
8. CHEMICAL MANUFACTURING AND PROCESSING SOURCES 

8.1. BLEACHED CHEMICAL WOOD PULP AND PAPER MILLS 

In March 1988, EPA and the U.S. pulp and paper industry jointly released the 

results from a screening study that provided the first comprehensive data on formation 

and discharge of CDDs and CDFs from pulp and paper mills (U.S. EPA, 1988d).  This early 

screening study of five bleached kraft mills ("Five Mill Study") confirmed that the pulp 

bleaching process was primarily responsible for the formation of the CDDs and CDFs.  The 

study results showed that 2,3,7,8-TCDD was present in seven of nine bleached pulps, 

five of five wastewater treatment sludges, and three of five treated wastewater effluents. 

The study results also indicated that 2,3,7,8-TCDD and 2,3,7,8-TCDF were the principal 

CDDs and CDFs formed. 

To provide EPA with more complete data on the release of these compounds by the 

U.S. industry, EPA and the U.S. pulp and paper industry jointly conducted a survey during 

1988 of 104 pulp and paper mills in the United States to measure levels of 2,3,7,8-TCDD 

and 2,3,7,8-TCDF in effluent, sludge, and pulp.  This study, commonly called the 104 Mill 

Study, was managed by the National Council of the Paper Industry for Air and Stream 

Improvement, Inc. (NCASI), with oversight by EPA, and included all U.S. mills where 

chemically produced wood pulps were bleached with chlorine or chlorine derivatives.  The 

final study report was released in July 1990 (U.S. EPA, 1990a). 

An initial phase of the 104 Mill Study involved the analysis of bleached pulp (10 

samples), wastewater sludge (9 samples), and wastewater effluent (9 samples) from eight 

kraft mills and one sulfite mill for all 2,3,7,8-substituted CDDs and CDFs.  These analyses 

were conducted to test the conclusion drawn in the Five Mill Study that 2,3,7,8-TCDD 

and 2,3,7,8-TCDF were the principal CDDs and CDFs found in pulp, wastewater sludge, 

and wastewater effluent on a toxic equivalents basis.  Although at the time of this study 

there were no reference analytical methods for many of the 2,3,7,8-substituted 

CDDs/CDFs, the data obtained were considered valid by EPA for the purposes intended 

because of the identification and quantification criteria used, duplicate sample results, and 

limited matrix spike experiments.  Table 8-1 presents a summary of the results obtained in 

terms of the median concentrations and the range of concentrations observed for each 

matrix (i.e., pulp, sludge, and effluent).  Figures 8-1 through 8-3 present congener profiles 
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for each matrix (normalized to total CDD/CDF and to total I-TEQDF) using the median 

reported concentrations.  After examination of the raw, mill-specific data, EPA (1990a) 

concluded that the congener profiles were fairly consistent across matrices within mills 

and that 2,3,7,8-TCDD and 2,3,7,8-TCDF account for the majority of TEQ in the samples. 

Using the median concentrations and treating nondetected values as either zero or one-

half the detection limit, EPA concluded that 2,3,7,8-TCDF accounted for 95.8 to 99.0 

percent of the total I-TEQDF in pulp (95.4 to 99.5 percent of TEQDF-WHO98), 94.1 to 95.8 

percent of the I-TEQDF in sludge (94.1 to 96.5 percent of TEQDF-WHO98), and 81.1 to 91.7 

of the I-TEQDF in effluent (81.7 to 96.4 percent of TEQDF-WHO98). 

NCASI reported on a similar full-congener analysis study for samples collected from 

eight mills during the mid-1990s (Gillespie, 1997).  The results of these analyses are 

presented in Table 8-2.  The frequencies of detection of 2,3,7,8-TCDD and 2,3,7,8-TCDF 

were significantly lower than in the 1988 study.  Therefore, deriving meaningful summary 

statistics concerning the relative importance of 2,3,7,8-TCDD and 2,3,7,8-TCDF to the 

total TEQ is difficult.  With all nondetected values assumed to be zero, 2,3,7,8-TCDD and 

2,3,7,8-TCDF account for 91 percent of the total effluent I-TEQDF (97 percent of TEQDF

WHO98), 46 percent of the total sludge I-TEQDF (53 percent of TEQDF-WHO98), and 87 

percent of the total pulp I-TEQDF (87 percent of TEQDF-WHO98).  Because of the high 

frequency of nondetects, when all nondetected values are one-half the detection limits, 

2,3,7,8-TCDD and 2,3,7,8-TCDF account for only 13 percent of the total effluent I-TEQDF, 

13 percent of the total sludge I-TEQDF, and 28 percent of the total pulp I-TEQDF. 

In 1992, the pulp and paper industry conducted its own NCASI-coordinated survey 

of 2,3,7,8-TCDD and 2,3,7,8-TCDF emissions (NCASI, 1993).  Ninety-four mills 

participated in the NCASI study, and NCASI assumed that the remaining 10 (of 104) 

operated at the same levels as measured in the 1988 104 Mill Study.  All nondetected 

values were counted as half the detection limit.  If detection limits were not reported, they 

were assumed to be 10 pg/L for effluent and 1 ng/kg ppt for sludge or bleached pulp. 

The data used in the report were provided by individual pulp and paper companies that 

had been requested by NCASI to generate the data using the same protocols used in the 

104 Mill Study. 

As part of its efforts to develop revised effluent guidelines and standards for the 

pulp, paper, and paperboard industry, EPA in 1993 published the development document 
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for the guidelines and standards being proposed for this industry (U.S. EPA, 1993d).  The 

development document presents estimates of the 2,3,7,8-TCDD and 2,3,7,8-TCDF annual 

discharges in wastewater from the mills in this industry as of January 1, 1993.  To 

estimate these discharges, EPA used the most recent information about each mill from 

four databases (104 Mill Study, EPA short-term monitoring studies at 13 mills, EPA long-

term monitoring studies at 8 mills, and industry self-monitoring data submitted to EPA). 

The 104 Mill Study data were used for only those mills that did not report making any 

process changes subsequent to the 104 Mill Study and did not submit any more recent 

effluent monitoring data. 

Gillespie (1994, 1995) reported the results of 1993 and 1994 updates, 

respectively, to the 1992 NCASI survey.  As in the 1992 survey, companies were 

requested to follow the same protocols for generating data used in the 104 Mill Study. 

Gillespie (1994, 1995) reported that less than 10 percent of mills had 2,3,7,8-TCDD and 

2,3,7,8-TCDF concentrations in effluent above the nominal detection limits of 10 pg/L and 

100 pg/L, respectively. EPA obtained similar results in its short- and long-term sampling 

for 18 mills; 2,3,7,8-TCDD was detected at four mills, and 2,3,7,8-TCDF was detected at 

nine mills (U.S. EPA, 1993d).  Gillespie (1994) reported that wastewater sludges at most 

mills (i.e., 90 percent) contained less than 31 ng/kg of 2,3,7,8-TCDD and less than 100 

ng/kg of 2,3,7,8-TCDF.  Gillespie (1995) also reported that 90 percent of the mills 

reported 2,3,7,8-TCDD and 2,3,7,8-TCDF concentrations in sludge of less than 17 ng/kg 

and 76 ng/kg, respectively, in 1994.  U.S. EPA (1993d) reported similar results but found 

detectable levels of 2,3,7,8-TCDD and 2,3,7,8-TCDF in sludges from 64 percent and 85 

percent of the facilities sampled, respectively.  Gillespie (1994) reported that nearly 90 

percent of the bleached pulps contained less than 2 ng/kg of 2,3,7,8-TCDD and less than 

160 ng/kg of 2,3,7,8-TCDF.  Gillespie (1995) reported that 90 percent of the bleached 

pulps contained 1.5 ng/ng or less of 2,3,7,8-TCDD and 5.9 ng/kg or less of 2,3,7,8-

TCDF.  The final levels in white paper products would correspond to levels in bleached 

pulp, so bleached paper products would also be expected to contain less than 2 ng/kg of 

2,3,7,8-TCDD. 

On April 15, 1998, EPA promulgated effluent limitations guidelines and standards 

for certain segments of the pulp, paper and paperboard industry (Federal Register, 1998c). 

The industry segments covered by this rulemaking (i.e., the bleached papergrade kraft and 
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soda subcategory and the papergrade sulfite subcategory) are those segments responsible 

for more than 90 percent of the bleached chemical pulp production in the United States. 

For this rule, EPA updated the estimates of baseline loadings made in 1993 for the 

proposed rule by using more recent data collected by EPA, NCASI (including the 1994 

NCASI survey), and individual facilities (U.S. EPA, 1997f).  These revised estimates are 

presented in the last column in Table 8-3.  EPA projects that, after full compliance with 

these rules, annual TEQ discharges will be reduced to 5 grams in effluent and 7 grams in 

sludge. 

Estimates of National Emissions in 1987 and 1995 - The U.S. annual discharges of 

2,3,7,8-TCDD and 2,3,7,8-TCDF are summarized in Table 8-3 for each of the six surveys 

discussed above.  The release estimates for 1995 from U.S. EPA (1997f) and for 1988 

from U.S. EPA (1990a) are believed to best represent emissions in the reference years 

1995 and 1987, respectively. During the period between EPA’s 104 Mill Study and 

issuance of the development document (U.S. EPA, 1993d), the U.S. pulp and paper 

industry reduced releases of CDD/CDFs primarily by instituting numerous process changes 

to reduce the formation of CDD/CDFs during the production of chemically bleached wood 

pulp.  Details on the process changes implemented are provided in U.S. EPA (1993d) and 

Gillespie (1995). Much of the reduction between 1988 and 1995 can be attributed to 

process changes for pollution prevention. 

The confidence ratings for these release estimates were judged to be high because 

direct measurements were made at virtually all facilities, indicating a high level of 

confidence in both the production and emission factor estimates.  The best estimates of 

annual emissions in 1995 (i.e., the 1995 estimates presented in Table 8-3) are 28 g 

TEQ/yr for effluent, 50 g TEQ/yr for sludge, and 40 g TEQ/yr for pulp (i.e., TEQs that will 

enter the environment in the form of paper products).  The best estimates of annual 

emissions in 1987 (i.e., the 1988 estimates presented in Table 8-3) are 356 g TEQ/yr for 

effluent, 343 g TEQ/yr for sludge, and 505 g TEQ/yr for pulp. 

In 1990, the majority of the wastewater sludge generated by these facilities was 

placed in landfills or in surface impoundments (75.5 percent), with the remainder 

incinerated (20.5 percent), applied to land directly or as compost (4.1 percent), or 

distributed as a commercial product (less than 1 percent) (U.S. EPA, 1993e).  Data more 

recent than 1995 or earlier than 1988 are not available on disposition of wastewater 
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sludges.  On the basis of these statistics, the best estimate of TEQ applied to land (i.e., 

not incinerated or landfilled) in 1995 is 2.0 g (i.e., 4.1 percent of 50 g).  The estimate for 

1987 is 14.1 g TEQ (i.e., 4.1 percent of 343 g). 

8.2.	 MANUFACTURE OF CHLORINE, CHLORINE DERIVATIVES, AND METAL 

CHLORIDES 

No testing of CDD/CDF emissions to air, land, or water from U.S. manufacturers of 

chlorine, chlorine derivatives, and metal chlorides has been reported on which to base 

estimates of national emissions.  Sampling of graphite electrode sludges from European 

chlorine manufacturers indicates high levels of CDFs.  Limited sampling of chlorine 

derivatives and metal chlorides in Europe indicates low-level contamination in some 

products. 

8.2.1. Manufacture of Chlorine 

Chlorine gas is produced by electrolysis of brine electrolytic cells.  Until the late 

1970s, the primary type of electrolytic process used in the chloralkali industry to produce 

chlorine consisted of mercury cells containing graphite electrodes.  As shown in Table 8-4, 

high levels of CDFs have been found in several samples of graphite electrode sludge from 

facilities in Europe. The CDFs predominate in these sludges, and the 2,3,7,8-substituted 

congeners account for a large fraction of the respective congener totals (Rappe et al., 

1990b; Rappe et al., 1991; Rappe, 1993; Strandell et al., 1994). During the 1980s, 

titanium metal anodes were developed to replace graphite electrodes (U.S. EPA, 1982a; 

Curlin and Bommaraju, 1991).  Currently, no U.S. facility is believed to use graphite 

electrodes in the production of chlorine gas (telephone conversation between L. Phillips, 

Versar, Inc., and T. Fielding, U.S. EPA, Office of Water, February 1993).

  Although the origin of the CDFs in graphite electrode sludge is uncertain, 

chlorination of the cyclic aromatic hydrocarbons (such as dibenzofuran) present in the coal 

tar used as a binding agent in the graphite electrodes has been proposed as the primary 

source (Strandell et al., 1994). For this reason, sludges produced using metal electrodes 

were not expected to contain CDFs.  However, results of an analysis of metal electrode 

sludge from a facility in Sweden, analyzed as part of the Swedish Dioxin Survey, showed 

the sludge contained high levels of CDFs (similar to those of the graphite sludge) and 
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primarily nondetectable levels of CDDs (Strandell et al., 1994). The sludge showed the 

same type of CDF congener pattern reported by Rappe et al. (1991) and Rappe (1993). 

Strandell et al. (1994) suggested that chlorination of PAHs present in the rubber linings of 

the electrolytic cell may have formed the CDFs found in the one sample analyzed. 

Although EPA does not regulate CDD/CDFs specifically, it issued restrictions under 

the Resource Conservation and Recovery Act (RCRA) on the land disposal of wastewater 

and sludges generated by chlorine manufacturers that use the mercury cell process and 

the diaphragm process (with graphite electrodes) (Waste Codes K071, K073, and K106) 

(40 CFR 268). 

8.2.2. Manufacture of Chlorine Derivatives and Metal Chlorides 

The limited sampling of chlorine-derivative products indicates that these products 

contain very low, if any, concentrations of CDD/CDFs.  Rappe et al. (1990c) analyzed a 

sample of chlorine bleach consisting of 4.4 percent sodium hypochlorite.  Most of the 

2,3,7,8-substituted CDD/CDF congeners were below the limits of detection (0.3 to 7 pg/L 

for all congeners, except OCDD and OCDF, which were 12 and 20 pg/L, respectively). No 

2,3,7,8-substituted CDDs were detected.  Tetra-, penta-,  and hexa-CDFs were detected 

at levels of 13 pg/L or lower.  The TEQ content of the sample was 4.9 pg I-TEQDF/L. 

Hutzinger and Fiedler (1991a) reported finding no CDD/CDFs at a detection limit of 4 

µg/kg in chlorine gas or in samples of 10 percent sodium hypochlorite, 13 percent sodium 

hypochlorite, and 31–33 percent hydrochloric acid at a detection limit of 1 µg/kg. 

Hutzinger and Fiedler (1991a) reported the results of analyses of samples of FeCl2, 

AlCl3, CuCl2, CuCl, SiCl4, and TiCl4 for their content of HpCDF, OCDF, HpCDD, and OCDD. 

The sample of FeCl3 contained HpCDF and OCDF in the low µg/kg range, but no HpCDD or 

OCDD were detected at a detection limit of 0.02 µg/kg.  One of the two samples of AlCl3 

analyzed also contained a low µg/kg concentration of OCDF.  The samples of CuCl2 and 

CuCl contained concentrations of HpCDF, OCDF, and OCDD less that 1 µg/kg.  The 

results are presented in Table 8-5. 

8.3. MANUFACTURE OF HALOGENATED ORGANIC CHEMICALS 

Several chemical production processes generate CDDs and CDFs (Versar, 1985; 

Hutzinger and Fiedler, 1991a).  CDDs and CDFs can be formed during the manufacture of 
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chlorophenols, chlorobenzenes, and chlorobiphenyls (Versar, 1985; Ree et al., 1988). 

Consequently, disposal of industrial wastes from manufacturing facilities producing these 

compounds may result in the release of CDDs and CDFs to the environment.  Also, the 

products themselves may contain these compounds, and their use or consumption, may 

result in additional releases to the environment.  CDD and CDF congener distribution 

patterns indicative of noncombustion sources have been observed in sediments in 

southwest Germany and The Netherlands.  According to Ree et al (1988), the congener 

patterns found suggest that wastes from the production of chlorinated organic compounds 

may be important historical sources of CDD and CDF contamination in these regions.  The 

production and use of many of the chlorophenols, chlorophenoxy herbicides, and PCB 

products are now banned or strictly regulated in most countries.  However, these products 

may have been a source of the environmental contamination that occurred prior to the 

1970s and may continue to be a source of environmental releases under certain limited 

use and disposal conditions (Rappe, 1992a). 

8.3.1. Chlorophenols 

Chlorophenols have been widely used for a variety of pesticidal applications. The 

higher chlorinated phenols (i.e., tetrachlorophenol and pentachlorophenol) and their sodium 

salts have been used primarily for wood preservation.  The lower chlorinated phenols have 

been used primarily as chemical intermediates in the manufacture of other pesticides.  For 

example, 2,4-dichlorophenol is used to produce the herbicides 2,4-Dichlorophenoxyacetic 

acid (2,4-D), 4-(2,4-Dichlorophenoxy)butanoic acid (2,4-DB), 2-(2,4-Dichlorophenoxy)-

propanoic acid (2,4-DP), Nitrophen, Genite, and Zytron, and 2,4,5-trichlorophenol was 

used to produce hexachlorophene, 2,4,5-T, Silvex, Erbon, Ronnel, and Gardona (Gilman et 

al., 1988; Hutzinger and Fiedler, 1991a).  [Note:  Sections 8.3.7 and 8.3.8 contain 

information on EPA actions to control CDD/CDF contamination of pesticides (including 

pentachlorophenol and its salts) and to obtain additional data on CDD/CDF contamination 

of pesticides.] 

The two major commercial methods used to produce chlorophenols are (1) 

electrophilic chlorination of molten phenol by chlorine gas in the presence of catalytic 

amounts of a metal chloride and organic chlorination promoters and stabilizers, and (2) 

alkaline hydrolysis of chlorobenzenes under heat and pressure using aqueous methanolic 
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sodium hydroxide.  Other manufacturing methods include conversion of diazonium salts of 

various chlorinated anilines, and chlorination of phenolsulfonic acids and benzenesulfonic 

acids, followed by the removal of the sulfonic acid group (Gilman et al., 1988; Hutzinger 

and Fiedler, 1991a). 

Because of the manufacturing processes employed, commercial chlorophenol 

products can contain appreciable amounts of impurities (Gilman et al., 1988). During the 

direct chlorination of phenol, CDD/CDFs can form either by the condensation of tri-, tetra-, 

and pentachlorophenols or by the condensation of chlorophenols with 

hexachlorocyclohexadienone (which forms from excessive chlorination of phenol).  During 

alkaline hydrolysis of chlorobenzenes, CDD/CDFs can form through chlorophenate 

condensation (Ree et al., 1988; Gilman et al., 1988; Hutzinger and Fiedler, 1991a). 

