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I.
INTRODUCTION

According to Greenpeace estimates, approximately 1,800,000,000 pounds (ca. 800,000 tons) of hazardous wastes are burned in US cement kilns each year as supplementary fuel in the production of cement.  This is approximately 24% of all hazardous waste sent to combustion facilities of all types (Costner and Thornton, 1991).  Types of wastes range from the high-Btu solvent wastes to refinery sludges and contaminated soil.  

The kiln flame temperatures of approximately 3,600°F (2,000°C) effectively destroy the organic portion of the waste, and the inorganic portion becomes chemically integrated in the cement clinker used to make concrete.  Because the inorganic (metal) portion of the hazardous waste fuel is normally so small relative to the inorganics contained in the raw materials and the regular kiln fuels (particularly coal and petroleum coke; ETI, 1992), extensive testing has not shown any significant chemical or physical difference in cement made with or without hazardous waste fuels (PCA, 1992).  For the same reason, stack emissions from kilns with and without hazardous waste fuels are essentially no different with respect to potential for offsite adverse impacts.  In fact, stack testing at Texas Industries and other facilities have shown a significant reduction in total emissions, including hazardous constituents, while using waste-derived fuel (ETI, 1992; Jones, 1992).

Although burning hazardous wastes in cement kilns has been in practice in the US for about 20 years, other countries have an even longer history.  Cement plants in Germany, France, Switzerland, Norway, and Canada have also been burning waste fuels for many years.  As a result, cement plants provide an almost ideal set of circumstances with which to study offsite health and environmental impacts: literally hundreds of cement kilns worldwide, many in operation since before the turn of the century, exposing many thousands of nearby residents to emissions which have always contained essentially the same constituents of health concern (arsenic, cadmium, chromium, lead, etc.) due to their presence in the raw materials and standard fuels.  Furthermore, most of the kilns operated at higher levels of emissions before passage of the Clean Air Act in 1970 and the Boiler and Industrial Furnaces Rule in 1991.

Offsite impacts due to excessive dust from kiln operations have been well documented in countries with less stringent emission controls, such as Yugoslavia and India, and due to contaminants in raw materials (ETI, 1992).  The same does not hold true for plants burning hazardous waste fuels: despite the large quantity of hazardous waste which has been managed and destroyed in cement kilns, there have been no documented cases of offsite adverse health or environmental impacts due to emissions from cement kilns burning waste fuels, or apparently enough documented concern to formally investigate the potential for adverse effects, either in the United States or overseas.

The current investigation concerns three cement plants in the town of Midlothian, Texas.  A sign coming into town welcomes you to the "Cement Capital of Texas." The cement plants are in operation within a three-mile radius of town, two currently permitted to burn hazardous waste and the third applying for federal and state permission to do so.  Due to their relative proximity, Midlothian is believed to have the highest concentration of plants burning hazardous waste, and perhaps the highest concentration of cement kilns overall (CAUSE, 1991).

A Midlothian-based activist group, CAUSE (Citizens Aware & United For a Safe Environment), was instrumental in raising local concerns to the point where agency action was brought about:


[The Midlothian cement plants] release tens of thousands of pounds of toxic waste into the air...toxicologists believe that it only takes a single particle of some of this waste, when not completely combusted, to cause serious health effects to humans...there are reports of infants getting sick every time they visit relatives here, animals getting unusual diseases, and sickening fumes engulfing entire homes...  (CAUSE, 1991)  

Purpose of the Study 

In response to concerns and allegations by CAUSE and others, the TACB decided to undertake a major investigation of the Midlothian community.  Specifically, their purpose was:


To determine if industrial sources in this area are emitting hazardous chemicals into the atmosphere which could have an adverse impact on the health and welfare of the general public (TACB, 1992b).

Before and during the TACB investigation, the three Midlothian cement plants conducted a series of monitoring tests as well.  These included: ten stack tests, continuous offsite ambient air monitoring downwind of one of the plants over a period of a year, and soil, water, and cement kiln dust tests.  

Together, the TACB and industry studies apparently represent the most comprehensive investigation ever performed in a community where hazardous wastes are burned in cement kilns.  Since Midlothian is apparently the highest concentration of such activity, involving a significant quantity of waste fuels, this study may represent worst-case exposure to emissions from cement kilns burning hazardous waste.

