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Introduction

Section 303(d) of the Clean Water Act requires all states to identify waters that do not mest, or
are not expected to meet, applicable water quality standards. For each listed water body that
does not meet a standard, states must develop atotal maximum daily load (TMDL) for each
pollutant that has been identified as contributing to the imparment of water qudity in that water
body. The Texas Natural Resource Conservation Commission (TNRCC) is responsible for
ensuring that TMDLs are developed for impaired surface watersin Texas.

Insmpleterms, aTMDL is a quantitative plan that determines the amount of a particular
pollutant that a water body can receive and still meet its gpplicable water quality standards. In
other words, TMDL s are the best possible estimates of the assimilative capacity of the water
body for a pollutant under consderation. A TMDL is commonly expressed as aload, with units
of mass per time period, but may aso be expressed in other ways. TMDLs must aso estimate
how much the pollutant load needs to be reduced from current levelsin order to achieve water
quaity standards.

The Totd Maximum Dally Load Program, amgor component of Texas statewide watershed
management approach, addressesimpaired or threatened streams, reservoirs, lakes, bays, and
estuaries (water bodies) in or bordering the state of Texas. The primary objective of the TMDL
Program isto restore and maintain the beneficia uses (such as drinking water, recregtion,
support of aguatic life, or fishing) of impaired or threatened water bodies.

Section 303(d) of the Clean Water Act and the U.S. Environmental Protection Agency’s
(EPA) implementing regulations (40 Code of Federd Regulations, Section 130) describe the
satutory and regulatory requirements for acceptable TMDLSs. The TNRCC guidance docu-
ment, Devel oping Total Maximum Daily Load Projects in Texas (GI-250, 1999), further
refines the process for Texas. This TMDL document has been prepared in accordance with
these guidelines, and is composed of the following Six dements:

Problem Definition

Endpoint Identification

Source Anayss

Linkage Between Endpoint and Sources

OO O O O
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C Magin of Safety
C  Pollutant Load Allocation
This TMDL document was prepared by:

C Region 4 of the Fidd Operations Divison of the Office of Compliance and Enforce-
ment of the Texas Naturd Resource Conservation Commission, and

C theTMDL Team inthe Strategic Assessment Divison of the Office of Environmenta
Policy, Andyss, and Assessment of the Texas Natural Resource Conservation
Commisson.

It was adopted by the Texas Natural Resource Conservation Commission on January 17,
2001. Upon adoption, the TMDL became part of the state Water Quality Management Plan.
The Texas Naturd Resource Consarvation Commission will use this document in reviewing and
making determinations on gpplications for sorm water permits and in its nonpoint source
pollution abatement programs.

Background Information

These TMDL s address contamination of fish tissue by severd legacy pollutantsin water bodies
in the Lower Rio Grande Vdley of south Texas

C  portionsof the Arroyo Colorado abovetidal, and
C  DonnaReservoir and Cand, an unclassified systlem in Hidago County.

Legacy pollutant is a collective term used to describe substances whose use has been banned
or severdly redtricted by the U.S. Environmental Protection Agency (EPA). Because of thelr
dow rate of decomposition, these substances frequently remain at elevated levelsin the
environment for many years after their widespread use has ended. No additiona loading of
legacy pollutantsis allowed or expected due to the EPA redtrictions. Graduad declinesin
environmenta legacy pollutant concentrations occur as aresult of natural attenuation processes.

EPA guidance (Draft Guidance for Water Quality-Based Decisions. The TMDL Process,
Second Edition, EPA 841-D-99-001, 1999a) on the development of TMDLs offers flexibility
in addressing particular Stuations and unusud circumstances, alowing States the discretion to
adopt different gpproaches where gppropriate. The guidance states that the dlowable pollutant
load “must be expressed in amanner ... that represents attainment and maintenance of water
quaity standards.” The guidance dlows for the use of a surrogate target for Stuations where
“no ... quantifiable pollutant load can be used to .... expressthe TMDL.”