The limited information on CDD/CDF concentrations in chlorophenols published in 

the 1970s and early 1980s was compiled by Versar (1985) and Hutzinger and Fiedler 

(1991a).  The results of several major studies cited by these reviewers (Firestone et al., 

1972; Rappe et al., 1978a, 1978b) are presented in Table 8-6. Typically, CDD/CDFs were 

not detected in monochlorophenols (MCP) and dichlorophenols (DCP) but were reported in 

trichlorophenols (TrCP) and tetrachlorophenols (TeCP).  More recent results of testing of 

2,4-dichlorophenol (2,4-DCP), performed in response to the Toxic Substances Control Act 

(TSCA) Dioxin/Furan Test Rule, showed no detectable concentrations of 2,3,7,8-

substituted tetra- through hepta-CDD/CDFs.  Other than a study by Hagenmaier (1986) 

that reported finding 2,3,7,8-TCDD at a concentration of 0.3 µg/kg in a sample of 

2,3,4,5-tetrachlorophenol, no more recent data on concentrations of CDDs and CDFs 

could be found in the literature for the mono- through tetra-chlorophenols.  Tables 8-7 and 

8-8 present summaries of several studies that reported CDD/CDF concentrations in PCP 

and in PCP-Na products, respectively. Many of these studies do not report congener-

specific concentrations, and many are based on products obtained from non-U.S. sources. 

Regulatory Actions - Section 8.3.8 of this report describes regulatory actions taken 

by EPA to control the manufacture and use of chlorophenol-based pesticides. 

In the mid-1980s, EPA’s Office of Solid Waste promulgated land disposal 

restrictions on wastes under RCRA (i.e., wastewaters and nonwastewaters) resulting from 

the manufacture of chlorophenols (40 CFR 268).  Table 8-9 lists all wastes in which CDDs 

and CDFs are specifically regulated as hazardous constituents by EPA, including 
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chlorophenol wastes (waste codes F020 and F021).  The regulations prohibit the land 

disposal of these wastes until they are treated to a level below the routinely achievable 

detection limits in the waste extract listed in Table 8-9 for each of the following congener 

groups:  TCDDs, PeCDDs, HxCDDs, TCDFs, PeCDFs, and HxCDFs.  Wastes from PCP-

based wood-preserving operations (waste codes K001 and F032) are also regulated as 

hazardous wastes under RCRA (40 CFR 261). 

EPA's Office of Water promulgated effluent limitations for facilities that 

manufacture chlorinated phenols and discharge treated wastewater (40 CFR 414.70). 

These effluent limitations do not specifically regulate CDDs and CDFs.  The effluent 

limitations for the individually regulated chlorinated phenols are less than or equal to 39 

µg/L for facilities that use biological end-of-pipe treatment. 

DCPs and TrCPs are subject to reporting under the Dioxin/Furan Test Rule, which is 

discussed in Section 8.3.7 of this report.  Since the effective date of that rule (i.e., June 

5, 1987), only the 2,4-DCP isomer has been commercially produced (or imported) in the 

United States, and as noted in Table 8-6, no CDD/CDFs were detected in the product. 

Testing is required for the other DCPs and TrCPs, if manufacture or importation resumes. 

Similarly, TeCPs were subject to reporting under the Dioxin/Furan Pesticide Data Call-In or 

DCI (discussed in Section 8.3.8 of this report).  Since issuance of the DCI, the registrants 

of TeCP-containing pesticide products have elected to no longer support the registration of 

their products in the United States. 

In January 1987, EPA entered into a Settlement Agreement with pentachlorophenol 

(PCP) manufacturers, which set limits on allowed uses of PCP and its salts and set 

maximum allowable concentrations of 2,3,7,8-TCDD and HxCDDs, effective in February 

1989. Section 8.3.8 discusses the 1987 PCP Settlement Agreement and estimates 

current releases of CDD/CDFs associated with use of PCP in the United States.  Section 

12.3.1 provides an estimate of the amount of CDD/CDFs that may have entered the 

environment or that are contained within treated wood products as a result of prior use of 

PCP and PCP-Na. 

Since the late 1980s, U.S. commercial production of chlorophenols has been 

limited to 2,4-dichlorophenol (2,4-DCP) and PCP.  As noted above, disposal of wastes 

generated during the manufacture of chlorophenols is strictly regulated, and thus releases 

to the environment are expected to be negligible.  With regards to releases associated 
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with the use of 2,4-DCP, no CDD/CDFs have been detected in 2,4-DCP.  Releases 

associated with the use of PCP are presented in Sections 8.3.8 and 12.3.1. 

8.3.2. Chlorobenzenes 

Chlorobenzenes have been produced in the United States since 1909.  U.S. 

production operations were developed primarily to provide chemical raw materials for the 

production of phenol, aniline, and various pesticides based on the higher chlorinated 

benzenes.  Because of [incremental] changes in the processes used to manufacture phenol 

and aniline and the phaseout of highly chlorinated pesticides such as DDT and 

hexachlorobenzene, by 1988 U.S. production of chlorobenzenes had decreased to 50 

percent of the peak production level in 1969. 

Chlorobenzenes can be produced via three methods: (1) electrophilic substitution of 

benzene (in liquid or vapor phase) with chlorine gas in the presence of a metal salt 

catalyst; (2) oxidative chlorination of benzene with HCl at 150–300°C in the presence of 

a metal salt catalyst; and (3) dehydrohalogenation of hexachlorocyclohexane wastes at 

200–240°C with a carbon catalyst to produce trichlorobenzene, which can be further 

chlorinated to produce higher chlorinated benzenes (Ree et al., 1988; Hutzinger and 

Fiedler, 1991a; Bryant, 1993). 

All chlorobenzenes currently manufactured in the United States are produced using 

the electrophilic substitution process using liquid-phase benzene (i.e., temperature is at or 

below 80°C).  Ferric chloride is the most common catalyst employed.  Although this 

method can be used to produce mono- through hexachlorobenzene, the extent of 

chlorination is controlled to yield primarily MCBz and DCBz.  The finished product is a 

mixture of chlorobenzenes, and refined products must be obtained by distillation and 

crystallization (Bryant, 1993). 

CDD/CDFs can be produced inadvertently during the manufacture of 

chlorobenzenes by nucleophilic substitution and pyrolysis mechanisms (Ree et al., 1988). 

The criteria required for production of CDD/CDFs via nucleophilic substitution are (1) 

oxygen as a nuclear substituent (i.e., presence of chlorophenols) and (2) production or 

purification of the substance under alkaline conditions.  Formation via pyrolysis requires 

reaction temperatures above 150°C (Ree et al., 1988; Hutzinger and Fiedler, 1991a).  The 

liquid-phase electrophilic substitution process currently used in the United States does not 
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meet either of these criteria.  Although Ree et al. (1988) and Hutzinger and Fiedler 

(1991a) state that the criteria for formation of CDD/CDFs via nucleophilic substitution may 

be present in the catalyst neutralization and purification/distillation steps of the 

manufacturing process, Opatick (1995) states that the chlorobenzene reaction product in 

U.S. processes remains mildly acidic throughout these steps. 

Table 8-10 summarizes the very limited published information on CDD/CDF 

contamination of chlorobenzene products.  The presence of CDD/CDFs has been reported 

in TCBz, PeCBz, and HCBz.  No CDD/CDFs have been reported in monochlorobenzene 

(MCBz) and DCBz.  Conflicting data exist concerning the presence of CDD/CDFs in TCBz. 

One study (Villanueva et al., 1974) detected no CDD/CDFs in one sample of 1,2,4-TCBz 

at a detection limit of 0.1 µg/kg.  Hutzinger and Fiedler (1991a) reported unpublished 

results of Dr. Hans Hagenmaier showing CDD/CDF congener group concentrations ranging 

from 0.02 to 0.074 µg/kg in a sample of mixed TCBz.  Because the TCBz examined by 

Hagenmaier contained about 2 percent hexachlorocyclohexane, it is reasonable to assume 

that the TCBz was produced by dehydrohalogenation of hexachlorocyclohexane (a 

manufacturing process not currently used in the United States). 

Regulatory Actions - EPA has determined, as part of the Federal Insecticide, 

Fungicide, and Rodenticide Act (FIFRA) Pesticide Data Call-In (discussed in Section 8.3.8), 

that the 1,4-DCBz manufacturing processes used in the United States are not likely to 

form CDD/CDFs.  MCBz, DCBz, and TCBz are listed as potential precursor chemicals under 

the TSCA Dioxin/Furan Test Rule and are subject to reporting. (See Section 8.3.7.) In 

addition, EPA issued a Significant New Use Rule (SNUR) under Section 5(a)(2) of TSCA on 

December 1, 1993 (effective January 14, 1994) for PeCBz and 1,2,4,5-TeCBz (Federal 

Register, 1993c).  This rule requires persons to submit a notice to EPA at least 90 days 

before manufacturing, importing, or processing either of these compounds in amounts of 

10,000 pounds or greater per year per facility for any use.  All registrations of pesticide 

products containing HCBz were cancelled in the mid-1980s (Carpenter et al., 1986). 

EPA's Office of Solid Waste promulgated land disposal restrictions on wastes (i.e., 

wastewaters and nonwastewaters) resulting from the manufacture of chlorobenzenes (40 

CFR 268).  Table 8-9 lists all solid wastes for which EPA specifically regulates CDDs and 

CDFs as hazardous constituents, including chlorobenzene wastes.  The regulations prohibit 

the land disposal of these wastes until they are treated to a level below the routinely 
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achievable detection limits in the waste extract listed in Table 8-9 for each of the 

following congener groups:  TCDDs, PeCDDs, HxCDDs, TCDFs, PeCDFs, and HxCDFs. 

EPA's Office of Water promulgated effluent limitations for facilities that 

manufacture chlorinated benzenes and discharge treated wastewater (40 CFR 414.70). 

These effluent limitations do not specifically address CDDs and CDFs.  The following 

chlorinated benzenes are regulated:  chlorobenzene; 1,2-dichlorobenzene; 1,3-

dichlorobenzene; 1,4-dichlorobenzene; 1,2,4-trichlorobenzene; and hexachlorobenzene. 

The effluent limitations for the individual regulated chlorinated benzenes are less than or 

equal to 77 µg/L for facilities that use biological end-of-pipe treatment and are less than or 

equal to 196 µg/L for facilities that do not use biological end-of-pipe treatment. 

Since at least 1993, U.S. commercial production of chlorobenzenes has been 

limited to MCBz, 1,2-dichlorobenzene (1,2-DCBz), 1,4-dichlorobenzene (1,4-DCBz), and, 

to a much lesser extent, 1,2,4-trichlorobenzene (1,2,4-TCBz).  As noted above, CDD/CDF 

formation is not expected under the normal operating conditions of the processes currently 

used in the United States to produce these four chemicals. No tetra-, penta-, or 

hexachlorinated benzenes are now intentionally produced or used in the United States 

(Bryant, 1993).  Thus, releases of CDD/CDFs from manufacture of chlorobenzenes in 

1995 were estimated to be negligible.  Because the information available on CDD/CDF 

content of MCBz to PeCBz is very limited and is based primarily on unpublished European 

data, and because information on the chlorobenzene manufacturing processes in place 

during 1987 is not readily available, no emission estimates can be made for 1987. 

8.3.3. Chlorobiphenyls 

PCBs are manufactured by the direct batch chlorination of molten biphenyl in the 

presence of a catalyst, followed by separation and purification of the desired chlorinated 

biphenyl fractions. During the manufacture of PCBs, the inadvertent production of CDFs 

also occurrs.  This section addresses potential releases of CDD/CDFs associated with 

leaks and spills of PCBs.  CDFs have been shown to form when PCB-containing 

transformers and capacitors undergo malfunctions or are subjected to fires that result in 

accidental combustion of the dielectric fluid.  This combustion source of PCB-associated 

CDFs is discussed in Section 6.6. Section 11.2 addresses releases of dioxin-like PCBs. 
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PCB production is believed to have occurred in 10 countries.  The total amount of 

PCBs produced worldwide since 1929 (i.e., the first year of known production) is 

estimated to total 1.5 billion kg.  Initially, PCBs were primarily used as dielectric fluids in 

transformers.  After World War II, PCBs found steadily increasing use as dielectric fluids in 

capacitors, as heat-conducting fluids in heat exchangers, and as heat-resistant hydraulic 

fluids in mining equipment and vacuum pumps.  PCBs also were used in a variety of 

"open" applications (i.e., uses from which PCBs cannot be re-collected) including in 

plasticizers, carbonless copy paper, lubricants, inks, laminating agents, impregnating 

agents, paints, adhesives, waxes, additives in cement and plaster, casting agents, 

dedusting agents, sealing liquids, fire retardants, immersion oils, and pesticides (DeVoogt 

and Brinkman, 1989). 

PCBs were manufactured in the United States from 1929 until 1977. U.S. 

production peaked in 1970, with a volume of 85 million pounds.  Monsanto Corporation, 

the major U.S. producer, voluntarily restricted the use of PCBs in 1971, and annual 

production fell to 40 million pounds in 1974.  Monsanto ceased PCB manufacture in mid

1977 and shipped the last inventory in October 1977.  Regulations issued by EPA 

beginning in 1977, principally under TSCA (40 CFR 761), strictly limited the production, 

import, use, and disposal of PCBs.  (See Section 4.1 for details on TSCA regulations.) 

The estimated cumulative production and consumption volumes of PCBs in the United 

States from 1930 to 1975 were 1,400 million pounds produced; 3 million pounds 

imported (primarily from Japan, Italy, and France), 1,253 million pounds sold in the United 

States; and 150 million pounds exported (ATSDR, 1993; DeVoogt and Brinkman, 1989). 

Monsanto Corporation marketed technical-grade mixtures of PCBs primarily under 

the trade name Aroclor.  The Aroclors are identified by a four-digit numbering code in 

which the last two digits indicate the chlorine content by weight percent.  The exception 

to this coding scheme is Aroclor 1016, which contains only mono- through 

hexachlorinated congeners with an average chlorine content of 41 percent.  The following 

list shows the percentages of total Aroclor production, by Aroclor mixture, during 1957 to 

1977, as reported by Brown (1994). 
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 1957–1977 
U.S. Production 

Aroclor  (%) 
1221  0.96 
1016 12.88 
1232  0.24 
1242 51.76 
1248 6.76 
1254 15.73 
1260 10.61 
1262 0.83 
1268 0.33 

The trade names of the major commercial technical-grade mixtures of PCBs 

manufactured in other countries included  Clophen (Germany), Fenclor and Apirolio (Italy), 

Kanechlor (Japan), Phenoclor and Pyralene (France), Sovtel (USSR), Delor and Delorene 

(Czechoslovakia), and Orophene (German Democratic Republic) (DeVoogt and Brinkman, 

1989). Some of the mixtures marketed under these trade names were similar in terms of 

chlorine content (by weight percent and average number of chlorines per molecule) to 

various Aroclors, as shown below.  Mixtures that are comparable in terms of chlorine 

content were marketed under several trade names, as shown below. 

Aroclor Clophen Pyralene Phenoclor Fenclor Kanechlor 
1232 2000 200 
1242 A-30 3000 DP-3 42 300 
1248 A-40 DP-4 400 
1254 A-50 DP-5 54 500 
1260 A-60 DP-6 64 600 

During the commercial production of PCBs, thermal oxidative cyclization under 

alkaline conditions resulted in the inadvertent production of CDFs in most of the 

commercial PCB mixtures (Brown et al., 1988; ATSDR, 1993).  Bowes et al. (1975a) first 

reported detection of CDFs in Aroclor products; samples of unused Aroclors manufactured 

in 1969 and 1970 were found to have CDF (i.e., TCDF through HxCDF) concentrations 

ranging from 0.8 to 2.0 mg/kg.  Bowes et al. (1975b) employed congener-specific 

analytical methodology and detected 2,3,7,8-TCDF and 2,3,4,7,8-PeCDF at 

concentrations ranging from 0.11 to 0.33 mg/kg and 0.12 to 0.83 mg/kg, respectively, in 

unused samples of Aroclor 1254 and Aroclor 1260.  The presence of CDDs in commercial 
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PCB mixtures, although at much lower concentrations than those of the CDFs, was 

reported by Hagenmaier (1987) and Malisch (1994).  Table 8-11 presents the CDF and 

CDD congener group concentrations reported by Bowes et al. (1975a) and those reported 

in subsequent years for unused PCBs by Erickson (1986), ATSDR (1993), Hagenmaier 

(1987), and Malisch (1994). 

Several researchers reported concentrations of specific CDD/CDF congeners in 

commercial PCB mixtures (Bowes et al., 1975b; Brown et al., 1988; Hagenmaier, 1987; 

Malisch, 1994).  Only the Hagenmaier (1987) and Malisch (1994) studies, however, 

reported the concentrations of all 2,3,7,8-substituted CDDs and CDFs.  Table 8-12 

presents the results of these four studies.  It is evident from the table that major variations 

are found in the levels of 2,3,7,8-TCDF and 2,3,4,7,8-PeCDF in the Clophen mixtures 

reported by Hagenmaier (1987) and Malisch (1994) and the corresponding levels in the 

Aroclor mixtures reported by Bowes et al. (1975b) and Brown et al. (1988). 

Brown et al. (1988) compared the levels of 2,3,7,8-TCDF, 2,3,4,7,8-PeCDF, and 

1,2,3,7,8,9-HxCDF in used samples (i.e., samples from previously used capacitors and 

transformers) and unused samples of Aroclors 1016, 1242, 1254, and 1260.  The 

concentration ranges reported for the used and unused Aroclors were similar, leading 

Brown et al. (1988) to conclude that CDFs are not formed during the normal use of PCBs 

in electrical equipment. 

Amounts of CDD/CDF TEQ that may have been released to the environment during 

1987 and 1995 from spills and leaks of in-service PCBs cannot be accurately estimated 

because reliable data regarding leaked and spilled PCBs are not available.  However, 

preliminary estimates can be made using the release data reported to EPA's Toxics 

Release Inventory (TRI) by those manufacturing facilities required to submit annual reports 

to TRI.  Table 11-6 in Section 11 lists the amounts of PCBs reported to TRI to have been 

released to the environment during 1988 through 1996.  These TRI data include emissions 

to the air, discharges to bodies of water, and releases to land.  On the basis of these data, 

annual emissions of PCBs to air during 1988 and 1996 could have been as high as 2.7 kg 

and as low as 0 kg, respectively. If it is further assumed that the ratio of TEQ (I-TEQDF 

and TEQDF-WHO98) to total PCB in the air emissions was 0.17:1,000,000 (i.e., the average 

of the TEQ contents for Clophen A-30 and Clophen A-50, or 170 µg/kg, as reported by 

Hagenmaier (1987) and presented in Table 8-12), then annual emissions of I-TEQDF to air 
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in 1988 and 1995 could have been 0.5 and 0 mg, respectively. Similar assumptions for 

PCB releases to water of 4.5 kg in 1988 and 0 kg in 1995 yield estimated TEQ emissions 

during 1988 and 1995 of 0.8 and 0 mg, respectively. For land releases of 341 kg in 

1988 and 0 kg in 1995, estimated TEQ emissions during 1988 and 1995 are 58 and 0 

mg, respectively.  All of these estimated releases are considered to be negligible. 

8.3.4. Polyvinyl Chloride 

Polyvinyl chloride (PVC) resins are produced when free radical initiators are used to 

induce the polymerization of vinyl chloride monomer (VCM).  VCM is typically produced by 

the thermal dehydrochlorination (commonly known as cracking) of ethylene dichloride 

(EDC).  One plant in the United States still uses the catalytic reaction of acetylene and HCl 

to manufacture VCM directly.  The cracking of EDC requires elevated pressure (20 to 30 

atmospheres) and temperature (450 to 650°C) and yields VCM and HCl at about a 1:1 

molar ratio.  EDC is produced by two different methods:  (1) direct chlorination of ethylene 

with chlorine in the presence of a catalyst at a temperature of 50 to 60°C and pressure of 

4 to 5 atmospheres; and (2) oxychlorination, which involves reaction of ethylene with HCl 

and oxygen in the presence of a catalyst at temperatures generally less than 325°C.  The 

primary source of HCl for the oxychlorination process is the HCl produced from the 

cracking of EDC to form VCM; all VCM plants, with the exception of the one facility noted 

above, are integrated with EDC production facilities (The Vinyl Institute, 1998). 