This paper compiles the results of all tests reported through July 1992 from all sources, including the most recent three out of ten of the stack tests available.  [The results of the two most recent BIF (Boiler and Industrial Furnace) stack tests completed in June 1992 were not available at publication.]  TACB and the cement plants intend to continue their respective monitoring programs for the foreseeable future; those data will be published as soon as they become available.

II.
Sources of Emissions in Midlothian
This section describes the industrial point sources of air emissions in the Midlothian area.  Non-point sources, such as automobiles, which are likely to be greater sources of exposure to atmospheric pollutants, were not addressed in this study.  

Cement Kilns 

The primary characteristics of the three Midlothian cement plants are described in Table 1.

Steel Mill 

Chaparral Steel Company is located in Midlothian, adjacent to the TXI plant.  Chaparral, the 10th largest producer of steel in the United States, features electric arc furnaces that use 100% scrap steel to produce over 1,400,000 tons of finished products per year.  Primary means of air pollution control at the site are bag houses that vent the furnaces, caster, and reheat furnaces.

Trade Zone 

Midlothian serves as a staging area for thousands of automobiles each year being prepared for shipment across the country.  Although the nature and magnitude of emissions from this area are regulated by permit and allowable emission rates, it is still a primary source of atmospheric emissions in the Midlothian area.  

Summary of Recent Emissions Data 

The results of the three most recent stack tests are presented in Table 2.  The closest residence to these sources is over one-half mile from any of the cement plants. 

Table 1. Facility Data
PARAMETER
BOX CROW
NORTH TEXAS
TXI
Process Type
Precalciner
Wet
Wet

No. Kilns
1
3
4

Kiln Tested
No. 1
No. 3
No. 4

Date Test Kiln Built
1986
1972
1972

Test Dates
10/14-25/91
11/7-9/91
4/22-5/1/91

Purpose
Test Tire-
Test Hazardous
Test Hazardous


Derived Fuel
Waste Fuel
Waste Fuel

No. Test Conditions
4
2
2

Total No. Test Runs
4
6
12

Kiln Feed Rate (tph)
200-240


Dry

62-65
75-80


Wet

100-105
104-110

Facility Clinker

   Production  
1 million
300,000
300,000

     Rate (tpy/kiln)


Facility Clinker

   Production Rate (tpy)
1 million
850,000
1.2 million

Standard Fuel Type
Coal/Nat.Gas
Coal/Nat.Gas
Coal

Coal Feed Rate Calciner
3.3-9.6 (tph)
N/A
N/A

Coal Feed Rate Kiln (tph)
6.1-8.0
104.9-159.9 
6-7



(MM Btu/hr)
(Baseline Test)

Tire Chip Feed Rate (tph)
0.0-6.8
N/A
N/A

Waste-Derived Fuel

   Feed Rate (MM Btu/hr)
N/A
79.9-126.1
160

Notes to Box Crow:  Although four runs were made, the Box Crow data presented here exclude the two runs where the raw mill was turned off in order to be more representative of actual conditions; differences were minimal.  Although the facility testing for hazardous waste fuels was not performed concurrent with TACB monitoring, the plant was burning tire-derived fuel at the time TACB was doing its monitoring.

Notes to North Texas:  All three kilns are identical in design and operation.  The purpose of the test was to substitute 36% and 60% waste-derived fuel in place of coal.  Metals were spiked at maximum fuel specifications.  This plant has not been burning hazardous waste fuel since April 1991, except during trial burns.

N/A - not available; tph - tons per hour; tpy - tons per year; Btu - British thermal unit; MM - x1,000,000.

III.
SAMPLING AND ANALYSIS PROGRAM

Scope of Studies 

The TACB exposure study focused largely on ambient air data, although samples from several other matrices were also analyzed.  At this writing, TACB has recorded a total of  6,112 analyses including 260 analyses performed in an independent ambient air study by TXI.  These analyses, in addition to the test burns at the three cement plants, have involved approximately 145 different chemicals or groups of compounds.

Matrices Sampled 

Matrices sampled by TACB staff focused on ambient air samples, including mobile and permanent stations and local residences.  A number of other matrices were also sampled and are listed in Table 3.  TACB staff conducted all TACB sampling, except for the samples taken by local citizens at their residence.

The three local cement plants also conducted a total of ten stack tests of emissions.  One of the plants is conducting a one-year study of local air quality, based on continuous PM10 monitoring.

