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Addendum One  
to One Total Maximum Daily Load 
for Polychlorinated Biphenyls (PCBs) in 
Fish Tissue in Lake Worth 
One Total Maximum Daily Load for Polychlorin-
ated Biphenyls (PCBs) in Fish Tissue in West 
Fork Trinity River Below Eagle Mountain Lake 
For Segment 0808 
Assessment Unit 0808_01 

Introduction 
The Texas Commission on Environmental Quality (TCEQ) adopted the total maximum 
daily load (TMDL) One Total Maximum Daily Load for Polychlorinated Biphenyls 
(PCBs) in Fish Tissue in Lake Worth: Segment 0807 (TCEQ 2005) on 8/10/2005. The 
TMDL was approved by the United States Environmental Protection Agency (EPA) on 
10/13/2005. This document represents an addendum to the original TMDL document. 

This addendum includes information specific to one additional segment located within 
the watershed of the approved TMDL project for PCBs in fish tissue in Lake Worth. This 
addendum presents the new information associated with the additional segment.  

Refer to the original, approved TMDL document for details related to the overall project 
watershed as well as the methods and assumptions used in developing this TMDL. This 
addendum focuses on the subwatershed of the additional segment. This subwatershed 
was addressed in the original TMDL. This addendum provides the details related to de-
veloping the TMDL allocation for the additional segment, which was not addressed in-
dividually in the original document. This segment is also covered by an implementation 
plan (I-Plan) that was approved by TCEQ on 8/23/2006 (TCEQ 2006). 

Problem Definition 
The TCEQ first identified the PCBs in fish tissue impairment to the segment and as-
sessment unit (AU) included in this addendum in the 2012 Texas Integrated Report of 
Surface Water Quality for Clean Water Act Sections 305(b) and 303(d) (TCEQ 2012). 
The impairment listing was the result of the issuance of Fish and Shellfish Consumption 
Advisory No. ADV-45 by the Texas Department of State Health Services (DSHS) on 
11/15/2010. The new advisory revised the consumption restriction on Lake Worth to 
cover only three fish species (blue catfish, smallmouth buffalo, and channel catfish), but 
also clarified the coverage area to specifically include the connected West Fork Trinity 
River below Eagle Mountain Lake (Segment 0808) (DSHS 2010a,b). See Figure 1 for a 
map of the watershed.  
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Figure 1. Lake Worth watershed  

Designated Uses and Water Quality Standards 
Segments 0807 and 0808 are classified water quality segments as defined in the Texas 
Surface Water Quality Standards (TSWQS) in Title 30 Texas Administrative Code (TAC) 
Chapter 307. Chapter 307.10 (Appendix A) establishes designated uses for these seg-
ments as primary contact recreation, high aquatic life, and public drinking water supply. 
In addition, TSWQS presume all classified segments to have sustainable fisheries (30 
TAC 307.6(d)(5)(A), which are defined as “. . . sufficient fish production or fishing ac-
tivity to create significant long-term human consumption of fish” (30 TAC 
307.3(a)(67)). The fish consumption use of a water body is not supported when a con-
sumption advisory or ban has been issued by the DSHS. 

Watershed Overview 
West Fork Trinity River below Eagle Mountain Lake (Segment 0808) is a 2.5-mile seg-
ment extending from the dam on Eagle Mountain Lake (Segment 0809) downstream to 
the upper end of Lake Worth (Segment 0807) (see Figure 1). Both lakes are impound-
ments of the West Fork Trinity River (see Ulery et al. 1993). Lake Worth was construct-
ed in 1914 and impounds a 94-square mile watershed below the Eagle Mountain Lake 
dam.  
 



Texas Commission on Environmental Quality 3 Lake Worth Addendum One, July 2014 
 

The watershed for Segment 0808 is approximately three square miles (see Figure 2). 
Most of the flow in Segment 0808 is generated by releases from Eagle Mountain Lake. 
Much of Segment 0808 and the upstream end of Lake Worth are bordered by the 3621-
acre Fort Worth Nature Center and Refuge, which consists largely of forest, prairie, and 
wetlands (Fort Worth 2011; see also <www.fwnaturecenter.org>). There are also some 
scattered residential properties near the Eagle Mountain Lake dam. Segment 0808 con-
stitutes a single assessment unit, the smallest geographic area of use support reported in 
the Texas Integrated Report. 
 

 

Figure 2. Segment 808 Watershed 

 
Tissue Contamination and Risk Assessment 
PCBs were manufactured and widely used in the United States prior to USEPA re-
striction (Erickson 2001). These restrictions did not require PCB-containing materials 
to be removed from service, and many are still in use (USEPA 1999). PCBs are common 
environmental contaminants (Smith et al. 1988; Kuehl et al. 1994), and are frequently 
found at elevated levels in the tissue of aquatic organisms (Eisler 1986; Evans et al. 
1991). USEPA (1992) found PCB residues in fish tissue at 91 percent of 388 nationwide 
locations in 1986-87. PCBs have been detected in fish tissue and sediment in a number 
of water bodies in Texas (Dick 1982; Van Metre and Callender 1996), including the Dal-
las/Fort Worth area (Van Metre and Callender 1997). Because of their low solubility, 

http://www.fwnaturecenter.org/
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PCBs are not acutely toxic to aquatic life, but instead cause sublethal and chronic effects 
(Eisler 1986; Khan 2003). 

PCBs are a frequent cause of fish consumption advisories in the U.S. (USEPA 1999). El-
evated concentrations are frequently found in game fish tissue (Kuehl et al. 1994). Fish 
consumption can be a primary route of human exposure to PCBs, with significantly ele-
vated blood serum and milk contaminant levels found in those consuming contaminated 
fish (Asplund et al. 1994; USEPA 1999; Stewart et al. 1999).   

PCBs can cause a variety of adverse health effects and are classified as probable human 
carcinogens (Safe 1994; Longnecker et al. 1997; ATSDR 2000; Longnecker 2001; 
Schantz et al. 2001). Cogliano (1998) reviewed available data and found a strong case 
that all PCB mixtures can cause cancer. Different mixtures have different potencies as a 
result of environmental processes that alter these mixtures through partitioning, chemi-
cal transformation, and preferential bioaccumulation. 

The consumption advisory for Lake Worth was issued on the basis of an unacceptable 
carcinogenic risk of liver cancer and a noncarcinogenic risk of possible adverse liver ef-
fects due to fish tissue PCB concentrations. The health assessment (DSHS 2010a,b) 
evaluated risk to a 70-kg adult consuming an average of 30 grams of contaminated fish 
per day, and to a 15- to 35-kg child consuming an average of 15 grams of contaminated 
fish per day, both for an exposure period of 30 years.                  

Endpoint Identification 
The assessment endpoint (USEPA 1994) and ultimate goal of this TMDL is the reduction 
of PCB concentrations in fish tissue to a level that constitutes an acceptable risk to con-
sumers of fish from Lake Worth and Lower West Fork Trinity River below Eagle Moun-
tain Reservoir, thereby allowing DSHS to remove the consumption advisory. Fish tissue 
PCB concentrations are the direct cause of the impairment in the segments. A numeric 
fish tissue target is consistent with how fish consumption advisories are issued, and is 
more closely tied to the protection of human health. It is also easier to quantify contam-
inants like PCBs in fish tissue than in water. In addition, a fish tissue target better inte-
grates the spatial and temporal complexity associated with PCB contamination in aquat-
ic systems (USEPA 2001). 