Although it has generally been recognized that CDD/CDFs are formed during the 

manufacture of EDC/VCM/PVC, manufacturers and environmental public interest groups 

have disagreed as to the quantity of CDD/CDFs that are formed and released to the 

environment in wastes and possibly in PVC products.  Although EPA regulates emissions 

from EDC/VCM production facilities under the Clean Water Act (40 CFR 61), the Clean Air 

Act (40 CFR 414), and RCRA (40 CFR 268 - Waste Codes F024, K019, and K020), 

CDD/CDFs are not specifically regulated pollutants; as a consequence, monitoring data for 

CDD/CDFs in emissions are generally lacking. 

In 1993, Greenpeace International issued a report on CDD/CDF emissions 

associated with the production of EDC/VCM (Greenpeace, 1993).  Greenpeace estimated 

that 5 to 10 g I-TEQDF are released to the environment (air, water, and ground combined) 

annually for every 100,000 metric tons of VCM produced.  This emission factor was 
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based on data gathered by Greenpeace on four European plants.  The Vinyl Institute 

responded with a critique of the Greenpeace report (ChemRisk, 1993).  Miller (1993) 

summarized the differing views of the two parties.  According to Miller (1993), European 

PVC manufacturers claim the emission factor is 0.01 to 0.5 g I-TEQDF/100,000 metric 

tons of VCM.  Although Greenpeace (1993) and ChemRisk (1993) used basically the same 

monitoring information to develop their emission factors, Greenpeace adjusted the 

emission factor to account for unquantified fugitive emissions and waste products that 

contain unspecified amounts of CDD/CDFs. 

In 1995, Greenpeace issued another report reiterating the organization's concern 

that the generation and emission of CDD/CDFs may be significant and urging that further 

work be initiated to quantify and prevent emissions (Stringer et al., 1995). Stringer et al. 

(1995) presented the results of analyses of three samples of chlorinated wastes obtained 

from U.S. EDC/VCM manufacturing facilities.  The three wastes were characterized 

according to EPA hazardous waste classification numbers as follows: (1) an F024 waste 

(i.e., waste from the production of short chain aliphatics by free radical catalyzed 

processes), (2) a K019 waste (i.e., heavy ends from the distillation of ethylene from EDC 

production), and a probable K020 waste (i.e., heavy ends from distillation of VC in VCM 

manufacture).  Table 8-13 presents the analytical results reported by Stringer et al. 

(1995). This study acknowledged that because EDC/VCM production technologies and 

waste treatment and disposal practices are very site-specific, the limited information 

available on CDD/CDF generation and emissions made it difficult to quantify amounts of 

CDD/CDFs generated and emitted. 

In response to the lack of definitive studies and at the recommendation of EPA, 

U.S. PVC manufacturers initiated an extensive monitoring program, the Dioxin 

Characterization Program, to evaluate the extent of any CDD/CDF releases to air, water, 

and land, as well as any product contamination. Manufacturers performed emission and 

product testing at various facilities that were representative of various manufacturing and 

process control technologies.  The Vinyl Institute has completed studies of CDD/CDF 

releases in wastewater, wastewater treatment plant solids, and stack gases, as well as 

studies of CDD/CDF content of products (i.e., PVC resins and "sales" EDC).  The following 

subsections discuss the results for each of these media (The Vinyl Institute, 1998). 
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The Vinyl Institute created an External Advisory Group to advise the institute on 

the conduct of the Dioxin Characterization Program and to provide an independent review 

of the Program results.  In their final evaluation report, the Advisory Group judged the 

industry’s coverage, in terms of the number of facilities and waste streams sampled, to be 

fairly comprehensive. The number of samples of PVC product, stack emissions, 

wastewaters, and wastewater sludges obtained from the different types of manufacturing 

facilities was deemed by the Advisory Group to provide a sufficient database to evaluate 

industrywide annual releases.  The Advisory Group concluded that the process established 

by The Vinyl Institute to ensure that data collected as part of its Dioxin Characterization 

Program are representative of normal process operations was a good one.  After auditing 

The Vinyl Institute’s estimates of annual releases, the Advisory Group concluded that the 

data were properly validated and the results were extrapolated to annual industrywide 

release estimates in a creditable, scientific manner. 

EPA has reviewed The Vinyl Institute (1998) study and concurs with the 

conclusions of the External Advisory Group.  EPA assigns a high confidence rating to the 

activity level estimates and a medium confidence rating to the emission factor estimates 

developed by The Vinyl Institute (1998). 

Wastewater - The Vinyl Institute (1998) presented results for treated wastewater 

samples collected during April and May of 1995 at six sites that manufactured only PVC, 

at three sites that manufactured EDC and VCM, and at one site that manufactured EDC, 

VCM, and PVC.  In terms of production, the six PVC-only sites represent approximately 15 

percent of the total estimated 1995 U.S. and Canadian PVC production.  The three 

EDC/VCM sites and the one EDC/VCM/PVC site together represent 27 percent of the total 

estimated 1995 U.S. EDC production.  Samples taken from PVC-only sites were taken 

from sites that manufactured suspension PVC resin as well as sites that manufactured 

dispersion PVC resin.  Samples for the other four sites were taken from sites that used 

direct and oxychlorination processes, fixed and fluidized beds, and low- and high-

temperature direct chlorination.  The wastewater samples from one of the EDC/VCM sites, 

one of the PVC-only sites, and the EDC/VCM/PVC site were taken from effluents derived 

from process areas not limited to EDC/VCM, EDC/VCM/PVC, or PVC manufacturing. 

The results of the sampling are presented in Table 8-14.  The method detection 

limits (MDLs) for all congeners except OCDD and OCDF in all samples were 10 pg/L or 
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less.  The MDLs for OCDD and OCDF were 50 pg/L or less.  CDD/CDFs were detected in 

two of the six samples from PVC-only sites (0.52 and 2.0 pg I-TEQDF/L, assuming ND = 

0). The overall mean TEQ concentrations were 0.88 pg I-TEQDF/L (ND = 0) and 4.7 pg 

I-TEQDF/L (ND = 1/2 MDL).  CDD/CDFs were detected in all four of the samples from 

EDC/VCM/PVC sites.  The overall mean TEQ concentrations were 0.42 pg I-TEQDF/L (ND 

= 0) and 4.4 pg I-TEQDF/L (ND = 1/2 MDL). 

Based on these sample results, The Vinyl Institute developed I-TEQDF emission 

factors for PVC-only and EDC/VCM/PVC manufacturing facilities.  First, individual site 

release rates were estimated using the treated wastewater effluent flow rate recorded by 

the site during sampling and assuming that the site continuously releases CDD/CDFs at its 

calculated total I-TEQDF, 24 hours per day, 360 days per year, at the recorded water 

effluent rate. The total releases from each site-type category (i.e., PVC-only or 

EDC/VCM/PVC facilities) were then estimated by averaging the individual release rates on 

a per-1,000-metric-ton-of-PVC basis or per-1,000-metric-ton-of-EDC basis using the 

estimated 1995 PVC and EDC production statistics for the sampled sites.  These values 

were then "scaled up" to estimate total U.S. releases in treated wastewater from the site-

type categories.  It is not possible using the data presented in the Vinyl Institute (1998) to 

calculate emission factors for TEQDF-WHO98.  However, because 1,2,3,7,8-PeCDD was 

not detected in any wastewater sample, the TEQDF-WHO98 emission factors would be 

lower than the I-TEQDF emission factors. 

The mean emission factors derived from the sample results for the PVC-only 

facilities are 2.3 µg I-TEQDF/1,000 metric tons of PVC (ND = 0) and 29 µg I-TEQDF/1,000 

metric tons of PVC (ND = 1/2 MDL).  The mean emission factors for the EDC/VCM/PVC 

facilities are 2.9 µg I-TEQDF/1,000 metric tons (ND = 0) and 15 µg I-TEQDF/1,000 metric 

tons of EDC (ND = 1/2 MDL). 

The Vinyl Institute (1998) combined these emission factors with 1995 industry 

production statistics (i.e., 5,212 thousand metric tons of PVC and 11,115 thousand 

metric tons of EDC), to yield release estimates of 0.011 grams I-TEQDF (ND = 0) and 0.15 

g I-TEQDF (ND = 1/2 DL) from PVC-only manufacturing sites and 0.032 g I-TEQDF (ND = 

0) and 0.17 g I-TEQDF (ND = 1/2 DL) from EDC/VCM and EDC/VCM/PVC facilities for a 

total I-TEQDF release in 1995 of 0.043 g (ND = 0) and 0.32 g (ND = 1/2 DL). 
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Wastewater Treatment Plant Solids - The Vinyl Institute (1998) presented results 

for 14 samples collected in 1996 from 9 EDC/VCM/PVC manufacturing sites.  Samples 

were collected from 4 of the 5 U.S. sites that manufactured EDC, VCM, and PVC; 3 of 

the 7 U.S. sites that manufactured EDC and VCM, but not PVC; and 2 of the 21 sites that 

manufacture PVC, but not EDC or VCM.  On the basis of 1995 production data, the two 

PVC-only sites manufactured approximately 4.7 percent of the total estimated U.S. and 

Canadian PVC resin production.  The sampled EDC/VCM and EDC/VCM/PVC sites 

manufactured 56 percent of the total estimated 1995 U.S. EDC production.  Samples 

from the PVC-only sites were taken from sites that manufactured suspension PVC resin as 

well as sites that manufactured dispersion PVC resin.  Samples taken from the EDC/VCM 

and EDC/VCM/PVC sites were taken from sites that used direct and oxychlorination 

processes; fixed and fluidized EDC reactor beds; low- and high-temperature direct 

chlorination; and air, oxygen, and mixed air/oxygen feeds. 

Using the sample results and their determination that the results for facilities using 

different EDC reactor bed technologies (i.e., fluidized bed vs. fixed bed) appear to differ 

significantly, The Vinyl Institute developed annual I-TEQDF emission estimates for three 

categories:  PVC-only, EDC/VCM/PVC fixed bed, and EDC/VCM/PVC fluidized bed 

facilities. Nine U.S. sites use fixed bed technology and six use fluidized bed technology. 

Four of each type of facility were sampled by The Vinyl Institute.  It is not possible using 

the data presented in The Vinyl Institute (1998) to calculate emission factors for TEQDF

WHO98.  Because 1,2,3,7,8-PeCDD was detected in only 3 of 10 samples, but OCDD and 

OCDF were detected in all samples, it is likely that the TEQDF-WHO98 emission factors 

would not be significantly different from the I-TEQDF emission factors. 

Results of the sampling are presented in Table 8-14.  The MDLs for all congeners 

were less than 150 ng/kg, and usually were less than 10 ng/kg.  CDD/CDFs were 

detected in all samples.  The ranges of TEQ concentrations (dry weight basis) for the two 

PVC-only facilities were 1.1 to 2.6 ng I-TEQDF/kg (ND = 0) and 2.8 to 4.4 ng I-TEQDF/kg 

(ND = 1/2 MDL).  On an emission factor basis, the ranges were 1.7 to 46 µg 

I-TEQDF/1,000 metric tons of PVC produced (ND = 0) and 4.3 to 78 µg I-TEQDF/1,000 

metric ton of PVC produced (ND = 1/2 DL).  The range of TEQ concentrations for the 

samples from the EDC/VCM or EDC/VCM/PVC sites were 88 to 6,850 ng I-TEQDF/kg (ND 

= 0) and 93 to 6,850 ng I-TEQDF/kg (ND = 1/2 DL).  On an emission factor basis, the 
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ranges were 28 to 4,000 µg I-TEQDF/1,000 metric tons of EDC (ND = 0) and 29 to 4,000 

µg I-TEQDF/1,000 metric tons of EDC (ND = 1/2 DL). 

The annual amounts of I-TEQDF generated in 1995 in each of the three facility 

categories were estimated by The Vinyl Institute as follows.  First, total annual 

contributions at each sampled site were estimated by multiplying the I-TEQDF from the 

sample by the annual production of wastewater solids at that site.  These annual site 

contributions of I-TEQDF were then summed for each of the three facility types and 

multiplied by the ratio of each category’s total annual production of PVC or EDC to the 

sum of the annual production of the sampled sites in that category. 

The Vinyl Institute (1998) combined these emission factors with 1995 industry 

production statistics (i.e., 5,212 thousand metric tons of PVC and 11,115 thousand 

metric tons of EDC) to yield estimated amounts of I-TEQDF in wastewater treatment plant 

solids. For PVC-only facilities, estimated amounts are 0.069 g I-TEQDF per year (ND = 0) 

and 0.12 g I-TEQDF per year (ND = 1/2 DL), assuming an annual PVC production of 5,212 

thousand metric tons.  For EDC/VCM/PVC fixed bed facilities, the estimated amounts of 

TEQ are 1.0 g I-TEQDF per year (ND = 0 or ND = 1/2 DL), assuming an EDC annual 

production volume of 5,400 thousand metric tons.  For EDC/VCM/PVC fluidized bed 

facilities, the estimated amount of TEQ is 11 g I-TEQDF per year (ND = 0 or ND = 1/2 

DL), assuming EDC annual production volume of 5,600 thousand metric tons.  Thus, total 

amounts of TEQ in wastewater treatment plant solids are estimated to have been 12.1 g I

TEQDF in 1995 (ND = 0 or ND = 1/2 DL). 

Based on The Vinyl Institute survey data, Institute member companies dispose of 

wastewater solids by three methods:  (1) RCRA hazardous waste landfilling (approximately 

1 percent of industry total solids), (2) landfarming (approximately 6 percent), and (3) 

"secure" on-site landfilling (93 percent of industry total solids).  Solids disposed of by 

methods 1 and 3 are assumed to be well controlled to prevent release into the general 

environment, whereas solids disposed of by landfarming are not as well controlled and 

could be released to the environment.  Therefore, an estimated 0.73 g I-TEQDF (i.e., 6 

percent of 12.1 g I-TEQDF) can be considered as potentially released to the environment. 

Stack Gas Emissions - By grouping similarities of design and service, The Vinyl 

Institute (1998) subcategorized thermal destruction units at EDC/VCM and/or PVC 

manufacturing units into three categories:  (a) type A—vent gas incinerators at PVC-only 
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resin plants; (b) type B—vent gas thermal oxidizers at EDC/VCM plants; and (c) type 

C—liquid only and liquid/vent gas thermal oxidizers at EDC/VCM plants.  Using an 

industrywide survey, The Vinyl Institute (1998) identified 22 type A units at 11 facilities, 

23 type B units at 10 facilities, and 17 type C units at 10 facilities.  The Vinyl Institute 

gathered test data from 5 of the 22 type A units (from three facilities representing 7 

percent of total U.S. and Canadian EDC/VCM/PVC production in 1995), 14 of the 23 type 

B units (from 8 facilities), and 13 of the 17 type C units (from 7 facilities).  The sampled 

types B and C units represent 70 percent of total U.S. and Canadian EDC/VCM/PVC 

production in 1995. 

Annual I-TEQDF emission estimates were generated by The Vinyl Institute by 

combining estimated emissions from tested units (i.e., based on measured stack gas 

results and plant-specific activity data) with an estimate of emissions from untested units. 

The emissions from the untested units were estimated by multiplying the average emission 

factor for the tested units in the category (i.e., called the "most likely" estimate by The 

Vinyl Institute) or by multiplying the average emission factor of the three highest tested 

units in each class (i.e., the "upper bound" estimate) by the activity level for the untested 

units.  It is not possible using the data presented in The Vinyl Institute (1998) to calculate 

emission factors for TEQDF-WHO98. 

The Vinyl Institute (1998) estimates of "most likely" and "upper-bound" emissions 

during 1995 for these three categories are as follows: 

"Upper Bound" 
"Most Likely" Emission Emission Estimate (g I-

Category Estimate (g I-TEQDF/yr) TEQDF/yr) 

PVC-only incinerators 0.0014 0.0019 

EDC/VCM liquid and liquid/vents 3.7 7.2 

EDC/VCM vents for VCM only 6.9 21.6 

The Vinyl Institute (1998) also estimated emissions that may result from 

incineration of EDC/VCM/PVC wastes processed by off-site third-party processing.  Using 

the emission factors for liquid and liquid/vents developed in their study, The Vinyl Institute 

estimated that potential emissions to air from this source category would be 0.65 g I-
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TEQDF/yr (most likely estimate) and 2.3 g I-TEQDF/yr (upper-bound estimate).  Including 

these third-party release estimates with those developed above yields a most likely 

estimate of 11.2 g I-TEQDF/yr and an upper-bound estimate of 31 g I-TEQDF/yr. 

Products - The Vinyl Institute (1998) presented results for 22 samples from 14 of 

the 24 U.S. and Canadian facilities manufacturing suspension and mass PVC resins (i.e., 

13 pipe resins, 3 bottle resins, and 6 packaging resins).  The results are summarized in 

Table 8-15.  The 14 sampled sites represent approximately 74 percent of estimated 1995 

U.S. and Canadian suspension and mass PVC resin production.  CDD/CDFs were detected 

in only one sample (0.043 ng I-TEQDF/kg, assuming ND = 0).  The overall mean TEQ 

concentrations were 0.002 ng I-TEQDF/kg (ND= 0) and 0.7 ng I-TEQDF/kg (ND = 1/2 

MDL).  The MDLs were 2 ng/kg or less for all congeners in all samples except for OCDD 

and OCDF, which had MDLs of 6 ng/kg or less. 

The Vinyl Institute (1998) also presented results for six samples from four of the 

seven U.S. facilities manufacturing dispersion PVC resins.  CDD/CDFs were detected in 

five of the samples.  The results are summarized in Table 8-15.  In terms of production, 

the four sampled sites represent approximately 61 percent of estimated 1995 U.S. 

dispersion PVC resin production.  The results ranged from not detected to 0.008 ng I-

TEQDF/kg (overall mean = 0.001 ng I-TEQDF/kg assuming ND = 0, and 0.4 ng I-TEQDF/kg, 

assuming ND = 1/2 MDL).  The MDLs were 2 ng/kg or less for all congeners in all 

samples except OCDD and OCDF, which had MDLs of 4 ng/kg or less. 

The Vinyl Institute (1998) also presented results for 5 samples from 5 of the 15 

U.S. facilities manufacturing EDC.  The results are summarized in Table 8-15.  In terms of 

production, the five sampled sites represent approximately 71 percent of total U.S. 

estimated 1995 "sales" EDC production.  CDD/CDFs were detected in only one sample 

(0.03 ng I-TEQDF/kg).  The overall mean TEQ concentrations were 0.006 ng I-TEQDF/kg 

(ND = 0) and 0.21 ng I-TEQDF/kg (ND = 1/2 MDL).  The MDLs for all congeners were 1 

ng/kg or less. 