In preparing these TMDL s for legacy pollutants, the TNRCC has modified the typical loading
alocation gpproach of a TMDL, which limits the amount of a pollutant that can be added to an
impaired water body. Because these legacy pollutants are already redtricted, and no significant
additiond loading is expected, these TMDL s do not specificaly atempt to quantify alowable
loads for these contaminants. The ultimate god of these TMDLs is the reduction of fish tissue
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contaminant concentrations to levels that congtitute an acceptable risk to consumers, dlowing
TDH to remove the bans on fish consumption and the beneficia use to be restored to these
water bodies.

Problem Definition

The water bodies covered by this TMDL document were included on the State of Texas 1998,
1999, and 2000 8303(d) lists (see corresponding State of Texas Clean Water Act Section
303(d) List and Schedule of Development of Total Maximum Daily Loads, SFR-58) asa
result of the issuance of fish consumption advisories and bans by the Texas Department of
Hedth (TDH). The TDH actions were taken following determinations of unacceptable human
hedlth risk due to elevated concentrations of one or more legacy pollutants in fish tissue (Table
1).

Tablel. Lower Rio Grande Valley water bodies on the State of Texas 303(d) list due to concentrations of legacy
pollutantsin fish tissue that have resulted in the issuance of afish consumption advisory or ban by the
Texas Department of Health.

Segment | Segment Name Fish Tissue TDH Action
Number (Portion Covered by TDH Fish Contaminantson the
Consumption Ban or Advisory) 303(d) List
2202 Arroyo Colorado Above Tidal Chlordane Consumption advisories
(Arroyo Colorado upstream of the Port of | Toxaphene issued in 06/1993 and
Harlingen, including Llano Grande Lake arjdDDE 11/1993*
the main floodway)
2202A Donna Reservoir and Canal PCBs Consumption ban
(entirereservoir and main canal) issued in 04/1994

*Updates to 1980 consumption advisory issued for portions of the Arroyo Colorado.

The impacted water bodies lie within Hidalgo and Cameron Counties, in the Nueces-Rio
Grande Coagtd Basin, which lies on the coastd plain between the Nueces River and the Rio
Grandein the Lower Rio Grande Valey of south Texas (Figure 1):

C Segment 2202 (Arroyo Colorado above Tida) extends from a point 100 meters
downstream of Cemetery Road south of the Port of Harlingen in east-centrd
Cameron County, upstream to Farm-to-Market (FM) Road 2062 near the City of
Mission in south-central Hidalgo County. The segment includes the Main Floodway
and Llano Grande Lake, but does not include the North Floodway.

C DonnaReservoir (Segment 2202A) is a400-acre impoundment located southwest of
the City of Donnain southeast Hidalgo County, within the Arroyo Colorado
watershed. Water for the Donna Reservoir is pumped from the Rio Grande, through
aseven mile eevated earthen Main Candl, to the reservoir.
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Figure 1. Study Areain the Lower Rio Grande Valley.

The Arroyo Colorado system is the mgor drainage for Cameron, Hidalgo, and Willacy
Counties. The Arroyo congsts of two mgor channdsthat drain a 2344 square mile watershed
(TWC 1990). The Main Floodway extends from the headwaters near the City of Missonin
southwest Hidalgo County, to LIano Grande Lake southwest of the City of Mercedesin
southeast Hidalgo County. Llano Grande Lake is along, shalow depression that acts asalarge
settling basin, collecting much of the upstream sediment load.

The main channd of the Arroyo Colorado continues downstream from Llano Grande Lake,
across southern and central Cameron County to the Port of Harlingen (UTPanAm 1995). The
tidal portion of the main Arroyo Colorado (Segment 2201) flows northeast from the Port of
Harlingen, and discharges into the Laguna Madre. The main floodway and channd portion of
the Arroyo Colorado, from the headwaters to the Laguna Madre, drain a 675 square mile
watershed (TNRCC 2000).
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The North Floodway splits from the Main Floodway of the Arroyo Colorado at the upper end
of Llano Grande Lake. The vast mgority of Willacy County drains to the North Floodway, as
does aggnificant portion of northern and eastern Hidadgo County and a smal portion of
northwestern Cameron County. During flood conditions (flow >1400 cubic feet per second),
approximately 60 percent of the flow in the Arroyo is diverted into the North Floodway (see
TWC 1990).