Source Assessment 
Segment 0808 was previously evaluated for potential PCB sources as part of the Lake 
Worth TMDL (TCEQ 2005). The small, undeveloped nature of the watershed and the 
lack of PCBs in upstream Lake Worth sediments indicated there were no significant PCB 
sources within the Segment 0808 watershed. 

As part of the current evaluation, applicable databases were again reviewed for the pres-
ence of TCEQ-regulated facilities within the Segment 0808 watershed (see Table 1). On-
ly four regulated sites, covered by the Texas Pollutant Discharge Elimination system 
(TPDES) general storm water permit for construction activities, were found to be within 
that watershed. Although Segment 0808 is listed as part of the TPDES Phase II munici-
pal separate storm sewer system (MS4) permit for Tarrant County, the segment water-
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shed is not within the urbanized area where Phase II permit coverage is required (see 
Census 2010 Urban Area Reference Maps at  

< http://cfpub.epa.gov/npdes/stormwater/urbanmaps.cfm>).                                                                 

Table 1. TCEQ-regulated facilities located within the watershed of Segment 0808. 
 

Type of Facility No. Facilities a 

Individual TPDES Wastewater Discharges 0 

TPDES Phase I MS4 0 

TPDES Phase II MS4 (General Permit TXR040000) 0b 

Industrial multi-sector general permit (MSGP) TXR050000 0 

Construction activities >one acre (General Permit TXR150000) 4 

Concrete production (General Permit TXR110000) 0 

Aquaculture production (General Permit TXR130000) 0 

Petroleum bulk stations and terminals (General Permit TXG340000) 0 

Hydrostatic test water discharges (General Permit TXG670000) 0 
Water contaminated by petroleum fuel or petroleum substances (General 
Permit TXG830000)  0 

Concentrated animal feeding operations (General Permit TXG920000) 0 

Livestock manure compost operations (General Permit WQG20000) 0 

Permitted-active municipal solid waste landfills 0 

Permitted-closed municipal solid waste landfills 0 

Unauthorized-closed municipal solid waste landfills 0 

Superfund sites 0 

Industrial & hazardous waste registrations 0 

Industrial & hazardous waste remediation 0 

Used oil facilities 0 

Emergency response 0 

Brownfield site assessments 0 

Underground Injection Control sites 0 

Voluntary Cleanup Program sites 0 
a Information retrieved 27 December 2013 from: 
TCEQ Water Quality Permit Query at < http://www1.tceq.texas.gov/wqpaq/>; 
TCEQ Water Quality General Permits & Registrations at < http://www2.tceq.texas.gov/wq_dpa/index.cfm>; 
TCEQ Index to Superfund Sites by County at 
<www.tceq.state.tx.us/remediation/superfund/sites/county/index.html>; 
TCEQ Central Registry at <http://www12.tceq.state.tx.us/crpub/>; and 
NCTCOG Closed and Abandoned Municipal Solid Waste Landfill Inventory at 
<www.nctcog.org/envir/SEELT/disposal/facilities/index.asp>. 
b Segment 0808 is included under the Tarrant County Phase II MS4 permit, although the segment watershed is not 
within the designated urban area for required permit coverage. 
 

http://cfpub.epa.gov/npdes/stormwater/urbanmaps.cfm
http://www1.tceq.texas.gov/wqpaq/
http://www2.tceq.texas.gov/wq_dpa/index.cfm
http://www.tceq.state.tx.us/remediation/superfund/sites/county/index.html
http://www12.tceq.state.tx.us/crpub/
http://www.nctcog.org/envir/SEELT/disposal/facilities/index.asp
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Linkage Between Sources and Receiving Waters 
The time required for the reduction of tissue PCB concentrations to the measurement 
endpoint target is a function of PCB persistence and fate in the environment. PCBs are 
extremely hydrophobic, and their affinity for sorption to soil and sediment, along with 
their tendency to partition into the lipids of aquatic organisms, determine their 
transport, fate, and distribution (Smith et al. 1988). PCBs degrade slowly, and may be 
present in sediment and tissue for long periods of time (Oliver et al. 1989; USEPA 
1999). 

Hydrologic Connection Between Segments 0807 and 0808 
Segment 0808 occupies a 2.5-mile channel extending from the dam on Eagle Mountain 
Lake downstream to the upper end of Lake Worth (see Figures 1 and 2). Segment 0808 
was isolated between the two lakes when Eagle Mountain Lake was constructed in 1932. 
Most of the flow in Segment 0808 is generated by releases from Eagle Mountain Lake. 
Backup from Lake Worth maintains water in the channel at other times. There is no 
physical barrier to fish movement between Segment 0807 and Segment 0808. The Eagle 
Mountain Lake dam is a barrier to further upstream movement. 

The distance via the most direct route on water from the Lake Worth dam to the point 
where Segment 0808 enters the lake is approximately 8.8 miles as measured on a USGS 
topographic map. The distance from the upstream end of Woods Inlet to Segment 0808 
is approximately 7.3 miles. Many of the fish species sampled for tissue PCB concentra-
tions in Lake Worth, including the three species covered by ADV-45, are known to move 
over areas large enough to cover the distance from any point in Lake Worth to Segment 
0808. 

Lucas and Baras (2001) described five main types of fish migration – feeding, refuge 
seeking, spawning, recolonization/exploratory, and diel vertical and horizontal migra-
tions. Fish populations may contain both a sedentary and a mobile component (Hale et 
al. 1986), so at least some portion of a population of many species may be capable of 
moving a significant distance. Fish exposed to PCBs in one portion of a water body can 
subsequently move to another area or another hydrologically-connected water body 
(Zlokovitz and Secor 1999; Bayne et al. 2002; Morgan and Lohmann 2010). 

Fish migration over long river distances and within reservoirs and into their upstream 
tributaries has been relatively well-documented. June (1977) noted white crappie, carp, 
and bigmouth buffalo spawning in reservoir tributary embayments; and white bass, 
freshwater drum, and channel catfish moving upstream into major reservoir tributary 
streams during spawning season. Matthews (1998) observed that long upstream migra-
tions are commonly associated with spawning in many species. Decker and Erman 
(1992) observed that several fish species appeared to migrate into a stream from a 
downstream reservoir during the spawning season. Hladík and Kubečka (2003) found 
26 fish species and more than ten percent of the reservoir fish biomass migrating 
through a reservoir/river transition zone, with upstream spawning runs being the most 
important migrations. 

Ruhr (1957) found that large populations of several species in upstream tributaries - in-
cluding smallmouth buffalo and freshwater drum - had originated in downstream im-
poundments. No decline in the proportion of reservoir fish was found with increasing 
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distance upstream from the impoundment in streams with no additional barrier to mi-
gration. Wrenn (1968) found smallmouth buffalo in a Tennessee reservoir moved up to 
56 miles, although most of the tagged specimens had moved less than seven miles. 
Wrenn (1968) also cited another Tennessee reservoir study (Martin et al. 1964) where 
tagged smallmouth buffalo moved an average of 11.2 miles. Thompson (1933) calculated 
that smallmouth buffalo can move approximately one mile per day and 2.8 miles per 
week. 