Using 1995 U.S. production data (i.e., 4.846 million metric tons of suspension and 

mass PVC, 0.367 million metric tons of dispersion PVC resins, and 1.362 million metric 

tons of "sales" EDC) and the average TEQ observed for the samples analyzed, The Vinyl 

Institute estimated the total I-TEQDF contents of suspension/mass PVC resins, dispersion 

PVC resins, and "sales" EDC in 1995 to be 0.01 g, 0.004 g, and 0.008 g, respectively 
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(ND = 0) and 3.39 g, 0.15 g, and 0.29 g, respectively (ND = 1/2 MDL).  Therefore, total 

I-TEQDF present in PVC in 1995 was estimated at between 0.02 g (ND = 0) and 3.83 g 

(ND = 1/2 MDL).  It is not possible using the data presented in The Vinyl Institute (1998) 

to calculate emission factors for TEQDF-WHO98.  However, because neither 1,2,3,7,8-

PeCDD nor OCDD were detected in any sample, the TEQDF-WHO98 emission factors would 

be very similar to the I-TEQDF emission factors. 

8.3.5. Other Aliphatic Chlorine Compounds 

Aliphatic chlorine compounds are used as monomers in the production of plastics, 

as solvents and cleaning agents, and as precursors for chemical synthesis (Hutzinger and 

Fiedler, 1991a).  These compounds are produced in large quantities.  In 1992, 14.6 

million metric tons of halogenated hydrocarbons were produced (U.S. International Trade 

Commission, 1946–1994).  The production of 1,2-dichloroethane and vinyl chloride 

accounted for 82 percent of this total production.  Highly chlorinated CDDs and CDFs 

(i.e., hexa- to octachlorinated congeners) have been found in nanograde-quality samples of 

1,2-dichloroethane (55 ng/kg of OCDF in one of five samples), tetrachloroethene (47 

ng/kg of OCDD in one of four samples), epichlorohydrin (88 ng/kg of CDDs and 33 ng/kg 

of CDFs in one of three samples), and hexachlorobutadiene (360 to 425 ng/kg of OCDF in 

two samples) obtained in Germany from the company Promochem (Hutzinger and Fiedler, 

1991a; Heindl and Hutzinger, 1987).  No CDD/CDFs were detected in two samples of allyl 

chloride, three samples of 1,1,1-trichloroethane, and four samples of trichloroethylene 

(detection limit ranged from 5 to 20 ng/kg) (Heindl and Hutzinger, 1987).  Because no 

more recent or additional data could be found in the literature to confirm these values for 

products manufactured or used in the United States, no national estimates of CDD/CDF 

emissions are made for the inventory. 

EPA's Office of Water promulgated effluent limitations for facilities that 

manufacture chlorinated aliphatic chlorine compounds and discharge treated wastewater 

(40 CFR 414.70).  These effluent limitations do not specifically address CDDs and CDFs. 

The following chlorinated aliphatic compounds are regulated:  68 µg/L for 1,2-

dichloroethane and 22 µg/L for tetrachloroethylene.  Similarly, EPA's Office of Solid Waste 

promulgated restrictions on land disposal of wastes generated during manufacture of 
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many chlorinated aliphatics (40 CFR 268); however, these restrictions do not specifically 

regulate CDD/CDFs. 

8.3.6. Dyes, Pigments, and Printing Inks 

Several researchers analyzed various dyes, pigments, and printing inks obtained in 

Canada and Germany for the presence of CDDs and CDFs (Williams et al., 1992; 

Hutzinger and Fiedler, 1991a; Santl et al., 1994c).  The following paragraphs discuss the 

findings of those studies. 

Dioxazine Dyes and Pigments - Williams et al. (1992) analyzed the CDD/CDF 

content in dioxazine dyes and pigments available in Canada.  As shown in Table 8-16, 

OCDD and OCDF concentrations in the ng/kg range, and HpCDD, HxCDD, and PeCDD 

concentrations in the µg/kg range were found in Direct Blue 106 dye (3 samples), Direct 

Blue 108 dye (1 sample), and Violet 23 pigments (6 samples) (Williams et al., 1992). 

These dioxazine pigments are derived from chloranil, which has been found to contain 

high levels of CDD/CDFs and has been suggested as the source of contamination among 

these dyes (Christmann et al., 1989a; Williams et al., 1992; U.S. EPA, 1992b).  In May 

1990, EPA received test results showing that chloranil was heavily contaminated with 

dioxins; levels as high as 3,065 µg I-TEQDF/kg (2,903 µg TEQDF-WHO98/kg) were measured 

in samples from four importers (mean value of 1,754 µg I-TEQDF/kg or 1,388 µg TEQDF-

WHO98/kg) (U.S. EPA, 1992b; Remmers et al., 1992). (See Section 8.3.7 for analytical 

results.) 

In the early 1990s, EPA learned that I-TEQDF levels in chloranil could be reduced by 

more than two orders of magnitude (to less than 20 µg/kg) through manufacturing 

feedstock and process changes.  EPA's Office of Pollution Prevention and Toxics (OPPT) 

subsequently began efforts to complete an industrywide switch from the use of 

contaminated chloranil to low-dioxin chloranil.  Although chloranil is not manufactured in 

the United States, significant quantities are imported.  As of May 1992, EPA had 

negotiated agreements with all chloranil importers and domestic dye/pigment 

manufacturers known to EPA that use chloranil in their products to switch to low-dioxin 

chloranil.  In May 1993, when U.S. stocks of chloranil with high levels of CDD/CDFs had 

been depleted, EPA proposed a significant new use rule (SNUR) under Section 5 of TSCA 

that requires industry to notify EPA at least 90 days prior to the manufacture, import, or 
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processing, for any use, of chloranil containing CDD/CDFs at a concentration greater than 

20 µg I-TEQDF/kg (Federal Register, 1993a; U.S. EPA, 1993c). 

In 1983, approximately 36,500 kg of chloranil were imported (U.S. ITC, 1984). 

The U.S. International Trade Commission (ITC) has not published quantitative import data 

for chloranil since 1984.  If it is assumed that this import volume reflects actual usage of 

chloranil in the United States during 1987, and the CDD/CDF contamination level was 

1,754 µg I-TEQDF/kg (1,388 µg TEQDF-WHO98/kg), then the maximum release into the 

environment via processing wastes and finished products was 64.0 g I-TEQDF. If it is 

assumed that the import volume in 1995 was also 36,500 kg, but that the imported 

chloranil contained 10 µg I-TEQDF/kg on average, then the total potential annual TEQ 

release associated with chloranil in 1995 was 0.36 g I-TEQDF (50.6 g TEQDF-WHO98). 

Phthalocyanine Dyes and Printing Inks - Hutzinger and Fiedler (1991a) found 

CDD/CDFs (tetra-, penta-, and hexachlorinated congeners) in the µg/kg range in a sample 

of a Ni-phthalocyanine dye.  No CDD/CDFs were detected (detection limit of 0.1 to 0.5 

µg/kg) in two samples of Cu-phthalocyanine dyes and in one Co-phthalocyanine dye 

(Hutzinger and Fiedler, 1991a). 

Santl et al. (1994) reported the results of analyses of four printing inks obtained 

from a supplier in Germany.  Two of the inks are used for rotogravure printing, and two 

are used for offset printing.  The results of the analyses are presented in Table 8-17.  The 

I-TEQDF content of the inks ranged from 15.0 to 88.6 ng/kg (17.7 to 87.2 ng/kg on a 

TEQDF-WHO98 basis).  Primarily non-2,3,7,8-substituted congeners were found.  The 

identities of the dyes and pigments in these inks were not reported. 

8.3.7. TSCA Dioxin/Furan Test Rule 

Citing evidence that halogenated dioxins and furans may be formed as by-products 

during chemical manufacturing processes (Versar, 1985), EPA issued a rule under 

Section 4 of TSCA that requires chemical manufacturers and importers to test for the 

presence of chlorinated and brominated dioxins and furans in certain commercial organic 

chemicals (Federal Register, 1987c).  The rule listed 12 manufactured or imported 

chemicals that required testing and 20 chemicals not currently manufactured or imported 

that would require testing if manufacture or importation resumed.  These chemicals are 

listed in Table 8-18.  The specific dioxin and furan congeners that require quantitation and 
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the target limits of quantitation (LOQ) that are specified in the rule are listed in Table 8-19. 

Under Section 8(a) of TSCA, the final rule also required that chemical manufacturers 

submit data on manufacturing processes and reaction conditions for chemicals produced 

using any of the 29 precursor chemicals listed in Table 8-20.  The rule stated that 

subsequent to this data-gathering effort, testing may be proposed for additional chemicals 

if any of the manufacturing conditions used favored the production of dioxins and furans. 

Sixteen sampling and analytical protocols and test data for 10 of the 12 chemicals 

that required testing were submitted to EPA (Holderman and Cramer, 1995).  Data from 

15 submissions were accepted; one submission is under review.  Manufacture or import of 

two substances (tetrabromobisphenol-A-bis-2,3-dibromopropylether and 

tetrabromobisphenol-A-diacrylate) have stopped since the test rule was promulgated. 

[Note: All data and reports in the EPA TSCA docket are available for public review and 

inspection at EPA Headquarters in Washington, DC.] 

Table 8-21 presents the results of analytical testing for CDDs and CDFs for the 

chemicals that have data available in the TSCA docket.  Five of these 10 chemicals 

contained CDD/CDFs.  Positive results were obtained for 2,3,5,6-tetrachloro-2,5-

cyclohexadiene-1,4-dione (chloranil), pentabromodiphenyloxide, octabromodiphenyloxide, 

decabromodiphenyloxide, and 1,2-Bis(tribromophenoxy)-ethane.  Table 8-22 presents the 

quantitative analytical results for the four submitted chloranil samples, as well as the 

results of an EPA analysis of a sample of carbazole violet, which is manufactured from 

chloranil. 

Although testing conducted under this test rule for 2,4,6-tribromophenol indicated 

no halogenated dioxins or furans above the LOQs, Thoma and Hutzinger (1989) reported 

detecting BDDs and BDFs in a technical-grade sample of this substance.  Total TBDD, 

TBDF, and PeBDF were found at 84 :g/kg, 12 :g/kg, and 1 :g/kg, respectively. No hexa

, hepta-, or octa-BDFs were detected.  Thoma and Hutzinger (1989) also analyzed 

analytical-grade samples of two other brominated flame retardants, pentabromophenol and 

tetrabromophthalic anhydride; no BDDs or BDFs were detected (detection limits not 

reported). 
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8.3.8. Halogenated Pesticides and FIFRA Pesticides Data Call-In 

In the late 1970s and early 1980s, attention began to focus on pesticides as 

potential sources of CDDs and CDFs in the environment.  Up to that time, CDD and CDF 

levels were not regulated in end-use pesticide products.  Certain pesticide active 

ingredients, particularly chlorinated phenols and their derivatives, were known or 

suspected, however, to be contaminated with CDDs and CDFs.  During the 1980s and 

1990s, EPA took several actions to investigate and control CDD/CDF contamination of 

pesticides. 

Actions to Regulate 2,4,5-T and Silvex: In 1983, EPA cancelled the sale of Silvex 

and 2,4,5-T for all uses (Federal Register, 1983).  Earlier, in 1979, EPA had ordered 

emergency suspension of the forestry, rights-of-way, and pasture uses of 2,4,5-T. 

Emergency suspensions of the forestry, rights-of-way, pasture, home and garden, 

commercial/ornamental turf, and aquatic weed control/ditch bank uses of Silvex were also 

ordered (Federal Register, 1979; Plimmer, 1980).  The home and garden, 

commercial/ornamental turf, and aquatic weed control/ditch bank uses of 2,4,5-T had 

been suspended in 1970. 

Actions to Regulate pentachlorophenol (PCP): In 1984, EPA issued a notice of 

intent to cancel registrations of pesticide products containing PCP (including its salts) for 

all wood preservative uses (Federal Register, 1984).  This notice specified modifications to 

the terms and conditions of product registrations that were required in order to avoid 

cancellation of the products.  In response to this notice, several trade associations and 

registrants requested administrative hearings to challenge EPA’s determinations. After 

carefully considering the comments and alternatives suggested during the prehearing stage 

of the administrative proceedings, EPA concluded that certain changes to the 1984 notice 

were appropriate.  These were finalized in 1986 (Federal Register, 1986) and included the 

following:  (i) all wood preservative uses of PCP and its salts were classified as "restricted 

use" only by certified applicators; (ii) specific worker protection measures were required; 

(iii) limits were placed on the HxCDD content of PCP; and (iv) label restrictions for home 

and farm uses of PCP prohibiting its application indoors and to wood intended for interior 

use (with a few exceptions), as well as prohibiting application of these products in a 

manner that may result in direct exposure of domestic animals or livestock, or in the 

contamination of food, feed, or drinking and irrigation water. 
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EPA subsequently amended the wood preservative uses Notice to establish reliable 

and enforceable methods for implementing certified limits for HxCDD and 2,3,7,8-TCDD in 

registered wood-preservative pesticide products (Federal Register, 1987a).  Levels of 

2,3,7,8-TCDD were not allowed to exceed 1.0 ppb in any product, and after February 2, 

1989, any manufacturing-use PCP released for shipment could not contain HxCDD levels 

that exceeded an average of 2 ppm over a monthly release or a batch level of 4 ppm (a 

gradually phased in requirement).  On January 21, 1987, EPA prohibited the registration 

of PCP and its salts for most nonwood uses (Federal Register, 1987b).  EPA deferred 

action on several uses (i.e., uses in pulp/paper mills, oil wells, and cooling towers) pending 

receipt of additional exposure, use, and ecological effects data.  On January 8, 1993, EPA 

issued a press advisory stating that the EPA special review of these deferred nonwood 

uses was being terminated, because all of these uses either had been voluntarily cancelled 

by the registrants or had been cancelled by EPA for failure of the registrants to pay the 

required annual maintenance fees (U.S. EPA, 1993f). 

Pentachlorophenol (PCP) was one of the most widely used biocides in the United 

States prior to the regulatory actions to cancel and restrict certain wood and nonwood 

preservative uses of PCP.  PCP was registered for use as a herbicide, defoliant, mossicide, 

and as a mushroom house biocide.  It also found use as a biocide in pulp-paper mills, oil 

wells, and cooling towers.  These latter three uses were terminated on or before 1993 

(U.S. EPA, 1993f).  However, the major use (greater than 80 percent of consumption) of 

PCP was and continues to be wood preservation. 

The production of PCP for wood preserving began on an experimental basis in the 

1930s. In 1947, nearly 3,200 metric tons of PCP were reported to have been used in the 

United States by the commercial wood preserving industry.  Use in this industry steadily 

increased through the mid-1970s (American Wood Preservers Institute, 1977).  Although 

domestic consumption volumes are not available for all years, based on historical 

production/export data for PCP reported in Mannsville (1983), it is estimated that 90 to 

95 percent of production volume have typically been consumed domestically rather than 

exported.  A reasonable estimate of average annual domestic PCP consumption during the 

period 1970 to 1995 is about 400,000 metric tons.  This estimate assumes an average 

annual consumption rate of 20,000 metric tons/yr during the 1970s, 15,000 metric 

tons/yr during the 1980s, and 10,000 metric tons/yr during the 1990s. 
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Table 8-7 presents a compilation of published data on the CDD/CDF content of 

technical grade PCP.  The only samples that have been analyzed for all dioxin-like 

CDD/CDFs were manufactured in the mid to late 1980s.  Figure 8-4 presents these data in 

graphical form.  It is evident from the figures that the predominant congener groups are 

OCDD, OCDF, HpCDF, and HpCDD, and the dominant 2,3,7,8-substituted congeners are 

OCDD, 1,2,3,4,6,7,8-HpCDD, and OCDF.  Waddell et al. (1995) tested analytical grade 

PCP (from Aldrich Chemical Co.) for CDD/CDF content and found the same congener 

profile; however, the CDD/CDF levels were three to four orders of magnitude lower.  Table 

8-8 presents a similar compilation of published data on the CDD/CDF content of PCP-Na. 

The table shows the same patterns of dominant congeners and congener groups reported 

for PCP. 

Samples of technical PCP manufactured during the mid to late 1980s contained 

about 3 mg I-TEQ/kg, (1.7 mg TEQDF-WHO98/kg) based on the data presented in Table 8

7. No published reports could be located that present the results of any congener-specific 

analyses of PCP manufactured since the late 1980s.  However, monthly measurements of 

CDD/CDF congener group concentrations in technical PCP manufactured for use in the 

United States have been reported to EPA from 1987 to the present (KMG-Bernuth, 1997; 

Pentachlorophenol Task Force, 1997; U.S. EPA, 1999a).  The average congener group 

concentrations reported to EPA for the years 1988 (i.e., 1 year after EPA regulations were 

imposed limiting HxCDD and 2,3,7,8-TCDD concentrations in PCP) to 1999 are presented 

in Table 8-7.  In general, the average congener group concentrations during the period 

1988-1999 are lower by factors of 2 to 4 than observed in the mid to late 1980s full 

congener analysis samples.  If it is assumed that the toxic CDD/CDF congeners have also 

been reduced by similar factors, then the TEQ content of PCP manufactured since 1988 is 

about 1 mg I-TEQ/kg (0.6 mg TEQDF-WHO98/kg). 

An estimated 8,400 metric tons of PCP were used for wood preservation in the 

United States in 1994 (American Wood Preservers Institute, 1995); for purposes of this 

report, it is assumed that an identical amount was used in 1995.  An estimated 12,000 

metric tons were used in 1987 (WHO, 1991).  Combining these activity level estimates 

with the TEQ concentration estimates presented above indicates that 8,400 g I-TEQDF 

(4,800 g TEQDF-WHO98) and 36,000 g I-TEQDF (20,000 g TEQDF-WHO98) were incorporated 

into PCP-treated wood products in 1995 and 1987, respectively. This estimate for 1987 
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is assigned a high confidence rating, indicating high confidence in both the activity level 

and TEQ concentration in PCP estimates.  The estimate for 1995 is assigned a medium 

confidence estimate because of uncertainties about the actual TEQ content of PCP 

manufactured in 1995. 

Although the estimates of the mass of TEQ in treated wood are fairly certain, no 

studies are available that provide measured CDD/CDF release rate data from which a 

reliable estimate can be made of the amount of CDD/CDFs that have or will volatilize or 

leach from treated wood. Several recent field studies, discussed in the following 

paragraphs demonstrate that CDD/CDFs do apparently leach into soil from PCP-treated 

wood, but the studies do not provide release rate data.  No studies were located that 

provide any measured CDD/CDF volatilization rates from PCP-treated wood.  Although 

CDD/CDFs have very low vapor pressures, they are not bound nor react with the wood in 

any way that would preclude volatilization.  Several studies, discussed below, have 

attempted to estimate potential CDD/CDF volatilization releases using conservative 

assumptions or modeling approaches, but these estimates span many orders of 

magnitude. 

Gurprasad et al. (1995) analyzed three PCP-treated utility poles and their 

surrounding surface soils for penta- through octa-CDD content.  All three poles showed 

significant levels of HxCDD (0.29 to 0.47 mg/kg), HpCDD (4.69 to 6.63 mg/kg), and 

OCDD (27.9 to 42.1 mg/kg), but no PeCDD.  Surface soils collected 2 cm from the poles 

also had detectable levels of HxCDD, HpCDD, and OCDD; however, no consistent pattern 

was found between the CDD concentrations in the poles and in the adjacent soils.  The 

soil concentrations did, however, show the same relative congener group pattern observed 

in the wood.  CDD concentrations in soils obtained 20 cm from the poles were an order of 

magnitude less than the soil concentrations measured at 2 cm.  Soils 26 meters from the 

poles showed nondetected values or values close to the detection limit of 0.01 to 0.02 

mg/kg.  

