!. 1985; 

Mournighan and Branscome 1988). 

4.3.4 Particulate Emissions
 

Emissions of particulates from cement and lightweight aggregate
 

kilns may increase slightly when waste 
fuels are burned. This occurs 

because the presence of chlorine in the waste feed changes the 

resistivity of dust particles, which in turn reduces the effectiveness 

of electrostatic precipitators in capturing particles in exhaust
 

gases. However, by making certain operating adjustments, facilities 

utilizing electrostatic precipitators have demonstrated the ability to 

meet regulatory standards for particulate emissions (Mournighan et al. 

1935).
 

The effect of waste combustion on particulate emissions has been 

of interest because the earlier cement kiln tests (St. Lawrence and 

Stora Vika) indicated that burning chlorinated wastes increased 

emissions of particulates. Subsequent tests indicate that 
the burning
 

of hazardous wastes does not affect the emission of particulates from 

facilities that utilize a baghouse filter or scrubber system to trap
 

dust particles. A summary of particulate emissions in some of the 

tests is presented in Table 6. Average particulate emissions during 

waste burns, aoout 0.65 lb/ton of product in most of the later tests, 

were lower than during baseline burns (0.87 lb/ton of product). 

4.3.5 of Chlorin
 

Esslons of hydrogen chloride (HC1), a highly acidic comDourd, 

often present problems for commercial incinerators burning chlorinated 

organic wa-stes. However, HC emissions from cement kilns are minimal. 
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Table 6. Emiasions of particulate matter
 

Site 


St. Lawrence 


Marquette 


Alpha Cement 


San Juan 


Paulding 


Lone Star 


Stora Vika 


Paticute(kg/g 
-linker) 

Tre3t condition gr/SCF lb/h lbi/' Lnto kiln 

Chlorirated aliphatics 0.21 123 a 3 4.0 

Chlorinat-.ed aromatics 0.086 45 1.1 5.5 
PCB3 


Baseline 


Lubricating oil 

Baseline 


Waste solvents 


Baseline 


Solvents 


Baseline 


Wastes 

Baseline 


Wastes 

Baseline 


Wastes 

Baseline 


Aliphatics 

Baseline 

PCBs 

Baseline 

Chlorophenols and 

phe-oxyacid3
 

Baseline 


Freon 113 

Baseline 


Sources: Mournighan and Branscome 

Branscome et al. (1985).
 

0.078 

0.038 


0.064 

0.107 


0.104 

0.093 


0.041 

0.050 


0.043 

0.041 


0.030 

0.030 


b 

0.17 


0.039 

0.009 

0.024 

0.011 

0.058 


0.014 


0.062 

0.022 


(1988).
 

44 

21 


33 

139 


58 

50 


44 

53 


22.4 

21.7 


18-9 

19.6 


b 

116 


21 

4.7 

12.7 

5.9 


33.9 


7.7 


33.3 

11.7 


1.1 

0.5 


0.7 

1.1 


<I 

<0.3 


0.8 

1.1 


0.66 

0.64 


0.65 

0.64 


b 

2.0 


0.33 

0.21 

0.53 

0.25 

1.36 


0.34 


1.39 

0.49 


2.5
 
-

-
-

1.1
 
-

-

-

5.5
 
-

2.2
 
0.2
 

1.2 
0.2
 

4.4
 
0
 
3.6
 
0
 
0.95
 

0
 

1.7
 
0
 

aa:-macnnd ESP dif 


bES a:atoe
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Because conditions within the cement kiln ar-e nignly causti, 

virtually all ot' the chlorine entering the kiln i neutraiiz-e2,c by 

a!k ! i: to : cal mcium sodium cl -- annd po(s :1 uchloridc, !, 

chloride, substances which are not acidic. Paulding te;: report 

indicated that most of the chloride was removed with the waste dust. 

Less than 5 :ercent was emitted with the clinker and stack gan. 

Data Ln Table 7 show that during scie waste burns there were 

increases in chloride emissions compared to baseline cond.tions, and 

in other cases there were decreases. 

4.3.6 N1{ and SO, Emissions 

Unlike coal, which typically contains significant amounts of 

sulfur, hazardous wastes usually contaim little or no sulfur. 

Therefore, the use of hazardous waste as a suoplemental fuel in cement 

manufacture provides the indirect benefit of reducing emissions of 

sulfur dioxide from the kiln (Branscome et al. 1985). Nitrogen oxide 

emissions generally are not affected by the burning of waste fuels. 

NO and SO2 emission results are summarized in Tables 8 and 9,x2
 
respectively. Tests at Lone Star and Paulding showed higher NO
 

concentrations during the waste burns. This was probably due to the
 

higher 02 tnput (Branscome et al. 1985).
 

SO2 test emission results show that substitution of the 

sulfur-containing primary fuel with a low sulfur waste fuel decreased
 

SO2 emission in the tests at Alpha Cement, Marquette Cement, and 

General Portland at Paulding. The San Juan test showed an increase in 

SO2 emissions when waste fuel was burned. The increase was attributed 

to a lower 02 input (as evidenced by low NO emissions) and 

competitive acid gas scrubbing from HC! in a relatively low alkaline 

kiln when burning the highly chlorinated wastes (Mournighan and
 

Branscome 1083).
 



Table 7. HCl emissions
 

TeatTest 

Site conditiona 

Alpha Cement 	 W 


B 


Marquette 	 W 
B 

San Juaa 	 W 


B 


Los Robles 	 W 


B 


Paulding 	 W 

B 

Lone Star 	 W 
B 

St. Lawrence 	 W 


B 

(lb/h) 

5.3 


2.4 


115 


190 


J.79 


<0.19 


1.03 


0.55 


4.62 

1.25 


25.3 


2.9 


<1 


<1 


Source: Mournighan and Branscome 


a, 
= waste burn
 
B = baseline
 

HCI.
 

(lb/t) 

0.11 


0.05 


1.9 


3.2 


0.02 


<0.06 


0.015 


0.007 


0.16 

0.04 


0.46 


0.054 


<0.02 


<0.02 


(1988).
 

Noe3 

Organic ho-iogenz in fuel
 

590 opm
 

Avg. 1.1 kgCl/mg clinker for 
waste burn; waste avg. = 

4.51 Cl
 

Avg. 5.5 kgCl/mg clinker for 
waste burn; wa3te avg. = 

6.5 - 35.14 Cl 

Waste = 2% Cl; avg. 1.1
 

kgCl/mg clinker
 

Avg. 2.2 kgCl/mg clinker; 
waste avg. = 2% C1 

Avg. 1.2 kgCl/mg 	clinker;
 

waste avg. 1.9% Cl
 

6.8 kgCl/mg clinker, max.
 

0.7 kgCl/mg clinker for
 

baseline
 

K,
K
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Table 8. Summary of 1O emis3sion3 

NO
 
Te3 

Site conditiona 	 (lb/h) (lb/t) (ppm) 

W 	 275 4.6 544
Marquette 
B 404 6.7 920 

San Juan 	 W 31.3 0.9 68
 

B 60.4 1.8 136
 

5.3 486
Los Robles 	 W 304 

B 444 8.2 680 

Paulding 	 W 1711 6.0 478 

B 140 4.6 371 

Lone Star 	 W 472 8.6 814
 

B 	 371 6.9 620 

Source: Branscome et al. (1985).
 

aW = waste burn
 

B = baseline
 

\r-



Table 9. Summary of SO2 emissions
 

2O
 

so2
 
T~jt
 

Site 	 conditlona (lb/h) (lb/t) (ppm)
 

Alpha Cement 	 W 58.5 1.1 33 S in coal = 2.6%; S in waste 0.2% 

B 138 2.7 78 S during waste burn = 2.0% 

0.19 18 S in waste = 0.08%Marquette 	 W 11.5 
B 57.1 0.95 93 S in coal = 

W 264 8 450 S in fuel oil = 2.15%San Juan 

B 170 5 279
 

S in coal = 0.43%
Los Robles 	 W 21.7 0.36 27 

B 23.7 0.38 27 

W 207 6.8 265 S in coal = 4.3%
Paulding 

B 526 17.2 636
 

W 14.7 .12 19 S in coal/coke = 2.7%
Lone Star 

B 5.6 .10 7
 

Sources: Mournighan and Branscome (1988). 

Branscome et al. (1985). 

aW = wasteburn 

B = baseline 
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4.3.7 THCa and CO Emissions
 

Test result3 for THCs and CO are s.zmarized in Table 10. THC3 

increased during waste fuel combustion at three test locations (San 

Juan, Paulding, and Lone Star), decreased at one test location 

(Marquette), and remained the same at another (Stora Vika). 

The results of CO emissions indicate that combustion of waste 

fuels does not significantly affect CO concentrations.
 

4.3.8 Metals
 

Because waste oils and many hazardous wastes typically contain
 

metallic constituents, most notably lead, concerns have been raised
 

The data on
over emission of metals in cement kiln exhaust gases. 


metal emissions from hazardous waste incinerators are less well 

developed than the data characterizing destruction and removal 

However, evidenceefficiencies for organic substances (Oppelt 1987). 


published to date indicates that the burning of waste fuel in cement 

and lightweight aggregate kilns results either in no increase or in
 

only a slight increase in air emissions of lead and other metals 

(Higgins and Helmstetter 1982). Studies have shown that greater than 

99 percent of the lead contained in wa ,te fuels is either incorporate 

in an inert form in the clinker product or is adsorbed onto ki-'n x:st 

particles that are removed by air pollution control devices (Branscome
 

et al. 1984). For comparison, a recent survey of trial burns in which 

wastes containing lead incinerated in cement kilns concluded that lead 

emissions from six of the seven facilities tested were less than lead 

emissions from several automobiles burning leaded p soline (Mournighan 

et al. 1985). 

-.3.9 Dio:ins and Furans 

Two types of highly toxic PICa, dioxins (TCDDs) and furans
 

(TCDFs), have received special attention because they have been 



c 
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Table 10. Summary of THC and CO concentration3
 

Site Test condition THC (ppm)a 


470 b 
Marquette Waste burn 

1,2 5 0b
 Baaeliie 

12.7
Waste burn
San Juan 

8.3
Ba3e2ine 


Los Robles Waste burn 
 d 

Baseline 4 


?aulding WasrC; b'r, 21 

Baseline 10 


5
Waste burnLone Star 
2.5
Baseline 


Stora Vika Chlorinated allphatics <10 
Baseline <10 


PCBs <10 
Baseline <10 

Chlorophenols/ 10 

phenoxyacids
 

Baseline 10 


Freon <10 
Baseline <10 

Source: Branscome et al. k9,I.
 

aExpressed as ppm methane unless otherwise noted 

bTotal nonmethane hydrocarbons
 

CRange of test averages
 

dNot measured
 

CO (ppm)
 

-


24-738

25-349 c
 

25-100
 
10-618
 

190
 
212
 

24-49 c 

35- 40 c
 

300-.1500 
1500
 

100-1500
 
100
 

50-500
 

50
 

100-500
 
100
 



identified in air emissions from a number of solid waste incLnerator3. 

However, a survey of test results from trial burns conductd at cenent 

kilns and other industrial hazardous wazte incinerators ndicates t at 

emission3 of dioxina and fur-=ns from these facilities are not 

significant (Cppelt 1937). 7he dioxin isomer of greatest concern 

(2,3,7,-TCDD) has not been detected In emissions from any of 

seventeen hazardous waste incinerators where tests for these 

substances have been conducted. Although other isomers of dioxins and 

furans have been identified in stack gases at several of these 

facilities (Including during a trial burn conducted in 1985 at the 

Lehigh Cement facility Ln Ceenton, New York), emissions from 

hazardous waste incinerators appear to be aDproximately 3 orders of 

magnitude less than those reported for municipal incinerators (Oppelt 

1987). 



5. ECONCMT.2S CF WAL2 FU'EL US
 

This section e2xamines th- e feiblity of burning 

hazardous waztej in cement kilns. Fr;m the vIewo0L1 of a cement 

plan! -ana er, there must be a reaaonable a22urnce- of increased 

profit or reduced cost to the plant. before expe2nse for burning wastes 

can be incurred. One U.S. cement plant with 1.5 million ton/yr cement 

capacity anticipates an annual net 3avings of $3 million by providing 

35 percent of it3 energy require-ent;3 with liquid chemical wastes 

(Beers 1987). 

A report by Hazelwood et al. (1932) indicates thar, burning 

hazardous liquid wastes in cement kilns generally can be econcmically 

attractive (i.e., for the waste generator, cement kiln disposal costs
 

less than commercial incinerator disposal; and for the cement plant 

manager, net energy costs are reduced substantially). Bouse and Kamas 

(1987), Mournlghan and Branscome (1988), Ahling (1979), Viken and 

Waage (1983), and Henz (1986) have confirmed this economic
 

attractiveness. 

5.1 General Economic Factors
 

Energy costs in the cement industry normally amount to 33 to 40 

percent of total cement production coats, and in some cases may be as 

high as 65 pe:-cent (Bouse and KaMas 1937). Organic wastes burned in 

cement kilna can reduce fuel cost substantially and thus affect the 

economics of waste disposal. The amount of waste fuel that may be 

used at a particular plant depends primarily on the characteristics of 

the waste and the ability of the plant to store and pump wastes in the 

required quantities. 

Fees charged for waste disposal at cement kilns vary with heating 

value, toxicity, water content., chioride contnt .. o1 ent cont-nt., 

meta-s and solids content, and waste jampling anu analysij required. 

Fees vary widely from region to region depending on the availability 

and continuity of waste supply.
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Capital cosrt for plant modifications (i.e., for Jr, 

handling, fuel lnjec'ion. and laboratory equipmntt) a:re r-.qu-rd o 

burn waJte n Iij ! L,:fla.n. :) ,D a r):.,o-.l! -o for 


0 -anr,gll2c-ro03.tatparticulate emisrion -!':n Jc.sary at a ement 

and :'aDr:2 :'L.I:erS r :iready an en:3en--.l par" of theprecipitators 

=,oA,:) ement planti . However, acme increasedengineering design in 

operating and maintenance costs may be necessary in oc'der to 

accommodate waste fuels. Compliance testing will also increase costs. 

Waste characteristics are necessary concerns in tae design and 

constructlon of wast-a =ranjport and handling system. For example, if 

must be disposed ofsludge accAmpany-ng a 4Llt to b, burned 

sne added capiral and octrating cost mus' be anticipated.separately, 

Lnsurance coverage in the form of environmentalAdditional 

a cost factor in assessing the economics of
impairment liability is 


cement kilns for waste disposal.
 