Blue catfish movement can span several hundred miles upstream and downstream in 
rivers (Graham 1999). Timmons (1999) reported blue catfish in Kentucky Lake moving 
an average distance of 10.6 to 15.5 miles and a maximum distance of 49 miles. Grist 
(2002) observed blue catfish to migrate a minimum of 21.4 miles to the upper riverine 
portion of a North Carolina reservoir during the spring, and concluded that movement 
within the reservoir was extremely varied. Tripp et al. (2010) found blue catfish in the 
upper Mississippi River system capable of moving as far as 428 river miles. Garrett 
(2010) found that blue catfish migrated up Missouri River tributary streams during the 
pre-spawning and spawning period, with individual movements of 171 to 216 miles. The 
timing of these migrations was not synchronous among individuals, with spawning-
related migrations occurring from mid March through early July, and overwintering mi-
grations taking place from mid-October through the end of December. Sixty-six percent 
of blue catfish migrated to and from seasonal habitats. 

Channel catfish have been observed to migrate from reservoirs to upstream tributaries 
or headwater rivers to spawn, and then return to the reservoir for summer through win-
ter months (Duncan and Meyers 1978; Hubert 1999). River populations of channel cat-
fish show greater movement in spring than in other seasons, and there are frequent re-
ports of individuals traveling in excess of 60 miles and as far as 291 miles (Hale et al. 
1986; Fago 1999; Hubert 1999; see Hassan-Williams and Bonner 2011). Winter move-
ment in an Arkansas reservoir was determined to be stimulated by rainfall and reservoir 
inflow (Duncan and Meyers 1978). Graham and DeiSanti (1999) reported that both blue 
and channel catfish accumulate below the Truman Lake dam in Missouri, in a 10.6-mile 
reach between reservoirs – a situation somewhat similar to the location of Segment 
0808. Matthews (1998) observed that large aggregations of fish are common down-
stream from large dams. 

Timmons (1999) reported channel catfish in Kentucky Lake moving an average distance 
of 6.8 miles and a maximum distance of 36 miles. Duncan and Meyers (1978) found that 
tagged channel catfish traveled a maximum distance of 26.8 miles and a mean distance 
of 3.8 miles in an Arkansas reservoir. Shrader et al. (2003) found that some channel 
catfish moved more than 155 miles upstream from an Oregon reservoir before being 
blocked by an upstream dam. Forty-eight percent of fish recovered in the reservoir had 
been tagged in the river, and 21 percent recovered in the river had been tagged in the 
reservoir. In a study of the movement of fish from a mid-reservoir tributary with known 
PCB contamination (Bayne et al. 2002), substantial numbers of channel catfish ap-
peared to have moved 9.3 to 15.5 miles from the site of contamination.  

PCBs in Fish Tissue 
PCBs are highly lipophilic (Matthews and Dedrick 1984), and rapidly accumulate in the 
tissues of aquatic organisms at levels considerably greater than that of both the water 
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column and the sediments (Smith et al. 1988). PCB concentrations in aquatic organisms 
may be 2000 to more than a million times greater than that of the water column 
(USEPA 1999). Fish tissue PCB concentrations are influenced by a variety of factors 
(Swackhamer and Hites 1988), and can vary within the same water body (Stow et al. 
1995; Lamon and Stow 1999) as well as among different fish species and size classes 
(Swackhamer and Hites 1988; Connor et al. 2005). 

Comparison of tissue PCB concentration versus the distance from the PCB source area 
in the most recently collected fish samples in Segments 0807 and 0808 (October 2008; 
DSHS 2010a) (see Figure 3) found no predictive relationship (R2 = 0.009) when all fish 
were included in the analysis. Examining the three species covered by the current con-
sumption advisory (Figure 3) shows a weak relationship for smallmouth buffalo (R2 = 
0.29) and none for channel catfish (R2 = 0.07). The sample size (N=4) for blue catfish 
was too small to make any determination. Smallmouth buffalo appear somewhat less 
mobile than the catfish species, and this is reflected in a slightly stronger correlation. 
However, the overall lack of any strong correlation between tissue PCB concentration 
and distance from the source area is further indication of the mobility of fish within 
Lake Worth and its tributaries (see Bayne et al. 2002).  

 

 

Figure 3. Fish tissue PCB concentrations (DSHS 2010a) versus distance from the PCB source area. 
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PCBs in Sediment 
PCBs in sediment may be altered by environmental weathering, anaerobic reductive 
dechlorination, and aerobic microbial degradation. When weathering is the dominant 
process, sediments become enriched with higher-chlorinated congeners as the lower-
chlorinated forms are preferentially solubilized and vaporized (Erickson 2001; Cacela et 
al. 2002). During anaerobic reductive dechlorination, microorganisms transform PCBs 
into lower-chlorinated forms by partially dechlorinating the more highly-chlorinated 
congeners (Erickson 2001; Magar et al. 2005). The result is an increase in lower-
chlorinated congeners (Abramowicz et al. 1993), which are generally less toxic and more 
readily attacked by aerobic bacteria (Abramowicz 1995).  
 
Except for one location immediately west of IH-820, total PCB concentrations in surface 
sediments in the lake upstream from the entrance to Woods Inlet were less than the de-
tection limit (see Harwell et al. 2003). Dated core samples indicated that PCB concen-
trations in sediment were not detectable at any time in the upper-lake, indicating a lack 
of input from that portion of the lake watershed. Peak PCB concentrations in mid- and 
lower-lake core samples occurred in the 1960s, followed by an exponential decrease to 
the tops of the cores (Harwell et al. 2003). This trend is typical of sediment cores col-
lected in other urban water bodies, reflecting times of peak PCB use and subsequent de-
cline following USEPA restrictions (Van Metre and Callender 1997; Van Metre et al. 
1997, 1998, 2003a,b; Ging et al. 1999; Van Metre and Mahler 1999; Imamoglu et al. 
2002). 

Targeted sampling of sediment cores, surface sediment (Figure 4), and storm-generated 
suspended sediment in Woods Inlet and its tributaries; and in suspended sediment dis-
charges from Air Force Plant No. 4 (AFP4) storm water outfalls; traced the primary PCB 
source to the Meandering Road Creek watershed, and subsequently isolated several out-
falls in the AFP4 storm sewer system (Besse et al. 2005; Schultz et al. 2005; Braun et al. 
2008). Remediation of PCBs and other contaminants at AFP4 continues to be addressed 
through the U.S. Air Force (USAF) Installation Restoration Program and the TCEQ De-
fense and State Memorandum of Agreement Program. These efforts are discussed later 
in this report. 

Sediment was monitored at two Meandering Road Creek locations and one Lake Worth 
location during most of the five-year ROD review period. The average concentration of 
Aroclor 1254 in 28 sediment samples collected between 2002 and 2006 was 0.057 
mg/kg, which is less than the 0.1 mg/kg remediation goal specified in the ROD. Values 
were less than the detection limit in 17 of the 28 samples, and greater than the remedia-
tion goal in five of the 28 samples (Earth Tech 2008). In addition, Braun et al. (2008) 
noted that surface bed sediment PCB concentrations at 16 of 20 box core sample sites in 
Meandering Road Creek and Woods Inlet were less than the concentrations measured 
three years earlier by Besse et al. (2005).  