In a study of the leaching of PCP from 31 utility poles, the Electric Power Research 

Institute (EPRI) (1995) found similar patterns of PCP distribution in soils surrounding poles 

as those found by Gurprasad et al. (1995) for CDDs.  PCP concentrations decreased by as 

much as two orders of magnitude between 7.5 cm from the poles and 20 cm from the 

poles, with an average decrease of slightly more than one order of magnitude over this 
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distance.  EPRI (1995) also found no obvious trend between PCP concentration in the 

wood (eight poles analyzed) and the age of the poles (4 to 11 years) or the PCP 

concentration in the surface soil.  Based on their results and those of EPRI (1995), 

Gurprasad et al. (1995) concluded that CDDs probably leach from PCP-treated utility poles 

with the PCP/oil carrier and travel in the soil in a similar manner. 

Wan (1995) and Wan and Van Oostdam (1995) measured CDD/CDF concentrations 

in waters and sediments from ditches surrounding utility poles and railroad ties and 

demonstrated that chlorophenol-treated wood could serve as a source of CDD/CDFs to the 

aquatic environment.  Ten samples were collected at each of six utility pole sites and five 

railroad tie sites 1 to 2 days after major rainfall events and then were composited into one 

sample per site prior to analyses.  Total CDDs (mean value of 76.7 mg/kg) and total CDFs 

(mean value of 18.7 mg/kg) detected in chlorophenol/creosote-treated utility poles were 

about 6 to 8 times greater, respectively, than the CDD and CDF concentrations detected 

in chlorophenol/creosote-treated railroad ties.  Total CDDs found in water from railway 

ditches without utility poles (i.e., only treated railroad ties were present) were 

approximately 20 times higher than the background level found in farm ditch water.  Total 

CDDs in railway ditches with utility poles were 4,300 times higher than the background 

levels. Water from railway ditches without utility poles contained total CDF levels 13 

times higher than background, whereas water in ditches adjacent to poles were 8,500 

times higher than background. Total CDDs in ditches adjacent to, and 4 m downstream 

of, utility poles were about 5,900 and 2,200 times, respectively, higher than background; 

total CDFs for the same sites were about 8,100 and 1,700 times, respectively, higher 

than background. Total CDDs found in ditch sediments of railway and ditch sediments 

adjacent to utility poles were about 5 and 700 times, respectively, higher than 

background; while total CDFs were about 9 and 1,800 times, respectively, higher than 

background. Both CDDs and CDFs were found in utility ditch sediments 4 m downstream 

of treated power poles, but at levels of 200 and 400 times, respectively, lower than those 

found adjacent to poles, indicating that they were transported from point sources of 

contamination. The corresponding values for CDFs were 5,400 and 8,000 times, 

respectively, higher in concentration. 

Bremmer et al. (1994) estimated an annual release of 15 to 125 g of I-TEQDF from 

PCP-treated wood in The Netherlands.  The lower estimate was based on three basic 
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assumptions: (1) the half-life of PCP in treated wood is 15 years (according to industry 

sources); (2) the half-life of CDD/CDFs in treated wood is 10 times that of PCP (i.e., 150 

years) because of the lower vapor pressures of CDD/CDFs relative to PCP; and (3) the 

typical CDD/CDF concentration in PCP has been 3,000 µg/kg.  The higher estimate was 

based on an assumed half-life of PCP in wood of 15 years and the results of an indoor air 

study by Papke et al. (1989) conducted at several kindergartens where PCP-treated wood 

had been used.  Although Papke et al. (1989) found no clear correlation between indoor 

air concentrations of CDD/CDF and PCP across the range of CDD/CDF concentrations 

observed in the 20-plus samples (2.6 to 427 pg CDD/CDF/m3), there did appear to be a 

positive correlation at the sites with more elevated CDD/CDF concentrations.  Bremmer et 

al. (1994) reported that the average ratio of PCP to I-TEQ DF air concentrations at these 

elevated sites was found to be 1:5x10-6 (or about the same ratio as the concentration of I

TEQ DF in technical PCP).  The results of the Papke et al. (1989) study imply that 

CDD/CDFs may be released from PCP-treated wood at the same rate as PCP, rather than 

at a rate 10 times slower. 

Rappe (1995) used the emission factor approach developed by Bremmer et al. 

(1994) and an assumed U.S. usage volume of PCP over the past 50 years (0.5 million 

metric tons) to estimate that as much as 10.5 kg of I-TEQDF could volatilize from PCP-

treated wood in the United States annually.  Eitzer and Hites (1987) derived a dramatically 

different estimate of CDD/CDF volatilization from PCP-treated wood in the United States, 

3 kg of total CDD/CDF per year (or 66 g of I-TEQDF  per year assuming an I-TEQDF  content 

in PCP of 3 mg/kg).  Eitzer and Hites (1987) based their estimate on:  (1) an assumption 

that 0.1 percent of the PCP produced annually enters the atmosphere, and (2) that the 

CDD/CDF contaminants present in the PCP (assumed to be 130 mg/kg) are released to the 

atmosphere at the same rate as the PCP (i.e., 0.1 percent).  The basis for the first 

assumption of Eitzer and Hites (1987) is not clear because U.S. EPA (1980), which was 

cited as the source of the 0.1 percent emission factor, does not appear to address 

volatilization of PCP from in-service treated wood.  The report does, however, estimate 

that most PCP in treated wood leaches relatively rapidly from the wood, presumably to 

land, within a period of 12 years. 

Eduljee and Dyke (1996) and Douben et al. (1995) estimate that 0.8 g of I-TEQDF is 

released to the air annually from PCP-treated wood in the U.K.  This estimate is based on 
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the assumed emission of 0.1 percent of the CDD/CDF present in PCP-treated wood during 

the first year of the service life of the wood that was assumed by Eitzer and Hites (1987). 

No emission is assumed for subsequent years of use of the treated wood. 

The California Air Resources Board (Chinkin et al., 1987) generated estimates of 

CDD/CDF volatilization releases at wood treatment facilities from bundles of treated wood 

that remain on-site for 1 month prior to shipment.  An "adapted" version of a model 

developed by McCord (1981) was used for estimating volatile releases from a constantly 

filling lagoon. The model is primarily driven by chemical-specific vapor pressures and air 

diffusivity coefficients.  Chinkin et al. (1987) do not provide all model input parameter 

values used to generate the emission estimates.  However, running the model with typical 

dimensions for treated poles yields an I-TEQDF  emission rate on the order of 6E-12 g/yr-

pole, an extremely low number (i.e., 170 billion poles would together emit 1 g TEQ/yr). 

Actions to Identify Other Pesticides Containing CDD/CDFs: In addition to 

cancelling some pesticide registrations and establishing product standards, EPA's Office of 

Pesticide Programs (OPP) issued two Data Call-Ins (DCIs) in 1987.  Pesticide 

manufacturers are required to register their products with EPA in order to market them 

commercially in the United States.  Through the registration process, mandated by FIFRA, 

EPA can require that the manufacturer of each active ingredient generate a wide variety of 

scientific data through several mechanisms. The most common process is the five-phase 

reregistration process with which the manufacturers (i.e., registrants) of older pesticide 

products must comply. In most registration activities, registrants must generate data 

under a series of strict testing guidelines, 40 CFR 158--Pesticide Assessment Guidelines 

(U.S.EPA, 1988b).  EPA can also require additional data from registrants, when necessary, 

through various mechanisms, including the DCI process. 

The purpose of the first DCI, dated June and October 1987, “Data Call-In Notice 

for Product Chemistry Relating to Potential Formation of Halogenated Dibenzo-p-dioxin or 

Dibenzofuran Contaminants in Certain Active Ingredients,” was to identify, using an 

analysis of raw materials and process chemistry, those pesticides that may contain 

halogenated dibenzo-p-dioxin and dibenzofuran contaminants.  The 93 pesticides (76 

pesticide active ingredients) to which the DCI applied, along with their corresponding 

Shaughnessey and Chemical Abstract code numbers, are presented in Table 8-23.  [Note: 

The Shaughnessey code is an internal EPA tracking system--it is of interest because 
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chemicals with similar code numbers are similar in chemical nature (e.g., salts, esters, and 

acid forms of 2,4-D).]  All registrants supporting registrations for these chemicals were 

subject to the requirements of the DCI, unless their product qualified for a Generic Data 

Exemption (i.e., a registrant exclusively used a FIFRA-registered pesticide product(s) as the 

source(s) of the active ingredient(s) identified in Table 8-23 in formulating their 

product(s)).  Registrants whose products did not meet the Generic Data Exemption were 

required to submit the types of data listed below to enable EPA to assess the potential for 

formation of tetra- through hepta-halogenated dibenzo-p-dioxin or dibenzofuran 

contaminants during manufacture.  Registrants, however, had the option to voluntarily 

cancel their product or "reformulate to remove an active ingredient," to avoid having to 

comply with the DCI. 

• Product Identity and Disclosure of Ingredients: EPA required submittal of a 

Confidential Statement of Formula (CSF), based on the requirements 

specified in 40 CFR 158.108 and 40 CFR 158.120 - Subdivision D:  Product 

Chemistry.  Registrants who had previously submitted still-current CSFs 

were not required to resubmit this information. 

• Description of Beginning Materials and Manufacturing Process: Under the 

requirements mandated by 40 CFR 158.120 - Subdivision D, EPA required 

submittal of a manufacturing process description for each step of the 

manufacturing process, including specification of the range of acceptable 

conditions of temperature, pressure, or pH at each step. 

• Discussion of the Formation of Impurities: Under the requirements mandated 

by 40 CFR 158.120 - Subdivision D, EPA required submittal of a detailed 

discussion and assessment of the possible formation of halogenated 

dibenzo-p-dioxins and dibenzofurans. 

The second DCI, dated June and October 1987, “Data Call-In for Analytical 

Chemistry Data on Polyhalogenated Dibenzo-p-Dioxins/Dibenzofurans (HDDs and HDFs),” 

was issued for 68 pesticides (16 pesticide active ingredients) suspected to be 

contaminated by CDD/CDFs.  (See Table 8-24.)  All registrants supporting registrations for 

these pesticides were subject to the requirements of this DCI, unless the product qualified 
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for various exemptions or waivers.  Pesticides covered by the second DCI were strongly 

suspected by EPA to contain detectable levels of CDD/CDFs. 

Under the second DCI, registrants whose products did not qualify for an exemption 

or waiver were required to generate and submit the following types of data in addition to 

the data requirements of the first DCI: 

• Quantitative Method for Measuring CDDs or CDFs: Registrants were required 

to develop an analytical method for measuring the HDD/HDF content of their 

products.  The DCI established a regimen for defining the precision of the 

analytical method.  Target limits of quantitation were established in the DCI 

for specific CDD and CDF congeners.  (See Table 8-25.) 

• Certification of Limits of CDDs or CDFs: Registrants were required to submit 

a "Certification of Limits" in accordance with 40 CFR 158.110 and 40 CFR 

158.120 - Subdivision D. Analytical results were required that met the 

guidelines described above. 

Registrants could select one of two options to comply with the second DCI. The 

first option was to submit relevant existing data, develop new data, or share the cost to 

develop new data with other registrants. The second option was to alleviate the DCI 

requirements through several exemption processes, including a Generic Data Exemption, 

voluntary cancellation, reformulation to remove the active ingredient of concern, an 

assertion that the data requirements do not apply, or the application or award of a low-

volume, minor-use waiver. 

The data contained in CSFs, as well as any other data generated under 40 CFR 

158.120 - Subdivision D, are typically considered Confidential Business Information (CBI) 

under the guidelines prescribed in FIFRA, because they usually contain information 

regarding proprietary manufacturing processes.  In general, all analytical results submitted 

to EPA in response to both DCIs are considered CBI and cannot be released by EPA into 

the public domain. Summaries based on the trends identified in that data, as well as data 

made public by EPA, are summarized below. 

The two DCIs included 161 pesticides.  Of these, 92 are no longer supported by 

registrants.  Following evaluation of the process chemistry submissions required under the 
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DCIs, OPP determined that formation of CDD/CDFs was not likely during the manufacture 

of 43 of the remaining 69 pesticides; thus, analysis of samples of these 43 pesticides was 

not required by OPP.  Evaluation of process chemistry data is ongoing at OPP for an 

additional seven pesticides.  Tables 8-23 and 8-24 indicate which pesticides are no longer 

supported, those for which OPP determined that CDD/CDF formation is unlikely, and those 

for which process chemistry data or analytical testing results are under review in OPP 

(U.S. EPA, 1995f). 

OPP required that analysis of production samples be performed on the remaining 19 

pesticides.  (See Table 8-26.)  The status of the analytical data generation/evaluation to 

date is summarized as follows:  (1) no detection of CDD/CDFs above the LOQs in 

registrant submissions for 13 active ingredients, (2) detection of CDD/CDFs above the 

LOQs for 2,4-D acid (two submissions) and 2,4-D 2-ethyl hexyl acetate (one submission), 

and (3) ongoing data generation or evaluation for four pesticides. 

Table 8-25 presents a summary of results obtained by EPA for CDDs and CDFs in 

eight technical 2,4-D herbicides; these data were extracted from program files in OPP. 

Because some of these files contained CBI, the data in this table were reviewed by OPP 

staff to ensure that no CBI was being disclosed (Funk, 1996).  Figure 8-5 presents a 

congener profile for 2,4-D based on the average congener concentrations reported in Table 

8-25. 

Schecter et al. (1997) reported the results of analyses of samples of 2,4-D 

manufactured in Europe, Russia, and the United States.  (See Table 8-27.)  The total TEQ 

concentrations measured in the European and Russian samples are similar to those 

measured in the EPA DCI samples; however, the levels reported by Schecter et al. (1997) 

for U.S. samples are significantly lower. 

As discussed in Section 12.2.1, an estimated 26,300 metric tons of 2,4-D were 

used in the United States in 1995, making it one of the top 10 pesticides in terms of 

quantity used (U.S. EPA, 1997e).  An estimated 30,400 metric tons were used during 

1987 (U.S. EPA, 1988c).  On the basis of the average CDD/CDF congener concentrations 

in 2,4-D presented in Table 8-25 (not including OCDD and OCDF), the corresponding I

TEQDF concentration is 0.70 µg/kg (1.10 µg TEQDF-WHO98/kg).  Combining this TEQ 

concentration with the activity level estimates for 1995 and 1987 indicates that 18.4 g 

I-TEQDF (28.9 g TEQDF-WHO98) may have entered the environment in 1995 and 21.3 g I-
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TEQDF (33.4 g TEQDF-WHO98) may have entered the environment in 1987.  These release 

estimates are assigned a high confidence rating, indicating high confidence in both the 

production and emission factor estimates. 

8.4. OTHER CHEMICAL MANUFACTURING AND PROCESSING SOURCES 

8.4.1. Municipal Wastewater Treatment Plants 

Sources - CDD/CDFs have been measured in nearly all sewage sludges tested, 

although the concentrations and, to some extent, the congener profiles and patterns differ 

widely.  Potential sources of the CDD/CDFs include microbial formation (discussed in 

Chapter 9), runoff to sewers from lands or urban surfaces contaminated by product uses 

or deposition of previous emissions to air (discussed in Section 12.2.1), household 

wastewater, industrial wastewater, chlorination operations within the wastewater 

treatment facility, or a combination of all the above (Rappe, 1992a; Rappe et al., 1994; 

Horstmann et al., 1992; Sewart et al., 1995; Cramer et al., 1995; Horstmann and 

McLachlan, 1995). 

The major source(s) for a given Publicly Owned Treatment Works (POTW) is likely 

to be site-specific, particularly in industrialized areas.  For example, Rieger and 

Ballschmiter (1992) traced the origin of CDDs and CDFs found in municipal sewage sludge 

in Ulm, Germany, to metal manufacturing and urban sources.  The characteristics of both 

sources were similar and suggested generation via thermal processing.  However, in a 

series of recent studies, Horstmann et al. (1992, 1993a, 1993b) and Horstmann and 

McLachlan (1994a, 1994b, 1995) demonstrated that wastewater generated by laundering 

and bathing could be the major source at many, if not all, POTWs that serve primarily 

residential populations. Although runoff from streets during precipitation events, 

particularly from streets with high traffic density, was reported by these researchers as 

contributing measurably, the total contribution of TEQ from household wastewater was 

eight times greater than that from surface runoff at the study city. 

Horstmann et al. (1992) provided initial evidence that household wastewater could 

be a significant source.  Horstmann et al. (1993a) measured CDD/CDF levels in the 

effluent from four different loads of laundry from two different domestic washing 

machines.  The concentrations of total CDD/CDF in the four samples ranged from 3,900 

to 7,100 pg/L and were very similar in congener profile, with OCDD being the dominant 
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congener followed by the hepta- and hexa-CDDs.  Because of the similar concentrations 

and congener profiles found, Horstmann et al. (1993a) concluded that the presence of 

CDD/CDF in washing machine wastewater is widespread.  A simple mass balance 

performed using the results showed that the CDD/CDFs found in the four washing 

machine wastewater samples could account for 27 to 94 percent of the total CDD/CDF 

measured in the sludge of the local wastewater treatment plant (Horstmann and 

McLachlan, 1994a). 

Horstmann et al. (1993a) also performed additional experiments that showed that 

detergents, commonly used bleaching agents, and the washing cycle process itself were 

not responsible for the observed CDD/CDFs.  To determine if the textile fabric or fabric 

finishing processes could account for the observed CDD/CDFs, Horstmann et al. (1993b), 

Horstmann and McLachlan (1994a, 1994b), and Klasmeier and McLachlan (1995) 

analyzed the CDD/CDF content of eight different raw (unfinished) cotton cloths containing 

fiber from different countries and five different white synthetic materials (acetate, viscose, 

bleached polyester, polyamide, and polyacrylic), as well as more than 100 new textile 

finished products.  Low concentrations were found in most products (i.e., less than 50 

ng/kg of total CDD/CDF), but a small percentage contained high concentrations up to 290 

µg/kg of total CDD/CDF.  On the basis of the concentrations and patterns found, the 

authors concluded that neither unfinished new fabrics nor common cotton finishing 

processes can explain the CDD/CDF levels found in wastewater.  Rather, the use of 

CDD/CDF-containing textile dyes and pigments and the use in some developing countries 

of pentachlorophenol to treat unfinished cotton appear to be the sources of the detected 

CDDs/CDFs. 

Horstmann and McLachlan (1994a, 1994b, 1995) reported the results of additional 

experiments that demonstrated that the small percentage of clothing items with high 

CDD/CDF levels could be responsible for the quantity of CDD/CDFs observed in household 

wastewater and sewage sludge.  They demonstrated that the CDD/CDFs can be gradually 

removed from the fabric during washing, can be transferred to the skin, subsequently 

transferred back to other textiles, and then washed out, or can be transferred to other 

textiles during washing and then removed during subsequent washings. 

Releases to Water - The presence of CDD/CDFs in sewage sludge suggests that 

CDD/CDFs may also be present in the wastewater effluent discharges of POTWs; 
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however, few studies reporting the results of effluent analyses for CDD/CDFs have been 

published. 