One set of factors that influences costs and fees has to do with
 

the responsibility for laboratory analyzies of primary fuels and waste 

In the case of primary fuel, the fuel supplier is responsible
fuels. 

for laboratory analysis of the product that he sells to the cement 

kiln, and the fuel costs include necessary analytical costs. In the 

case of hazardous waste fuel, the burden of laboratory costs may fall 

on the cement kiln unless by same contractual arrangements these costs 

are to be ansumed by the waste generator. Whoever is respcasible for 

the quality of the waste (user or generator) must asme the 

analytical cost, which for most complex wastes is considerable. In 

for compiex ?OHCsaddition, the cost of flue gas 3ampling and analysis 


and PICa would be the responsibility of the cement kiln. These
 

scope and cost for normal environmental
analyses are far beyond the 

regulations of cement kiLns. In some cases, proper sampling equipment 

may well cost $100,000 or more. Continuous emission monitors might 

also be required, depending on applicable regulations. At about 

.50,000 for each parameter measured, users of 3upDpI2n-ntal$20,000 to 

. 
w a s t e fue.iL .i h t n oc wi : : t , .b the r i s k o[" L I :3 U~Zt n ,r' ., 

waste quality either from th,:itand1oint of their own Ct'Mtnt quality 

The cost ofor from an environmental regulatory position. 


establishing a field laboratory for burning of some waste might be in
 



!I I 

the range of $500,000 to 700Oo,000 with annual operating cost3 In the 

_o-a. MyaloI" Wilion, November 
range of '100,000 to *150,00C (pe:r-. 

1983). 

in the future may be affected
The continuity of waste fuel supply 

by the impact a. -radual r.u-n n tne quantities of certain 

(e.g., PC3s) whose manufacture, at least in the
hazardous wastes 


United States, has been t erminated.
 

5.2 Economic Data for Model Kant A 

et a!. (1982) and Branacome et al. (1985) haveHazelwood 

developed a cost model for hazardous waste disposal in a 
hypothetical
 

This model demonstrates the relationship between costs,
cement plant. 


of the modelon investment. The featuresdisposal fees, and return 

are as follows:
 

* The small wet process kiln has an annual capacity of 230,000 

tons;
 

* Waste fuels are delivered by truck; 

" Coal is the primary fuel;
 

" Air and water pollution control systems--ESP, exhaust air, and
 

are available with excess capacity;waste-water treatment 

of any needed facilities is" Adequate space for siting 

available.
 

cost estimates for the additional installedTable 11 presents 

necessary for hazardous wasteequipment and operating expenses 

disposal in the kiln.
 

cost is composed of fixed cost, including loanAnnualized 

repayment over 5 years, interest, labor, ut'.lity, maintenance, and
 

to waste burning. As shown in the table,insurance cost3 related 


cost Ao.2g to
are estlzited total
annualized apittal and 

approximately $43,200. On a production basis, this would be 

equivalent to 19 cents/ton of clinker produced (for the one 230,000 

tons/yr kiln utilized). Considering production cost of cement (about 



a modeL cement kiLn
2 Table LL. Cost esciacas :or 'daste disposal in 

.... Cost-_...''Cost 

Aruc punpdon ccaning, leveling, trnching,tamping.
etc.) 

0
h aConcrte slabs (2) 

s u i n0mpFui tank 3,000
tank (5.CCO gallons capacity)
Sil industrial wast 15005,000
Tank diking

Truck unloading connctin 3.00 
Waste tank float level (with high and low alarm) 

9.000

oil transfer,pumpPiping and small f'uel 3,500 

Piping and waste feed pump 
500 

Grounding 200 
Flame arrestors 2200 
Carbon dioxide ire protection system 2.500 
Electical equipment for 

Normal ftel flow interruption
 
Normal mnakeup air interruption sen.
 
Transducers 
Pump starter-shut off control 1.200 

Waste flow meter and instrumentation 2,500
45800
Miscellaneous, hardware (coding. painting, etc.) 
Nozzle assembly 

8,000
Engineering and Installation 1,100

Portable fire extinguisers (large) 2,100
Personal protective equipment 


Self-contained breathing apparatus (2)
 
Goggles
 
Gloves
 
Boots
 
Organic respirators 
Dust respiraors 1,500

Portable hydrocarbon detctor/dirt reading detector tubes 

49,300 
Total cost of installed and operating equipment 

Annuta Oreanv Cost " S 10,6003,00
Labor: 330 days yr. at 4 hs/day at S 8.0/hr 300
 
Utifities. Elecuci 2,200Mantnnce costs (51% of investment) 

15,300
Total annual operating cost 

S 12,400 
Annualized capital cost with 5 years payback (S 49,300) @ 13% 

15,000
Insurance cost 

S 43,200
Total annual cost 

Cost pcr ton of cement produced. S43.200 per yearf-30.500 tons 
per ye-ar S 0.188/ton 

al. (1982).Sources: 4az-eL'.Wod ac 
Branscome at al. (1985).
 

con-scant prices.
*Al1 cost esimaces are at 1982 
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, to ob-aUn a 
:,45/tu:!), this Ls an L'niflf outlay. -rhe 

'o:' oonr 3'uctia 
15 percent return on Zhis additional investment 	 aInd 

' 
oC ;j-ar.2 r:"ay-em would lu'.r- ta tItal :r... ,

operat-tof 
Two 3otsnarto3 are 

from the op-ra Lon ).' at .as: 49,700 a year. 

' ' a t!-e net 3av-23 iue to
presented her2 "o-, tr-t,* pos 

for prizn:.ry fuel.substitution of wast. fue 

both the cost. 	scenarios:The following 	data are ccmmon to 

" Kiln production--230,00 tons/yr; 

" Unit fuel cost for primary fuel--$2.46/mi!lion Btu; 

p.rcent of kiln production, or 1,440
" Chlor:4e it--Q. 

tons/yr;
 

* Heat value 	of waste--10,000 Btu/ilb;
 

" 	 Existing kiln monitoring systems and on-site laboratory
 

are adequate, so no additional investment is
facilities 


required for this purpose;
 

" Annual return of capital + 15 percent profit = about 

$50,000/yr.
 

EPA has used these data in calculating revenues resulting from 

fuel use (two scenarios) and three levels of waste 
.wo levels of waste 

The net savings estimated for the
fuel cost (Hazelwood et al. 1982). 


two scenarios are presented here.
 

5.2.1 Cost Scenario I
 

that a waste containing
In the first cost scenario, it is assumed 

by weight of chlorinated hydrocarbons is available and that 
20 percent 


heating value can be recovered.
80 percent of the waste's 


that can be used,
The maximum ourrn of chlorinated waste 

t..rcent of clirke':r weizht, is 1,
assuming a L-h'a:" i of 0. 	

!-' .... -- "-43 " ' Of'Io :< !Ltoni'/yr , 

waste per year). The
chlorinated hydrocarbons (i.e., 7,200 tons of 

x 1011will total 1.15
of the waste fuel used 

recovered heating value 


to 7.9 percent fuel substitution.
Btu. This is 	 equivalent 

http:prizn:.ry


If the waate is delivered at no cost to the cement plant (i.e., 

disposal fee = 0), total Iavings will be $233,000 per year. Nlet 

3avinr.g, 3ubtractzn. nien co:it3 plus a 15 percenr return on 

of cementinvestment, would be $233,00'3 cer" year or 97 cent3 per ton 

produced. 

If the cement plant purohaned the *waste for $1 per million Btu of 

waste, net savings would be 49 cents per ton of cement produced. 

if the cement plant char;ed a disposal fee equivalent to tI per 

million Btu of waste fuel heating value ($32/ton of waste), net 

savings would be equivalent to $1.45 per ton of cement pro'duced. 

5.2.2 Cost Scenario II 

In tho second cost scenario, it is assumed that a waste
 

containing 10 percent by weight of chlorinated hydrocarbons is
 

available and that 90 percent of the waste's heating value can be
 

recovered. 

The maximum amount of waste that can be used is 14,400 tons/yr. 

The recovered heating value of this quantity of waste is about 2.59 x 

i011 	 Btt or 17.8 percent of the kiln's fuel re-uirement. 

Net savings cer ton of cement produced will be: 

* $2.45 if the waste is delivered to the cement plant at no 

cost; 

* $1.37 if $1 is Daid per million Btu of -aste fuel by the 

cement plant; and 

* $3.53 if $1 is charged per million Btu of waste fuel by the 

cement plant. 

5.3 	 Econominc Data foroe! Plant B 

The economic data in these models are rough estimates with only 

partial information and should only be taken as guidelines for 



costs 	 equipmefnt and facilities at any
econcmic 	 analy3is. The of 

plant may vary considerably.specific 
of and 

In the model, costs for zampling and analysis wastes 

a routine ongoing waste disposalInnotemissions were included. 

analysis 	 costs are relatively small. 
operation, these sampling and 

operating
a burn to establish satisfactory plant

However, 	 during trial 
analysis

for hazardous waste disposal, these sampling and 

costs could be significant.
 
another plant about
 

conditions 

USEPA (1985b) 	 has developed a cost model for 

double the size of Plant A, w.th higher required investment 
costs to
 

burn hazardous wastes and with higher waste 
fuel substitution rates.
 

The features of this model are:
 

an 	annual capacity of 
* 	The medium-size wet process kiln has 


500,000 tons;
 

50 percent fuel substitution is assumed;
* 

* Waste 	 fuel feed rate is 1,900 gal/hr with a heat value of 

10,000 Btu/lb; 

per MBtu; plant uses 2,500,000 MBtu/yr
* 	 Waste fuel costs $4 so 

costs million/yr.waste fuel $10 

olant modification (1985 dollars)
A. Caital costs for 

$ 240,000and blending tanksFour 25,000-gal storage 
150,000


One 150,000-gal working tank 

Pumps, motor, and auxiliary equipment and 

180,000
instrumentation 


70,000

Containment ,ystem, sumps, and paved areas 


100,000

Laboratory building 


120,000

Laboratory equipment and safety equipment 


50,000

Fuel delivery 	system 


180.000
 
Contingencies, 20' 


$ ,090,000
 



B. 	Annualized co3ts for olant modification
 

olus ooeration3 and Laintenance
 

Materia.La and 3upplies $ 30,000 

Maintenance 20,000 

Operating labor and overhead 160,000 

Capital recovery (@ 15% interest, 

10-year life) 220 ,000 

$ 430,000 

In Model B, significant additional costs have been estimated as
 

follows:
 

Annual cost Annual cost
 
first year in subsequent years
 

Permits $ 250,000 $ 40,000
 

Public education 100.000 	 10,000 

Extraordinary measures 350,000 	 100,000
 

(not 	defined) 

$ 700,000 	 $ 150,000
 

First year total costs = $430,000 + $700,000 = $1,130,000 

Subsequent year annual costs = $150,000 + $430,000 = $580,000
 

A $2.5 million/yr net fuel savings is reported for the 50 percent 

fuel substitution case. These savings in relation to costs clearly 

indicate attractive econcmies.
 

It is, however, imortant to establish the economics of waste 

disposal on a case-by-case basis for each individual cement kiln since 

many economic factors differ substantially from kiln to kiln. 
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6. RI.ZK ASSESSME}fN 

There are risks in any method of hazardous waste disposal. This 

section attempts to put the risks of cement kiln disposal in 

perspective. 

The USEPA has conducted a risk assessment of the potential health 

effects of toxic organic and metals emissions based on trial burns 

conducted at nine hazardous waste incineration facilities. This risk 

that the increased cancer risk forassessment conservatively esti-;ated 


an individual exposed to incinerator emissions over a 70-year period 

ranges from 1 in 100,000 to 1 in 1 million. Because this is a
 

worst-case estimate, it likely overstates the actual risk of cancer
 

resulting from emissions from hazardous waste incinerators. Although
 

EPA's risk estimate was based on data from a relatively small number
 

of facilities, other available risk assessments corroborate EPA's
 

assertion that emissions from properly operated hazardous waste
 

threat to public health or theincinerators do not pose a significant 

environment (Oppelt 1987).
 

Interestingly, the 99.99 percent destruction and removal
 

which has generally been used for permitting hazardousrequirement, 

waste disposal .n cement kilns and incinerators, is not based on any
 

risk assessment of the environmental hazards associated with emissions 

from a facility meeting this standard. Rather, the 99.99 percent DRE 

target was developed by EPA as an achievable standard based on the 

results of approximately 50 trial burns conducted during the 1970s.
 

have argued that the 99.99 percent DRE standard is aSome authors 

highly conservative requirement, as existing air emission standards
 

for many organic chemicals from industrial process sources are 10 to 

100 times less stringent than this reqilirement (Beers 1987). 

The remainder of this 5ection provides details on risks of 

transportation, storage, hmandling, kiln emissions, and other risks. 
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6.1 Transportation R1sks
 

Any waate that musT. be di3posed of at a site other than it3 point
 

of generation will require transport to the disposal site and will, 

fire. Suchduring its transport, create a risk of spillage and/or 

risks are not unique to a given method of off-site disposal and will
 

to be disposed of by incineration,
be incurred whether the waste is 

landfilling, or destruction in a cement kiln. 

Wastes supplied to cement plants for disposal are likely to be 

by tank trjcks over public highways or by rail. In thetransported 


with federal or state environmental
United States, compliance 


risks involved in transporting
regulations serves to mitigate 


plants utilizing waste fuels should
hazardous wastes. In addition, 


exercise managerial procedures that further reduce risks to the
 

include selection of a reputable licensed
public. These procedures 


waste hauler, identification of most favorable transport routing, and
 

in, emergency contingency plans (Bouse and
insistence on, and drill 

Kamas 1987). 

fuels from the source to theIn same cases, transporting of waste 

in othercement plant is the responsibility of the waste supplier; 


cases, it is the responsibility of the cement plant. In either
 

likely to share the responsibility for
situation, both parties are 

safe transport. Therefore, the cement manufacturer must be actively 

in selection of the fuel transporter and fuel transportinvolved 

is also likely that cement plants, when contracting for
methods. It 


assign the responsibility for safedelivery of waste fuels, will 

transport to the waste supplier. Transportation risks will normally 

waste hauler and secondarily ofbe the responsibility primarily of the 

the waste generator. In the United States, the "cradle to grave" 

manifest system inherently formalizes this responsibility. 

care should be taken to routeIn planning for delivery of wastes, 


shipment to minimize potential public exposure to hazards from
 

accdentr. This will involve Identification of
transportation 

of roadway conditions, and analysis ofalterracive routes, assessment 

population exposures along alternative routes. A principal concern in 

transport routes is likely to be the population alongevaluating 



proposed routes. Environmental impact a33esjment of transportation 

should incorporate risk factors involved in spills.acciJenca! 

Assuming an average waste fuel. heatin. value of 10,000 Btu/!b or 

90,000 Btu/gal, and a typical tank truck capacity of about 45,000 

pound3 or 5,000 gallons, it is possible to caluiaze the number of 

shipments required for various levels of waste fuel utilization at a 

cement plant. The number of shipments can be used to estimate total 

ton-miles of transport required. Probability of accidental spills in 

any given year can be estimated by the means of the Poisson 

distribution, which governs infrequent random occurrences as follows: 

e-X 

n n! 

where x = 	 no. of accidents/yr of this type country-wide from trucking 

industry records or insurance company statistics; 

n = no. of truckspill accidents expected over lifetime of the 

specific cement facility;
 

Pn = probability of an accidental spill during transport for 

that cement facility in any one year.
 