Sampling Methods


TACB:  TACB sampling procedures appear to have followed standard methods outlined in U.S. Environmental Protection Agency (U.S. EPA) protocols (U.S. EPA, 1986), but this has not been verified by TACB.

Stack Tests:  The Box Crow sampling procedures followed those set forth in the Appendix to the Code of Federal Regulations (CFR) Title 40, Chapter I, Part 60, Methods 1, 2, 3, 5, 6, 6C, 7E, 10, 11, 16A, 25A, and 201A; in the "Sampling Procedures Manual, TACB, January 1983;" Methods 3.1, 3.2, and 3.3.1 of the "Methods Manual for Compliance with the BIF Regulations;" and in Test Methods for Evaluating Solid Waste, Volume II, Methods 0010 and 0030.  Sampling was observed by three representatives of the TACB (METCO, 1991a). 

North Texas used U.S. EPA Methods 3A, 5, 6C, 7E, 9, 10, 16, 23, 25A, 26; VOST Methods 0030; the U.S. EPA Draft Methods for Multi-Metals Train; and the BIF Method for hexavalent chromium testing.  Representatives of the TACB were present during portions of the testing (B3 Systems, 1991).

TXI sampling followed the procedures set forth in the Appendix to the CFR Title 40, Chapter I, Part 60, Methods 1, 2, 3, 5, 6, 7E, 10, 23, and 25A; in the "Sampling Procedures Manual, TACB, January 1983;" in the "Methodology for the Determination of Metals Emissions in Exhaust Gases from Hazardous Waste Incineration and Similar Combustion Processes;" and in Test Methods for Evaluating Solid Waste, Volume II, Method 0030.  Representatives of the TACB were present during the testing (METCO, 1991b).

Compounds Analyzed 

The entire list of chemicals or compounds analyzed in one or more samples is given in Table 4.  TACB staff analyzed all samples taken by their staff; the additional samples taken by the cement plants were sampled and analyzed by various staff and consultants.

Table 2. Facility Test Burn Data and Crista Data



TEST BURN KILN EMISSIONS (LBS/HR)a
COMPOUND
BOX CROW b
NORTH TEXAS c
TXI d
CRISTA e
ORGANIC
Acenaphthene
ND (<0.0031)



Benzaldehyde
0.058-0.250



Benzene
3.261-3.822



Benzo[a]pyrene
ND (<0.006)



Butadiene
ND (<0.0005)



Carbon monoxide
781-968
72.5-83.9 f,g
67.2-80.1

Carbon monoxide (ppm)
1,205-1,485 g

279-339

Carbon tetrachloride (%DRE)

>99.9994->99.9996
>99.9999

Ethylbenzene
0.421-0.577



Ethyl toluene (ethylmethylbenzene)
ND-0.938



Fluorene
ND (<0.0029)



Hydrocarbons, non-methane

4.2-8.4

Hydrocarbons, total
101-122
8.7-17.4 f,g
4.9-6.1

Hydrocarbons, total (ppm)
98-119 g

13-15

Limonene
ND (<0.0028)



Methyl indene
ND-1.122



Methylene chloride
0.005 h-0.055



Methyl styrene
ND-0.007



   (ethenylmethylbenzene)

Naphthalene
0.101-0.116



Pentadiene
0.427-0.746



Perchloroethylene (%DRE)

   (tetrachloroethene)


>99.9999

Phenanthrene
ND (<0.001)



Styrene (ethenylbenzene)
0.433-0.765



2,3,7,8-TCDD
ND (<0.000001)
ND(<4.96x10-10)i
 ND(<4.14x10-10)

TCDD, total
ND (<0.000001)
4.2x10-8 i
4.0x10-8
2,3,7,8-TCDF
ND (<0.000001)
8.1x10-9 i
4.3x10-9
TCDF, total
ND (<0.000001)
4.9x10-8 i
2.0x10-7
1,2,4-Trichlorobenzene (%DRE)

>99.9997->99.9998


1,1,1-Trichloroethane (%DRE)

>99.9995->99.9997


Toluene
3.307-4.497



Xylene (dimethylbenzene)
1.831-2.691



INORGANIC

Aluminum
0.012-0.071



Ammonia
3.59-3.65

2.65-2.92

Antimony
ND (<0.003)
0.00063-0.00072
ND (<0.001)
0.006 [0.040]

Arsenic
ND (<0.004)
0.000058
ND (<0.001)
0.005 [0.022]