Rappe et al. (1989a) tested the effluent from two Swedish POTWs for all 2,3,7,8-

substituted CDD/CDF congeners. OCDD was detected in the effluents from both facilities 

at concentrations ranging from 14 to 39 pg/L.  Rappe et al. detected 1,2,3,4,6,7,8-

HpCDD and 1,2,3,4,6,7,8-HpCDF in the effluent of one facility at concentrations of 2.8 

and 2.0 pg/L, respectively. No 2,3,7,8-substituted tetra-, penta-, and hexa-CDDs and 

CDFs were detected (detection limits of 0.2 to 20 pg/L). 

Ho and Clement (1990) reported the results of sampling during the late 1980s of 

37 POTWs in Ontario, Canada, for each of the five CDD/CDF congener groups with four 

to eight chlorines. The sampled facilities included 27 secondary treatment facilities, 7 

primary treatment facilities, 1 tertiary plant, and 2 lagoons.  The facilities accounted for 

about 73 percent of the sewage discharged by POTWs in Ontario. No CDDs/CDFs were 

detected (detection limit in low ng/L range) in the effluents from the lagoons and the 

tertiary treatment facility.  Only OCDD and TCDF were detected in the effluents from the 

primary treatment facilities (two and one effluent samples, respectively).  HpCDD, OCDD, 

TCDF, and OCDF were detected in the effluents from the secondary treatment facilities 

(detected in four or fewer samples at levels ranging from 0.1 to 11 ng/L). 

Gobran et al. (1995) analyzed the raw sewage and final effluent of an Ontario, 

Canada, wastewater treatment plant for CDD/CDF congeners over a 5-day period. 

Although HpCDD, OCDD, HpCDF, and OCDF were detected in the raw sewage (12 to 

2,300 pg/L), no CDD/CDFs were detected in the final effluent at congener-specific 

detection limits ranging from 3 to 20 pg/L. 

The California Regional Water Quality Control Board (CRWQCB, 1996) reported the 

results of effluent testing at nine POTWs in the San Francisco area.  A total of 30 samples 

were collected during 1992-1995; 1 to 6 samples were analyzed for each POTW.  Table 

8-28 summarizes the sampling results.  With the exception of OCDD, most 2,3,7,8-

substituted CDD/CDF congeners were seldom detected. 

The CRWQCB (1996) data were collected to provide representative effluent 

concentrations for the San Francisco area; these data cannot be considered to be 

representative of CDD/CDF effluent concentrations at the 16,000-plus POTWs nationwide. 

Therefore,  the data can only be used to generate a preliminary estimate of the potential 
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mass of CDD/CDF TEQ that may be released annually by U.S. POTWs.  Approximately 

122 billion liters of wastewater are treated daily by POTWs in the United States (U.S. 

EPA, 1997c).  Multiplying this value by 365 days/year and by the "overall mean" TEQ 

concentrations listed in Table 8-28 (i.e., 0.29 pg I-TEQDF/L and 0.27 pg TEQDF-WHO98/L) 

yields annual TEQ release estimates of 13 g of I-TEQDF or 12 g of TEQDF-WHO98. 

Sewage Sludge Land Disposal - EPA conducted the National Sewage Sludge Survey 

in 1988 and 1989 to obtain national data on sewage sludge quality and management.  As 

part of this survey, EPA analyzed sludges from 174 POTWs that employed at least 

secondary wastewater treatment for more than 400 analytes, including CDD/CDFs. 

Although sludges from only 16 percent of the POTWs had detectable levels of 2,3,7,8-

TCDD, all sludges had detectable levels of at least one CDD/CDF congener (U.S. EPA, 

1996a).  I-TEQDF concentrations as high as 1,820 ng/kg dry weight were measured.  The 

congener-specific results of the survey are presented in Table 8-29.  If all nondetected 

values found in the study are assumed to be zero, then the mean and median I-TEQDF 

concentrations of the sludges from the 174 POTWs are 50 and 11.2 ng/kg (dry weight 

basis), respectively. If the nondetected values are set equal to the detection limit, then 

the mean and median I-TEQDF concentrations are 86 and 50.4 ng/kg, respectively (U.S. 

EPA, 1996a; Rubin and White, 1992). 

Green et al. (1995) and Cramer et al. (1995) reported the results of analyses of 99 

samples of sewage sludge collected from wastewater treatment plants across the United 

States during the summer of 1994.  These data are summarized in Table 8-30.  To 

calculate average results in units of TEQ, Green et al. (1995) averaged results from all 

samples collected from the same facility to ensure that results were not biased toward the 

concentrations found at facilities from which more than one sample were collected.  Also, 

eight samples were excluded from the calculation of the overall TEQ averages because it 

was unclear as to whether they were duplicate samples from other POTWs.  POTW 

average TEQ concentrations were calculated for 74 POTWs.  If all nondetected values are 

assumed to be zero, then the overall study mean and median I-TEQDF concentrations were 

47.7 and 33.4 ng I-TEQDF/kg (dry weight basis), respectively (standard deviation of 44.7 

ng I-TEQDF/kg).  The corresponding mean and median TEQDF-WHO98 concentrations were 

36.3 and 25.5 ng TEQDF-WHO98/kg, respectively (standard deviation of 38.6 ng TEQDF-

WHO98/kg).  The mean and median results reported by Green et al. (1995) and Cramer et 
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al. (1995) are very similar in terms of total TEQ to those reported by EPA for samples 

collected 5 years earlier (U.S. EPA, 1996a; Rubin and White, 1992).  The predominant 

congeners in both data sets are the octa- and hepta-CDDs and -CDFs.  Although not 

present at high concentrations, 2,3,7,8-TCDF was commonly detected. 

The CDD/CDF concentrations and congener group patterns observed in these two 

U.S. surveys are similar to the results reported for sewage sludges in several other 

Western countries.  Stuart et al. (1993) reported mean CDD/CDF concentrations of 23.3 

ng I-TEQDF/kg (dry weight) for three sludges from rural areas, 42.3 ng I-TEQDF/kg for six 

sludges from light industry/domestic areas, and 52.8 ng I-TEQDF/kg for six sludges from 

industrial/domestic areas collected during 1991-1992 in England and Wales.  Näf et al. 

(1990) reported concentrations ranging from 31 to 40 ng I-TEQDF/kg (dry weight) in 

primary and digested sludges collected from the POTW in Stockholm, Sweden, during 

1989. Gobran et al. (1995) reported an average concentration of 15.7 ng I-TEQDF/kg in 

anaerobically digested sludges from an industrial/domestic POTW in Ontario, Canada.  In 

all three studies, the congener group concentrations increased with increasing degrees of 

chlorination, with OCDD the dominant congener.  Figure 8-6 presents congener profiles, 

using the mean concentrations reported by Green et al. (1995). 

Approximately 5.4 million dry metric tons of sewage sludge are estimated by EPA 

to be generated annually in the United States according to the results of the 1988/1989 

EPA National Sewage Sludge Survey (Federal Register, 1993b).  Table 8-31 lists the 

volume, by use and disposal practices, of sludge disposed of annually.  More recent 

comprehensive survey data are not available to characterize sludge generation and 

disposal practices during 1995.  For this reason, and because the mean I-TEQDF 

concentration values reported in the 1988/1989 survey (U.S. EPA, 1996a) and the 1995 

survey (Green et al., 1995; Cramer et al., 1995) were very similar, the estimated amounts 

of TEQs that may have been present in sewage sludge and been released to the 

environment in 1987 and 1995 were assumed to be the same.  These values, presented 

in Table 8-31, were estimated using the average (i.e., 49 ng I-TEQDF/kg) of the mean I

TEQDF concentration values (nondetected values set at detection limits) reported by EPA 

(1996a) (i.e., 50 ng I-TEQDF/kg) and by Green et al. (1995) and Cramer et al. (1995) (i.e., 

47.7 ng I-TEQDF/kg).  Multiplying this mean total TEQ concentration by the sludge volumes 

generated yields an annual potential total release of 204 g I-TEQDF or 151 g TEQDF-WHO98 
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for nonincinerated sludges.  Of this 204 g I-TEQDF, 3.5 g enter commerce as a product for 

distribution and marketing.  The remainder is applied to land (103 g) or is landfilled (97 g). 

In units of TEQDF-WHO98, the comparable estimates are 2.6 g to commerce, 76.6 g applied 

to land, and 71.7 g landfilled. 

These release estimates are assigned a high confidence rating for both the 

production and emission factor estimates.  The high rating was based on the judgment 

that the 174 facilities tested by EPA (U.S. EPA, 1996a) and the 74 facilities tested by 

Green et al. (1995) and Cramer et al. (1995) were reasonably representative of the 

variability in POTW technologies and sewage characteristics nationwide. 

8.4.2. Drinking Water Treatment Plants 

There is no strong evidence that chlorination of water for drinking purposes results 

in the formation of CDD/CDFs.  Few surveys of CDD/CDF content in finished drinking 

water have been conducted.  The few that have been published only rarely report the 

presence of any CDD/CDF even at low pg/L detection limits, and in those cases, the 

CDD/CDFs were also present in the untreated water. 

Rappe et al. (1989b) reported the formation of CDFs (tetra- through octa

chlorinated CDFs) when tap water and double-distilled water were chlorinated using 

chlorine gas. The CDF levels found in the single samples of tap water and double-distilled 

water were 35 and 7 pg I-TEQDF/L, respectively. No CDDs were detected at detection 

limits ranging from 1 to 5 pg/L.  However, the water samples were chlorinated at a 

dosage rate of 300 mg of chlorine per liter of water, which is considerably higher (by a 

factor of one to two orders of magnitude) than the range of dosage rates typically used to 

disinfect drinking water.  Rappe et al. (1989b) hypothesized that the CDFs or their 

precursors are present in chlorine gas.  Rappe et al. (1990a) analyzed a 1,500-liter sample 

of drinking water from a municipal drinking water treatment plant in Sweden.  Although 

the untreated water was not analyzed, a sludge sample from the same facility was.  The 

large sample volume enabled detection limits on the order of 0.001 pg/L.  The TEQ 

content of the water and sludge was 0.0029 pg I-TEQDF/L and 1.4 ng/kg, respectively. 

The congener patterns of the drinking water and sludge sample were very similar, 

suggesting that the CDD/CDFs detected in the finished water were present in the 

untreated water. 
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8.4.3. Soaps and Detergents 

As discussed in Section 8.4.1, CDD/CDFs were detected in nearly all sewage 

sludges tested, whether obtained from industrialized areas or rural areas.  Because of the 

ubiquitous presence of CDD/CDFs in sewage sludge, several studies have been conducted 

to determine the source(s). A logical category of products to test, because of their 

widespread use are detergents, particularly those that contain or release chlorine during 

use (i.e., hypochlorite-containing and dichloroisocyanuric acid-containing detergents).  The 

results of studies conducted to date, which are summarized below, indicate that 

CDD/CDFs are not formed during use of chlorine-free detergents, chlorine-containing or 

chlorine-releasing detergents, and chlorine bleach during household bleaching operations. 

Sweden’s Office of Nature Conservancy (1991) reported that the results of a 

preliminary study conducted at one household indicated that CDD/CDFs may be formed 

during use of dichloroisocyanurate-containing dishwasher detergents.  A more extensive 

main study was then conducted using standardized food, dishes, cutlery, etc., and 

multiple runs. Testing of laundry washing and fabric bleaching, and actual testing of the 

CDD/CDF content of detergents, was also performed.  The study examined 

(1) hypochlorite- and dichloroisocyanurate-containing dish-washing machine detergents; 

(2) sodium hypochlorite-based bleach (4.4 percent NaOCl) in various combinations with 

and without laundry detergent; and (3) sodium hypochlorite-based bleach, used at a high 

enough concentration to effect bleaching of a pair of imported blue jeans.  CDD/CDFs 

were not detected in either the chlorine-free detergent or the detergent with hypochlorite; 

0.6 pg TEQ/g was detected in the detergent containing dichloroisocyanurate.  The results 

of all dish and laundry washing machine tests showed very low levels of CDD/CDFs, often 

nondetected values.  There was no significant difference between the controls and test 

samples.  In fact, the control samples contained higher TEQ content than some of the 

experimental samples.  The drain water from the dish washing-machine tests contained 

<1.0 to <3.0 pg I-TEQDF/L (the water-only control sample contained <2.8 pg I-TEQDF/L). 

The CDD/CDF content of the laundry drain water samples ranged from <1.1 to <4.6 pg 

I-TEQDF/L (the water-only control sample contained <4.4 pg I-TEQDF/L). 

Thus, under the test conditions examined by Sweden’s Office of Nature 

Conservancy (1991), CDD/CDFs are not formed during dish washing and laundry washing 

nor during bleaching with hypochlorite-containing bleach.  No definitive reason could be 
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found to explain the difference in results between the preliminary study and the main 

study for dish washing with dichloroisocyanurate-containing detergents.  The authors of 

the study suggested that differences in the foods used and the prewashing procedures 

employed in the two studies were the likely causes of the variation in the results. 

Rappe et al. (1990c) analyzed a sample of a Swedish commercial soft soap, as well 

as a sample of tall oil and a sample of tall resin, for CDD/CDF content.  Tall oil and tall 

resin, by-products of the pulping industry, are the starting materials for the production of 

soft, liquid soap.  Crude tall oil, collected after the Kraft pulping process, is distilled under 

reduced pressure at temperatures of up to 280-290°C, yielding tall oil and tall resin.  The 

measured TEQ content of the liquid soap was 0.447 ng I-TEQDF/L (0.647 ng TEQDF-

WHO98/L).  PeCDDs were the dominant congener group followed by HpCDDs, HxCDDs, 

PeCDFs, and OCDD with some tetra-CDFs and -CDDs also present.  The TEQ content of 

the tall oil (9.4 ng I-TEQDF/kg, or 12.0 ng TEQDF-WHO98/kg) and tall resin (200 ng I-

TEFDF/kg, 196 ng TEQDF-WHO98/kg) was significantly higher than the level found in the 

liquid soap.  The tall oil contained primarily tetra- and penta-CDDs and -CDFs, while the 

tall resin contained primarily HpCDDs, HxCDDs, and OCDD.  Rappe et al. (1990c) 

compared the congener patterns of the three samples and noted that although the 

absolute values for the tetra- and penta-CDDs and -CDFs differed between the tall oil, tall 

resin and liquid soap samples, the same congeners were present in the samples.  The 

congener patterns for the more chlorinated congeners were very similar.  Table 8-32 

presents the results reported by Rappe et al. (1990c). 

In 1987, 118 million liters of liquid household soaps were shipped in the United 

States (U.S. DOC, 1990b); shipment quantity data are not available for liquid household 

soap in the 1992 U.S. Economic Census (U.S. DOC, 1996).  Because only one sample of 

liquid soap has been analyzed for CDD/CDF content (Rappe et al., 1990c), only a very 

preliminary estimate of the annual release of CDD/CDF TEQ from liquid soap can be made. 

If it is assumed that an average 118 million liters of liquid soap contain 0.447 ng I-TEQDF/L 

(0.647 ng TEQDF-WHO98/L), then the resulting estimate is 0.05 g I-TEQDF/yr (0.08 g TEQDF-

WHO98/yr). 
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8.4.4. Textile Manufacturing and Dry Cleaning 

As discussed in Section 8.4.1, CDD/CDFs have been detected in nearly all sewage 

sludges tested, whether obtained from industrialized areas or rural areas.  To determine if 

the textile fabric or fabric finishing processes could account for the observed CDD/CDFs, 

several studies were conducted in Germany.  These studies, summarized in the following 

paragraphs, indicate that some finished textile products do contain detectable levels of 

CDD/CDFs and that these CDD/CDFs can be released from the textile during laundering or 

dry cleaning; however, textile finishing processes are typically not sources of CDD/CDF 

formation. Rather, the use of CDD/CDF-containing dyes and pigments and the use in 

some countries of pentachlorophenol to treat unfinished cotton appear to be the sources 

of the detected CDD/CDFs. 

Horstmann et al. (1993b) analyzed the CDD/CDF content of eight different raw 

(unfinished) cotton cloths containing fiber from different countries and five different white 

synthetic materials (acetate, viscose, bleached polyester, polyamide, and polyacrylic).  The 

maximum concentrations found in the textile fabrics were 30 ng/kg in the cotton products 

and 45 ng/kg in the synthetic materials. Also, a cotton finishing scheme was developed 

that subjected one of the cotton materials to a series of 16 typical cotton finishing 

processes; one sample was analyzed following each step.  The fabric finishing processes 

showing the greatest effect on CDD/CDF concentration were the application of an 

indanthrene dye and the "wash and wear" finishing process, which together resulted in a 

CDD/CDF concentration of about 100 ng/kg.  On the basis of the concentrations found, 

the authors concluded that neither unfinished new fabrics nor common cotton finishing 

processes can explain the CDD/CDF levels found in laundry wastewater. 

Fuchs et al. (1990) reported that dry-cleaning solvent redistillation residues that 

were collected from 12 commercial and industrial dry-cleaning operations contained 

considerable amounts of CDD/CDFs.  The reported I-TEQDF content ranged from 131 to 

2,834 ng/kg, with the dominant congeners always OCDD and the HpCDDs.  Towara et al. 

(1992) demonstrated that neither the use of chlorine-free solvents nor variation of the dry-

cleaning process parameters lowered the CDD/CDF content of the residues. 

Umlauf et al. (1993) conducted a study to characterize the mass balance of 

CDD/CDFs in the dry-cleaning process.  The soiled clothes (containing 16 pg total 

CDD/CDF per kg) accounted for 99.996 percent of the CDD/CDF input.  Input of CDD/CDF 
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from indoor air containing 0.194 pg/m3 accounted for the remainder (i.e., 0.004 percent). 

The dry-cleaning process removed 82.435 percent of the CDD/CDF in the soiled clothing. 

Most of the input CDD/CDF (82.264 percent) was found in the solvent distillation 

residues.  Air emissions (at 0.041 pg/m3) accounted for 0.0008 percent of the total input, 

which was less than the input from indoor air.  The fluff (at a concentration of 36 ng/kg) 

accounted for 0.1697 percent, and water effluent (at a concentration of 0.07 pg/L) 

accounted for 0.0000054 percent. 

Horstmann and McLachlan (1994a, 1994b, 1995) analyzed 35 new textile samples 

(primarily cotton products) obtained in Germany for CDD/CDFs.  Low levels were found in 

most cases (total CDD/CDF less than 50 ng/kg).  The dominant congeners found were 

OCDD and the HpCDDs.  However, several colored T-shirts from a number of clothing 

producers had extremely high levels, with concentrations up to 290,000 ng/kg.  Because 

the concentrations in identical T-shirts purchased at the same store varied by up to a 

factor of 20, the authors concluded that the source of CDD/CDFs is not a textile finishing 

process, because a process source would have resulted in a more consistent level of 

contamination. Klasmeier and McLachlan (1995) subsequently analyzed 68 new textile 

products obtained in Germany for OCDD and OCDF.  Most samples had nondetectable 

levels (42 samples <60 ng/kg).  Only four samples had levels exceeding 500 ng/kg. 