Based on historical accident rates, probability of a 

transportation accident resulting in a spill exceeding a certain level 

of damage can be estimated (Menzie 1979). 

Risk is a function of probability and consequences of an 

unfavorable event. Consequences of the event must be calculated for 

specific types and locations of such events after functional analysis 

of a proposed operation.
 

6.2 Storage and Handling Risks 

Storage and handling of waste fuels at cement plants entail risks
 

similar to those encountered by many industries that use or generate
 

flammable or toxic materials. Techniques commonly employed to 

/C 
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mitigate such 'Ik: tr- wtel evleonod and can b, appiled wit'h .iniMal 

modification. torage and handing r quir'cm'nt3 wili--r aczor'dg 

to characwteriscis of rnhe .aztc. be ing used. Variables to 

considered in selcting appropriate equipment and handling Methods 

tci.,ity, corrosivity,include the wast-2'z t:a..,mability, react_,ty, 

vapor pressure, viscosity, and solids content. 

are the risksPrincipal concerns in storage and handling of fuel3 

posed by spills and fires. A spill of waste fuel can result in the 

surface water, and relea3e of
contamination of soil, groundwater or 


" 
hazardou3 vapors. Additional ri Ks azsociated with wat. fuel fires 

are those of property damage, personal injury, and gro3i concamination 

of air with combustion products. 

tank trucks must be conducted in a way that
Off-loading of 


Closed transfer lines should
minimizes vapor releases into the air. 


be used between tank vents. 

Through use of well-designed systems and procedures, probability
 

and severity of accidental spills during storage and handling can be
 

limited.
 

6.3 Other Risks 

potential
It is conceivable that there might be some 

waste fuel. Incontamination of the cement product with the hazardous 

the review of plant histories, there is evidence that such a risk is 

insignificant (Mournighan and Branscome 1983; 2erry et al. 1975; 

Lauber 1932). 

among studies investigating cement dust disposal by
 

on-site landfilling has been that although certain precautions 
may be
 

The consensus 


surface water,necessary to prevent wind dispersal or direct runoff to 

kiln dust from cement kilns burning hazardous waste
the disposal of 

does not appear to pre3ent a significant environmental r-Jsk (Hazelwood 

e, l. 19,32). 
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6.4 Kiln Emi333io Ro.k

cement kilns utilizing waste
Ri3k Dosed by otac -miassions from 

the waste used, rate of waste
fuel will vary with characteristica of 

kiln, existing kiln chemistry, and efficiency of 
injection into the 

control devices employed for cleaning stack gases.the particulate 

fugitive emissions of
 

must also be effectively directed to
Attention 

kiln dust.
 

scme risk to the community
Toxic organic emis3ion3 could pose 

to a rapid movement of clinker down the 
during uozet operation due 


A!so, substantial nonuniformities
 kiln and into the clinker cooLer. 


in waste fuel composition from batch to batch 
may increase the
 

difficulty of maintaining stable operations. 
During such an upset,
 

toxic organic compounds are 
emissions of incompletely combusted 


dust cloud accompanying their
 usually evident from the smoke and 

release. Continuous emission monitoring may be necessary. Prompt 

upset is detected 
termination of waste feed flow to the kiln when an 

products of 
waste fuel from further contributing to those 

can prevent 


some risk. A number of
that might poseincomplete combustion 


the chemical reactions that occur under
 
investigators have studied 

1984; Branscome etkiln operation (Mix and Murphyconditions of upset 

serve as a guide to minimizing upsets
al. 1985). These investigations 

and dealing with the impacts.
 

chlorinated aromatics can 
Incineration of chlorophenols and other 

result in the emission of dioxins or furans. Reports of trial burns 

this study indicate that emissions from cement plants
reviewed during 


no evidence of major

burning chlorinated waste fuels 	have shown 


1984).
health concerns (Nix and Murphy 

the General Cement Plant, Paulding, Ohio,
Trial burns at 

and zinc. However,
introduced waste fuels containing phosphorus 


emissions were relatively insignificant in
 phosphorus and zinc 

in the raw materials useid to oroduce
 
to the'. 2oncntrit:onu 

r - '- ; --e et _31. 19"35) . Thereforre, their Low a.aunts relation 

(p3 n
cement cli:nk-r : >

expected to present no significant health risks. in waste fuels are 

oils burned at the St. Lawrence and Stora Vika
Waste lubricating 

Lead emissions in the
 kilns were contaminated with lead and zinc. 




kiln exhaust gases did not increase a a result of burning that wazte 

oil. In all the trial burns using waste oil, most of the lead was 

encap3ulatted in the cement clinker. Some of the lead from -he waJ!.. 

oils was found in the kiln dust. Kiln dust disoosal Droblems say 

increase when hazardous waste fue! are used. However, kiln dust can 

be effectively managed, principally by recycling through the kiln or 

through landfilling. Because cement dust is a highly buffered
 

alkaline material, the leachability of metal oxides from kiln dust is 

low (Peters et al. 1986).
 

6.4.1 Di Mersion of Kiln Emissions and Health Risk Assessment
 

The magnitude and nature of health risks posed by air emissions
 

of a cement kiln burning hazardous waste can be estimated by use of
 

mathematical models. Many diverse air-dispersion models and exposure 

assessment methodologies are available to determine the dispersion 

concentrations of pollutants in the atmosphere (Kelly 1986; Dobbins 

1979). These models feature a high degree of uncertainty in the 

absence of more definitive data. However, they are also generally 

recognized as the only tool currently available for procedures such as 

estimating the magnitude of environmental pollutant concentrations 

associated with exposure to air pollutants. 

Using the Gaussian Plume Model to account for pollutant 

dispersion downwind of the source, off-site downwind emissions 

concentrations have been estimated for four principal organic 

hazardous compounds that are likely decomposition products from
 

burning chlorinated organic hazardous wastes. These compounds
 

(methylene chloride, chloroform, carbon tetrachloride, and benzene) 

are of principal concern because of their known or suspected 

carcinogenicity and their relatively high emission levels in most of 

the obzerved trial burns (Table 4). {e:achlorotenzene and 

pent. .ihlorc~.moL i,' o been sor'-G-t I comounds o: concern 

whose dispersion might well be investigated. 

The Gaussian Plume formula provides only rough estimates of 

downwind concentrations. Unsteady emission rates, varying
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chemical reactions, scavenging, washout,meteorological conditions, 

and uncertainty of plume trajectories are no accounted for. 

ki.....A:cial mean concentration of the plume (C) at one 

distance from the source is computed using the Gauszian ?luse formula. 

C = 0 *exp -

Axial mean concentration (vg/m 3 )
Where C = 

(g/3)
Q = Pollutant source emission rate 

u = Mean wind speed (m/s) 

y = Lateral Gaussian Plume dispersion coefficient 

dispersion coefficientz = Vertical Gaussian Plume 

H = Stack height (m)
 

In the absence of more definitive location data, we have
 

estimated axial mean concentration (C) for a windy location (Case 1) 

(Case 2) under night inversionand for a worst-case location 

Most actual cases are likely to fall within these
conditions. 


extremes.
 

Hypothetical Case 1:
 

Cement plant location = Windy island
 

Average wind speed = 6 m/s
 

Mean stack height, H = 20 m 

Dispersion classes (Dobbins 1979:223-226) 

Day time class is C (Varying amounts of incoming solar 

and sky radiation with slight 

convective activity) 

Night time class is D (Neutral stratification when net 

radiation flux is 0) 

Dispersion coefficients (Dobb-is 1979:226) 

Day time: 1 73.10:=06.96; 

Night time: 75.47; G = 27.33Nihie y z
 



Hyoothetical Case :
 

Cement plant location = 

Average wind aspeed = 

Dispersion classes 

Day time = 

Night time = 

Dispersion coefficients
 

Day time: iy = 

Night time: zy = 

Mean Stack Height (H) = 

Inland with night inversion 

1 m/a 

D (Neutral stratification)
 

E (Radiation inversion may form and 

will give rise to poor dispersion) 

75.47; az = 27.33 

53.56; jz = 25.61 

20 m 

Axial mean concentration (C) values computed for two hypothetical
 

Using the values from Table 12,
 cases are presented in Table 12. 


health risk for an individual can be estimated as fallows: 

II 

R = Q x D where Q = Unit risk factor (USEPAHealth risk 
 -
3 )
1985a) (lig/m 1
 

3 )D = Dose (Ug/m

But D = C x A x F where C = Axial mean concentration 
3 )(Vg/m 

A = Absorption efficiency of
 

lungs
 

0.75 (approximately) 

Fz Fraction of time spent 

outdoors (assume 0.15)
 

Therefore, Risk R = Q x C x A x F 

Q x Cx 0.11 

Table 13 presents the potential individual health riska from
 

expoaure to the four POHC3. 
. , ak 1": ,..;"'.... '"- c1aic'uLtA::dThe ,rik :,,__ . ., 

cancer to be expected
"D," indicattes the number of additional cases of 

years) exposure to dose "D."
within a population due to a lifetime (70 


- 6 , for example, indicates that in a population of
A risk of 1 x 10 

-7-1
 



of the plume (C) 1 kn downwind frum source
Axial mean concentrationrzilI 1"2. 


Ilypotictical Case 2
lypothetical Case 1 
NightDayNightDay1101 ICs 

pig/tu 3 ppb
pjg/UL3 ppb pg/tlu 3 ppb pg/UI3 ppb 

3.2 15.9 4.60.5 11.01.80.6 0.2Mcliylcne Chloride 

2.0 14.3 2.99.91.6 0.40.5 0.1Chloroform 

2.3 20.6 3.314.32.4 0.40.8 0.1Carbodn Tetrachloride 

4.8 1.5 6.9
0.3 0.1 0.8 0.3 2.2 

Benicn 

regulatory air emissions standards 
lat :: h''lese ppb concentration levels are all below 

in the State of New York.
 



Table 13. 	 1lcalhh risks from kiln emissions of four POHCs (Estimated upper limit of maximumn ildividual health risks 
of kiln emissions--R valui.) * 

Ilypothetical Case 1 	 Ilypotlietical Case 2 

.l101 ICs 
Day Night Day Night 

2.2 E-07 	 3.1 E-07
Methy cile 	Chloride 1.2 E -08 3.6 E-08 

1.6 E-)51.8 E-06 	 1.1 E-05Chloroform 	 5.9 E -07 

3.4 1-)51.3 E -06 3.9 E-06 2.4 E-05Carbui Tetrachloride 

5.2 1-)66.0 E-07 	 3.6 E-06Bcezcn~c 	 1.9 E -07 

In using Table 13 for judging risks from cement kiln emissions, it is pertinent to note that these R values assume 
70-ycir lifetime exposures at the assumed periodic concentrations for 15% of each day (or night). Offsite Clx)stircs 

to ciniLions from hazardous wastes in cemtent kihis are normally periodic and of short duratiul, comnpared to a 70-yCar 
liIctiiic



may occur as a result of this
1 million, one additional cancer 

tn
poL-urant concenrations calculated from 

exposure. 0f'--lite 

Plume formula .'2o.-enl a m x-imum individual dose epected
Gaussian 

estimated probability of contracting
The unit risk value or Q is the 

to a concentration of 1
of contLnuou3 exposurecancer as the result 

Ig/m 3 ) over a 70-year lifetime. It is 
microgram per cubic meter (1 

chemical as calculated by the 
potency for a specificderived from the 

models that extrapolate
USEPA through use of conservative linear 


animal studies to estimate response at low doses.
 
bioassay data from 

human health effects 
response is further extrapolated to estimateThis 


in body weight and inhalation rates. The unit
 
based on differences 


the health risk "R."
 
risk is multiplied times the dose to give 


uDoer imit of expected health
 
Resulting risk estimates represent the 

effects from this exposure and are subject 
to uncertainties of several 

- 6 or less is generally
orders of magnitude. A risk of 1 x 10
 

0 to 10 or less are currently

acceptable. Risks in the range 10



considered acceptable for many situations (USEPA 1985a).
 

Table 13 shows that carbon tetrachloride and chloroform 
risks are
 

- 5 (i.e., within an acceptable risk range).
calculated to be 1 x 10
 

Given the multiple uncertainties in the assumptions 
for the
 

calculation, the calculated maximum expected health risk is 
highly 

We can compare predicted concentrations shown in Table 12 
uncertain. 


cities shown 
with those measured in typical polluted urban air in U.S. 


island, all
 
in Table 14. For conditions typical of a windy 


less than that found in the
 
are for short exosuresconcentrations 

Under inversion conditions, the concentrations 
polluted U.S. cities. 


and carbon tetrachloride are much 
of methylene chloride, chloroform, 

U.S. cities under polluted conditions. Table 111 
higher than found in 


also shows the International Agency for Research on Cancer 
(IARC)
 

these substances. Before
 
classifications of carcinogenicity for 

wastes in a specific cement kiln, trial 
burning chlorinated organic 


d tostgto determine emission rates and downw-in

burns are 

Dr , cand la-e hazardous wajtes, and to ak 
concentrati'on 

different conditions. For example,
calculations of health risks under 

locations of specific cement kilns, it may be 
desirable to
 

in scme 
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ic iu; Latp icaL po LLuted U.S. c i'i4LOUC p'nt!Table t!. cL 

ARC Clas:;ific:tion Weight of Evidencec 
POI-Cs (t979-2i2) for Carcinogeniciy in -ol 

U.S. Cities" (Ppp) 

Methylene Chloride 	 Inadequate human 0.5 - ".0 
and animal 

Chloroform 2B 	 Sufficient animal,: 0.I - 0.2
 
inadequate human
 

2B Sufficient animal: 0.1 -0.3Carbon Tenrachloride 	 inadequate human 

Benzene IA 	 Sufficient human 1.0 - 6.0 

*Source: Shah and Ieyerdahl (1988).
 

avoid burns of some hazardous wastes during some conditions such as 

In some cases, it may be desirable to change
atmospheric inversions. 

stack heights. 



i SFZD AA-PAC: 	C CCUgTR!KS7. CEENT KLN3 

In June 1988, at the out3,e! of the study of this topic, 

requested ro provide information on cementConsortium members were 

kilns in their country. Specifically, they were requested to provide 

kilns listing plant capacity, type of process,
an inventory of cement 

plant, current ownership, location, populationapproximate age of 

with any notes on
density, and type of 	zurrounding land use, together 

for those plants that might be pertinent in
operating experience 

these plants as candidates for hazardous waste disposal.
considering 

1988 data provided by 	Consortium members in
Table 15 presents 


These data give some insight into
Malaysia, Korea, and New Zealand. 


the potential for using cement kilns for disposal of hazardous waste
 

in those countries. Hopefully, in subsequent phases of this study,
 

similar data will be available from Consortium members in 
other
 

Even though recent experience in the United
Asia-Pacific countries. 


States indicates hazardous wastes can best be introduced 
as only a
 

small percentage of input feedstock, a review of Table 15 indicates
 

that cement plants in those three countries have a substantial
 

If
 
potential for disposing of large quantities of hazardous wastes. 


site-specific studies confirm the potential for safe and 
econcmical
 

disposal, it will be possible to avoid major capital expenditures 
for
 

the extent that certain
 new hazardous waste disposal facilities to 


cement kilns can be used for that disposal function.
 