Segment 0808 was previously evaluated for potential PCB sources as part of the Lake 
Worth TMDL (TCEQ 2005). The small, undeveloped nature of the watershed and the 
lack of PCBs in upstream Lake Worth sediments indicated there were no significant PCB 
sources within the Segment 0808 watershed. 
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Figure 4. Surface sediment PCB concentrations in Woods Inlet (WI), Meandering Road 
Creek (MRC), and the main body of Lake Worth.  
 Concentrations are graphed against the distance between the sampling location and the confluence of 
 MRC and WI adjacent to AFP4. Negative distances represent sample sites in MRC upstream from the 
 MRC/WI confluence and in the main body of Lake Worth upstream from the mouth of WI. Positive  distanc
 es are downstream from the MRC/WI confluence. Lake samples with results less than the detection  limit are 
 graphed as one-half of the limit. Sources: Harwell et al. (2003), Besse et al. (2005),  and  Braun et 
 al. (2008). 

 

Seasonality 
Although there may be seasonal fluctuations in contaminant uptake and elimination, 
critical conditions such as low flow and seasonal variability in loading are not major in-
fluences on the long-term process of reducing PCBs in Lake Worth fish tissue. In addi-
tion, site remediation activities at AFP4 are expected to permanently mitigate major 
PCB sources, while any best management practices undertaken will likely be in place 
throughout the year to control any remaining sources. 

Margin of Safety 
A margin of safety (MOS) is required in a TMDL to account for any uncertainty about 
the pollutant load and its association with water quality. The MOS may be an explicit 
component that leaves a portion of the potential assimilative capacity of a water body 
unallocated, or an implicit component established using conservative analytical assump-
tions. This TMDL uses an implicit MOS based on: 
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b) the use of conservative model assumptions and a conservative water quality end-
point to develop the TMDL load allocations; and  

c) the difficulty in accurately quantifying on-going instream PCB reductions. 

USEPA (2000) guidance on the assessment of contaminant data for use in fish adviso-
ries contains an extensive discussion of the assumptions and uncertainties present in 
the calculation of fish consumption limits and fish tissue target concentrations. Con-
servative assumptions and calculations are used throughout the guidance to provide a 
MOS for these various uncertainties. Strict criteria exist concerning the types of studies 
used and the data required to support these assumptions and calculations. Numeric ad-
justments are made for the extrapolation of study results from animals or humans to the 
general population, and to provide a conservative upper bound on cancer risk values 
and a conservative oral RfD for noncarcinogens. Adjustments are designed to provide a 
safe margin between observed toxicity and potential toxicity in a sensitive human (see 
USEPA 2005 and <www.epa.gov/iris/subst/0294.htm> for additional details).  

Pollutant Load Allocation 
Investigations associated with remedial activities at AFP4 have determined that any re-
maining PCB release to the lake is small and confined to Woods Inlet and the down-
stream end of Meandering Road Creek adjacent to AFP4. TCEQ has not established a 
sediment concentration standard for PCBs; however, sediment core samples collected in 
Lake Worth and Woods Inlet found an exponential decrease in PCB concentrations in 
the more recently-deposited sediment compared with the deeper deposits from the 
1960s when PCB production and use were at a peak (Harwell et al. 2003; Besse et al. 
2005). Burial beneath recently-deposited sediment in the lake has likely removed re-
maining PCBs from availability to fish or for downstream transport. 

Fish tissue sampling in Lake Worth has been conducted five times between April/May 
1999 and October 2008. Tissue PCBs were quantified either as Aroclor equivalents or as 
individual congeners (see footnotes in Table 2). Differences in the calculation of total 
PCBs can introduce data comparability issues (de Solla et al. 2010). Aroclor analysis 
may yield significant error because it assumes that the distribution of PCB congeners in 
environmental samples and parent Aroclor compounds is similar. Aroclor analysis is al-
so less sensitive (i.e. method detection limits are much greater) than congener analysis, 
and thus the latter allows actual quantitation of PCBs at levels of environmental signifi-
cance in a greater range of samples (see Connor et al. 2005). 

All available fish tissue data are shown in Figure 5 and Table 2 in order to illustrate the 
general shifts in total PCB concentrations through time; however, caution should be 
used in making too direct a comparison due to the use of different analytical methods. 
DSHS recently switched from analyzing Aroclor mixtures to the measurement of PCB 
congeners in fish tissue, and congeners were analyzed for the most recent tissue samples 
in Segments 0807 and 0808 (see DSHS 2010a). DSHS risk characterizations are inde-
pendent of one another, and fish tissue PCB data based on Aroclors used for earlier as-
sessments were not used as part of the data for the most recent evaluation. 

Available data indicate a general decline in fish tissue PCB concentrations in Lake 
Worth (see Figure 5 and Table 2). This decline has allowed a reduction in the number of 

http://www.epa.gov/iris/subst/0294.htm


Texas Commission on Environmental Quality 12 Lake Worth Addendum One, July 2014 

species covered by a DSHS consumption advisory, from all fish in the initial advisory to 
only three species (blue catfish, channel catfish, and smallmouth buffalo) in the current 
advisory. 
 

 
 
Figure 5. Changes in mean total PCB concentrations in fish tissue in Lake Worth, 1999-2008. Source 
and types of data are those shown in Table 2 footnotes. May 2000 results are not included since only one 
species was collected. Segment 0808 data are included as part of the Oct-08 dataset (DSHS 2010a). 
 
Table 2 includes the October 2008 tissue concentrations both for all sample sites used 
by DSHS (2010a), and for the sample site in Segment 0808. The mean PCB concentra-
tion in Segment 0808 fish was similar to or less than that of the entire October 2008 
sample in six of eight species, including channel catfish and smallmouth buffalo. The 
two blue catfish collected in Segment 0808 constitute half of the entire October 2008 
sample, and the mean concentration in those two fish exceeds that of all four specimens. 
The sample size for the Segment 0808 site is relatively small (1-3 fish per species and a 
total of ten fish), and some caution should be used in comparing these concentrations to 
the entire sample set. 

The goal of the Lake Worth TMDL is removal of the fish consumption advisory and res-
toration of the fish consumption use. Sediment and fish tissue sampling results indicate 
substantial progress toward this goal. Because of the hydrologic connection between 
Segments 0807 and 0808 and the lack of any PCB sources in the Segment 0808 water-
shed, the pollution controls implemented for Lake Worth are expected to restore the fish 
consumption use to both segments. 
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Table 2. Mean total PCB concentrations (∑PCB) in Lake Worth and Segment 0808 fish tissue sam-
ples, 1999-2008. Highlighted species are those covered by the current fish consumption advisory. Mean 
∑PCB concentrations are in mg/kg. N = fish sample size. 

