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Executive Summary 
The former Swift Independent Packing Company site (Swift Site) is located on 1901 South San 

Marcos Street in San Antonio, Texas.  The Swift Site is currently undergoing closure under the 

Texas Commission on Environmental Quality’s (TCEQ’s) Voluntary Cleanup Program (VCP).   

Residential land use is the proposed future use of the property.   On January 13, 2008 a sample 

of coal ash was collected from the site by Geo-Marine, Inc. and submitted to DHL Analytical in 

Round Rock, Texas for analysis of 2,3,7,8 – tetrachlorodibenzo-p-dioxin (TCDD) and related 

dioxin-like compounds.  TCDD is often called “dioxin” and is the reference compound for 2,3,7,8 

– substituted polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans, typically 

referred to as “dioxins and furans” or “dioxin-like” compounds.    These compounds usually 

occur as a mixture in environmental samples.  The analytical results for TCDD and related 

dioxins and dioxin-like compounds in the coal ash sample were reviewed by RPS JDC, Inc. and 

the total results were compared to the TCEQ’s Texas Risk Reduction Program protective 

concentration levels for TCDD in soils.  The total results were determined to be below TCEQ’s 

protective concentrations for residential land use and protection of groundwater resources. No 

further actions were recommended. 
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Section 1 
Sample Results and Estimated Total TCDD 
Concentration 
This section reports the coal ash sample results and describes how the total TCDD 

concentration was estimated.   

1.1 Sample Results  
On January 13, 2008 a sample of coal ash, i.e., Coal Ash 7 was collected from the Swift VCP 

Site by Geo-Marine, Inc. and submitted to DHL Analytical in Round Rock, Texas.   DHL 

Analytical subsequently submitted the sample to Pace Analytical Services, Inc., a subcontract 

laboratory which performs analyses of environmental samples for polychlorinated dibenzo-p-

dioxins/polychlorinated dibenzofurans (PCDDs/ PCDFs).    The most widely studied PCDD 

congener is 2,3,7,8 - tetrachlorodibenzo-p-dioxin (TCDD).  TCDD, which is often called “dioxin”, 

is the reference compound for TCDD and related dioxin-like 2,3,7,8 – substituted PCDD and 

PCDF compounds, typically referred to as “dioxins and furans” or “dioxin-like” compounds.  

These compounds usually occur as a mixture in environmental samples.  The latter compounds 

are considered “dioxin-like” since they have similar structures, similar physical and chemical 

properties, and common toxic responses as TCDD.  The Pace Analytical Report, which includes 

the sample analysis results, blank and laboratory control sample results, and chain-of-custody 

record, can be found in Appendix A.   

Results were reported by the laboratory in units of nanograms per kilogram (ng/kg) and were 

converted to units of milligrams per kilogram (mg/kg) for consistency with TCEQs’s Texas Risk 

Reduction Program (TRRP) Rule.  The coal ash sample was analyzed for PCDD/PCDF on a dry 

weight basis.  As shown in Table 1, results were reported for the following 2, 3, 7, 8 - 

PCDD/PCDF congeners and homologue classes:   

• 2, 3, 7, 8 – tetrachlorodibenzofuran (TCDF);  
• total TCDF;  
• 2, 3, 7, 8 – TCDD;  
• total TCDD;  
• 1, 2, 3, 7, 8 – pentachlorodibenzofuran (PeCDF);  
• 2, 3, 4, 7, 8 – PeCDF;  
• total PeCDF;  
• 1, 2, 3, 7, 8 – pentachlorodibenzodioxin (PeCDD);  
• total PeCDD;  
• 1, 2, 3, 4, 7, 8 – hexachlorodibenzofuran (HxCDF);  
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• 1, 2, 3, 6, 7, 8 – HxCDF; 
• 2, 3, 4, 6, 7, 8 – HxCDF;  
• 1, 2, 3, 7, 8, 9 – HxCDF; 
• total HxCDF;  
• 1, 2, 3, 4, 7, 8 – hexachlorodibenzodioxin (HxCDD);  
• 1, 2, 3, 6, 7, 8 – HxCDD; 
• 1, 2, 3, 7, 8, 9 – HxCDD; 
• total HxCDD;  
• 1, 2, 3, 4, 6, 7, 8 – heptachlorodibenzofuran (HpCDF): 
• 1, 2, 3, 4, 7, 8, 9 –HpCDF; 
• Total HpCDF; 
• 1, 2, 3, 4, 6, 7, 8 – heptachlorodibenzodioxin (HpCDD): 
• Total HpCDD; 
• Octochlorodibenzofuran (ODCF); and  
• Octachlorodibenzodioxin (OCDD). 