1988 data in Table 15 in the

It is of some interest to review the 


1984 data in Table 16 from global statistics. As of

light of scme 


1984, the Asian region alone accounted for about 38 percent of world
 

cement production; China accounted for about 35 percent of Asia's
 

india (8 percent), and the

production, followed by Japan (22 percent), 

Republic of Korea (6 percent). 

The 19"1,3 - :. .....w*h 193k d=ItJ i_'-3 som:easu. of 

prothprobably also represents increasingMalaysia, and Korea. This 

opportunities for prudent and economical hazardous waste 
disposal
 

through use of cement kilns in those countries.
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Country 


Malaysia 


Korea 


Ljca.i3n 

of :- n.nt Plant 
mn . 

A~soctated ?in 


?IaIays3l Cement. 
Raw ang, ilangor 

?erk-HahlongSL~en, ?idan., 
,edan, ?'r. 

Cement nr.dutr!'!' 
or wMalapy 3mrnzmd, 

?erls 

TaseZ Cement 


3ernad. Jopn Perak 

Kedah Cenent dn,
Lanoawi. Keden 

i e 


Associated Pan 

Malaysian Cement, 

Chernor, Perak
 

Malaysia Industrial 
Mining Corporation, 
Batu Cjsa. Belangor 

Rook Chemical 
Industries, Lahat, 
Perak 

Dongyang Cement, 

Samnchuck 

Seazgyoug "langlon 

Cement, Oorngban 


Seangyong langnon 
Cement, Teon nul 

Seangyong Jangnon. 
funkyung 

?roaduc flan 
'.apaclty 
(tonne/7r) 

1,000,000 


1,000,000 

1,000,000 


1 ,0,000 

600,000 


403,700 

60,000 

12,000 

5,164,750 


10,385.710 

2,346,950 

317,550 

Aie or 

olt 1 
procnss (yri) 

'ot 35 

Dry 

Dry 

Semi-dry 
and dry 

Dry 


Wet 

Dry 

Dry 

Dry with 

suspension 
preheat 

Dry with 
suspension 

prneat 

Dry with 
suspension 
preheat 

Wet 

2 

13 

26 

4 

24 

29 

13 

46 

20 

14 

31 

? t I ,rn 

oantel 
3wnf r n2p 

Pri'ate 
Liniied 

?rivate 
Limited 

?u0i12 

limitmld 

Public 
limited 

Government-

owned 

Private 
Limited 

Pb)lic 
limited 

Private 
Limited 

.4A 


HIA 

HA 


NA 

Type u[
 
urrounlnf land-use
 

Re3tden'.1ai-.,.u-uroan
 

area 

Residential are"s, fruit 
or:narI3, paddy fields, 
and rfiober estates 

andResilenial area. 
r-iober -3ate3
 

.:dus3trtal
 

Rubber and ::.unut
 
estates, paddy fields,
 
fruit orchards, and
 
residential areas
 

Rubber estates and
 
residestial areas
 

Residential areas and 
limastone bills 

Rubber estates 

Urban; population
 
density of 905/sq km 

Urban; population 
density of 509/sq km 

ura ;l population 
density of T4/sq km 

Urban; population 
density of 1209/sq km 

In 
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Country 

New 
Zealand 

Namn and 11catl',n 
or nemant pl.ant 

Hanll C-nent, 
Danyang 

Hyundai Cent, 
Danyang 

Asea C .~nt, 
Jeocnun 

Sungshin Tangnoe 


Ceant. Uin7afnl 

Goryu Cement, 

Jangswg 

Halla Cement, 

Okgyeu 


Union Ltd, 

Cbungjoo 


Golden Say Cement 

Co., Portland near 
Whangarnt 

Milburn New Zealand, 

Ltd., Cape Foulwlnd 
near Westport 

)1lburn N1w Zealand. 

Ltd., Burnside, 
Green Island 

?.-oduct ion 
-apaclt7 
(Conan/yr) 

3,222,950 


3.212,000 


2,387-100 

3,639,050 


730,000 


1,314,000 

109,500 

500,000 

20,000 

125,000 

op0r 
proces 

Dry wIth 
3u3ponalon 
prefeat 

Dry with 


3u3pen3lon 

pr-n cat 

SZ i-dry 
and dr7 

Dry wIltn 
3uspennlon 
preneat
 

Dry with 
su3pen3l.on 
preheat 

Dry with 
suspension 
preheat 

Dry with 
suspension 
preneat 

Dry with 
suspenslon 
preheat 

Wet 

Wet 

A.;a or 
plant 

y(y") 

24 

24 


22 

19 


13 

3 

7 

6 

32 

62 

?1 'ttnrn
 

or 
ownnr.nlP 

NA 

,A 

NA 


4A 


NA 

NA 

NA 

NA 

NA 

NA 

77P or 
,urrounalng land-uooa 

Rural; population 
30/3q '0= 

Rural; population
 

3O/3q
 

Rural; population
 
62/3q 'm=
 

Rural; population
 

30/3q 

Rural; population 
159/3q km
 

Rural; population
 
89/sq km
 

Rural; population 
169/sq km 

Rural; nearest village 
has 80 houses and 

2 km d1stance 

Rural 

Rural; nearest house 

is about 0.5 to 1 km 
away 

http:su3pen3l.on


Table 16. Cement production in 3eeected countrie3 

3flnnC3 ( 9i'33) 

World 913.37 

Africa 37.53 

N. America 106.59
 

USA 70.54 

S. America 39.54 

Europe 246.55 

Asia 353.16
 

China 123.02
 

Hong Kong 1.85
 

India 29.43
 

Indonesia 6.61
 

Japan 78.86
 

Korea, Republic 20.41
 

Malaysia 3.47
 

Philippines 3.66
 

Singapore 2.51
 

Thailand 8.27
 

USSR 129.87
 

Oceania 5.64
 

Australia 4.65
 

Fiji 0.10 

New Caledonia 0.06 

New Zealand 0.82 

Source: United Nations (1987).
 



selected hazardous wastes is currently 	being safelyI. 	Disposal of 

at more than 20 cement olant3 in the United States, withconducted 

specific and significant economies being achieved. Other plants 

of planning to use combustible hazardous are in various stages 

waste as fuel.
 

Although data 	on cement-kiln disposal for a complete spectrum of
2. 


hazardous waste types were not available during this initial phase 

of study, there is substantial information on cement-kiln disposal 

constitutes a 	 large fractionof solived fuels (SE-). SDF 

Since many SDFs have highof hazardous wastes in many regions. 


as a partial substitute energy source
heat value and can be used 


forfor cement kilns, there is substantial economic motivation 

developing countries to concentrate on SDFs in their initial trial
 

Bouse
 programs for disposal of hazardous wastes in cement kilns. 

and Kamas (1987) provide information concerning disposal of SDF in 

cement kilns.
 

listed many promising characteristics of the3. 	 The Introduction 


can lead to opportunities for
cement manufacturing process that 

attractive disposal ofenvironmentally sound and economically 

to dateevaluation of 	 this technologyhazardous wastes. However, 


indicates that the following constraints must be recognized:
 

kilns are limited in theWaste tyoe characteristics: Cement 

types of waste they can accept. Solid hazardous-wastes, for 

example, do not appear to be econcmically attractive at 

under 8,000present. Wastes with low heating value (e.g., 

irne con',tnt ofBtu/!b) :ay be r rznally attr ctive. Ch 1

waste :ueI . mu;t. ..n-rllv, - e.: ub. IJ se.,.. cf.clinke 

not be excessive.weight. Water content of the waste fuel must 
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P'er-it3 ind r,- ,ulat.on3: To late, at leca3t in t- n2 ed 

, inj process (including ten burn3) -;zState3, th,! peo,-i 

scme plant 	 ownersimanager5 from adscp:-n;h 

regulatory requirefments for cont'-nuingtechnology. Moreover, 


monitoring and recordkeeping increase costs.
 

" Liability aid insurance: Processing hazardous wastes often
 

insurance costs.
introduces 	additional liability and 


must be a reliable and continuing
" Waste fuel sulooL: There 

waste fuel available within a reasonable distance atsupply of 


to justify the investment necessary
a reasonable price (or fee) 


for burning the waste fuel.
 

Public and 	emloyee acceptance: Due to a desire to avoid 
public


" 


opposition, some cement plants have not burned well-known
 

on a continuing basis, despite
hazardous wastes such as PCBs 


the fact that test burns have demonstrated the ability of
 

cement kilns to destroy these substances (Lauber 1987).
 

Some cement plants, particularly those near residential
 

neighborhoods because of inadequate attention to fugitive 
dust
 

problems, have in past decades been considered as undesirable
 

cement plants were using,
neighbors, regardless of what fuels the 


in the future. As a consequence, the public may
or might use 


often view new proposals concerning any changes whatsoever 
in
 

cement operations with suspicion.
 

Despite the preceding constraints, it is considered that this

4. 


provide mutual benefits to both
technology in many instances can 


nrtes such wastes, and to 3cclety and
industry, which _ 

of ha: :-'sos wr- :,,:'l. Aorhatrt-s) 1isso 

thoughtful, well-_designed community education program and
 

appropriate risk assessment are necessary.
 



y ... cfmun!l 
• 	 The app 1cabil-ItJ of t,11 ' 

olant3 may b-! 1,2eund!nt or: 

* 	Land uc .nd population fac-ori nta:. th. piant;
 

Chumical and economic characteristic3 of a joecific waste

* 


proposed for disposal;
 

* 
Unique operating characteristics of 	a plant;
 

Local topography and meteorology at 	a plant site (which, for
 
" 


be 	 stack height); andexamole, might related to 


r
 
Unique re!ulatorJ and permitting quiremencs.
" 


scme form of risk assessment for each specific waste
Accordingly, 

to be a prudent step to take before 
at 	each specific site appears 

making any commitment to this technology. Section 6 presents the
 

initial risk assessment
 concepts of such risk assessment. If an 


to 	human health or
indicates a potentially unacceptable risk 

ecosystems, an adjustment of stack height, or added 
scrubbers, or
 

reduction in firing rate (reduction in percentage 
of hazardous
 

actions to reduce 
waste in feedstock) may be adequate 	mitigating 

risk management measures such
risk to an acceptable level. Other 

as 	avoiding hazardous waste burns during atmospheric 
inversions
 

may be available. 

a case where costs of dealing with concerns about 
health
 

Even in 


energy savings, the cement-kilnand the environment exceed 

disposal option might be the most prudent if other disposal
 

more expensive.options are still 



9. RECOMMENDATIO iS 

in applica 'oa of thi2 disposal• .	 Cor.sori;ium members interested 

technology should first survey the types and quantities of
 

-and the cemen. kiLns and lime kilns....
.combustible hazardous wastes
 

in their geographic area.
 

2. 	For those who wish to pursue the cement kiln option further 
in
 

their own country, it is suggested that brief preliminary risk
 

(including consideration of risk perception) be
assessments 


prepared for any candidate cement plant site. 

For 	the most likely sites, it is recommended that trial burns be
 3. 


Appendix B of this study gives some guidelines for
carried out. 


These trial burns can help prepare a more
trial burns. 


quantitative risk assessment and establish operating
 

maintained atto assure that risks can beconditions/llmitations 

an acceptable level.
 

4. 	 This study contains information on test burns and permitting 

procedures primarily in the context of environmental regulations
 

It is important that Consortium members in
 in the United States. 


other countries make their evaluations of potential application 
of
 

this technology using existing and planned environmental
 

their own country.regulations in 
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I. INTRODUCTION
 

New York State's industries generate greater 
zhan
 

liquid organiT hazardous wastes and 187,000

172,000 tons of 


In July, 1987, the Legisla
tons of waste oils each year. 


ture enacted legislation (Chapter 618, Laws of 
1987) mandat

ing that New York's primary longterm strategy 
for dealing
 

with these wastes should be to encourage industries 
to
 

substantially reduce their generation of hazardous 
waste
 

through source reduction and on-site recycling. 
However,
 

even under a scenario of maximum waste reduction, 
consider

able quantities of hazardous wastes and waste 
oils will
 

Due to
 
continue to be generated for the foreseeable 

future. 

these wastes
 

technical and economic limitations, many of 

a strong need to
 cannot be recycled. Therefore, there is 


develop innovative, advanced-technology options 
for treating
 

and destroying hazardous wastes in New York 
State.
 

the most promising options
Incineration is one of 


currently available for destroying organic hazardous 
wastes.
 

The U.S. Environmental Protection Agency (EPA) has 
deter

mined that:
 

valuable and environmen. . . is aIncineration 
tally sound treatment option of liquid hazardous 

wastes. . . . Risk assessments conducted by EPA 

indicate that properly designed and operated
 

incinerators which meet the regulatory require

ments for destruction and removal efficiency pose
 

minimil risks to human health and the environ

ment.
 

Hazardous waste incinerators have the potential to destroy
 

virtually all types of organic hazardous wastes, reducing
 

complex organic compounds to several relatively harmless
 

substances, primarily carbon dioxide, water, ash and trace
 

amounts of other substances, including3 svlfur dioxide,
 

nitrogen oxides and hydrogen chloride.
 

At present, commercial hazardous waste incijeration
 
However,
capacity is extremely limited in New York State. 

two types of existing industrial furnaces -- cement and 

-- currently operating in Newlightweight aggregate kilns 

York have the potential to successfully destroy large
 

Tests

quantities of organic liquid wastes and waste 

oils. 


a number of facilities in the United 3tates,
conducted at 


Canada and Europe have demonstrated that cement kilns 
can
 

safely destroy almost all types of organic wastes, while
 

providing the added benefit of recovering substantial
 

amounts of energy that would otherwise be discarded.
 

Lightweight aggregate kilns can also be an effective
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II. 	 OVERVIEW OF CEMENT AND LIGHTWEIGHT AGGREGATE 

KILN TECHNOLOGI ES 

A. CEMENT KILN TECHNOLOGY 

Cement manufacturing is one of the largest mineral
 
commodity industries in the United States, with an estimated
 
proguction capacity of greater than 86 million tons annual
ly. The principal chemical elements required for the
 
production of cement are calcium, silicon, aluminum and
 

iron. Calcium is provided by a calcareous material,
 
typically limestone, that usually is mined close to the
 
plant site. Silicon and aluminum are provided by an appro
priate mixture of clay, shale, slate and/or sand. Iron is
 

provided by iron ore or steel mill scale.
 

Cement is produced in a horizontal-rotary kiln lined
 
with temperature-resistant refractory brick. These kilns
 
are quite large, ranging in size up to 760 feet in length
 
and 25 feet in diameter. -The kiln is inclined at a slight
 
angle (3 to 6 degrees) to facilitate the movement of materi
als down the kiln. Heat is applied at the lower end of the
 
kiln by a powerful coal, gas or oil flame. The cement feed
 
material is introduced at the elevated end of the kiln. As
 
the cement kiln rotates, typically at speeds of 50 to 70
 
revolutions per hour, the feed material slowly moves down
ward towards the firing end of the kiln. Feed material
 
residence times in the cement kiln typically range from two
 
to four hours.
 