Horstmann and McLachlan (1994a, 1994b) reported finding two different congener 

group patterns in the more contaminated of the 35 textile products.  One pattern agreed 

with the congener pattern for PCP reported by Hagenmaier and Brunner (1987), while the 

other pattern was similar to that reported by Remmers et al. (1992) for chloranil-based 

dyes.  The authors hypothesize that the use of PCP to preserve cotton, particularly when 

it is randomly strewn on bales of cotton as a preservative during sea transport, is the 

likely source of the high levels occasionally observed.  Although the use of PCP for 

nonwood uses was prohibited in the United States in 1987 (see Section 8.3.8), PCP is still 

used in developing countries, especially to preserve cotton during sea transport 

(Horstmann and McLachlan, 1994a). 

Horstmann and McLachlan (1994a, 1994b) conducted additional experiments that 

demonstrated that the small percentage of clothing items with high CDD/CDF levels could 

be responsible for the quantity of CDD/CDFs observed in household wastewater.  They 

demonstrated that the CDD/CDFs can be gradually removed from the fabric during 
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washing, can be transferred to the skin and subsequently transferred back to other textiles 

and then washed out, or can be transferred to other textiles during washing and then 

removed during subsequent washings. 
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Table 8-3.  Summary of Bleached Chemical Pulp and Paper Mill Discharges 
of 2,3,7,8-TCDD and 2,3,7,8-TCDF 

Matrix Congener 

EPA 1988 
Dischargea 

(g/year) 

NCASI 
1992 

Dischargeb 

(g/year) 

EPA 1993 
Dischargec 

(g/year) 

NCASI 
1993 

Dischargeb 

(g/year) 

NCASI 
1994 

Dischargeb 

(g/year) 

EPA 1995 
Dischargee 

(g/year) 

Effluent 2,3,7,8-TCDD 201 22 71 19 14.6 16 

2,3,7,8-TCDF 1,550 99 341 76 49.0 120 

TEQ 356 32 105 27 19.5 28 

Sludged 2,3,7,8-TCDD 210 33 NR 24 18.9 NR 

2,3,7,8-TCDF 1,320 118 NR 114 95.2 NR 

TEQ 343 45 177 35 28.4 50 

Pulp 2,3,7,8-TCDD 262 24 NR 22 16.2 NR 

2,3,7,8-TCDF 2,430 124 NR 106 78.8 NR 

TEQ 505 36 149 33 24.1 40 

NR = Not reported. 
g/year = grams per year 

a The total discharge rate of congener or TEQ (based only on 2,3,7,8-TCDD and 2,3,7,8-TCDF concentration) 
was summed across all 104 mills. 104-Mill Study (U.S. EPA, 1990a). 

b The total discharge rate of congener or TEQ (based only on 2,3,7,8-TCDD and 2,3,7,8-TCDF concentration) 
was summed across all 104 mills. The daily discharge rates reported in NCASI (1993), Gillespie (1994), and 
Gillespie (1995) were multiplied by a factor of 350 days/yr to obtain estimates of annual discharge rates. 
NCASI 1992 Survey (NCASI, 1993), 1993 Update (Gillespie, 1994), and 1994 Update (Gillespie, 1995). 

The discharges in effluent and sludge were estimated in U.S. EPA (1993d; 1997f) for January 1, 1993.  The 
TEQ discharge in pulp was estimated by multiplying the 1988 discharge estimate by the ratio of the 1993 and 
1988 effluent discharge estimates (i.e., the estimate of the reduction in 1988 discharges achieved by pollution 
prevention measures taken by the industry between 1988 and 1993). 

d Approximately 20.5 percent of the sludge generated in 1990 were incinerated.  The remaining 79.5 percent 
were predominantly landfilled (56.5 percent) or placed in surface impoundments (18.1 percent); 4.1 percent 
were land-applied directly or as compost, and 0.3 percent were distributed/marketed (U.S. EPA, 1993e). 

e The discharges in effluent and sludge were estimated in U.S. EPA (1997f) for mid-1995.  The TEQ discharge in 
pulp was estimated by multiplying the 1988 discharge estimate by the ratio of the 1995 and 1988 effluent 
discharge estimates (i.e., the estimate of the reduction in 1988 discharges achieved by pollution prevention 
measures taken by industry between 1988 and 1995). 
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Table 8-4.  CDD/CDF Concentrations in Graphite Electrode Sludge 
from Chlorine Production 

Sludge 1 Sludge 2 Sludge 3 Sludge 4 
Congener/Congener Group (µg/kg) (µg/kg) (µg/kg) (µg/kg) 

2,3,7,8-TCDD ND (0.006) ND (0.009) ND (0.009) ND 
1,2,3,7,8-PeCDD ND (0.007) ND (0.009) ND (0.009) ND (0.033) 
1,2,3,4,7,8-HxCDD ND (0.018) ND (0.026) ND (0.029) ND (0.49) 
1,2,3,6,7,8-HxCDD ND (0.012) ND (0.016) ND (0.019) ND (0.053) 
1,2,3,7,8,9-HxCDD ND (0.016) ND (0.022) ND (0.025) ND (1.2) 
1,2,3,4,6,7,8-HpCDD 0.095 0.21 0.25 0.055 
OCDD 0.92 2.0 2.2 0.65 
2,3,7,8-TCDF 26 56 57 52 
1,2,3,7,8-PeCDF 25 55 56 55 
2,3,4,7,8-PeCDF 12 25 24 27 
1,2,3,4,7,8-HxCDF 32 71 73 44 
1,2,3,6,7,8-HxCDF 7 16 15 12 
1,2,3,7,8,9-HxCDF 1.3 2.8 2.6 1.7 
2,3,4,6,7,8-HxCDF 0.87 1.9 2.0 1.3 
1,2,3,4,6,7,8-HpCDF 9.1 19 19 15 
1,2,3,4,7,8,9-HpCDF 8.1 19 20 14 
OCDF 31 76 71 81 

Total 2,3,7,8-CDD* 1.02 2.21 2.45 0.70 
Total 2,3,7,8-CDF* 152.37 341.7 339.6 303.0 
Total I-TEQDF * 14.2 30.5 30.2 27.7 
Total TEQDF-WHO98 * 14.1 30.4 30.2 27.6 

Total TCDD ND (0.006) ND (0.009) ND (0.009) NR 
Total PeCDD ND (0.070) ND (0.009) ND (0.009) NR 
Total HxCDD ND (0.046) ND (0.064) ND (0.074) NR 
Total HpCDD 0.22 0.48 0.56 NR 
Total OCDD 0.92 2 2.2 0.65 
Total TCDF 64 150 140 NR 
Total PeCDF 75 240 240 NR 
Total HxCDF 68 140 140 NR 
Total HpCDF 24 53 54 NR 
Total OCDF 31 76 71 81 

Total CDD/CDF* 263.14 661.48 647.76 NR 

ND = Not detected value in parentheses is the reported detection limit.

NR = Not reported.

µg/kg = micrograms per kilogram


* Calculated assuming not detected values were zero. 

Sources:  Rappe et al. (1991), Rappe (1993). 
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Table 8-8.  Historical CDD/CDF Concentrations in Pentachlorophenol-Na 

PCP-Na PCP-Na PCP-Na PCP-Na PCP-Na PCP-Na PCP-Na 

Congener/Congener Group 
(Ref. A) 
(1969) 
(µg/kg) 

(Ref. B) 
(1973) 
(µg/kg) 

(Ref. C) 
(1973) 
(µg/kg) 

(Ref. D) 
(1987) 
(µg/kg) 

(Ref. E) 
(1987) 
(µg/kg) 

(Ref. F) 
(1992) 
(µg/kg) 

(Ref. G) 
(1980s) 
(µg/kg) 

2,3,7,8-TCDD 0.23 0.51 0.076 ND (1.4) 
1,2,3,7,8-PeCDD 18.2 3.2 18.7 28.3 
1,2,3,4,7,8-HxCDD 28.3 13.3 96 ND (6.1) 
1,2,3,6,7,8-HxCDD 2,034 53.0 4,410 4,050 
1,2,3,7,8,9-HxCDD 282 19.0 328 ND (1.4) 
1,2,3,4,6,7,8-HpCDD 9,100 3,800 175,400 33,800 
OCDD 3,600 41,600 32,400 879,000 81,000 

2,3,7,8-TCDF 1.8 0.79 ND (1.0) 149 
1,2,3,7,8-PeCDF 8.2 1.9 ND (4.0) 319 
2,3,4,7,8-PeCDF 6.6 1.1 ND (4.0) 324 
1,2,3,4,7,8-HxCDF 48 4.6 27.6 ND (2.8) 
1,2,3,6,7,8-HxCDF 69 1.3 21.9 225 
1,2,3,7,8,9-HxCDF ND (1) 1.3 9.8 480 
2,3,4,6,7,8-HxCDF 87 4.6 103 ND (385) 
1,2,3,4,6,7,8-HpCDF 699 197 9,650 6,190 
1,2,3,4,7,8,9-HpCDF 675 36 2,080 154 
OCDF 37,200 4,250 114,600 36,000 

Total 2,3,7,8-CDD* 53,063 35,289 1,059,253 118,878 
Total 2,3,7,8-CDF* 38,795 4,499 126,492 43,841 
Total I-TEQDF * 452 79.5 3,374 1,201 
Total TEQDF-WHO98 * 406 58.5 2,566 1,096 

Total TCDD 140 50 27 52 3.6 1.9 
Total PeCDD 40 ND (30) 213 31 142.7 140 
Total HxCDD 17,000 140 3,400 3,900 230 9,694 14,000 
Total HpCDD 9,600 1,600 38,000 18,500 5,800 260,200 100,000 
Total OCDD 3,600 4,000 110,000 41,600 32,400 879,000 81,000 
Total TCDF ND (20) ND (20) 82 12 10.1 1200 
Total PeCDF 60 40 137 27 88.4 6400 
Total HxCDF 1,400 11,000 3,000 90 9,082.3 49,000 
Total HpCDF 4,300 47,000 13,200 860 75,930 91,000 
Total OCDF 4,300 26,500 37,200 4,250 114,600 36,000 

Total CDD/CDF* 15,980 235,990 117,859 43,752 1,348,751 378,742 

ND = Not detected; value in parentheses is the detection limit.

-- = Not reported.

µg/kg = micrograms per kilogram


* Calculated assuming not-detected values are zero. 

Sources:

Ref. A: Firestone et al. (1972); mean of two samples of PCP-Na obtained in the United States between 1967 and 1969.

Ref. B: Buser and Bosshardt (1976); mean of five samples of "low" CDD/CDF content PCP-Na received from Swiss


commercial sources. 
Ref. C: Buser and Bosshardt (1976); sample of "high" CDD/CDF content PCP-Na received from a Swiss commercial source. 
Ref. D: Hagenmaier and Brunner (1987); sample of Dowicide-G purchased from Fluka; sample obtained in Germany. 
Ref. E: Hagenmaier and Brunner (1987); sample of Preventol PN (Bayer AG); sample obtained in Germany. 
Ref. F: Santl et al. (1994c); 1992 sample of PCP-Na from Prolabo, France. 
Ref. G: Palmer et al. (1988); sample of a PCP-Na formulation collected from a closed sawmill in California in the late 1980s. 
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Table 8-13. Reported CDD/CDF Concentrations in Wastes from PVC Manufacture 

F024 Waste K019 Waste K020 Waste 
Congener/Congener Group (µg/kg) (µg/kg) (µg/kg) 

2,3,7,8-TCDD 0.37 260 0.06 
1,2,3,7,8-PeCDD 0.14 890 0.05 
1,2,3,4,7,8-HxCDD .30 260 0.08 
1,2,3,6,7,8-HxCDD 0.14 330 0.06 
1,2,3,7,8,9-HxCDD 0.11 620 0.07 
1,2,3,4,6,7,8-HpCDD 4.20 920 0.89 
OCDD 15.00 1,060 3.00 

2,3,7,8-TCDF 0.91 680 0.44 
1,2,3,7,8-PeCDF 9.5 975 1.80 
2,3,4,7,8-PeCDF 1.6 1,050 0.58 
1,2,3,4,7,8-HxCDF 110 10,100 11.0 
1,2,3,6,7,8-HxCDF 24.0 9,760 2.4 
1,2,3,7,8,9-HxCDF 9.5 21,800 1.3 
2,3,4,6,7,8-HxCDF 3.1 930 0.89 
1,2,3,4,6,7,8-HpCDF 250 13,400 38.0 
1,2,3,4,7,8,9-HpCDF 51.0 1,340 6.0 
OCDF 390 43,500 650 

Total 2,3,7,8-CDD 20.3 4,340 4.21 
Total 2,3,7,8-CDF 849.6 103,535 712.4 
Total I-TEQDF 20.0 5,928 3.2 
Total TEQDF-WHO98 19.7 6,333 2.6 

Total TCDD 3.1 1,230 1.9 
Total PeCDD 3.6 3,540 1.7 
Total HxCDD 1.3 3,950 NR 
Total HpCDD 5.0 1,270 1.7 
Total OCDD 15.0 1,060 3.0 
Total TCDF 15.0 20,600 6.0 
Total PeCDF 65.0 45,300 11.0 
Total HxCDF 300 63,700 27.0 
Total HpCDF 450 16,600 58.0 
Total OCDF 390 43,500 650 

Total CDD/CDF 1,248 200,750 760.3 

NR = Congener group concentration reported in source is not consistent with reported 
congener concentrations. 

µg/kg =  micrograms per kilogram 

Source: Stringer et al. (1995). 
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Table 8-17. CDD/CDF Concentrations in Printing Inks (Germany) 

Rotogravure Rotogravure Offset Offset 
(2-color) (4-color) (4-color) (4-color) 

Congener/Congener Group (ng/kg) (ng/kg) (ng/kg) (ng/kg) 

2,3,7,8-TCDD ND (1) ND (1.5) ND (2) ND (2) 
1,2,3,7,8-PeCDD 8 ND (4) 15 6 
1,2,3,4,7,8-HxCDD 19 ND (5) 16 11 
1,2,3,6,7,8-HxCDD 325 310 82 21 
1,2,3,7,8,9-HxCDD 155 105 42 14 
1,2,3,4,6,7,8-HpCDD 2,770 1,630 540 240 
OCDD 5,810 2,350 890 230 

2,3,7,8-TCDF 2.5 14 7 7 
1,2,3,7,8-PeCDF ND (2) ND (4) ND (4) ND (3) 
2,3,4,7,8-PeCDF ND (2) ND (4) ND (4) ND (3) 
1,2,3,4,7,8-HxCDF 4 7 27 35 
1,2,3,6,7,8-HxCDF ND (3) ND (5) ND (5) ND (5) 
1,2,3,7,8,9-HxCDF ND (3) ND (5) ND (5) ND (5) 
2,3,4,6,7,8-HxCDF ND (3) ND (5) ND (5) ND (5) 
1,2,3,4,6,7,8-HpCDF 40 14 315 42 
1,2,3,4,7,8,9-HpCDF ND (4) ND (7) 11 ND (6) 
OCDF 129 ND (10) 960 165 

Total 2,3,7,8-CDD 9,087 4,395 1,585 522 
Total 2,3,7,8-CDF 175.5 35 1320 249 
Total I-TEQDF * 88.6 62.4 35.4 15.0 
Total TEQDF-WHO98 87.2 60.3 41.2 17.7 

Total TCDD 4 ND (2) 77 38 
Total PeCDD 58 145 35 25 
Total HxCDD 2,679 2,485 660 246 
Total HpCDD 5,630 3,460 1,100 445 
Total OCDD 5,810 2,350 890 230 
Total TCDF 5.5 28 90 35 
Total PeCDF 13 ND (4) 340 110 
Total HxCDF 29 45 95 94 
Total HpCDF 64 14 566 63 
Total OCDF 129 ND (10) 960 165 

Total CDD/CDF 14,422 8,527 4,813 1,451 

ND = Not detected; value in parenthesis is the detection limit.

-- = Not reported.

ng/kg = nanograms per kilogram.

* Calculations assume not-detected values are zero. 

Source:  Santl et al. (1994c). 
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Table 8-18. Chemicals Requiring TSCA Section 4 Testing under the Dioxin/Furan Rule 

Currently Manufactured or Imported as of June 5, 1987a 

CAS No. Chemical Name 

79-94-7 Tetrabromobisphenol-A 
118-75-2 2,3,5,6-Tetrachloro-2,5-cyclohexadiene-1,4-dione 
118-79-6 2,4,6-Tribromophenol 
120-83-2 2,4-Dichlorophenol 
1163-19-5 Decabromodiphenyloxide 
4162-45-2 Tetrabromobisphenol-A-bisethoxylate 
21850-44-2 Tetrabromobisphenol-A-bis-2,3-dibromopropylether a 

25327-89-3 Allyl ether of tetrabromobisphenol-A 
32534-81-9 Pentabromodiphenyloxide 
32536-52-0 Octabromodiphenyloxide 
37853-59-1 1,2-Bis(tribromophenoxy)-ethane 
55205-38-4 Tetrabromobisphenol-A-diacrylate a 

Not Currently Manufactured or Imported as of June 5, 1987b 

CAS No. Chemical Name 

79-95-8 Tetrachlorobisphenol-A 
87-10-5 3,4',5-Tribromosalicylanide 
87-65-0 2,6-Dichlorophenol 
95-77-2 3,4-Dichlorophenol 
95-95-4 2,4,5-Trichlorophenol 
99-28-5 2,6-Dibromo-4-nitrophenol 
120-36-5 2[2,4-(Dichlorophenoxy)]-propanoic acid 
320-72-9 3,5-Dichlorosalicyclic acid 
488-47-1 Tetrabromocatechol 
576-24-9 2,3-Dichlorophenol 
583-78-8 2,5-Dichlorophenol 
608-71-9 Pentabromophenol 
615-58-7 2,4-Dibromophenol 
933-75-5 2,3,6-Trichlorophenol 
1940-42-7 4-Bromo-2,5-dichlorophenol 
2577-72-2 3,5-Dibromosalicylanide 
3772-94-9 Pentachlorophenyl laurate 
37853-61-5 Bismethylether of tetrabromobisphenol-A

  Alkylamine tetrachlorophenate
 - Tetrabromobisphenol-B 

a Tetrabromobisphenol-A-bis-2,3-dibromopropylether and tetrabromobisphenol-A-diacrylate are no longer 
manufactured in or imported into the United States (Cash, 1993). 

b	 As of August 5, 1995, neither manufacture nor importation of any of these chemicals had resumed in the 
United States (Holderman, 1995). 
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Table 8-19.  Congeners and Limits of Quantitation (LOQ) for Which 
Quantitation is Required under the Dioxin/Furan 

Test Rule and Pesticide Data Call-In 

Chlorinated Dioxins 
and Furans 

Brominated Dioxins 
and Furans 

LOQ 
(µg/kg) 

2,3,7,8-TCDD 2,3,7,8-TBDD 0.1 

1,2,3,7,8-PeCDD 1,2,3,7,8-PeBDD 0.5 

1,2,3,4,7,8-HxCDD 1,2,3,4,7,8-HxBDD 2.5 

1,2,3,6,7,8-HxCDD 1,2,3,6,7,8-HxBDD 2.5 

1,2,3,7,8,9-HxCDD 1,2,3,7,8,9-HxBDD 2.5 

1,2,3,4,6,7,8-HpCDD 1,2,3,4,6,7,8-HpBDD 100 

2,3,7,8-TCDF 2,3,7,8-TBDF 1 

1,2,3,7,8-PeCDF 1,2,3,7,8-PeBDF 5 

2,3,4,7,8-PeCDF 2,3,4,7,8-PeBDF 5 

1,2,3,4,7,8-HxCDF 1,2,3,4,7,8-HxBDF 25 

1,2,3,6,7,8-HxCDF 1,2,3,6,7,8-HxBDF 25 

1,2,3,7,8,9-HxCDF 1,2,3,7,8,9-HxBDF 25 

2,3,4,6,7,8-HxCDF 2,3,4,6,7,8-HxBDF 25 

1,2,3,4,6,7,8-HpCDF 1,2,3,4,6,7,8-HpBDF 1,000 

1,2,3,4,7,8,9-HpCDF 1,2,3,4,7,8,9-HpBDF 1,000 

µg/kg = microgram per kilogram 
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Table 8-20.  Precursor Chemicals Subject to Reporting Requirements 
under TSCA Section 8(a) 