The total concentration of dioxin and dioxin-like compounds in environmental samples is 

expressed as total 2,3,7,8 – TCDD Toxic Equivalents (TEQs).  The concentration is based on 

(1) the analytical results for each TCDD/PCDF congener or homologue class reported by the 

laboratory, and (2) toxicity equivalency factors (TEFs) that were developed by the U. S. 

Environmental Protection Agency (EPA).1,2   The TEF methodology compares the potential 

toxicity of each dioxin-like compound, for example 2,3,7,8 – TCDF, to TCDD which is the most 

toxic congener in the group.  In this methodology TCDD is assigned a TEF of 1 and related 

compounds are assigned TEF values ranging from 1 to 0.00001.  The TEFs were based on the 

scientific judgment of a panel of EPA experts which considered the available scientific data and 

uncertainties, and assigned conservative TEFs to avoid underestimating risk.  The resulting total 

2,3,7,8 – TCDD TEQ is calculated based on the following formula: 

( ) ( ) ( )xxxi iiiiii TEFCongenerTEFCongenerTEFCongenerTEQTCDDTotal ×+×+×=− ∑ ....8,7,3,2
...

 

As shown in Table 1, the detected dioxin congeners/classes are total TCDF (0.0000013 mg/kg), 

total TCDD (0.000044 mg/kg), and OCDD (0.0000064 mg/kg).  Pace calculated the total TCDD 

TEQ, the dioxin concentration, based on the detected congener OCDD, the international TEF of 

0.001, and the following formula:  

                                                      
1 EPA 1989a,  Interim Procedures for Estimating Risks Associated with Exposure to Mixtures of Chlorinated Dibenzo-
p-dioxins and dibenzofurans and 1989 Update,  Risk Management Forum, Washington, DC, EPA/625/3-89.016 
2 Van den Berg et. al, 1998, Toxic Equivalency Factors (TEF) for PCBs, PCDDs, PDCFs for Humans and Wildlife,  
Environ. Health Perspectives 106(12): 775-792 
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kgmgkgmgTEFsultOCDDTEQTCDDTotal /104.6001.0/106.6Re8,7,3,2 96 −− ×=××=×=−
 

Non-detect results and the results for total TCDF and total TCDD were not considered in the 

Pace calculation.  In addition, the international TEFs for several dioxin-like compounds, 

including OCDD were revised by van den Berg et. al in 1998.  

1.2 Estimated Total TCDD Concentration  
The TCEQ has adopted the EPA’s TEQ methodology for estimating dioxin concentrations in the 

TRRP Rule.3  As shown in Table 1, the dioxin concentration in the coal ash sample collected 

from the Swift Site was estimated to be 0.0000443 mg/kg total 2,3,7,8-TCDD TEQs using the 

TEF methodology and factors in TRRP.   

As specified in the TRRP Rule, when homologue-specific analytical data are available (e.g., 

total TCDF), it was assumed that the homologue class was comprised solely of 2,3,7,8 – 

substituted congeners, and the TEF specified for the 2,3,7,8 – substituted congeners was 

applied to the result.  For example, the total TCDF homologue result of 0.0000013 mg/kg is 

presumed to consist solely of 2,3,7,8 – TCDF even though the 2,3,7,8 – TCDF congener was 

not detected.  In this example the TEF is 0.1.  The following formula shows the calculation of 

2,3,7,8 - TCDD TEQs for this homologue class of dioxin-like compounds: 

kgmgkgmgTEFsultTEQTCDD /103.11.0/103.1Re8,7,3,2 76 −− ×=××=×=−  

As shown in Table 1, this approach was also used for the total TCDD homologue class of 

dioxins and dioxin-like compounds.  The 2,3,7,8-TCDD congener was not detected in the 

sample. 

As specified in the TRRP Rule, when congener-specific analytical data are available the TEF for 

the substituted 2,3,7,8 – substituted congener was applied to the result.  Using OCDD as an 

example, the result is 0.0000064 mg/kg and the TEF is 0.0001.  The following formula shows 

the calculation of 2,3,7,8 - TCDD TEQs for OCDD: 

kgmgkgmgTEFsultTEQTCDD /104.60001.0/104.6Re8,7,3,2 106 −− ×=××=×=−  

OCDD was the only congener detected in the coal ash sample.  