Several distinct thermal zones exist within an operat
ing cement kiln. The specific physical and chemical reac
tions that lead to the formation of cement occur in these
 
thermal zones. The elevated end of the kiln at which feed
 

material is introduced is known as the drying and preheating
 
zone. In this zone, all water is evaporated out of the feed
 
product, and the temperature of the feed is raised to
 
approximately 1480 degrees Fahrenheit.
 

The preheating zone is followed by the calcining zone
 
of the kiln. Calcination is the process through which
 
carbon dioxide is driven off from the limestone materials in
 
the feed, leaving free lime and magnesia. Feed material
 
temperatures in the calcining zone of the kiln reach 2190
 
degrees Fahrenheit.
 

Once calcination is complete, the feed material enters
 
the sintering zone of the kiln, commonly referred to as the 
burning zone. In this zone, the chemical reactions leading 
to the formation of cement take place at temperatures 
exceeding 2550 degrees Fahrenheit. The feed material, which 
at this point is in a semi-liquid state, forms into small 
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feed ma!:eria to note that the c's 
It is important no ~~ure of 2550 degrees Fahrenheit. i. 

reach aimiimuoeat 
 To raise the empracur
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tEo m; cemen 
- ,, order, for clinker to 

de oas temperaturese :. the. 
temperatures below 2 o30 S. 


the feed this high, combustion aspeates n 
o Is

se
 
of 

3000 degrees Fahreheit-
It 

kiln generally must excee xperience combustion gas temperatures 
Of
 

n nualy t 

e n e b zone Further, 

3 2 0 0 tO.3500ahr
 
combustion gas residence time in t
 

cement kiln ranges from 
two to five seconds, 

depending on.
 

of the kiln.
 
the size'and con'fguratio. 


Cement kilns operate in 
a counter current fashion.
 

C m ntgasesand waste dust travel in the opposite
 steprimaril, Ofxcarbo
Combustion gases feed material, exiting at the elevated end
direction of the 


Exhaust gases consist primarily of carbon
 of the kiln. riflyash sulfur and nitrogen oxides from the
doxde Ex ...

ffeed and clinker
 

combustion orfred to as kiln dust.end of the kiln by a power
coideowater, ly,ashm particles of' 


-a -These materials are
 
material, referr 


f e
en. 

transported out of the 

elev l yr
 

ful induced draft fan to r,quired air 
pollution control
 

Almost all cement kilns 
utilize either a
 

equipment. 

baghouse filter or an electrostatic 

precipitator system,
 
oneP to remove pollu

ofsten preceded by a centrifugal 
cy 


nt iln du
tants from the kiln exhaust gases. 


collected by pollution control equipment 
is eitherreturned
 

to the kiln as feed material 
or disposed of.on-site in a
 

er passing through'the pollution 
control
 

the remaining combustion gases, rimarily carbon
 system 
 through a stack to the
.scharged

dioxide and water, are 


atmosphere.
 

There are four types of 
cement kilns in use in 

the
 

wet process, dry process, preheater.and
United St ates: In the most common type, the wet process
precalciner kilns.
material is introduced into the kiln as a
kil, the f ;n3t 40 percent water. The wet
 
kiln, the feed materia. 


, Thewe
war
slurry mixture contai-ning0o pecnt 


process, which is a relatively 
old technology, has the
 

However, because all water 
must be evaporated
 

kiln dust.

advantages of uniform feed 

blending and lower emissions 
of
 

out of the slurry mixture before 
the reactions that create
 

cement may take place, wet 
process kilns require greater
 

energy input than other types 
of cement kilns.
 

Cement production is presently shifting 
toward the use
 

of dry process kilns, which 
can accept feed material 

in a
 

dry powder form. Additionally, preheater 
and precalciner
 

units may be added to dry 
process kilns to further 

increase
 

These units preheat the 
dry feed materi

energy efficiency.

al prior to its introduction into the main kiln 

chamber.
 

The amount of energy required to produce 
cement by the wet,
 

dry and preheater processeS is 
5.8, 4.6 and 3 million Btus
 

per ton, respectively.
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materLai Ls thlel Slze'
physical strength. The cooled : 

use in concrete production.
 

:CrAtP i couRtCer
Lightweight aggregate kins 

Feed materials
cement kilns.
current fashion, similar to 
slowly progress down a slight incline, while combustion
 

gases and kiln dust travel in the opposite direction,
 

exiting to pollution control equipment 
at the elevated end
 

a scrubber
 
of the kiln. Most aggregate kilns utilize either 


kiln dust
 
system or an electrostatic precipitator 

to remove 


and air pollutants from exhaust gases.
 

The manufacture of quality lightweight aggregate
 

requires that the temperatures within the kiln 
be controlled
 

In order to produce aggregate, the
 within a narrow range. 

temperature of the feed material must reach 

at least 1900
 

Combustion gas temperatures of between
 degrees Fahrenheit. 

2050 and 2300 degrees Fahrenheit are necessary 

tT4assure
 

that the feed material attains this temperature. 
Further,
 

combustion gas residence times in aggregate 
kilns generally
 

exceed two seconds.
 

There are presently two lightweight aggregate 
plants in
 

Norlite, located in Cohoes,
operation in New York State: 

which operates two kilns fueled by a combination 

of chemical
 
and
 

wastes, waste oils, fuel oil, natural gas and 
coal; 


Northeast Solite, located in Mount Marion, which 
operates
 

three kilns, each of which is fired exclusively 
with coal.
 

Annual production of lightweight aggregate at 
both of these
 

facilities varies substantially in response 
to demand on the
 

part of the construction industry.
 

A comparison of the combustion temperatures, 
gas
 

residence times and size of cement kilns, lightweight
 

aggregate kilns and standard hazardous waste 
incinerators is
 

presented in Table 2.
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i BURNING HAZARDOUS WASTES FUEL. 
III. THE TECHNOLOGY FOR OF 

CEMENT AND LIGHTWEIGHT AGGREGATE KILNS 

A recent national survey identified 17 cement kilns and
 

18 lightweight aggregate kilns that 
are presently burning
 

liquid organic hazardousWastes, primarily 
industrial
 

In 	1986, these 35 kilns incinersolvents and waste oils. 


ated a total of 86 million gallons of 
hazardous wastes.
 

Several of these facilities, primarily 
lightweight aggregate
 

operations, utilize waste fuels to provide 
one hundred
 

percent of their energy needs during 
normal kiln operation.
 

However, most of these facilities burn 
hazardous wastes as
 

supplemental fuel, replacing between 
25 and 50 percent of
 

the energy that would otherwise be 
Lupplied by coal or
 

This section provides a description
another primary fuel. 

of the technical aspects of burning 

hazardous wastes in
 

cement and lightweight aggregate kilns.
 

CEMENT LIGHTWEIGHT AGGREGATE KILNS 
A. 	 THE AIDVANTAGES OF AND 

AS 	 A HAZARDOUS WASTE DISPOSAL OPTION 

Cement Kilns 

In 	comparison to other types of hazardous 
waste incin

erators, cement kilns possess several 
characteristics which
 

make them an efficient technology for 
destroying organic
 

wastes. These characteristics include:
 

combustion gas temperatures and residence 
times in
 

--	

cement kilns exceed those generally experienced 
in 

commercial hazardous waste incinerators 
(Table 2). 

These high combustion temperatures and 
long residence 

times, along with the strong turbulence 
encounterea in
 

destruction
 
cement kilns, virtually assure the complet 


of 	even the most stable organic compounds;
 

due to the large size and amount of heated 
material in
 

cement kilns, these kilns exhibit high 
thermal
 

In other words, temperatures within the
 stability. 
 a cement kiln
 
kiln change very slowly. Thus, even if 


forced into an emergency shutdown resulting 
from a
 

is 

loss of primary fuel or severe upset, 

all hazardous
 

waste in the kiln should be completely destroyed,
 

provided that automatic cutoffs prevent 
further
 

injection of wastes;
 

cement kilns operate under alkaline conditions.
 --

Therefore, virtually all of the chlorine 
entering the 

kiln is neutralized to form calcium chloride, 
sodium 

chloride and potassium chloride, relatively 
non-toxic
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-- while combiustion gis temperaturesh in lijltwc.L jn 
cauned : aggregate kilns are equivalent to those 

inc nerators, they d>commerccil hazarzous was; 
_significanYV1 loss than those eXoe' 

kilns (Table 2). Similarly, although aggrg9d'z :ins 

exhibit relatively high thermal stability, 
they afe 

smaller than cement kilns, and therefore, 
may 

experience more rapid changes in temperature; 
and
 

unlike cement, which is produced from limestone,
 

lightweight aggregate is produced from slate 
or shale.
 

Therefore, the alkaline conditions encountered in
 

cement kilns do not exist in aggregate kilns.
 

Accordingly, aggregate kilns burning chlorinated 
wastes
 

must utilize additional air pollution control
 

equipment, such as a scrubber system, to ccntrol
 

emissions of hydrogen chloride, a highly acidic
 

compound. Some concerns have also been voiced that,
 

an alkaline environment,
because of the absence of 

aggregate kilns burning highly chlorinated wastes 

may
 

be mor 4prone to emitting dioxins than 
are cement
 

kilns. These concerns, however, have not been
 

documented in the literature describing trial 
burns
 

conducted to date (information on-emissions 
of toxic
 

pollutants from cement and aggregate kilns is presented
 

in section IV).
 

B. TECHNOLOGICAL LIMITATIONS
 

The primary drawback of cement and lightweight aggre

gate kilns as a hazardous waste disposal option 
is that they
 

are limited in the types of wastes they can accept. 
In
 

order to assure complete combustion, hazardous 
wastes must
 
At present,
be injected into the firing end of the kiln. 


only pumpable liquid hazardous wastes containing 
minimal
 

amounts of water can be incinerated in these kilns. 
Al

though solid materials could theoretically be disposed 
of in
 

he use
 
cement kilns, major plant modifications, including2 


of combustion gas afterburners, would be required. 
To
 

date, the viability of burning solid hazardous wastes 
and
 

contaminated soils in cement kilns has not been 
demonstrat

ed.
 

Because metals are not destroyed in the incineration
 

process, wastes containing significant quantities 
of metal

lic constituents, including lead, arsenic, mercury, 
cadmium
 

and chromium, are poor candidates 	for incineration 
in cement
 

Therefore, regulatory
and lightweight aggregate kilns. 


agencies typically set maximum acceptable concentrations
 

(usually in the parts per million 	range) for metallic
 
In addition, chlorine tends to
 constituents in waste fuels. 


accumulate in kilns in the form of alkali chlorides, which
 

may adversely effect the production process 
and lead to
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..shipmnt -o Ietermrlne s 
prior to accepting that ' 
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 wastes, -oincompatible
sions resulting from the mixture 

of 

assure that wastes do not contain 
unacceptable concentra

that unauthorized
assure

tions of halogens or metals, 

to 


wastes, such as PCBs or excess concentrations 
of metals, are
 

not injected into the kiln, anf8to 
protect cement product
 

quality and process equipment.
 

The major plant modification required 
to burn hazardous
 

wastes is the construction of waste receiving, 
storage and
 

a
 
A typical waste storage area consists 

of 

handling areas. 

tanker truck unloading area, four 

or more 30,000 gallon
 

waste storage tanks, one or more 
30,000 gallon blending
 

tanks, and associated piping, valves 
1 d equipment to pump
 

The design and
 
wastes to and from the various tanks. 


operation of hazardous waste handling 
areas are strictly
 

regulated under the Resource Conservation 
and Recovery Act
 

specified in the plant's RCRA treatment,
(RCRA), and are 
 Storage and
 
storage and disposal facility (TSDF) 

permit. 


handling requirements, which are 
similar to those placed on
 

industries that routinely handle 
flammable or hazardous
 

materials, include:
 

waste fuel storage tanks must meet 
design and
 

installation requirements that minimize 
the likelihood
 

of leakage or tank rupture. In addition, tank storage
 

areas generally are constructed with 
secondary
 

containment systems with capacity 
exceeding 110 percent
 

of the largest storage tank;
 

a facility

when handling ignitable or reactive 

wastes, 
--

must utilize special precautions to 
prevent accidental 

For example, nitrogen usuallyexplosions or releases. 

is pumped into storage tanks during 

unloading of
 

organic solvents and waste oils;
 

storage tanks must be equipped with 
vapor control
 

systems, and must utilize automated 
pressure, vapor
 

release and tank overflow monitors. 
In addition,
 

facilities utilizing underground storage 
tanks
 

generally are required to install 
leak detection and
 

groundwater monitoring systems;
 

procedures must be established which 
minimize or
 

spills during the transfer of
 eliminate the risk of 

For example, transportation tanker
 hazardous wastes. 


are usually constructed with secondary
unloading areas 
 percent of tanker 
spill containment exceeding 110 
capacity; 

pumps, valves and piping must meet 
design standards 

-_ 
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for disposal of :w

contracting with commelercial facilities 

wastes. 

Although DEC, in conjunction with the EzSate Enry 

office, is mandated by state law to monitor the generation
 

and disposal of waste oils in New York State, 
this informa-


Data gathered at
 
tion has not been collected since 1981. 


that time indicated that 46.8 million gallons 
(approximately
 

Of
 
187,000 tons) of waste oil was generated 

during 1981. 


that amount, it was estimated that 35 million 
gallons was
 

as waste fuel. The majority of waste
 potentially available 

oil collected in New York is burned in industrial 

or resi

dential boilers without reprocessing to 
remove hazardous
 

constituents, a prac ice that may present 
unacceptable
 

environmental risks.
 

The above data indicates that a minimum of 
90 million
 

gallons of liquid organic wastes are generated 
annually in
 

New York State, and that the actual amount 
may be much
 

greater. For comparison, the largest cement kiln waste 
fuel
 

project proposed to date in New York State 
would have a
 

maximum annual disposal capacity of 20 million gallons.
 

However, it is not clear what percentage of 
the 90 million
 

Deperding cn
 
gallons are available for use as waste fuels. 


market factors, a portion of this waste stream 
may be
 

recovered and recycled by solvent and waste 
oil refiners.
 

For example, commercial solvent recovery firms 
in New York
 

reprocessed an estimated 3 million gallons 
of industrial
 

Other organic wastes may not meet
 solvents in 1984. 

permit requirements governing total halogens 

content,
 

concentrations of metallic constituents, or 
minimum Btu
 

Therefore, it is not currently
content for waste fuels. 

possible to precisely quantify the availability 

of waste
 

fuels in New York State. However, the fact that three
 

facilities located in New York are pressing 
forward with
 

proposals to burn hazardous wastes suggests 
that these
 

facilities believe that they will not encounter 
problems
 

securing adequate supplies of waste fuels.
 

Income and Cost Projections
 

At present, cement and lightweight aggregate 
facilities
 

are charging industrial generators between 
ten and thirty
 

cents per gallon to accept organic solvents 
and waste oils.
 