 

 
Mar/Apr 

1999a May 2000b Nov 2003c May 2006d Oct 2008e 
Oct 2008 e 
Seg 0808f 

Fish Species N Mean 
∑PCB N Mean 

∑PCB N Mean 
∑PCB N Mean 

∑PCB N Mean 
∑PCB N Mean 

∑PCB 

Blue Catfish 0 - 0 - 0 - 0 - 4 0.049 2 0.079 

Channel Catfish 10 0.19 0 - 10 0.040 6 <0.01 18 0.037 1 0.025 

Smallmouth 
Buffalo 5 0.22 0 - 5 0.61 3 <0.01 10 0.328 1 0.134 

Common Carp 10 0.69 0 - 5 0.15 3 0.027 9 0.031 1 0.021 

Freshwater 
Drum 10 0.11 0 - 5 0.013 5 <0.01 10 0.018 1 0.024 

Largemouth 
Bass 10 0.12 14 0.077 10 0.034 6 0.008 19 0.020 3 0.012 

White Crappie 10 0.06 0 - 8 0.012 5 <0.01 10 0.011 1 0.014 

White Bass 0 - 0 - 5 0.048 6 <0.01 0 - 0 - 

All Fish 55 0.23 14 0.077 48 0.10 34 0.012 80 0.064 10 0.041 

a Moring (2002) – Sum of Aroclor 1254 + Aroclor 1260; Values less than the detection limit were treated as one-half 
of the detection limit. 
b Unpublished data provided in May 2006 by Clarence Reed, Fort Worth Department of Environmental Management 
– Aroclor 1260. 
c Giggleman and Lewis (2004) – Analysis of 96 congeners; Authors treated values less than the detection limit as be-
ing just below the detection limit (e.g. <0.0005 mg/kg treated as 0.0004 mg/kg) as a conservative approach. 
d FWDEM (2006) – Sum of Aroclor 1016 + Aroclor 1260; Mean of <0.01 mg/kg indicates all samples were less than 
the detection limit; Other means were recalculated using one-half of the detection limit for values less than the detec-
tion limit. 
e Table 4e in DSHS (2010a) – Analysis of 43 congeners that are relatively abundant in the environment, likely to oc-
cur in aquatic life, and most likely to show assessable toxicity based on structure-activity relationships; Values less 
than the detection limit treated as one-half of the detection limit. 
f Data from Site 10 at West Fork Trinity River in DSHS (2010a). This site is in Segment 0808. 
 
Public Participation 
There are numerous resources available to the public regarding TMDL impairments in 
Lake Worth and West Fork Trinity River below Eagle Mountain Lake. TCEQ maintains a 
project overview at 

 <http://www.tceq.texas.gov/assets/public/waterquality/tmdl/63lakeworthpcbs/63-
lakeworthpo.pdf> 

summarizing TMDL and I-Plan activities. DSHS maintains information related to the 
consumption advisory on their web page at 

 < http://www.dshs.state.tx.us/seafood/survey.shtm#advisory>.  

USAF addresses the PCB and consumption advisory issues during regular public meet-
ings on AFB4. 

http://www.tceq.texas.gov/assets/public/waterquality/tmdl/63lakeworthpcbs/63-lakeworthpo.pdf
http://www.tceq.texas.gov/assets/public/waterquality/tmdl/63lakeworthpcbs/63-lakeworthpo.pdf
http://www.dshs.state.tx.us/seafood/survey.shtm#advisory
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Implementation and Reasonable Assurance  
The segment covered by this addendum is within the existing Lake Worth TMDL project 
watershed. This watershed is within the area covered by the I-Plan developed for the 
Lake Worth TMDL. Please refer to the original TMDL document for additional infor-
mation regarding implementation and reasonable assurance. 

References 
Abramowicz, D.A. 1995. Aerobic and anaerobic PCB biodegradation in the environment. Envi-

ronmental Health Perspectives 103, Supplement 5:97-99. 

 

Asplund, L., B.-G. Svensson, A. Nilsson, U. Eriksson, B. Jansson, S. Jensen, U. Wideqvist, and S. 
Skerfving. 1994. Polychlorinated biphenyls, 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane 
(p,p’-DDT) and 1,1-dichloro-2,2-bis(p-chlorophenyl)-ethylene (p,p’-DDE) in human plasma 
related to fish consumption. Archives of Environmental Health 49:477-486. 

 

ATSDR (Agency for Toxic Substances and Disease Registry). 2000. Toxicological Profile for Pol-
ychlorinated Biphenyls (PCBs). ATSDR, Public Health Service, U.S. Department of Health 
and Human Services, Atlanta, Georgia. Retrieved 1 November 2004 from 
<www.atsdr.cdc.gov/toxprofiles/tp17.html>. 

 

Bayne, D.R., E. Reutebuch, and W.C. Seesock. 2002. Relative motility of fishes in a southeastern 
reservoir based on tissue polychlorinated biphenyl residues. North American Journal of 
Fisheries Management 22(1):122-131. 

 

Besse, R.E., P.C. Van Metre, and J.T. Wilson. 2005. Distribution and Sources of Polychlorinated 
Biphenyls in Woods Inlet, Lake Worth, Fort Worth, Texas, 2003. U.S. Geological Survey Sci-
entific Investigations Report 2005-5064. 

 

Braun, C.L., J.T. Wilson, and P.C. Van Metre. 2008. Degree of Contamination and Sources of 
Polychlorinated Biphenyls in Meandering Road Creek and Woods Inlet of Lake Worth, Fort 
Worth, Texas, 2004 and 2006-07. U.S. Geological Survey Scientific Investigations Report 
2008-5177. 

 

Cacela, D., D.J. Beltman, and J. Lipton. 2002. Polychlorinated biphenyl source attribution in 
Green Bay, Wisconsin, USA, using multivariate similarity among congener profiles in sedi-
ment samples. Environmental Toxicology and Chemistry 21:1591-1599. 

 

Cogliano, V.J. 1998. Assessing the cancer risk from environmental PCBs. Environmental Health 
Perspectives 106:317-323. 

 

Connor, K.T., M. Everson, S.H. Su, and B.L. Finley. 2005. Quantitation of polychlorinated bi-
phenyls in fish for human cancer risk assessment: a comparative case study. Environmental 
Toxicology and Chemistry 24:17-24. 

 

http://www.atsdr.cdc.gov/toxprofiles/tp17.html


Texas Commission on Environmental Quality 15 Lake Worth Addendum One, July 2014 

de Solla, S.R., D.V.C. Weseloh, R.J. Letcher, and C.E. Hebert. 2010. Reconcilable differences: 
the use of reference material to reduce methodological artifacts in the reporting of organo-
chlorine pesticides and polychlorinated biphenyls. Environmental Toxicology and Chemistry 
29:19–26. 

 

Decker, L.M., and D.C. Erman. 1992. Short-term seasonal changes in composition and abun-
dance of fish in Sagehen Creek, California. Transactions of the American Fisheries Society 
121(3):297-306. 

 

DSHS. 2010a. Characterization of Potential Adverse Health Effects Associated with Consuming 
Fish from Lake Worth, Tarrant County, Texas.  Seafood and Aquatic Life Group, Division for 
Regulatory Services, TDSHS, Austin, Texas. Retrieved 18 November 2010 from 
<www.dshs.state.tx.us/seafood/survey.shtm>. 

 

DSHS  2010b. Fish and Shellfish Consumption Advisory ADV-45 (Lake Worth, 15 November 
2010). TDSHS, Austin, Texas. Retrieved 18 November 2010 from 
<www.dshs.state.tx.us/seafood/survey.shtm>. 