Barium
ND-0.002
0.0090-0.014
ND (<0.001)
0.158 [1.153]

Beryllium
ND (<0.001)
0.000014 
 ND (<0.001) 
0.0004[0.003]

Boron
0.005-0.006



Bromide


0.01

Cadmium
ND (<0.001)
0.0018-0.0041
ND (<0.001)
0.002 [0.011]

Table 2 (CONT’D). Facility Test Burn Data and Crista Data



TEST BURN KILN EMISSIONS (LBS/HR)a
COMPOUND
BOX CROW b
NORTH TEXAS c
TXI d
CRISTA e
INORGANIC (CONT.)

Chlorine
0.962-1.025

0.00-0.16

Chromium, hexavalent
ND (<0.000001)
ND


Chromium, total
0.00009-0.003
ND (<7.25x10-5)
ND (<0.001)
0.099 [2.374]

Copper
0.001-0.002



Fluoride


0.01-0.07

Hydrogen chloride
ND (<0.0009)
3.7-9.5
14.16-34.81

Hydrogen sulfide
ND (<0.0001)



Iodide


0.06-0.07

Iron
0.046-0.102



Lead
ND (<0.001)
0.014-0.033
ND (<0.001)
0.046 [0.404]

Manganese
0.008-0.009



Mercury
0.002-0.003
0.0037-0.0039
ND (<0.000001)
0.017 [0.078]

Nickel
0.003-0.005


0.087 [1.358]

Nitrogen oxides
326-532
142-150
73.3-93.3

Selenium
ND (<0.004)

                               0.0004 [0.002]

Silver

0.00067-0.00071
ND (<0.001)
0.007 [0.063]

Sulfur dioxide
1,380-1,406
61.8-307
7.4-676.3

Sulfur, total reduced
6.21-9.44
11.2-23.4
1.24-2.99

Thallium
0.000159-0.001
0.0013-0.0022
ND (<0.0001)
0.006 [0.040]

Vanadium
ND (<0.001)


0.003 [0.005]

Zinc
0.007-0.008


0.012 [0.051]

PARTICULATE

Particulate matter
3.83-5.16
15.3-15.9
2.2-4.2

Particulate matter
0.0028-0.0042 g
0.026-0.027 g
0.0052 g
   (gr/dscf)

Particulate matter
0.021-0.024
0.234-0.261
0.028-0.054

   (lbs/ton kiln feed)

Particulate matter (PM10)
0.95-2.06



a
Units of emission are pounds per hour unless otherwise specified.

b
Summary of Conditions I (no tire-derived fuel) & IV (burning tire-derived fuel).  Test burn dates were October 14-25, 1991.

c
Emissions from Kiln 3 using 36-60% waste-derived fuel.  Test burn dates November 7-9, 1991.

d
Emissions using 100% waste-derived fuel.  Test burn dates were April 24-May 1, 1991.

e
Combustion Research Institute Stack Emissions Database; a database developed by a division of Environmental Toxicology International, Inc. (ETI), for the evaluation of potential differences in inorganic emissions due to burning hazardous waste in combustion facilities.  Data are from several trial burns of cement plants throughout the US, as summarized in ETI, 1992. Values presented in this table are database averages, followed by the maximum reported value in [] brackets.

f
Represents average over all three runs of the maximum hourly rolling value of each run.

g
Corrected to 7% O2.

h
Estimated; detected below the quantitation limit.

i
Emissions from Condition 1 where kiln exit temperature was below 450°F.

ND
Not detected. Number in parentheses is the reportable detection limit.


NOTE: Values greater than 100 were rounded to nearest whole number.
Analytical Methods 

All samples are believed to have been analyzed in accordance with the U.S. EPA methods outlined in SW-846 (U.S. EPA, 1986) or other federal or Texas state agency guidelines, although this has not been verified by TACB.  However, analytical QA/QC procedures do not appear to have been followed in the analysis of the TACB samples.