However, it is difficult to project how the fees that 
firms
 

are able to charge to accept waste fuels will fluctuate in
 

For example, RCRA contains provisions that 
will
 

the future. 

liquid organic wastes
 prohibit the land disposal of most 


over the next several years. These prohibitions could raise
 

the price that facilities are able to charge for accepting
 

hazardous wastes. In contrast, the proposed waste fuel
 

projects at Lehigh Cement Company and Blue 
Circle Atlantic
 

would raise commercial hazardous waste incineration 
capacity
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of $9 per ton (3 1/2 cents o r gallon) under tI New ".r:
 
State SuDerfund program. And third, a commercial hazardous
 
waste disposal faci.litv may be subject to a local cross
 
receipts assessment of up to five percent (informatlon 3n
 
the gross receints assessment is presented below).
 

Once a firm has estimated the annual costs and savings
 

of constructing and operating a waste fuels project, the
 
company is then able to calculate the return on investment
 
it can expect from utilizing this technology. The fact that
 
three of the six cement and lightweight aggregate companies
 
operating in New York State are actively seeking permits to
 

burn hazardous wastes indicates that, despite the high
 
initial investment required, the economic return from a
 
waste fuels program is favorable.
 

E. COMUNITY IMPACTS OF A WASTE FUELS PROJECT
 

A waste fuels project clearly has the potential to
 
impact on residents living in the vicinity of the facility.
 
The host community must bear the risks associated with the
 
transport, storage and incineration of hazardous wastes.
 
Although the public health and environmental risks associat
ed with the burning of liquid organic wastes are extiemely
 
small, they cannot be completely eliminated. Furthermore,
 
even though these risks appear to be negligible, they may be
 
perceived by persons living near the facility to be unac
ceptable. Such perceived risks, whether based on available
 
technical and scientific evidence or not, impose real
 
burdens on individuals forced to bear them. In addition,
 
many citizens fear that the siting of a commercial hazardous
 
waste facility in their community may result in a decrease
 
in local property values, as well as in a tarnishLing of the
 
community's image.
 

However, in contrast to these potentially negative
 
impacts, a waste fuels project may provide several mitigat
ing benefits to the community in which it is located.
 
First, the cement and lightweight aggregate industries are
 
highly competitive. By reducing a facility's energy costs
 
and by providing a new source of revenue, the burning of
 
waste fuels may significantly increase a cement plant's
 
economic viability, thus enhancing its competitiveness.
 
This increased profitability may translate to the creation
 
or retention of jobs in the community, a strengthening of
 
the local tax base and other indirect economic benefits to
 
the community.
 

Second, New York Stare enacted a law in L986 which
 
allows the city or town in which a commercial hazardous
 
waste facility is located to impose an assessment of up to
 
five percent on the gross rieipts of the waste management
 
activities of the facility. This gross receipts
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IV. ENVIRONMENTAL CONCERNS RELATED TO THE BURNING 
OF
 

HAZARDOUS WASTES IN CEMENT KILNS
 

stemming
The environmental and public health concerns 

supple

from the use of hazardous wastes and waste oils as 


mental fuels in cement and lightweight aggregate production
 
emissions of toxic
 

can be grouped into four general areas: 


pollutants; risks associated with the transportation of
 

wastes; risks associated with the on-site storage 
and
 

handling of wastes; and, releases of toxic constituents 
from
 

cement kiln dust disposal sites.
 

A. EMISSIONS OF TOXIC AIR POLLUTANTS
 

A number of test burns have been conducted at cement
 

facilities to determine the impact of burning organic
 
a number of air pollutants,
hazardous wastes on emissions of 


including: organic constituents and-products of incomplete
 

combustion, lead and other metals, hydrogen chloride,
 

particulates, and sulfur and nitrogen oxides.
 

Trial burns conducted
Destruction of organic wastes. 

at over a dozen cement plants over the past nine years 

in
 

the United States, Canada and Europe have demonstrated 
that
 

these facilities have the capability to destroy greater 
than
 

99.99 percent of evS the most difficult-to-incinerate
 
organic substances. Although exceptions to the 99.99
 

percent destruction and removal efficiency (DRE) were noted
 

during some of the trial burns at two of these facilities,
 

the majority of these tests demonstrated DREs approaching
 

Those tests at which the 99.99 percent DRE
99.999 percent. 

were not obtained appear to have resulted from a failure 

to
 

properly atomize wastes or other operating errors.
 

It is conceivable that very small amounts of hazardous
 

waste burned in an incinerator achieving a DRE of 99.99
 

percent will escape destruction, and thus, may be emitted 
to
 

the atmosphere. However, the concentration of unburned
 

waste in exhaust gases from a properly operating incinerator
 

can be e~ected, at most, to range from 5 to 50 parts per
 

These emissinn levels of unburned waste are
billion. 

considerably below DEC's regulatory air emission standards
 

solvents and organic chemicals that the
for the classes of 

are proposing tocement faci1liies located in New York State 


incinerate.
 

In comparison to cement kilns, relatively few trial
 

burns investigating destruction and removal efficiencies for
 

hazardous wastes have been conducted at lightweight aggre

gate facilities. Because aggregate kilns burn at lower
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temperatures or comLustion ,o:cIolency Urous o .- , :;'i
 
levels.
 

Formation of Dioxins and Furans. Two tvps : 
toxic PICs, dioxins (TCDDs) and furans (TCDF-), nazv. _: 
ceived special attention because they have been iden:
in air emissions from a number of solid waste incinerators. 
However, a survey of test results from trial burns conducted 
at cement kilns and other industrial hazardous waste incin
erators indicates that emissions of d'xins and furans from
 
these facilities are not significant. The dioxin isomer
 
of greatest concern .2,3,7,8-TCDD) has not been detected in
 
emissions from any of seventeen hazardous waste incinerators
 
where tests for these substances have been conducted.
 
Although other isomers of dioxins and furans have been
 
identified in stack gases at several of these facilities,
 
including during a trial burn conducted in 1985 at the
 
Lehigh Cement facility in Cementon, New York, emissions from
 
hazardous waste incinerators appear to be approximately
 
three orders of magnitug less than those reported for
 
municipal incinerators.
 

To date, no data has been published characterizing
 
emissions of dioxins and furans from lightweight aggregate
 
kilns. Lightweight aggregate kilns lack the caustic condi
tions encountered in cement kilns. Therefore, the chlorine
 
contained in halogenated solvents burned in aggregate kilns
 
combines with hydrogen to form hydrogen chloride, a highly
 
acidic compound, rather than reacting with calcium to form
 
non-toxic compounds, as is the case in cement kilns. Some
 
experts have theorized that this availability of chlorine
 
molecules increases the likelihood that lightweight aggre
gate kilns may emit trace amounts of dioxins and furans,D
 
although evidence supporting this theory has not been
 
collected.
 

Metals Emissions. Because waste oils and many hazard
ous wastes typically contain metallic constituents, most
 
notably lead, concerns have been raised over emissions of
 
metals in cement kiln exhaust gases. The data on metal
 
emissions from hazardous waste incinerators is less well
 
developed than the data characterizing destruction and
 
removal efficiencies for organic substances. However,
 
evidence published to date indicates that the burning of
 
waste fuel in cement and lightweight aggregate kilns results
 
either in no increase or in only a ight increase in air
 
emissions of lead and other metals. Studies have shown
 
that greater than 99 percent of the lead contained in waste
 
fuels is either incorporated in an inert form in the clinker
 
product or is adsorbed onto kiln dust particles that are
 
removed by air pollution control devices. For comparison,
 
a recent survey of trial burns in which wastes containing
 
lead were incinerated in cement kilns concluded that lead
 
emissions from six of the seven facilities tested were less
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transporters opoe:ateliminate these risks, hazardous waste 


ing in New York State must conform with a series 
o, regula

tory requirements promulgated by the Department 
of Environ

mental Conservation designed to minimize the likelihood 
of
 

These regulaaccidental releases of hazardous materials. 

the federal Resourze Consertions, established pursuant to 
 tandRecoveryAct
C ,-require,-transporters.....
. vation 


obtain a permit from DEC, submit to inspections, obtain
 

insurance for hazardous waste spills, and comply with
 

various recordkeeping and manifest requiremfnts designed 
to
 

Design specitrack the disposition of hazardous wastes. 

fications for waste tanker trucks are similar to those for
 

vehicles transporting petroleum products or hazardous
 
These products, which present transportation
chemicals. 


risks that are similar to hazardous wastes, are routinely
 

transported around the state.
 

From a statewide perspective, the risks associated with
 

the transport of hazardous wastes and waste oils to cement
 

and lightweight aggregate facilities are no different than
 

the risks currently being incurred by the shipment of these
 

wastes to other t.ypes of existing commercial hazardous waste
 

disposal facilities. As long as hazardous wastes continue
 
However,
to be generated, these risks cannot be avoided. 


steps can be taken, through the strict enforcement of RCRA
 

transporter regulations and the development of thorough
 
risk of acciemergency contingency plans, to minimize t 


dents during the transport of waste fuels.
 

C. WASTE STORAGE AND HANDLING RISKS
 

The risks of explosion or tank failure leading,to the
 

release of toxic materials from storage areas are similar to
 

those encountered by industries that routinely use or
 

generate flammable or hazardous materials, including petro

leum products and organic chemicals. Technologies and
 

practices that have been developed by these industries can
 

be readily utilized'by cement facilities to minimize the
 

risk of catastrophic accidents during hazardous waste
 

storage and handling. A study conducted for the U.S.
 

Environmental Protection Agency has concluded that the use
 

of these storage and handling techniques at cement facili

ties reduces the risk,?f major releases of hazardous wastes
 

to negligible levels.
 

Although catastrophic accidents are highly unlikely at
 

waste storage areas, it is virtually impossible to complete

ly prevent small spills of hazardous wastes during unloading
 

and pumping of waste fuels.00 These spills may be caused by
 

equipment failures, maintenance operations, or operator
 

error. However, facilities managing hazardous wastes are
 

required by RCRA to develop waste handling procedures that
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E. 	 SUMMARY OF RISKS POSED BY INCINeRATION OF HAZARDOUS 
KILNSAND LIGInhEIG11T AGGREGATEWASTES IN CEMENT 

~'A'.~
a T'he U.S. £L O.fe~~~32 
a rar ssessment ot the potent1a- -ecii:: . *<o:<:c 

i i Y::='2-nicucei
organic and metals emissions based on 


at nine hazardous waste incineration facili-iQs. 
This
 

increased

risk assessment conservatively estimated that 

the 


cancer risk for an individual exposed to incinerator 
emis

in 100,000

sions over a seventy year period ranges from one 


a worst case estito one in 0O0,O00,000. Because this is 

result

mate, it likely overstates the actual risk of 	cancer 


ing from emissions from hazardous waste incinerators.
 

Although EPA's risk estimate was based on data from 
a 

facilities, other available risk
 relatively small number of 

assessments corroborate EPA's assertion that emissions 

from
 
e a
 

properly operated hazardous waste incinerators do 
not p 


significant threat to public health or the envirornent.
 

Hazardous wastes will continue to be generated 
in New
 

York State for the foreseeable future. Therefore, New York
 

State must develop technologies for treating or 
destroying
 

No tech
these wastes in an environmentally sound manner. 


nology for managing hazardous wastes can be risk-free.
 

Cement and lightweight aggregate kilns are no exception 
to
 

this rule. However, the risks stemming from the use of this
 

technology either appear to be extremely small 
(as is the
 

case with emissions of toxic pollutants or the potential 
for
 

or will

hazardous releases from storage and handling areas) 


be incurred by New York State regardless of the 
disposal
 

technology utilized (as is the case with transportation
 

risks). Furthermore, as discussed in the next section, 
any
 

facility proposing to burn hazardous wastus xust comply with
 

a rigorous set of environmental standards and regulations
 

and must complete a lengthy permitting process 
designed to
 

identify and mitigate any potential risks associated 
with
 

the project.
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IV. THE PERMITTING PROCESS
 

Any cement or lightweight aggregate facility proposing
 

a complex and leng-hy
to burn hazardous wastes must complete 


As a part of this regulatory review
permitting process. 

process, the facility must:
 

comply with the New York State Environmental Quality
 

Review Act, which will likely require the preparation
 

of an Environmental Impact Statement and the holding of
 

public hearings;
 

obtain several state air pollution control permits;
 

obtain a state hazardous waste treatment, storage and
 

disposal permit pursuant to the federal Resource
 

Conservation and Recovery Act; and
 

--	 comply with New York's hazardous waste facility siting 

requirements. 

Because waste oils presently are not regulated as a hazard

ous waste in New York, a facility intending to burn waste
 

oils, but not hazardous wastes, needs only to obtain the
 

necessary air permits.
 

A. 	THE SEQRA PROCESS
 

An application for permits to burn hazardous wastes or
 

waste oils as a supplemental fuel in a cement or lightweight
 

aggregate kiln will be evaluated by the Department of
 

Environmental Conservation (DEC) pursuantT7O the State
 
Initially, this
Environmental Quality Review Act (SEQRA). 


review serves to determine whether construction and opera

tion of the project will present a significant environmental
 
DEC has indicated that it will make a determination
impact. 


that a proposal to burn hazardous wastes or waste oils in a
 

cement or lightweight aggregate kiln presents a significant
 

environmental impact, and therefore is subject to the full
 

SEQRA review process.
 

Under SEQRA, any project deemed by DEC to have a
 

significant environmental impact must undergo a detailed
 
an 	envienvironmental analysis through the preparation of 


ronmental impact statement (EIS). The EIS must address a
 

number of factors, including: a description of the environ

mental setting and the important environmental impacts of
 

the proposed action; a description of mitigation measures
 

that will be used to minimize identified adverse environmen

tal impacts; and a description and evaluation of any
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a set a: DE-. 
is required to demonstrate compliance 

with 


guidelines which are designed to control hazardous alr
 

These guidelines, contained in "New York Stare
 
emissions. 


Trade and Use of Waste Fuels and Energy
Air Guide-17: 

Recovery", require the demonstration of an acceptable
 an ambient air
 
combustion efficiency and the completion 

of 


.quality impact-analysisrprior .to,
theburning of Waste
 

Waste fuels containing greater than 
5000'ppm


Fuel B. 

organic chlorine or-greater than 

50 ppm PCBs are also
 

subject to the full range of requirements 
in New York's
 

a
 
hazardous waste regulations, including 

the completion of 


trial burn.
 

Due to the promulgation of federal waste 
fuel regula

tions in November, 1985, the above program 
for regulating
 

the burning of was g fuels in New.,York State 
will likely be
 

For example, the federal regulations
revised this year. 

for waste fuels lower the maximum lead 

content for Waste
 

Fuel A to 100 ppm, and raise the acceptable 
total halogens
 

content of Waste Fuel A to 4000 ppm.
 