 

Dick, M. 1982. Pesticide and PCB Concentrations in Texas - Water, Sediment, and Fish Tissue. 
Report 264, Texas Department of Water Resources, Austin, Texas. 

 

Duncan, T.O., and M.P. Myers, Jr. 1978. Movements of channel catfish and flathead catfish in 
Beaver Reservoir, northwest Arkansas. Arkansas Academy of Science Proceedings 32:43-45. 

 

Earth Tech, Inc. 2008. Final Five-Year Review Report for Air Force Plant 4, Fort Worth, Tarrant 
County, Texas. U.S. Air Force Center for Engineering and the Environment and Aeronautical 
Systems Center Contract No. F41624-03-D-8597, Earth Tech, Inc., Alexandria, Virginia. Re-
trieved 16 March 2011 from www.epa.gov/superfund/sites/fiveyear/f2009060003294.pdf 

 

Eisler, R. 1986. Polychlorinated Biphenyl Hazards to Fish, Wildlife, and Invertebrates: A Synop-
tic Review.  U.S. Fish and Wildlife Service Biological Report 85(1.7), 72pp. 

 

Erickson, M.D. 2001. Introduction: PCB properties, uses, occurrence, and regulatory history. 
Pages xi-xxx in L.W. Robertson and L.G. Hansen (editors). PCBs: Recent Advances in Envi-
ronmental Toxicology and Health Effects. University of Kentucky Press, Lexington, Ken-
tucky. 

 

Evans, M.S., G.E. Noguchi, and C.P. Rice. 1991. The biomagnification of polychlorinated bi-
phenyls, toxaphene, and DDT compounds in a Lake Michigan offshore food web. Archives of 
Environmental Contamination and Toxicology 20:87-93. 

 

Fago, D. 1999. Movement of channel catfish in the Lower Wisconsin River and Pools Numbers 
10 and 11 of the Mississippi River using radiotelemetry. Pages 177-185 in E.R. Irwin, W. A. 
Hubert, C. F. Rabeni, H. L. Schramm, Jr., and T. Coon (editors). Catfish 2000: Proceedings 

http://www.dshs.state.tx.us/seafood/survey.shtm
http://www.dshs.state.tx.us/seafood/survey.shtm
http://www.epa.gov/superfund/sites/fiveyear/f2009060003294.pdf


Texas Commission on Environmental Quality 16 Lake Worth Addendum One, July 2014 

of the International Ictalurid Symposium. American Fisheries Society Special Publication 
No. 24, Bethesda, Maryland. 

 

Fort Worth, City of. 2011. Lake Worth Vision Plan. February 2011 Draft, Planning and Develop-
ment Department. Retrieved 16 March 2011 from 

 <www.fortworthgov.org/planninganddevelopment/misc.aspx?id=70200> 

 

FWDEM (Fort Worth Department of Environmental Management). 2006. Mitigation Options 
for Urban Lakes Affected by Legacy Pollutants: Summary of Accomplishments. City of Fort 
Worth, Texas. 

 

Garrett, D.L. 2010. Movement, habitat use, and spawning characteristics of flathead and blue 
catfish on the Lower Missouri River and tributaries. Dissertation, University of Missouri, Co-
lumbia, Missouri, 145 pp. Retrieved 5 April 2011 from 

 <https://mospace.umsystem.edu/xmlui/bitstream/handle/10355/8876/research.pdf?seque
nce=3>. 

 

Giggleman, C.M., and J.M. Lewis. 2004. Organochlorine Pesticide and Polychlorinated Biphenyl 
Contamination in Rough and Game Fish Collected From Lake Worth, Tarrant County, Texas 
2003. Project ID No. 1926-2507, U.S. Fish and Wildlife Service Region 2, Ecological Field 
Services Office, Arlington, Texas. Retrieved 18 May 2006 from 
<www.fws.gov/arlingtontexas/pdf/LakeWorthReport.pdf>. 

 

Ging, P.B., P.C. Van Metre, and E. Callender. 1999. Bottom Sediments of Lorence Creek Lake, 
San Antonio, Texas, Reflect Contaminant Trends in an Urbanizing Watershed. USGS Fact 
Sheet FS-149-99. 

 

Graham, K. 1999. A review of the biology and management of blue catfish. Pages 37-49 in E.R. 
Irwin, W. A. Hubert, C. F. Rabeni, H. L. Schramm, Jr., and T. Coon (editors). Catfish 2000: 
Proceedings of the International Ictalurid Symposium. American Fisheries Society Special 
Publication No. 24, Bethesda, Maryland. 

 

Graham, K., and K. DeiSanti. 1999. The population and fishery of blue catfish and channel cat-
fish in the Harry S Truman Dam tailwater, Missouri. Pages 361-376 in E.R. Irwin, W. A. Hu-
bert, C. F. Rabeni, H. L. Schramm, Jr., and T. Coon (editors). Catfish 2000: Proceedings of 
the International Ictalurid Symposium. American Fisheries Society Special Publication No. 
24, Bethesda, Maryland. 

 

Grist, J.D. 2002. Analysis of a Blue Catfish Population in a Southeastern Reservoir: Lake Nor-
man, North Carolina. M.S. Thesis, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia. Retrieved 1 April 2011 from 
<http://scholar.lib.vt.edu/theses/available/etd-09132002-
090010/unrestricted/GristJDThesis1.prn.pdf>. 

 

http://www.fortworthgov.org/planninganddevelopment/misc.aspx?id=70200
https://mospace.umsystem.edu/xmlui/bitstream/handle/10355/8876/research.pdf?sequence=3
https://mospace.umsystem.edu/xmlui/bitstream/handle/10355/8876/research.pdf?sequence=3
http://www.fws.gov/arlingtontexas/pdf/LakeWorthReport.pdf
http://scholar.lib.vt.edu/theses/available/etd-09132002-090010/unrestricted/GristJDThesis1.prn.pdf
http://scholar.lib.vt.edu/theses/available/etd-09132002-090010/unrestricted/GristJDThesis1.prn.pdf


Texas Commission on Environmental Quality 17 Lake Worth Addendum One, July 2014 

Hale, M.M., J.E. Crumpton, and D.J. Renfro. 1986. Catfish movement and distribution in the St. 
Johns River, Florida. Proceedings of the Southeastern Association of Fish and Wildlife 
Agencies 40:297-306. 

 

Harwell, G.R., P.C. Van Metre, J.T. Wilson, and B.J. Mahler. 2003. Spatial Distribution and 
Trends in Trace Elements, Polycyclic Aromatic Hydrocarbons, Organochlorine Pesticides, 
and Polychlorinated Biphenyls in Lake Worth Sediment, Fort Worth, Texas. U.S. Geological 
Survey Water-Resources Investigations Report 03-4269. 

 

Hassan-Williams, C., and T.H. Bonner. 2011. Texas Freshwater Fishes. Website maintained by 
Department of Biology/Aquatic Station, Texas State University, San Marcos, Texas. Re-
trieved 28 March 2011 from <www.bio.txstate.edu/~tbonner/txfishes/index.htm >.                                            

 

Hladík, M., and J. Kubečka. 2003. Fish migration between a temperate reservoir and its main 
tributary. Hydrobiologia 504:251-266. 