CAS No. Chemical Name 

85-22-3 Pentabromoethylbenzene 
87-61-6 1,2,3-Trichlorobenzene 
87-84-3 1,2,3,4,5-Pentabromo-6-chlorocyclohexane 
89-61-2 1,4-Dichloro-2-nitrobenzene 
89-64-5 4-Chloro-2-nitrophenol 
89-69-0 2,4,5-Trichloronitrobenzene 
92-04-6 2-Chloro-4-phenylphenol 
97-74-6 4-Chloro-o-toloxy acetic acid 
94-81-5 4-(2-Methyl-4-chlorophenoxy) butyric acid 
95-50-1 o-Dichlorobenzene 
95-56-7 o-Bromophenol 
95-57-8 o-Chlorophenol 
95-88-5 4-Chlororesorcinol 
95-94-3 1,2,4,5-Tetrachlorobenzene 
95-50-7 5-Chloro-2,4-dimethoxyaniline 
99-30-9 2,6-Dichloro-4-nitroaniline 
99-54-7 1,2-Dichloro-4-nitrobenzene 
106-37-6 Dibromobenzene 
106-46-7 p-Dichlorobenzene 
108-70-3 1,3,5-Trichlorobenzene 
108-86-1 Bromobenzene 
108-90-7 Chlorobenzene 
117-18-0 1,2,4,5-Tetrachloro-3-nitrobenzene 
120-82-1 1,2,4-Trichlorobenzene 
348-51-6 o-Chlorofluorobenzene 
350-30-1 3-Chloro-4-fluoronitrobenzene 
615-67-8 Chlorohydroquinone 
626-39-1 1,3,5-Tribromobenzene 
827-94-1 2,6-Dibromo-4-nitroaniline 
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Table 8-21.  Results of Analytical Testing for Dioxins and Furans in the Chemicals 
Tested to Date under Section 4 of the Dioxin/Furan Test Rule 

CAS 
Number Chemical Name 

No. of 
Chemical 

Companies 
That Submitted 

Data 

No. of 
Positive 
Studies 

Congeners Detected 
(detection range:  µg/kg) 

79-94-7 Tetrabromobisphenol-A 3 0 NDa 

118-75-2 2,3,5,6-Tetrachloro-2,5-
cyclohexadiene-
1,4-dione (chloranil) 

4 4 See Table 8-22 

118-79-6 2,4,6-Tribromophenol 1 0 NDa 

120-83-2 2,4-Dichlorophenol 1 0 NDa 

1163-19-5 Decabromodiphenyl oxide 3 3 2,3,7,8-PeBDD (ND-0.1) 
1,2,3,4,7,8/1,2,3,6,7,8-HxBDD (ND-0.5) 
1,2,3,7,8,9-HxBDD (ND-0.76) 
1,2,3,7,8-PeBDF (ND-0.7) 
1,2,3,4,7,8/1,2,3,6,7,8-HxBDF (ND-0.8) 
1,2,3,4,6,7,8-HpBDF (17-186) 

25327-89-3 Allyl ether of 
tetrabromobisphenol-A 

1  0  NDa 

32536-52-0 Octabromodiphenyl oxide 3 3 2,3,7,8-TBDD (ND-0.71) 
1,2,3,7,8-PeBDD (ND-0.1) 
2,3,7,8-TBDF (ND-12.6) 
1,2,3,7,8-PeBDF (ND-6.3) 
2,3,4,7,8-PeBDF (ND-83.1) 
1,2,3,4,7,8/1,2,3,6,7,8-HxBDF (ND-67.8) 
1,2,3,7,8,9-HxBDF (ND-56.0) 
1,2,3,4,6,7,8-HpBDF (ND-330) 

378-53-59-1 1,2-Bis(tribromo-phenoxy)-
ethane 

1 1 2,3,7,8-TBDF (ND-0.04) 
1,2,3,4,7,8/1,2,3,6,7,8-HxBDF (ND-0.03) 
1,2,3,4,6,7,8-HpBDF (ND-0.33) 

32534-81-9 Pentabromodiphenyl oxide 2 2 1,2,3,7,8-PeBDD (ND-5.9) 
1,2,3,4,7,8/1,2,3,6,7,8-HxBDD (ND-6.8) 
1,2,3,4,7,8/1,2,3,6,7,8-HxBDD (ND-6.8) 
1,2,3,7,8,9-HxBDD (ND-0.02) 
2,3,7,8-TBDF(ND-3.1) 
1,2,3,7,8-PeBDF (0.7-10.2) 
2,3,4,7,8-PeBDF (0.1-2.9) 
1,2,3,4,7,8/1,2,3,6,7,8-HxBDF (15.6-61.2) 
1,2,3,4,6,7,8-HpBDF (0.7-3.0) 

4162-45-2 Tetrabromobisphenol-A-
bisethoxylate 

1  0  NDa 

µg/kg = micrograms per kilogram 

a No 2,3,7,8-substituted dioxins and furans detected above the Test Rule target limits of quantitation (LOQ). (See Table 8
18.) 

Source:  Holderman and Cramer (1995). 
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Table 8-22.  CDDs and CDFs in Chloranil and Carbazole Violet 
Samples Analyzed Pursuant to the EPA Dioxin/Furan Test Rule 

Concentration (:g/kg) in Chloranil Concentration 
(:g/kg) in 

Congener Importer 
1 

Importer 
2 

Importer 
3 

Importer 
4 

Carbazole 
Violet 

2,3,7,8-TCDD nd (1) nd (1) nd (2) nd (2) nd (0.8) 

1,2,3,7,8-PeCDD nd (2) nd (2) nd (5) nd (6) nd (0.5) 

1,2,3,4,7,8-HxCDD nd (3) nd (10) nd (5) nd (3) nd (1.2) 

1,2,3,6,7,8-HxCDD nd (3) 75 nd (5) 6 nd (1.2) 

1,2,3,7,8,9-HxCDD nd (1) 48 nd (5) 9 nd (1.2) 

1,2,3,4,6,7,8-HpCDD 110 8,200 390 2,300 28 

OCDD 240,000 180,000 760,000 71,000 1,600 

2,3,7,8-TCDF nd (1) nd (2) nd (1) nd (2) nd (1.6) 

1,2,3,7,8-PeCDF nd (1) nd (1) nd (3) nd (5) nd (0.9) 

2,3,4,7,8-PeCDF nd (1) nd (1) nd (3) nd (5) nd (0.9) 

1,2,3,4,7,8-HxCDF 35 nd (860) nd (4) 5,600 nd (20) 

1,2,3,6,7,8-HxCDF nd (5) nd (860) nd (4) nd (600) nd (20) 

1,2,3,7,8,9-HxCDF 6 nd (680) nd (4) nd (600) nd (20) 

2,3,4,6,7,8-HxCDF nd (5) nd (680) nd (4) nd (600) nd (20) 

1,2,3,4,6,7,8-HpCDF 33 240,000 36 230,000 15,000 

1,2,3,4,7,8,9-HpCDF nd (15) nd (100) nd (15) nd (400) nd (20) 

OCDF 18,000 200,000 50,000 110,000 59,000 

TOTAL I-TEQDF * 263 2,874 814 3,065 211 

TOTAL TEQDF-WHO98 * 31 2,532 85 2,903 156 

nd = Not detected; minimum limit of detection shown in parentheses. 
µg/kg = micrograms per kilogram. 

* Calculated assuming not-detected values are zero. 

Source:  Remmers et al. (1992). 
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Table 8-25. Summary of Results for CDDs and CDFs in 
Technical 2,4-D and 2,4-D Ester Herbicides 

Congener 
EPA LOQa 

(µg/kg) 

Total 
Number of 
Technicals 

Number of 
Technicals 

Greater Than 
LOQ 

Observed 
Maximum 

Concentration 
(µg/kg) 

Average 
Concentrationb 

(µg/kg) 

2,3,7,8-TCDD 0.1 8 2 0.13 0.06 

1,2,3,7,8-PeCDD 0.5 8 3 2.6 0.78 

1,2,3,4,7,8-HxCDD 2.5 8 0 0.81 0.31 

1,2,3,6,7,8-HxCDD 2.5 8 0 0.77 0.39 

1,2,3,7,8,9-HxCDD 2.5 8 0 0.68 0.24 

1,2,3,4,6,7,8-HpCDD 100 8 0 1.5 0.21 

OCDD 

2,3,7,8-TCDF 1 8 0 0.27 0.07 

1,2,3,7,8-PeCDF 5 8 0 0.62 0.38 

2,3,4,7,8-PeCDF 5 7 0 0.73 0.07 

1,2,3,4,7,8-HxCDF 25 8 0 1.6 0.36 

1,2,3,6,7,8-HxCDF 25 8 0 1.2 0.11 

1,2,3,7,8,9-HxCDF 25 8 0 1.4 0.16 

2,3,4,6,7,8-HxCDF 25 8 0 1.1 0.14 

1,2,3,4,6,7,8-HpCDF 1000 8 0 8.3 2.17 

1,2,3,4,7,8,9-HpCDF 1000 8 0 1.2 0.18 

OCDF 

TOTALc 

I-TEQDF 

TEQDF-WHO98 

5.60 
0.70 
1.10 

a Limit of quantitation required by EPA in the Data Call-In. 
b	 Average of the mean results for multiple analyses of four technical 2,4-D and/or 2,4-D ester products for 

which detectable CDD/CDF congener concentrations less than the LOQs were quantified; not-detected 
values were assumed to be zero. 
Total equals the sum of the individual congener averages. 

µg/kg = micrograms per kilogram 

-- = Analyses not performed. 

Source: U.S. EPA Office of Pesticide Program file. 
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Table 8-28. Mean CDD/CDF Measurements in Effluents from Nine U.S. POTWs 

Range of Detected 
Range of Concentrations 
Detection (POTW mean basis) Overall Means* 

Congener/Congener No. Detections/ Limits 
Group No. Samples (pg/L) Minimum 

Detected 
Maximum 
Detected 

Mean 
Conc. 

Mean 
Conc. 

Conc. Conc. (ND=0) (ND=1/2DL) 
(pg/L) (pg/L) (pg/L) (pg/L) 

2,3,7,8-TCDD 0/30 0.31 - 8.8 nd nd 0.00 0.98 
1,2,3,7,8-PeCDD 0/30 0.45 - 15 nd nd 0.00 1.32 
1,2,3,4,7,8-HxCDD 0/30 0.43 - 9.8 nd nd 0.00 1.38 
1,2,3,6,7,8-HxCDD 0/30 0.81 - 10 nd nd 0.00 1.42 
1,2,3,7,8,9-HxCDD 0/30 0.42 - 9.7 nd nd 0.00 1.31 
1,2,3,4,6,7,8-HpCDD 3/30 0.75 - 18 nd 5.0 1.06 3.61 
OCDD 13/30 6.2 - 57 nd 99.75 29.51 37.95 

2,3,7,8-TCDF 1/27 0.74 - 4.4 nd 1.3 0.14 0.98 
1,2,3,7,8-PeCDF 1/30 0.64 - 9.4 nd 2.0 0.22 1.58 
2,3,4,7,8-PeCDF 1/30 0.61 - 14 nd 2.8 0.31 1.68 
1,2,3,4,7,8-HxCDF 1/30 0.25 - 6.8 nd 2.4 0.27 1.22 
1,2,3,6,7,8-HxCDF 1/30 0.23 - 6.8 nd 1.5 0.17 0.97 
1,2,3,7,8,9-HxCDF 1/30 0.57 - 10 nd 2.0 0.22 1.72 
2,3,4,6,7,8-HxCDF 1/30 0.25 - 7.9 nd nd 0.00 0.93 
1,2,3,4,6,7,8-HpCDF 2/30 0.36 - 6.9 nd 4.6 0.68 1.83 
1,2,3,4,7,8,9-HpCDF 0/30 0.19 - 11 nd nd 0.00 1.18 
OCDF 1/30 0.86 - 28 nd 3.2 0.36 3.40 

Total 2,3,7,8-CDD nd 99.75 30.57 47.98 
Total 2,3,7,8-CDF nd 16.6 2.37 15.49 
Total I-TEQDF nd 2.42 0.29 3.66 
Total TEQDF-WHO98 nd 2.33 0.27 4.28 

Total TCDD 4/27 1.2 - 8.8 nd 9.7 1.23 2.61 
Total PeCDD 0/27 0.62 - 200 nd nd 0.00 6.27 
Total HxCDD 1/30 0.84 - 11 nd 1.7 0.19 1.93 
Total HpCDD 3/30 0.75 - 18 nd 8.4 1.83 4.77 
Total OCDD 13/30 6.2 - 57 nd 99.75 29.51 37.95 
Total TCDF 2/30 0.39 - 6.8 nd 25.0 6.61 7.70 
Total PeCDF 1/30 0.64 - 25 nd 20.0 2.22 4.72 
Total HxCDF 1/30 0.93 - 17 nd 13.0 1.44 3.43 
Total HpCDF 2/30 0.36 - 19 nd 4.6 0.68 2.41 
Total OCDF 1/30 0.86 - 28 nd 3.2 0.36 3.40 

Total CDD/CDF nd 99.75 42.00 71.96 

nd = Not detected. 
pg/L = picograms per liter. 

*	 The "overall means" are the means of the individual POTW mean concentrations rather than the means of the 
individual sample concentrations. 

Source:  California Regional Water Quality Control Board (1996). 
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Table 8-31.  Quantity of Sewage Sludge Disposed of Annually by Primary, Secondary, 
or Advanced Treatment POTWs and Potential Dioxin TEQ Releases 

Use/Disposal Practice 
Volume Disposed 
(thousands of dry 

Percent of 
Total 

Potential Dioxin Releasec 

(g of TEQ/yr) 
metric tons/year) Volume 

I-TEQDF TEQDF-WHO98 

Land Application 1,714 32.0e 84.0 62.2 

Distribution and Marketing 71 1.3 3.5 2.6 

Surface Disposal Site/Other 396 7.4 19.4 14.4 

Sewage Sludge Landfill 157 2.9 7.7 5.7 

Co-disposal Landfillsa 1,819 33.9 89.1 66.0 

Sludge Incinerators and Co-incineratorsb 865 16.1 (f) (f) 

Ocean Disposal (336)d (6.3)d (0)d (0)d 

TOTAL 5,357 100.0 204.0 151.0 

a Landfills used for disposal of sewage sludge and solid waste residuals. 
b Co-incinerators treat sewage sludge in combination with other combustible waste materials. 
c Potential dioxin TEQ release for nonincinerated sludges was estimated by multiplying the sludge volume generated (i.e., 

column 2) by the average of the mean I-TEQDF concentrations in sludge reported by Rubin and White (1992) (i.e., 50 ng/kg 
dry weight) and Green et al. (1995) and Cramer et al. (1995) (i.e., 47.7 ng/kg).  The calculations of TEQDF-WHO98 used 
the mean concentration of 36.3 ng TEQDF-WHO98/kg for the results reported by Green et al. (1995) and Cramer et al. 
(1995). 

d The Ocean Dumping Ban Act of 1988 generally prohibited the dumping of sewage sludge into the ocean after December 
31, 1991. Ocean dumping of sewage sludge ended in June 1992 (Federal Register, 1993b).  The current method of 
disposal of the 336,000 metric tons of sewage sludge that were disposed of in the oceans in 1988 has not been 
determined. 

e Includes 21.9 percent applied to agricultural land, 2.8 percent applied as compost, 0.6 percent applied to forestry land, 
3.1 percent applied to "public contact" land, 1.2 percent applied to reclamation sites, and 2.4 percent applied in undefined 
settings. 

f See Section 3.6.5 for estimates of CDD/CDF releases to air from sewage sludge incinerators. 
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Table 8-32.  CDD/CDF Concentrations in Swedish Liquid Soap, Tall Oil, and Tall Resin 

Liquid Soap Tall Oil Tall Resin 
Congener/Congener Group (ng/L) (ng/kg) (ng/kg) 

2,3,7,8-TCDD ND (0.009) 3.6 ND (1) 
1,2,3,7,8-PeCDD 0.400 5.3 3.1 
1,2,3,4,7,8-HxCDD ND (0.020) ND (2) ND (4) 
1,2,3,6,7,8-HxCDD 0.320 ND (2) 810 
1,2,3,7,8,9-HxCDD 0.180 ND (2) 500 
1,2,3,4,6,7,8-HpCDD 1.900 ND (1) 5,900 
OCDD 1.000 5.3 6,000 

2,3,7,8-TCDF 0.620 17 ND (2) 
1,2,3,4,8-/1,2,3,7,8-PeCDF 0.290 4.2 ND (0.4) 
2,3,4,7,8-PeCDF 0.200 1.9 ND (0.5) 
1,2,3,4,7,8/9-HxCDF 0.013 1.4 24 
1,2,3,6,7,8-HxCDF ND (0.004) 0.7 
1,2,3,7,8,9-HxCDF ND (0.004) ND (0.7) ND (1) 
2,3,4,6,7,8-HxCDF ND (0.004) ND (0.5) ND (0.7) 
1,2,3,4,6,7,8-HpCDF ND (0.005) ND (0.8) 10 
1,2,3,4,7,8,9-HpCDF ND (0.010) ND (2) 9.0 
OCDF NA NA NA 

Total 2,3,7,8-CDD* 3.8 14.2 13213.1 
Total 2,3,7,8-CDF* 1.123 25.2 43 
Total I-TEQDF * 0.447 9.4 200 
Total TEQDF-WHO98 * 0.647 12.0 196 

Total TCDD 0.120 31 ND (1) 
Total PeCDD 15.000 380 25 
Total HxCDD 3.400 3.3 6,800 
Total HpCDD 3.600 ND (1) 11,000 
Total OCDD 1.000 5.3 6,000 
Total TCDF 1.000 26 ND (2) 
Total PeCDF 1.300 41 ND (0.5) 
Total HxCDF 0.150 4.9 56 
Total HpCDF ND (0.010) ND (2) 19 
Total OCDF NA NA NA 

Total CDD/CDF* 25.57 491.5 23,900 

* Calculations assume not-detected values are zero.

ng/kg = nanograms per kilogram.

Ng/L = nanograms per liter.


ND = Not detected; value in parentheses is the detection limit.

NA = Not analyzed.

-- = Not reported.


Source: Rappe et al. (1990c).
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Figure 8-1.  104 Mill Study Full Congener Analysis Results for Pulp
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Figure 8-2.  104 Mill Study Full Congener Analysis Results for Sludge
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Figure 8-3.  104 Mill Study Full Congener Analysis Results for Effluent
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Figure 8-4.  Congener and Congener Group Profiles for Technical PCP



Figure 8-5.  Congener Profile for 2,4-D (salts and esters) 
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Figure 8-6.  Congener Profiles for Sewage Sludge