Finally, emissions of toxic.compounds from 
the facili

ty, including fugitive emissions 
from hazardous waste
 

storage tanks, are regulated under a separate 
regulatory
 

Guidelines for the Control of
 document, "Air Guide-l: 

Hazardous Ambient Air Contaminants." Tanks used to store 

hazardous waste fuels prior to incineration 
in a cement or
 

lightweight aggregate kiln are required to 
utilize Best
 

Available Control Technology (BACT) to insure 
that air
 

meet regulatory requirements.toxic chemicalsemissions of 
To meet these requirements, storage tanks 

generally are
 

vented through a carbon filter or directly 
to the kiln.
 

C. REQUIRED RCRA PEMITS
 

In New York State, the Department of Environmental
 

Conservation has received authority from 
EPA to administer
 

the Resource Conservation and Recovery Act 
(RCRA), the
 

primary federal statute regulating the 
handling and disposal
 

Cement and lightweight aggregate kilns
 of hazardous wastes. 

proposing to burn hazardous wastes (excludes 

waste oils) in
 

New York State must comply with two types 
of RCRA require

general regulations that apply to all hazardous
 ments --

waste treatment, storage and disposal facilities 

(TSDFs),
 

and special regulations that apply only to 
hazardous waste
 

incinerators and energy recovery facilities.
 

New York State's RCRA regulations impose Je 
following
 

general requirements on hazardous 
waste TSDFs:
 

general facility standards: the facility must comply
 

with general facility requirements covering 
such areas
 

as waste analysis, plant security, inspection
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-- t-e exhaust gas nmust. be ana'/ze, o emtss , ,POHC and for emissions o oxVgren anl zvn 

-- the destructlon and removal -:¢ {,ncv (DRE) mnust be 
comOuedC_ -Or each POHC; 

-- the emission of particulates and carbon monoxide must 
be quantified; and 

-- fugitive emissions from the incinerator must be
 
identified.
 

DEC may then issue a final RCRA permit for the facility
 
provided that the trial burn results indicate a DRE of at
 
least 99.99 percent for each specified POHC, and provided
 
that the facility's application also satisfies all general
 
RCRA requirements placed on TSDFs.
 

Because no real-time monitoring method is currently
 
available for determining the waste destruction performance
 
of hazardous waste incinerators, the final permit will
 
specify a number of operating requirements designed to
 
assure that the 99999 percent DREs are maintained during
 
normal operation. These operating conditions, which are
 
set on a case-by-case basis, set specifications for:
 

--	 combustion temperature: temperatures within the kiln 
must meet minimum levels. These temperatures are 
continuously monitored by thermocouples in various 
parts of the kiln; 

--	 carbon monoxide: the concentration of carbon monoxide 
in the exhaust gas is closely monitored because it 
provides an aecurate indicator of combustion efficiency 
within the kiln. In a properly operating incinerator,
 
the oxidation of carbon and hydrogen molecules in
 
organic wastes results in the formation of carbon
 
dioxide and water. The presence of carbon monoxide in
 
the flue gas, which is relatively easy to monitor on a
 
continuous basis, indicates that conditions for
 
complete combustion of wastes are not being met within
 
the kiln;
 

--	 waste composition and maximum feed rate: parameters 
are set for minimum Btu content and maximum allowable 
concentrations of halogens, PCBs and metallic 
constituents in the waste feed; 

--	 combustion gas velocity: gas velocity in the kiln is 
measured to assure that hazardous wastes remain in the 
burning zone of the kiln for a minimum of two seconds; 

fugitive emissions: because the use of a powerful
 
induced draft fan located at the elevated end of the
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storage tanks, materials used to clean up small spilis an
 
contaminated protective clothing. These wastes are subject
 
to 	a series of storage, labeling and reporting requirements.
 
Because these materials can not be injected into the kiln,
 
they must be transported off-site to a permitted TSDF for 
disposal. For example, Norlite Corporation, which currently 
burns. -4,-,to_,8 ,million ,gallons ofwaste fuels annually, 
genergtes approximately 40 tons of hazardous wastes each 
year. 

D. 	REQUIRED SITING CERTIFICATE
 

In addition to meeting applicable air and hazardous
 
waste regulatory standards, a cement or lightweight
 
aggregate facility that commenced burning hazardous waste
 
after February, 1982 is subject to the requirements of New
 
York State's hazardous waste facility siting statute. This
 
statute requires the owner of a new industrial hazardous
 
waste management facility to obtain a certificate of envi
ronmental safety and public necessity from a state siting 85
 
board prior to construction and operation of the facility.
 

Upon receipt of a completed siting application,, the
 
Governor is required to constitute an eightmember siting
 
board to review and rule on the proposed hazardous waste
 
management facility. The siting board is comprised of the
 
Commissioners of Transportation, Environmental Conservation,
 
Health and Commerce, the Secretary of State,, and three ad
 
hoc members appointed by the Governor, two of whom must be
 
local representatives from the county in which the proposed
 
facility is located. At the same time that the siting board
 
members are appointed, DEC is required to appoint a hearing
 
officer to oversee the consideration'of the necessary state
 
environmental permits.. A joint adjudicatory hearing is then
 
held by the siting board and the DEC hearing officer to
 
evaluate the applications for a siting certificate and the
 
a1ir and RCRA permits. After the completion of the hearing
 
and a public comment period, the board renders a decision on
 
the siting application based on the environmental impact
 
statement, the hearing record and any other relevant materi
als.
 

The siting board is required by law to deny the hazard
ous waste facility siting certificate if one or more of
 
three conditions are violated:
 

--	 residential areas or contiguous populations will be
 
endangered;
 

--	 the proposed facility does not conform with a series of 
technical criteria contained in the siting regulations. 
These criteria require the board to consider such 
factors as: proximity to residential areas, airports, 
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local communicyV oror to Submitting its permit appIica:ions
 

Blue circle also intends to hold smaller-scale
to DEC. 

meetings with local government and citizen represenzanives
 

forward.
as the oermizt~ng process moves 


F. POSITIVE AND NEGATIVE IMPACTS OF THE PERMITTING PROCESS
 

The current permitting process for cement and light

weight aggregate facilities proposing to burn chemical
 

wastes poses'several obstacles to the adoption of this
 
primarily, theprocess is time consuming. DEC
technology, 


generally requires several rounds of permit application
 
modifications before a permit is deemed complete. In
 

addition, the permit review process itself, which includes
 

technical evaluation of the project, preparation of an EIS,
 

convening of a siting board and scheduling of public hear

ings, is inherently time consuming. The entire process,
 

from the initial preparation of draft applications to the
 

issuance of final RCRA and air permits by DEC, generally
 
requires a minimum of 30 to 36 months.
 

In addition, the permitting process is expensive. A
 

RCRA incinerator permit application typically is a six inch
 

thick document containing up to 1,000 pages of detailed
 

information. Total costs for obtaining a RCRA permit,
 
including engineering consultants, public relations effort 6
 
and legal fees, generally range from $200,000 to $500,000.87
 
The cost of a trial burn alone typically exceeds $100,000.
 

However, the current RCRA permitting process has one
 

major benefit -- it assures that any proposal to incinerate
 

hazardous wastes at a cement or lightweight aggregate
 

facility will undergo an exhaustive.technical and.public
 

review. This process serves to identify and address all
 

potential hazards associated with such projects. In order
 

to survive this review, a facility must incorporate a wide
 

range of engineering and operational safeguards to protect
 

public health and the environment.
 

Furthermore, the fact that three cement and lightweight
 

aggregate facilities located in New York State are pressing
 

forward with RCRA permit applications to burn hazardous
 

wastes suggests that the negative impacts of the current
 

siting process (time, expense, uncertain results) are not
 

significant enough to discourage firms from utilizing this
 
These three facilities are reasonably confident
technology. 


that they will receive their RCRA permits. Therefore, while
 

it may be desirable for DEC to expedite the evaluation of
 

these permit applications, the basic permitting process
 
appears to be a workable format for reviewing proposals to
 

burn hazardous wastes.
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Vi1. DESCRIPTION OF EXISTING AND PROPOSED 
WASTE FUEL
 

PROJECTS IN NEW YORK STATE
 

Currently, one lightweight aggregate plant located 
in
 

New York State is burning hazardous wastes, 
and two cement
 

are in the process of submitting permit applicafacilities 

tions to implement this technology. In addition, a second
 

lightweight aggregate manufacturer burned waste 
oils in the
 

This section provides a
 past, but is no longer doing so. 


brief description of the operation and permitting 
status of
 

these four facilities.
 

It should be noted that Norlite, Lehigh Cement 
and Blue
 

Circle Atlantic all plan at present to burn 
only high-Btu
 

Although there are curorganic solvents and waste oils. 


rently no technical barriers preventing these 
facilities
 

from incinerating other hazardous wastes, such 
as pesticides
 

and organic chemical products, none of these facilities 
has
 

proposed accepting such wastes.
 

A. Norlite
 

Norlite, a producer of lightweight aggregate, has 
been
 

burning hazg dous wastes at its Cohoes, New York 
facility
 

since 1979. This facility receives between 4 and 8
 

million gallons of waste fuels annually, of which 
approxi

mately 90 percent consists of a variety of halogenated 
and
 

The remaining 10 percent
non-halogenated organic solvents. 

When sufficient supplies of solconsists of waste oils. 


vents are available, Norlite utilizes waste fuels 
to provide
 

all of its energy needs for its two kilns. Wastes are
 

stored at the site in six 24,000 gallon underground 
storage
 

tanks.
 

Norlite received air and hazardous waste permits 
to
 

At that time, however,
burn waste fuels from DEC in 1983. 


facilities burning hazardous wastes for energy 
recovery were
 

exempt from most RCRA regulations. In 1985, New York State
 

eliminated the energy recovery exemption from the 
RCRA
 

program. Accordingly, Norlite has submitted an application
 

to DEC for a Part 370 RCRA permit to store and incinerate
 
As a part of the permit review process,
hazardous wastes. 


Norlite anticipates conducting a trial burn in the 
spring of
 

Because Norlite began burning hazardous wasteS prior
1988. 

the requ1rrmens of
 to 1979, the facility is not subject to 


New York's hazardous waste facility siting stacute, 
and thus
 

However,
is not subject to review by a state siting board. 


Norlite is subject to full regulatory review under 
RCRA.
 

Until this permit review is completed, Norlite will 
continue
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C. Blue Circle Atlantic Cement Company
 

In August, 1937, Blue Cir!e A n submit'ed a 

270 RCRA permit apolication -o DEC ou' p1]tDmateLV 2's 
million gallons of chemical solvents and waste 3 is annuaii>
 

at its Ral'ena, New York facility, and is considering 
j ply

well.
 
ing for a separate permit to burn waste oils 

as 


Under this proposal, hazardous wastes would 
be utilized to
 

their energy requirements
replace up to 35 percent of 

Blue Circle Atlantic would
 presently supplied by coal. 


operate this project in conjunction with Systec 
Corporation,
 

a consulting firm that would provide engineering 
and labora

a new
a fuel broker. This is 

tory services and would act as 


proposal; Blue Circle Atlantic has not 
burned waste fuels in
 

the past. Therefore, this project will require approval
 

from a State siting board prior to receiving 
its RCRA
 

permit.
 

Blue Circle Atlantic has obtained a major 
demonstration
 

grant from the New York State Energy Research 
and Develop

ment Authority (NYSERDA) to finance a significant 
portion of
 

the design, permitting, construction and 
public relations
 

Assuming

costs of implementing its waste fuel proposal. 


this waste fuels project comes to fruition, 
the NYSERDA
 

grant will provide Blue Circle Atlantic up 
to $450,000, or
 

the total costs of the project.

roughly thirty percent of 


D. Northeast Solite
 

Northeast Solite, located in Mount Marion, 
New York
 

From
 
currently operates three lightweight aggregate 

kilns. 


1976 to 1982, Solite burned varying amounts 
of organic
 

During this period,
industrial solvents in its facility. 


Solite experienced several serious problems 
associated with
 
Groundwater


the operation of its waste fuels program. 


monitoring wells installed at the site revealed 
chemical
 

These
 
contaminants in water flowing beneath the 

facility. 


contaminants were believed to have originated 
from leaking
 

storage tanks and/or on-site spills of hazardous 
wastes.
 

Solite officials contend that the contamination 
problem
 

However,

disappeared with the cessation of waste burning. 


the facility is currently addressing further 
ground water
 

contamination problems stemming from settling 
lagoons that
 

accept wastewater from the facility's air 
pollution scrubber
 

system.
 

that Solite had
 was discovered in 1932
In addition, it 


unknowingly accepted and incinerated waste 
oils contalnLng
 

This discovits permit requirements.
PCBs, in violation of 

to obtain a summary abatement order in
 

ery prompted DEC 

October of 1982 prohibiting further waste burning 

activities
 

at the site.
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VII. FINDINGS AND RECOMMENDATIONS
 

A. SUMMARY OF FINDINGS
 

1. 	 New York State's long-term hazardous waste managemen:
 

strategy should be to encourage industries to reduce
 

their generation of hazardous waste through source
 
reduction and recycling practices. However, even under
 

a scenario of maximum waste reduction, significant
 
quantities of organic hazardous wastes and waste oils
 

will 	continue to be generated. At present, high
 

temperature incineration is the preferred technology
 
for managing these wastes. Properly designed hazardous
 

wastes incinerators have the capability to destroy
 
liquid
virtually one hundred percent of all types of 


organic wastes. Unfortunately, however, commercial
 
hazardous waste incineration capacity is extremely
 
limited in New York State.
 

2. 	 Cement and lightweight aggregate kilns have several
 
characteristics which make them a desirable technology
 
for incinerating hazardous wastes. Combustion gas
 

temperatures and gas residence times in these kilns
 

equal or exceed those generally encountered 	in other
 

types of commercial hazardous waste incinerators. Data
 

collected during trial burns conducted at a 	number of
 

cement and lightweight aggregate facilities 	have
 
demonstrated that these kilns have a destruction and
 

removal efficiency (DRE) of greater than 99.99 percent
 

for liquid organic hazardous wastes. Furthermore,
 
energy recovered through the burning of organic
 
solvents and waste oils can yield substantial energy
 
savings for New York State.
 

3. 	 Nationwide, 17 cement and 18 lightweight aggregate
 
kilns 	are burning ignitable hazardous wastes as
 

lightweight
supplemental fuels. In New York State, one 

aggregate manufacturer is currently burning hazardous
 
wastes, and two cement plants are pursuing proposals to
 

implement this technology. As proposed, these three
 
facilities could manage a total of 38 million gallons
 
of liquid hazardous wastes annually.
 

studies have been conducted to characterize
4. 	 A number of 
air emissions from cement and lightweight agcreqa:e 

kilns burning hazardous wastes. Air pollutants tndt 

have been monitored include: unburned wastes, products 

of incomolete combustion, dioxins and furans, inetals, 

hydrogen chloride, particulates, and sulfur dioxide.
 