 

Hubert, W.A. 1999. Biology and management of channel catfish. Pages 3-22 in E.R. Irwin, W. A. 
Hubert, C. F. Rabeni, H. L. Schramm, Jr., and T. Coon (editors). Catfish 2000: Proceedings 
of the International Ictalurid Symposium. American Fisheries Society Special Publication 
No. 24, Bethesda, Maryland. 

 

Imamoglu, I., K. Li, and E.R. Christensen. 2002. Modeling polychlorinated biphenyl congener 
patterns and dechlorination in dated sediments from the Ashtabula River, Ohio, USA. Envi-
ronmental Toxicology and Chemistry 21:2283-2291. 

 

June, F.C. 1977. Reproductive patterns in seventeen species of warmwater fishes in a Missouri 
River reservoir. Environmental Biology of Fishes 2(3):285-296. 

 

Khan, R.A. 2003. Health of flatfish from localities in Placentia Bay, Newfoundland, contaminat-
ed with petroleum and PCBs. Archives of Environmental Contamination and Toxicology 
44:485-492. 

 

Kuehl, D.W., B. Butterworth, and P.J. Marquis. 1994. A national study of chemical residues in 
fish. III: Study results. Chemosphere 29:523-535. 

 

Lamon, E.C., III, and C.A. Stow. 1999. Sources of variability in microcontaminant data for Lake 
Michigan salmonids: statistical models and implications for trend detection. Canadian Jour-
nal of Fisheries and Aquatic Sciences 56(Suppl.):71-85. 

 

Longnecker, M.P. 2001. Endocrine and other human health effects of environmental and dietary 
exposure to polychlorinated biphenyls (PCBs). Pages 111-118 in L.W. Robertson and L.G. 
Hansen (editors). PCBs: Recent Advances in Environmental Toxicology and Health Effects. 
University of Kentucky Press, Lexington, Kentucky. 

 

http://www.bio.txstate.edu/~tbonner/txfishes/index.htm


Texas Commission on Environmental Quality 18 Lake Worth Addendum One, July 2014 

Longnecker, M.P., W.J. Rogan, and G. Lucier. 1997. The human health effects of DDT (dichloro-
diphenyltrichloroethane) and PCBs (polychlorinated biphenyls) and an overview of organo-
chlorines in public health. Annual Review of Public Health 18:211-244. 

 

Lucas, M.C., and E. Baras. 2001. Migration of Freshwater Fishes. Blackwell Science Ltd., Oxford, 
U.K., 420 pp. 

 

Magar, V.S., G.W. Johnson, R.C. Brenner, J.F. Quensen, III, E.A. Foote, G. Durell, J.A. Ickes, 
and C. Peven-McCarthy. 2005. Long-term recovery of PCB-contaminated sediments at the 
Lake Hartwell Superfund site: PCB dechlorination. 1. End-member characterization. Envi-
ronmental Science and Technology 39:3538-3547. 

 

Martin, R.E., S.I. Auerbach, and D.J. Nelson. 1964 (cited in Wrenn 1968). Growth and move-
ment of smallmouth buffalo, Ictiobus bubalus (Rafinesque), in Watts Bar Reservoir, Tennes-
see. Oak Ridge National Laboratory, ORNL-3530, UC-48-Biology and Medicine, 100 pp. 

 

Matthews, W.J. 1998. Patterns in Freshwater Fish Ecology. Chapman and Hall, 756 pp. 

 

Morgan, E.J., and R. Lohmann. 2010. Dietary uptake from historically contaminated sediments 
as a source of PCBs to migratory fish and invertebrates in an urban estuary. Environmental 
Science and Technology 44(14):5444-5449. 

 

Oliver, B.G., M.N. Charlton, and R.W. Durham. 1989. Distribution, redistribution, and geochro-
nology of polychlorinated biphenyl congeners and other chlorinated hydrocarbons in Lake 
Ontario sediments. Environmental Science and Technology 23:200-208. 

 

Ruhr, C.E. 1957. Effect of stream impoundment in Tennessee on the fish populations of tribu-
tary streams. Transactions of the American Fisheries Society 86(1):144-157. 

 

Safe, S.H. 1994. Polychlorinated biphenyls (PCBs): environmental impact, biochemical and toxic 
responses, and implications for risk assessment. Critical Reviews in Toxicology 24:87-149. 

 

Schantz, S.L., D.M. Gasior, E. Polverejan, R.J. McCaffrey, A.M. Sweeney, H.E.B. Humphrey, and 
J.C. Gardiner. 2001. Impairments of memory and learning in older adults exposed to poly-
chlorinated biphenyls via consumption of Great Lakes fish. Environmental Health Perspec-
tives 109:605-611. 

 

Schultz, D., D. Parse, and J. Dixon. 2005. Site Investigation Report for the West Side DNAPL 
and PCB Investigation, Air Force Plant 4, Fort Worth, Texas. Air Force Center for Environ-
mental Excellence Contract No. F41624-00-D-8023, Earth Tech, Inc., Alexandria, Virginia. 

 



Texas Commission on Environmental Quality 19 Lake Worth Addendum One, July 2014 

Shrader, T.M., B. Moody, and M. Buckman. 2003. Population dynamics of channel catfish in 
Brownlee Reservoir and the Snake River, Oregon. North American Journal of Fisheries 
Management 23(3):822-834. 

 

Smith, J.A., P.J. Witkowski, and T.V. Fusillo. 1988. Manmade Organic Compounds in the Sur-
face Waters of the United States – A Review of Current Understanding. U.S. Geological Sur-
vey Circular 1007. 

 

Stewart, P., T. Darvill, E. Lonky, J. Reihman, J. Pagano, and B. Bush. 1999. Assessment of pre-
natal exposure to PCBs from maternal consumption of Great Lakes fish: an analysis of PCB 
pattern and concentration. Environmental Research 80:S87-S96. 

 

Stow, C.A., S.R. Carpenter, L.A. Eby, J.F. Amrhein, R.J. Hesselberg. 1995. Evidence that   PCBs 
are approaching stable concentrations in Lake Michigan fishes. Ecological Applications 
5:248-260. 

 

Swackhamer, D.L., and R.A. Hites. 1988. Occurrence and bioaccumulation of organochlorine 
compounds in fishes from Siskiwit Lake, Isle Royale, Lake Superior. Environmental Science 
and Technology 22:543-548. 

 

TCEQ (Texas Commission on Environmental Quality. 2005. One Total Maximum Daily Load for 
Polychlorinated Biphenyls (PCBs) in Fish Tissue in Lake Worth: For Segment 0807.
 www.tceq.texas.gov/implementation/water/tmdl/63-lakeworthpcbs.html. 

 

TCEQ (Texas Commission on Environmental Quality). 2006. Implementation Plan for One To-
tal Maximum Daily Load for Polychlorinated Biphenyls (PCBs) in Fish Tissue in Lake Worth 
– For Segment 0807.  www.tceq.texas.gov/implementation/water/tmdl/63-
lakeworthpcbs.html. 