                                                      
3 TCEQ Texas Risk Reduction Program, 30 Texas Administrative Code (TAC) §350.76(e) – Polychlorinated Dibenzo-
p-Dioxins and Dibenzofurans 
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Regarding homologues that were not detected, one-half the reporting limit (RL) was used as the 

estimated concentration, and the TEF specified for the 2,3,7,8 – substituted congeners in the 

homologue class was applied to the result. Evaluation of non-detects is not required in 

§350.76(e), but this approach follows the most conservative, i.e., protective, procedures for 

handling non-detect results for property assessments in the TRRP Rule.  Using PeCDF as an 

example, ½ the RL is <0.0000013 mg/kg and the TEF is 0.5.  The following formula shows the 

calculated 2,3,7,8 - TCDD TEQs for this homologue class of dioxin-like compounds: 

kgmgkgmgTEFsultTEQTCDD /1025.35.0/103.1Re8,7,3,2 76 −− ×=××=×=−  

As shown in Table 1, this approach was also used for the non-detect homologues total PeCDD, 

total HxCDF, total HxCDD, total HpCDF, total HpCDD, and OCDF.   

Overall, this is a very conservative approach for developing concentrations for a chemical of 

concern and should overestimate total TCDD concentrations in the sample.   
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Section 2 
Comparison to Residential Protective Concentration 
Levels 
This section discusses the residential protective concentration levels (PCLs) for TCDD in the 

TCEQ TRRP Rule and compares the site concentration to PCLs. 

2.1 Residential Protective Concentration Levels 
Residential PCLs are concentrations of chemicals of concern that can remain in an 

environmental medium such as soil or groundwater and not result in levels that exceed the 

human health risk based exposure limit for human exposure pathways when the property is 

used for residential purposes.  The human health pathways and TRRP terminology for individual 

soil PCLs are the following:  

• TotSoilComb - direct contact through combined ingestion of soils, dermal contact with soils, 
inhalation of volatiles and air-born soil particulates, and ingestion of above and below-
ground vegetables grown in soil containing chemicals of concern; and  

• GWSoilIng – leaching of chemicals of concern in soil to groundwater.  The TCEQ has 
published conservative Tier 1 residential PCLs for a number of chemicals of concern 
including TCDD.4 

The TCEQ has adopted the EPA’s 0.001 mg/kg preliminary remediation goal for TCDD (dioxins) 

as the Tier 1 TRRP residential TotSoilComb PCL for direct contact with soils.5  The Tier 1 

residential GWSoilIng  PCL is 0.017 mg/kg for affected areas less than 0.5 acres in size and 

0.0085 mg/kg for areas less than 30 acres in size.  The critical, or lowest, residential PCL for 

TCDD is 0.001 mg/kg. 

2.2 Comparison Residential Protective Concentration Levels 
The total 2,3,7,8-TCDD TEQ determined for the coal ash sample are compared to TCEQ 

residential PCLs in Table 2.  As shown, the concentration of the chemical of concern is below 

the individual and critical PCLs.  

                                                      
4 TCEQ 2008,  Table 1 – Tier 1 Residential Soil Protective Concentration Levels, In: TRRP Tables,  last revised April 
24, 2008  
5 EPA 1998,  Memorandum From: Timothy Fields, Jr. Acting Administrator Office of Solid Waste and Emergency 
Response, To: Director Office of Site Remediation and Restoration Regions I through X, Subject:  Approach for 
Addressing Dioxin in Soil at CERCLA and RCRA Sites,  April 13, 1998, OSWER Directive 9200.4-26   
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Section 3 
Conclusions 
The coal ash sample collected at the Swift Site on January 13, 2008 by Geo-Marine, Inc. was 

intended to represent a “worst-case” for potential concentrations of dioxin and dioxin-like 

compounds at the subject property.  As described in Section 1, the total concentration of dioxin 

and dioxin-like compounds in environmental samples is expressed as total 2,3,7,8 – TCDD 

TEQs.  TCDD, which is often called “dioxin”, is the reference compound for this class of 

chemicals, which usually occur as a mixture in environmental samples.  The sample results and 

calculation of total TCDD TEQs for the coal ash sample are shown in Table 1.  The 

methodology used was conservative and should overestimated dioxin levels in the sample and 

at the site.  A comparison of the result to residential PCLs is shown in Table 2.  The level of total 