The data collected to date strongly indicate that
 
cement and lightweight aggregate kilns have the ability
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regarding the use of these facilities for managing hazardous
 
wastes:
 

.. The Department of Environmental Conservation must
 
ensure that the two cement and one lightweight
 
aggregate facilities proposing to implement waste fue
 
projects comply with all relevant environmental
 
st da-rds-governing-hazardous-wasteincinerators'. At..
 
the same time, however, DEC should commit the necessary
 
resources and regulatory personnel to allow for the
 
prompt consideration of permit applications for these
 
facilities. Given the present shortage of commercial
 
hazardous waste incineration capacity in New York
 
State, it is important that the permit review process
 
for these facilities be completed in a timely manner.
 

2. 	 The Department of Environmental Conservation and cement
 
and lightweight aggregate facilities burning hazardous
 
wastes must jointly assure that waste handling and
 
incineration practices specified in these facilities'
 
RCRA permits are strictly adhered to. Each shipment of
 
hazardous wastes must be carefully analyzed prior to
 
being accepted to prevent unauthorized wastes from
 
being burned. Safety procedures must be faithfully
 
carried out. Storage tanks, piping, monitoring
 
equipment and automatic waste fuel cut-offs must be
 
periodically tested and inspected. These activities
 
are crucial for protecting public health and the
 
environment and for building public confidence in this
 
technology.
 

3. 	 Although virtually all available evidence indicates
 
that air emissions from properly operated cement and
 
lightweight aggregate facilities burning hazardous
 
wastes do not present environmental or public health
 
risks, it appears that additional testing for several
 
types of air pollutants is warranted. Specifically,
 
additional testing appears necessary to better
 
characterize air emissions of PICs during periods of
 
kiln upset and emissions of metals resulting from the
 
burning of waste oils. Therefore, DEC should consider
 
studying emissions of these compounds during trial
 
burns conducted at facilities proposing to incinerate
 
hazardous wastes and waste oils.
 

4. 	 In July, 1987, New York State enacted legislation
 
requiring DEC to prepare a statewide hazardous waste
 
facility siting plan (Chapter 618, Laws of 1987). This
 
plan is to include an analysis of the sources,
 
composition and quantity of hazardous wastes generated
 
in the State. The siting plan also is to include a
 
determination of the number, size, type and location of
 
hazardous waste management facilities that will be
 
needed for tbe proper long-term management of hazardous
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Efficiency (DRE) 


EIS 


EPA 
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halogen 
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GLOS...ARY: 

a highly s enr.p2e::bac 
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The quantity c
 British Thermal Unit. 

heat required to raise the temperatur
 

one degree
of one pound of water 


Fahrenheit
 

small nodules, consisting 
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and tricalcium silicate, tricalcium
 

aluminate and tetracalcium 
alumino

the product of
 ferrite, which are 


cement kilns. Clinker is ground into
 

a powder along with gypsum 
to make
 

cement
 

N.Y.S Department of Environmental
 

Conservation
 

a class of 75 chlorinated 
organic
 

The term "dioxin" often
 compounds. 
 t
 
used to refer to the most 

toxic of 


2,3,7,8-TCDD
dioxin isomers --
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percent) of the ability of 


incinerator to destroy hazardous
 

wastes
 

environmental impact statement
 

U.S. Environmental Protection 
Agenc
 

a class of organic compounds 
simila
 

(see above)
in structure to dioxins 


any of five elements (chlorine,
 

fluorine, bromine, iodine 
and
 

astatine) which may be combined 
wit
 

numerous types of organic 
molecules
 

form a wide variety of highly 
usefr
 

incinerate and of
 (but difficult to 


toxic) chemical compounds
 

a
a low-weight. construction 

mar 

sand and qraveI o
 

used in place of 
 concre!
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catalyst for discussion with and input from all interested
 

parties on how best to integrate source reduction and waste
 
combustion and on ways by which we can better assure the public
 
of safe operation of hazardous waste combustion facilities.
 

This draft combustion strategy consists of a discussion of 
the goals and objectives for this project and a series of short 
and longer-term actions that can be taken to achieve our goals. 
These actions are intended as the 3tarting point for discussions 
with the public and industry. The list of actions in this 
document are presented for debate and additional idQas. However, 
while that discussion is taking place, EPA intends to 
aggressively pursue se,,aral of the interim activities. 

11. EPA'S STRATEGIC GOALS 

A. Backrou1Al4 far the Goal; 

Combustion is currently a large component of hazardous waste 
management in the United States. It has become a large component 
as the nation moved away from land disposal in the 1980's and 
into treatment to reduce the volume and toxicit' of hazardous 
waste. As this shift occurred in the 1980's, citizens in areas 
where incinerators or boilers and industrial furnaces (BIFs) are 
located have increasingly challenged the need for these hazardous 
waste combustion facilities. Citizens avidence concern that 
waste combustion is too frequently used where source reduction 
may be the preferred alternative. Citizens also raise concerns 
regarding facility siting and potential health risks posed by 
waste management facilities. 

Hazardous wastes being burned today are generated by major 
segments of American industry, and represent a spectrum of 
commonly-encountered wastes, including spent solvents, sludges 
and dtstillation bottoms, and off-spec organic chemicals and 
products. About 5 million tons of these highly organic wastes 
are being combusted each year -- some 40% in incinerators and 60% 
in BIFs. Based on our most recent data, it appears that 
substantial bxcoss capacity exists for combustion of hazardous 
waste, particularly liquid wastes. It should also be recognized 
that although some additional wastes are untreated today, these 
wastes will soon be subject to treatment requirements mandated 
under the Hazardous and Solid Waste Amendments of 1984 (HSWA). 
These treatment requirements could use up much of today's surplus 
capacity over thn next saveral yaars. 

reguilatedIncinerators and BIFs burning hazardous vasta are 
by EPA and authorized states under the Resource Conservation and 

Recovery Act (RCRA). EPA's incinerator permit regulations, first 
promulgated in 1981, control emissions of principal organic 
hazardous constituents (POHCs), hydrochloric acid (HC1), and 



demand for combustion and other waste management 
facilities. 

o To better address public participation in setting a 

national source reduction agenda, in evaluating 

technical combustion issues, and in reaching site
specific decisions during the waste combustion 
permitting process. 

o TO develop and impose implementable and rigorous statQ

of-the-art safety controls on hazardous waste 

combustion facilities by using the best available 

technologies and the most current science. 

o To ensure that combustion facilities do not pose an 

unacceptable risk, and use the full extent of legal 

authorities in permitting and enforcement. 

.o To continua to advance scientific understanding with 

regard to waste combustion issues. 

These goals address the major issues surrounding hazardous
 

waste combustion today and provide an appropria~E 
framework for a
 

broad assessment of how source reduction and combustion 
of
 

hazardous waste can ba integrated into a national waste
 
This assessment will be comprised of many
management program. 


different activities, many of which will be led by 
the EPA-State
 

The Committee and other interested parties are
Committee. 

encouraged to examine these goals critically and 

to consider
 

whether and how they can be improved.
 

PROCVSD FOR PURBUING A NATXONAL STATEGIY
II. THE 


Under RCRA, EPA and the States are partners 
and co

regulators of the generation, transportation, 
treatment, storage,
 

and disposal of hazardous waste. EPA therefore is firmly
 

committed to the view that any evaluation of the 
role of
 

hazardous waste combustion in our hazardous waste 
management
 

strategy muAt be undertaken as a joint federal 
and stats effort.
 

To that end, an EPA-State Committee will be formed under the 
As mentioned

aegis of the EPA-State Operations Committee. 
includes componentsto this Committeeearlier, the initial charge 

dealing with aggressive source reduction, improvements 
to
 

technical and permitting standards, alternativQ 
treatment
 

a better scientific foundation for decision
 technologies, and 

making.
 

In each of these areas, this draft strategy 
lays out a
 

series of short and longer-term actions for 
public discussion.
 

EPA is
 
EPA intends to involve all stakeholders in this 

dialoque. 


providing these ideas as a starting point for 
discussion on
 



Perform site-specific risk assessments, including 

indirecr exposure, at incinerator 
and BIF 

facilities in the permitting process 

Use omnibus permit authority in new permits at
 

incinerator and BIF facilities as necessary to
 

protect human health to impose upgraded
 

particulate matter standards and if necessary
 

additional metal emission controls, and to impose
 

limits on dioxin/furan emissions
 

Establish a priority for reaching final permit 
and BIF facilities
decisions for incinerators 

Enhance public participation in permitting of
 

incinerators and BIFs
 

Enhance inspection and enforcement for
 

incinerators and BIFs.
 

The longer-term actions include:
 

an aggressive 	source o 	 Continued efforts to build 
reduction program, including exploration of the
 

usefulness and feasibility of setting a national
 

capacity reduction goal for generation of combustible
 
waste
 

o 	 Investigation of feasibility and risks associated 
with 

alternative waste treatment technologies
 

Upgrades to EPA's rulas on emission controls at
 o 
combustion facilities and on continuous emission
 

monitoring techniques
 

Upgrades to EPA's rules on the permitting and public
o 
involvement process for combustion facilities
 

A. 	 2hort ?%M atof 

Source Roduotion and Wasteof Aqgressivo1. 	 Xnteq?&tionCombustion 

0 	 U32 of parmit prioritins to stimulate sourca 

reduction 

Over the next 	18 months, as the national dialogue on source 

EPA will give low priority to permit-related
reduction is held, that 
requests for additional combustion capacity 

excet where 

capacity offsets the retirement of existing 
combustion capacity,
 



Target generating industries that produce
0 
source reduction
combustible wastes both for 


inspections and for requiring generators 
to
 

conduct waste minimization audis.
 

EPA will give top priority to ensuring compliance 
with waste
 

minimization requirements/guidance at those facilities 
that are
 

driving the demand for waste combustion. In addition, at the
 

same facilities, EPA will to the maximum extent possible 
include
 

audit requirements in enforcement settlQment agreements, 
permits,
 

The audits will allow
 and as part of corrective action orders. 
 source

these companies to investigate the maximum possible 

use of 


reduction to the extent that they are not already doing 
so in
 

partnership with EPA and the states.
 

o Maximum public involvement and information 
regarding source reduction and its integration 
with wast, combustion 

EPA will also establish a program to more effectively
going to 
provide information to the public on the types 

of wastes 
First, EPA
 

combustion units and the sources of those wastes. 


will compile information from the Biennial Report 
and will 

collect information from commercial combusticn 
facilities. This
 

such as the specific types and volumes of wastes
 information --

as the generators of these

being sent for combustion as well 
in a report and be provided to the 

wastes -- will be complied
will apprise citizens of those

public. This information 
industries that rely on combustion of their wastes 

and will allow
 

the public to better focus their attention on 
the appropriate
 

generating facilities.
 

2. Immediate Actions in Combustion Facility permitting 

The Agency's goal is to continuously improve 
the regulation
 

of hazardous waste combustion to reflect advances 
in scientific
 

that adequate protection of human health and the 
understanding so andto propose-in assured. During the time it takesenvironment 
finalize updates to national regulations, EPA will 

use its 

omnibus authority on a case-by-case basis as 
necessary to protect 

human health and the environment to include the appropriate 

conditions in permits being issued.
 

states should
 
At this time, EPA bclieves; that ragions and 

the RCRA omnibus provision and RCRA permit 
modification.
 

use 
regulations to add permit conditions as 

necessary to protect
 

human health and the environment whenever a 
combustion facility
 

new permit or reissuanceis seeking issuance of aowner/operator 
or, in appropriate circumstances, when
 of an expiring permit, 



interim measure emission ltmits of 30 ng/dscm (based on the sum
 
of all tetra thr-ugh octa dioxin and furan congeners) rhiu
 
standard is the same as the New Source Performance Standard for
 
new municipal waste combusters. Regions and states should
 
supplement this with more stringent emission limits if the site
specific risk assessment warrants.
 

0 Permit Controls on Incinerators and BIFs 

EPA regions and states should bring incinerators and BIFs 
under permit controls as soon as possible. This will be 
implemented through establishment of a schedule for calling in 
all BIF permits for final determinations. Each region will 
develno a plan that provides for commercial BIF permits to be 
called in within the next 12 months and for all other BIF permits 
to be called in within the succeeding 24 months. Permits 
represent one of the most effective means by which EPA and the 
authorized states can develop and enforce conditions on the 
operation of incineratorm and BIFs. At this point, no BIFs have 
had final permit decisions. Thus, permit determinations should 
be made as expeditiously as feasible to effectively control those 
operations that can be operated safely as well as deny permits 
at those facilities that can not be operated safely. 

o Enhanced Public Participation
 

Public participation is one of the major cornerstones of
 
EPA's environmental programs. EPA is committed to meaningful 
public involvement in its permitting programs. Local citizens 
must be given the opportunity to assure themselves that 
facilities in their neighborhoods will be operated safely. 

EPA will immediately provide for greater public 
participation in the permitting of BIFP and incinerators, and 
will initiate amendments to its rules to reflect new avenues for 
public participation. Prior to these amendments being finally 
adopted, EPA will direct all regions and states to provide 
immediately -for additional public participation opportunities 
during permitting of combistion units - particularly at earlier 
stages than now provided for under EPA's current permitting 
regulations. These ahould inolude, but are not limited to, 
public comment on the trial burn plan. EPA will also direct that 
local citizens be given the opportunity to participate during the
 
risk annesament process at combustion facilities.
 

o Enhanced Inspection and Enforcement
 

EPA will continue and enhance its current enforcement
 
efforts regarding combustion units through aggressive inspection
 



o 	 Upgrade EPA's rules to retlect state-of-the-art 
Advancamants 

EPA will initiate a rulamaking to upgrade our combustion
 
rules Tn doing so, EPA will explore the feasibility of a
 
technology-based approach, particularly with respect to setting
 
emission controls on metals, dioxins and furans, acid gases,

particulate matter, and products of incomplete combustion, In
 
addition, EPA will continue to refine its risk assessment
 
guidelines to ensure that all risks are effectively addressed by

national regulations or site-specific permit conditions.
 

o Upgrade EPA's rules on permit process for 
combustion units 

While EPA is directing regions and states to immediately
afford greater public participation on a permit-by-permit basis,
 
we will seek to modify our rules to reflect expanded public
participation. EPA will initiate a rulemaking to codify our goal

of increased public participation at earlier stages in the
 
permitting process for incinerators arid BIFs. ;n particular, EPA
 
will address thr trial burn process and the public's role in that
 
process.
 

EPA also believes there in a need to explore a rulemaking to
 
reform the permit appeal process for combustion units whose
 
permit applications have boon denied by the Regional

Administrator or Stats Director. In particular, where the unit
 
has been burning waste under interim status, EPA will seek to 
establish rules that prevent the continued burning of waste 
during administrative appeals of a permit denial decision. EPA 
will also explore additional guidance or a rulemaking to clarify
the number of permissible trial burns allowed before permit 
denial. 

o 	 Use and Feasibility or a Long-Term National 
Capacity Reduction Goal 

EPA will explore the usefulness of developing a long-term
reduction goal (e.g., a 25% reduction in combustion capacity over 
the next 10 years) to reduce combustion capacity beyond that 
which can be achieved through source reduction efforts. The 
purpose of such a goal would be to give more concrete national 
guidance on how best to mesh combustion demand with capacity. 