 

TCEQ. 2012. Texas Integrated Report of Surface Water Quality for Clean Water Act Sections 
305(b) and 303(d). 
www.tceq.texas.gov/assets/public/waterquality/swqm/assess/12twqi/2012_303d.pdf 

 

Thompson, D.H. 1933. The Migration of Illinois Fishes. Biological Notes No. 1, Illinois Natural 
History Survey, Urbana, Illinois, 26pp. 

 

Timmons, T.J. 1999. Movement and exploitation of blue and channel catfish in Kentucky Lake. 
Pages 187-191 in E.R. Irwin, W. A. Hubert, C. F. Rabeni, H. L. Schramm, Jr., and T. Coon 
(editors). Catfish 2000: Proceedings of the International Ictalurid Symposium. American 
Fisheries Society Special Publication No. 24, Bethesda, Maryland. 

 

Tripp, S.J., H.A. Calkins, M.J. Hill, J.E. Garvey, and R.C. Brooks. 2010. Blue catfish movement 
in the upper Mississippi River. Page 103 in Presentation Abstracts, Catfish 2010 – Conserva-
tion, Ecology, and Management of Catfish: The Second International Ictalurid Symposium, 

http://www.tceq.texas.gov/implementation/water/tmdl/63-lakeworthpcbs.html
http://www.tceq.texas.gov/implementation/water/tmdl/63-lakeworthpcbs.html
http://www.tceq.texas.gov/implementation/water/tmdl/63-lakeworthpcbs.html
http://www.tceq.texas.gov/assets/public/waterquality/swqm/assess/12twqi/2012_303d.pdf


Texas Commission on Environmental Quality 20 Lake Worth Addendum One, July 2014 

St. Louis, Missouri, June 2010. North Central Division Ictalurid Technical Committee and 
Southern Division Catfish Management Technical Committee, American Fisheries Society. 
Retrieved 6 April 2011 from 

 <www.catfish2010.org/wordpress/wp-content/uploads/2010/06/Abstract-CD-final1.pdf>. 

 

Ulery, R.L., P.C. Van Metre, and A.S. Crossfield. 1993. Trinity River Basin, Texas. Water Re-
sources Bulletin 29(4):685-711. 

 

USEPA. 1992. National Study of Chemical Residues in Fish, Volume I. EPA 823-R-92-008a, 
Third printing (September 1993), Office of Science and Technology, Washington, D.C. 

 

USEPA (U.S. Environmental Protection Agency). 1994. Watershed Protection: TMDL Note #3 – 
TMDL Endpoints. EPA 841-K-94-005b, Office of Water, USEPA, Washington, D.C. 

 

USEPA. 1999. Polychlorinated Biphenyls (PCBs) Update: Impact on Fish Advisories. EPA-823-
F-99-019, Fact Sheet, Office of Water, U.S. EPA, Washington, D.C. 

 

USEPA (U.S. Environmental Protection Agency). 2000a. Guidance for Assessing Chemical Con-
taminant Data for Use in Fish Advisories. Volume 1: Fish Sampling and Analysis, Third edi-
tion. EPA 823-B-00-007, Office of Water, U.S. EPA, Washington, D.C. 

 

USEPA (U.S. Environmental Protection Agency). 2000b. Guidance for Assessing Chemical Con-
taminant Data for Use in Fish Advisories. Volume 2: Risk Assessment and Fish Consump-
tion Limits, Third edition. EPA 823-B-00-008, Office of Water, U.S. EPA, Washington, D.C. 

 

USEPA (U.S. Environmental Protection Agency). 2001. Water Quality Criterion for the Protec-
tion of Human Health: Methylmercury. EPA-823-R-01-001, Office of Science and Technolo-
gy and Office of Water, U.S. EPA, Washington, D.C. 

 

USEPA (U.S. Environmental Protection Agency). 2005. Guidelines for Carcinogen Risk Assess-
ment. EPA/630/P-03/001B, Risk Assessment Forum, U.S. EPA, Washington, D.C. 

 

Van Metre, P.C., and E. Callender. 1996. Identifying water-quality trends in the Trinity River, 
Texas, USA, 1969-1992, using sediment cores from Lake Livingston. Environmental Geology 
28:190-200. 

 

Van Metre, P.C., and E. Callender. 1997. Water-quality trends in White Rock Creek basin from 
1912-1994 identified using sediment cores from White Rock Lake reservoir, Dallas, Texas. 
Journal of Paleolimnology 17:239-249. 

 

Van Metre, P.C., E. Callender, and C.C. Fuller. 1997. Historical trends in organochlorine com-
pounds in river basins identified using sediment cores from reservoirs. Environmental Sci-
ence and Technology 31:2339-2344. 

http://www.catfish2010.org/wordpress/wp-content/uploads/2010/06/Abstract-CD-final1.pdf


Texas Commission on Environmental Quality 21 Lake Worth Addendum One, July 2014 

 

Van Metre, P.C., and B.J. Mahler. 1999. Town Lake Bottom Sediments: A Chronicle of Water-
Quality Changes in Austin, Texas, 1960-98. U.S. Geological Survey Fact Sheet FS-183-99. 

 

Van Metre, P.C., J.T. Wilson, E. Callender, and C.C. Fuller. 1998. Similar rates of decrease of 
persistent, hydrophobic and particle-reactive contaminants in riverine systems. Environ-
mental Science and Technology 32:3312-3317. 

 

Van Metre, P.C., S.A. Jones, J.B. Moring, B.J. Mahler, and J.T. Wilson. 2003a. Chemical Quality 
of Water, Sediment, and Fish in Mountain Creek Lake, Dallas, Texas, 1994–97. USGS Water-
Resources Investigations Report 03-4082. 

 

Van Metre, P.C., J.T. Wilson, G.R. Harwell, M.O. Gary, F.T. Heitmuller, and B.J. Mahler. 2003b. 
Occurrence, Trends, and Sources in Particle-Associated Contaminants in Selected Streams 
and Lakes in Fort Worth, Texas. USGS Water-Resources Investigations Report 03-4169. 

 

Wrenn, W.B. 1968. Life history aspects of smallmouth buffalo and freshwater drum in Wheeler 
Reservoir, Alabama. Proceedings of the Southeastern Association of Fish and Wildlife Agen-
cies 22:479-495. 

 

Zlokovitz, E.R., and D.H. Secor. 1999. Effect of habitat use on PCB body burden in Hudson River 
striped bass (Morone saxatilis). Canadian Journal of Fisheries and Aquatic Sciences 
56(Supplement 1):86-93. 

 


	Lake Worth: Polychlorinated Biphenyls in Fish Tissue
	Addendum One  to One Total Maximum Daily Load for Polychlorinated Biphenyls (PCBs) in Fish Tissue in Lake Worth
	One Total Maximum Daily Load for Polychlorinated Biphenyls (PCBs) in Fish Tissue in West Fork Trinity River Below Eagle Mountain Lake
	Introduction
	Problem Definition
	Designated Uses and Water Quality Standards
	Watershed Overview
	Tissue Contamination and Risk Assessment

	Endpoint Identification
	Source Assessment

	Linkage Between Sources and Receiving Waters
	Hydrologic Connection Between Segments 0807 and 0808
	PCBs in Fish Tissue
	PCBs in Sediment
	Seasonality
	Margin of Safety
	Pollutant Load Allocation
	Public Participation
	Implementation and Reasonable Assurance
	References