2,3,7,8 - TCDD TEQ (dioxin) is below the individual and critical PCLs for TCDD at residential 

sites.  Therefore conditions with regard to this chemical of concern are protective of human 

health and groundwater resources and no further actions are recommended.   
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Tables 
 

 



Table 1 Summary of Analytical Data for "Coal Ash 7" Sample

2,3,7,8-TCDD
Congener or Result RL Result RL TRRP TEQ
Homologue Class (ng/kg) (ng/kg) (mg/kg) (mg/kg) TEF Value (mg/kg)
2,3,7,8-TCDF ND 0.36 ND 3.60E-07 0.1
Total TCDF(1) 1.3 0.36 1.30E-06 3.60E-07 0.1 1.30E-07
2,3,7,8-TCDD ND 0.51 ND 5.10E-07 1
Total TCDD(1) 43 0.51 4.30E-05 5.10E-07 1 4.30E-05
1,2,3,7,8-PeCDF ND 1.3 ND 1.30E-06 0.05
2,3,4,7,8-PeCDF ND 1.3 ND 1.30E-06 0.5
Total PeCDF(2) ND 1.3 ND 1.30E-06 0.5 3.25E-07
1,2,3,7,8-PeCDD ND 1.3 ND 1.30E-06 1
Total PeCDD(2) ND 1.3 ND 1.30E-06 1 6.50E-07
1,2,3,4,7,8-HxCDF ND 1.3 ND 1.30E-06 0.1
1,2,3,6,7,8-HxCDF ND 1.3 ND 1.30E-06 0.1
2,3,4,6,7,8-HxCDF ND 1.3 ND 1.30E-06 0.1
1,2,3,7,8,9-HxCDF ND 1.3 ND 1.30E-06 0.1
Total HxCDF(2) ND 1.3 ND 1.30E-06 0.1 6.50E-08
1,2,3,4,7,8-HxCDD ND 1.3 ND 1.30E-06 0.1
1,2,3,6,7,8-HxCDD ND 1.3 ND 1.30E-06 0.1
1,2,3,7,8,9-HxCDD ND 1.3 ND 1.30E-06 0.1
Total HxCDD(2) ND 1.3 ND 1.30E-06 0.1 6.50E-08
1,2,3,4,6,7,8-HpCDF ND 1.3 ND 1.30E-06 0.01
1,2,3,4,7,8,9-HpCDF ND 1.3 ND 1.30E-06 0.01
Total HpCDF ND 1.3 ND 1.30E-06 0.01 6.50E-09
1,2,3,4,6,7,8-HpCDD ND 1.3 ND 1.30E-06 0.01
Total HpCDD(2) ND 1.3 ND 1.30E-06 0.01 6.50E-09
OCDF(2) ND 2.7 ND 2.70E-06 0.0001 1.35E-10
OCDD 6.4 2.7 6.40E-06 2.70E-06 0.0001 6.40E-10

Total 2,3,7,8-TCDD Equivalents (mg/kg) = 4.42E-05

ND = TCDD or TCDF Congener or Homologue Class Not detected
Result (mg/kg) = Result (ng/kg) x CF ug/ng x CF mg/ug 

CF = 1/1000
TEF = Toxic Equivalency Factor from Texas Risk Reduction Program 30 TAC 350.76(e)
TEQ = Toxic Equivalent value based on 2,3,7,8-TCDD

(1)

(2) Congener or Homologue Class was ND.  Use 1/2 RL as the result to calculate TEQ value

Assumes 100% of Total TCDD or TCDF detected is the 2,3,7,8-substituted congener even though these congeners 
were ND.  

TEFsultCongenerTEQTCDD ×=− Re8,7,3,2

( ) ( ) ( )xxiiiixi ii TEFCongenerTEFCongenerTEFCongenerTEQTCDDtotal ×+×+×=− ∑ ...8,7,3,2
...

Page 1 of 1



Table 2 Comparison of Total 2,3,7,8 TCDD TEQ Result to Residential Protective 
Concentration Level

Affected Areas Affected Areas
<0.5 acres <30 acres

Residential Tier 1 TotSoilComb PCL (mg/kg) = 0.001 0.001
Residential Tier 1 GWSoilIng PCL (mg/kg) = 0.016950512 0.008475256

Critical Residential PCL (mg/kg) = 0.001 0.001

Total 2,3,7,8-TCDD Equivalents (mg/kg) = 0.0000442 0.0000442
LESS THAN RESIDENTIAL PROTECTIVE LEVELS? = YES YES
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Appendix A 
 

 

Laboratory Analytical Report 






