___________________________________________________________________

TABLE 3.  MATRICES SAMPLED
	Air Conditioner Filters

Ambient Air 


Mobile


Permanent


Residences


One-Year Study*


	Cement Kiln Dust

Concrete Foundation

Fuel Oil

Gravel/Asphalt/Rock


	Hay

Slag

Soil

Stack Emissions*

Water




* Not part of TACB study

___________________________________________________________________

IV.
APPLICABLE CRITERIA

Effects Screening Level (ESL) 

The Effects Screening Level (ESL) is a Texas state "tool," not an ambient air standard, for screening data for further evaluation.  According to the TACB, the short-term ESL is 1% of the Occupational Exposure Limits (OEL), and the long-term ESL is 0.01% (or one ten-thousandth) of the OEL.  The OEL is determined by reviewing the three national occupational exposure levels established by one or more of the following: American Conference of Governmental Industrial Hygienists (Threshold Limit Values), Occupational Safety and Health Administration (Permissible Exposure Limits), and National Institute for Occupational Safety and Health.  The TACB then chooses the one that is most "reasonable," or the lowest exposure level, or a combination of the three.  (Lee, 1992)  

ESLs are also based on data concerning odor nuisance potential, vegetation effects, or corrosion effects.  According to TACB, "if predicted or measured airborne levels of a certain chemical do not exceed its screening level, we do not expect any adverse health or welfare effects.  If ambient levels of air contaminants exceed the screening levels, this does not necessarily mean there is a problem.  It is just an indication that further review will be required" (TACB, 1992c).  As such the ESL represents a conservative tool with which to evaluate the potential for adverse health effects.

Table 4. 

COMPLETE List of Chemicals For Which Any Sample Was Analyzed

	ORGANICS
Acenaphthene

Acenaphthylene

Acetone

Alkanes, total

Alkenes, total

Anthracene

Aromatics, other

Benzaldehyde
Benzene

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(ghi)perylene

Benzo(k)fluoranthene

Bromobenzene

Bromochloromethane

Bromodichloromethane

Bromoform

Bromomethane

1,3-Butadiene

Butadiene
Carbon disulfide

Carbon monoxide
Carbon oxide sulfide

Carbon tetrachloride

Chlorobenzene

Chloroethane

Chloroform

Chloromethane

o-Chlorotoluene

p-Chlorotoluene

Chrysene

2,5-Cyclohexadiene-1,4-dione

Dibenzo(a,h)anthracene

Dibromochloromethane

   (Chlorodibromomethane)

Dibromomethane

m-Dichlorobenzene

o-Dichlorobenzene

   (1,2-Dichlorobenzene)

p-Dichlorobenzene

Dichlorodifluoromethane

1,1-Dichloroethane

1,2-Dichloroethane

1,1-Dichloroethylene

cis-1,2-Dichloroethylene

trans-1,2-Dichloroethylene

1,2-Dichloropropane

1,3-Dichloropropane

2,2-Dichloropropane


	1,1-Dichloropropene

1,3-Dichloropropene

Diethyl biphenyls, total

Diethyl disulfide

Dimethyl disulfide

Dimethyl naphthalenes

Ethylbenzene
2-Ethyl naphthalenes

Ethynylmethylbenzene

Flourene
Fluoranthene

Fluorene

Hydrocarbons, chlorinated

Hydrocarbons, nitrogenated

Hydrocarbons, non-methane
Hydrocarbons, saturated

Hydrocarbons, total
Hydrocarbons, oxygenated

Hydrocarbons, unsaturated

Indeno(1,2,3-cd)pyrene

Isopropyl naphthalenes

Limonene
Methyl isobutyl ketone

Methyl ethyl benzenes

   (Ethyl toluene)

Methyl ethyl ketone

Methyl indene
Methyl mercaptan

Methyl methacrylate

Methyl naphthalenes

Methyl styrene

  (ethenylmethylbenzene)
Methyl-t-butyl ketone

Methylene chloride

   (Dichloromethane)

Naphthalene

Pentaalkyl benzenes, total

Pentadiene
Phenanthrene

Phthalates, total

Propyl benzene

Pyrene

Styrene (ethenylbenzene)

2,3,7,8-TCDD

TCDD, total

2,3,7,8-TCDF

TCDF, total
Tetraalkyl benzenes, total

1,1,1,2-Tetrachloroethane

1,1,2,2-Tetrachloroethane

Tetrachloroethylene

Tetrahydrofuran


	1,1,1-Trichloroethane

1,1,2-Trichloroethane

Toluene

Triaalkyl benzenes, total

1,2,4-Trichlorobenzene
Trichloroethylene
Trichlorofluoromethane

   (Fluorotrichloromethane)

1,2,3-Trichloropropane

Trimethyl naphthlenes

Vinyl chloride
Xylene (dimethylbenzene)
m-Xylene

o-Xylene

p-Xylene

INORGANICS
Aluminum

Ammonia
Antimony

Arsenic

Barium

Beryllium

Boron

Bromide
Cadmium

Chlorine
Chromium, hexavalent

Chromium, total

Copper

Fluoride

Hydrogen chloride
Hydrogen sulfide

Iodide
Iron

Lead

Manganese

Mercury

Nickel

Nitrogen oxides
Particulate matter (PM10)

Selenium

Silver

Strontium

Styrene

Sulfur dioxide

Sulfur, total reduced
Thallium

Titanium

Vanadium

Zinc




Plain text indicates substances tested by at least one of the three cement facilities and by the TACB.

Bold - chemicals tested in one or more of the three facilities' tests, but not in any of the TACB analyses.

Italics - chemicals tested only in the TACB analyses, but not in any of the three cement facilities' tests.

Environmental Media Evaluation Guideline (EMEG) 

The metals in soil and dust were analyzed and compared to the Environmental Media Evaluation Guideline (EMEG) for metals in soil.  These guidelines have been developed by the Agency for Toxic Substances and Disease Registry (ATSDR), a division of the U.S. Centers for Disease Control and Prevention (CDC), and represent a maximum concentration of a metal in soil that a child could consume on a regular basis without resulting in adverse health effects.  EMEGs vary by compound and by route of exposure.

Other Criteria 

Air sampling results for lead, beryllium, hydrogen sulfide, and sulfur dioxide were compared to their respective federal and state standards, both current and proposed. Water sampling results were compared to the U.S. EPA's Maximum Contaminant Levels (MCLs) or National Interim Primary Drinking Water Regulations (NIPDWRs).  Lead levels in soil were compared to the CDC guideline for lead in soil.  The measured concentrations of lead were also compared to the published ranges of metals levels typical of US soils.

Where no criteria were available, levels were compared to "background" levels of the same compounds, such as in US soil, or to available toxicological literature.

V.
Sample Collection and Selection of Applicable Criteria 
The samples collected and analyzed by TACB staff were reviewed by the staff of the TACB Effects Evaluation Division to evaluate whether exposure to the amounts of organics, metals, or sulfur compounds measured in the air or soil might cause adverse health or other effects in the general public (Willhite, 1992).  Many compounds were not detectable by standard analytical methods; in those cases, it is TACB practice that levels detected below the minimum detection limits (MDLs) are assumed to be present at half the detection limit (rather than assumed to be not present at all) for comparison with criteria.  

The non-TACB samples (primarily the stack emissions and the non-TACB portion of the ambient air data) were independently evaluated by Environmental Toxicology International staff. The combined results are presented below, grouped by sampling medium.  

Ambient Air 

As their primary response to citizen concerns about community exposure to local cement plants burning hazardous waste as supplementary fuel, the TACB undertook a major air sampling and analytical program downwind of the Midlothian cement plants and steel mill to determine the concentration of toxic air contaminants to which Midlothian residents were being exposed.  These ambient air samples are the focus of the overall monitoring effort and represent the vast majority of data collected.  The TACB effort was supplemented by a year-long study of ambient air quality conducted by TXI, the results of which are also reported here.  Results were compared to federal and state standards or the Texas ESLs.

Air Conditioner Filters 

According to TACB, a citizen of the Midlothian area submitted portions of resident air conditioning filters for analysis based on concerns that emissions from area roadways where slag, which had been used as a loose aggregate, may impact indoor air quality (TACB, 1992a).  The EMEG for soil ingestion was used as the most directly relevant criterion available.

Cement Kiln Dust 

Some citizens expressed concerns whether the cement kiln dust collected in the air pollution control devices at the cement kilns might contain harmful concentrations of metals to which they could be exposed.  In response, the TACB collected samples of cement kiln dust taken from dust storage areas at all three plants.

To determine whether surrounding soils were accumulating excessive metal concentrations from the cement operations, soil samples were also collected at distances ranging from 0.25 to 5 miles from each of the three cement plants and analyzed for metals.  Samples were taken in all four directions from each plant (Willhite, 1992).  These soil sample results are included with the rest of the soil samples discussed below. 

Results of the cement kiln dust samples were compared to federal EMEG values for soil ingestion; where no EMEG existed, they were compared to background levels of those metals in soils.  Lead levels were compared to the CDC advisory level for lead in soil (TACB, 1992a).

Concrete Foundation 

According to the TACB, a citizen of the Midlothian area submitted a sample of a "cement foundation" taken from Clark Road for analysis for unspecified reasons.  Results of 12 metals were compared to federal EMEG values for soil ingestion; where no EMEG existed, they were compared to background levels of those metals in soils.  Lead levels were compared to the CDC advisory level for lead in soil (TACB, 1992a).

Fuel Oil 

A sample of regular fuel oil used by TXI was taken and compared to the analytical results submitted by TXI, as a check for compliance with TXI permit provisions. 

Gravel/Asphalt/Rock 

According to TACB, a citizen of the Midlothian area submitted 13 samples of gravel, asphalt, and rock taken from area roads and driveways for analysis.  The samples were taken to identify areas where slag may have been used as aggregate and possibly have exposed residents to high concentrations of metals.

Results were compared to federal EMEG values for soil ingestion; where no EMEG existed, they were compared to background levels of those metals in soils.  Lead levels were compared to the CDC advisory level for lead in soil (TACB, 1992a).

Hay 

According to TACB, a citizen in the Midlothian area submitted a sample of local hay from an unspecified location for testing for unknown reasons.  Results were compared to federal EMEG values for soil ingestion; where no EMEG existed, they were compared to background levels of those metals in soils.  Lead levels were compared to the CDC advisory level for lead in soil (TACB, 1992a).

Slag 

A few area residents were concerned that metals in slag used for roads in the Midlothian area could pose a risk to their health.  Results of slag tests were compared to federal EMEG values for soil ingestion; where no EMEG existed, they were compared to background levels of those metals in soils.  Lead levels were compared to the CDC advisory level for lead in soil (TACB, 1992a).

Soil 

A total of 365 analyses were conducted of area soils.  Results were compared to federal EMEG values for soil ingestion; where no EMEG existed, they were compared to background levels of those metals in soils.  Lead levels were compared to the CDC advisory level for lead in soil (TACB, 1992a).

Water 

128 analyses of wellwater were taken by TACB for testing by the Texas Water Board, for unspecified reasons.

VI.
Analytical Results
The results of the chemical analyses were compared with appropriate federal or state criteria, summarized above.  The results of testing compared to the appropriate criteria are presented in this section.  

Ambient Air 

There was only 1 ESL exceedance in the total of 5,281 results reported for ambient air.  One carbon disulfide analysis was measured at 0.0162 ppm, vs. a short-term ESL of 0.01 ppm.  TACB noted these levels are significantly lower than the odor threshold of 0.110 ppmv.  As the sample was taken upwind of all three cement facilities, this exceedance was not attributed to emissions from any cement plant.  Upon further evaluation for potential health effects, the TACB concluded that "no adverse health effects should result from exposure to the measured concentrations of CS2" (TACB, 1992a).  

The concentrations measured in the ambient air in Midlothian represent not just three cement kilns burning waste fuels, but also other sources of atmospheric emissions in the area.  Despite this, 5,280 analyses (99.98%) did not exceed the appropriate standard or ESL, and by TACB definition did not require further investigation for potential adverse effects.  The one sample which exceeded the ESL was determined not to exceed the applicable health effects criterion. None of the TXI ambient air samples from their monitoring program exceeded the appropriate ESL.

The TACB concluded that "none of the detected compounds exhibited concentrations in ambient air which would account for the presence of noxious odors" and that no adverse health effects would be expected at these concentrations (TACB, 1992a).

Air Conditioner Filters 

There was 1 exceedance of the antimony EMEG in a total of 12 analyses.  A level of 130 ppm was recorded vs. an EMEG of 20 ppm.  Upon further evaluation, TACB determined that "comparison between the levels measured in the filter and the soil ingestion guidelines (EMEGs) cannot logically be made, as it is extremely unlikely that children would ingest this material. Further, it is not possible to determine airborne concentrations of these metals since the rate of the air flow across the filter, the length of time the filter was in place, and the efficiency of the filter are all unknown.  Additionally, all the metals detected in the filter occur naturally at various concentrations in US soils, and therefore are likely to be present in the air.  Also, the filter itself may not be metal-free.  The levels of the metals detected in the sample of the air conditioner filter were not present in the same proportion as that observed for the metals in the slag samples or samples of the roadways where the slag has been used" (TACB, 1992a).

Cement Kiln Dust 

There were no exceedances in 22 analyses.  The levels of metals in the cement kiln dust were lower than the levels in surrounding soils, the results of which are included with the other soils data reported below.  Supporting these conclusions, Texas Industries conducts cement kiln dust sampling on a daily basis, and in almost three years of testing has never exceeded these criteria (Jones, 1992).  

Concrete Foundation 

There were no exceedances in 12 analyses.

Fuel Oil 

There were no exceedances in 30 analyses.    

Gravel/Asphalt/Rock 

There were initially 21 exceedances of chromium, iron, and manganese in a total of 174 analyses. Of these data, chromium presented the greatest potential for health concern.  Each sample was measured as total chromium, not differentiating between forms of chromium present; however, the toxicity of hexavalent versus trivalent chromium is substantially different.  The soil EMEG for trivalent chromium is 50,000 ppm; the soil EMEG for hexavalent chromium is 250 ppm.  If primarily trivalent chromium is present, much higher levels of total chromium may be allowed.

Further testing by TACB showed the amount of hexavalent chromium present to be 0.5-1.6 ppm in a sample measuring 3,200 ppm of total chromium.  Further, "a review of the literature regarding chromium-induced skin sensitivity indicated that the levels of soluble chromium in the slag material was below levels which have elicited skin reactions" (Willhite, 1992).  On the basis of these results, the TACB concluded that "adverse health effects to the general public are not expected as a result of exposure to chromium VI at these levels" (TACB, 1992a).

With regard specifically to manganese, if ingested manganese is not dissolved in water, little is absorbed by the body.  With regard specifically to iron, iron is not expected to cause adverse health effects if present in soil (Willhite, 1992).  TACB concluded that health effects would not be likely at these concentrations (Willhite, 1992).

In summary, with regard to the chromium, iron, and manganese exceedances in asphalt, gravel and rock, the TACB concluded an increased risk to the public health is unlikely because the metals are in the form of asphalt and hard gravel, not ingestable soil (TACB, 1992a). 

Hay 

There were no exceedances in 12 analyses.

Slag 

There were initially 18 exceedances of chromium, iron, and manganese in 76 analyses.  The TACB concluded "an increased risk to the public is unlikely because the slag is in the form of a hard gravel...However, further investigation is necessary to ascertain whether the slag may become more readily available in the environment over time" (TACB, 1992a).

Soil 

There were no exceedances in 365 analyses.  The TACB concluded that all levels of metals in the soil samples were below the appropriate EMEG and within the range of background levels for US soils.  "We would not expect adverse health effects from exposure to these concentrations of metals" (Willhite, 1992). 

Water 

There were no exceedances of screening criteria in 128 analyses.

Summary 

Of the total 6,112 analytical results, 60% (3,670 analyses) were at or below minimum limits of detection, 39.33% (2,401 analyses) exceeded the MDL but not the applicable screening level or regulated limit, and 0.67% (41 analyses) exceeded the relevant screening (not health) criterion. Upon further evaluation, all 41 exceedances were determined by the TACB not to present a risk of adverse health impact to local residents (i.e., 0% exceeded thresholds for adverse health effects).

VII.
CONCLUSIONS
Texas Air Control Board 

The conclusion of the Effects Evaluation Division of the TACB about the data collected by them is that


Hundreds of samples have been taken over the last [20] months to evaluate whether air or soil concentrations of contaminants are present in sufficient quantity that adverse health effects would be likely.  The measured levels have been compared to guideline concentrations which are far below levels which the scientific literature reports human health effects occur.  Almost all of the measured amounts have been below the guideline levels.  Hydrogen sulfide was found at concentrations high enough to be odorous [but still below the Texas state standard for hydrogen sulfide].


This collection of environmental data is not a study of incidence of health effects in the Midlothian community.  We can conclude, however, that exposure to the measured concentrations of contaminants are unlikely to cause adverse health effects in the general public" (Willhite, 1992).

Comparison with Other Results 

The above findings confirm similar results recorded in other US cement communities (ETI, 1992).  These Midlothian data are unique, however, in that they represent the most extensive monitoring, sampling, and analytical program ever conducted in one cement community.  In addition, given the density of cement kilns burning significant quantities of waste fuels in the Midlothian community, these measurements are believed to reflect worst-case conditions for US communities burning hazardous waste fuels in cement kilns under similar regulatory control.
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