Aquatic Life Advisories 5 and 6 wereissued on 24 June and 17 November 1993, respectively,
advising persons “... not to consume any species of fish ...” from the Arroyo Colorado
upstream from the Port of Harlingen, including Llano Grande Lake and the Main FHoodway,
due to elevated levels of chlordane, DDE, and toxaphenein fish tissue (TDH 1997). These
advisories were updates to a 1980 advisory issued for portions of the Arroyo Colorado. The
North Floodway is not covered by the consumption advisories.

The Arroyo Colorado liesin an extensive agriculturd belt, where numerous crops are grown
year-round, and where heavy pesticide applications are frequent (White et al. 1983). More
than 90 percent of Hidalgo County, and more than 80 percent of Cameron County, are farm
and ranch land (Garza 1999; Garza and Long 1999). The Arroyo Colorado watershed
contains approximately 290,000 acres of irrigated cropland in these two counties. Primary
agricultura cropsinclude cotton, corn, grain, sorghum, sugercane, citrus, and avariety of
vegetables (TAES 2000).

Significant urbanization began in areas adjacent to the Arroyo Colorado in the late 1980s,
particularly in the western and centra portions of the watershed. The population in Hidalgo
County more than doubled, while that of Cameron County nearly doubled, between 1970 and
1990 (Chapman et al. 1998). Perennid flow in the Arroyo begins at the City of Misson
wastewater trestment plant (WWTP) discharge, and is sustained primarily by municipa
WWTP discharges, with the seasond addition of irrigation return flows and urban runoff (Davis
1989; Chapman et al. 1998). There are currently 34 active wastewater discharge permits
associated with the Arroyo Colorado (31 domestic WWTPs and three industrid outfals), with
atota permitted flow of gpproximately 55 million galons per day. Flood water overflows from
the Rio Grande can be diverted into the Main FHoodway south of the City of Pharr. This
diversion occurs infrequently, during extreme flood events.

Donna Reservoir (Segment 2202A) is a 400-acre impoundment located 0.5 mile southwest of
the City of Donnain southeast Hidalgo County, within the Arroyo Colorado watershed. Water
for the reservair is pumped from the Rio Grande (Segment 2302) at a point approximately one
mile downstream from the Reynosa, Tamaulipas, Mexico WWTP outfal (Webster et al.
1998). Fish can be pumped into the cand, but cannot return to the Rio Grande. The water
flows through a seven mile devated earthen Main Cana, passing under the Arroyo Colorado
viaa concrete sphon. The only apparent hydrologic connections between the Donna system
and the Arroyo Colorado are shalow groundwaters and possible leskage into and out of the
siphon (Webgter et al. 1998, 1999).
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The Donna Reservoir is partidly divided into eastern and western portions by FM 1423 (Vdley
View Road), which acts as a causaway. The reservoir is used for water supply and irrigation
gtorage by the City of Donna and surrounding aress. The area around the reservoir and cand is
primarily irrigated crops and pastureland, with scattered residences (Webster et al. 1998).
Arearoads provide easy access for fishing along 80 percent of the cand and reservoir
shordline. Residents of nearby colonias and other low-income areas use locd fish asa
supplement to their diets. Aquatic Life Order No. 9 was issued on 4 February 1994,
prohibiting persons“... from possessing any species of fish ...” from Donna Reservoir and its
interconnecting cana system due to devated levels of PCBsin fish tissue (TDH 1997).

The fish consumption use of awater body is not supported when TDH hasissued afish
consumption ban or advisory. The fish consumption restrictions on the water bodies addressed
here are the result of contamination by one or more organochlorine insecticides, degradation
products of organochlorine insecticides, and polychlorinated biphenyls (PCBS).

Organochlorine insecticides and PCBs were widely used in the U.S. prior to EPA redtriction,
and are common environmenta contaminants (M oore and Ramamoorthy 1984; Schmitt et al.
1985, 1990; Smith et al. 1988; USGS 2000). These substances are a frequent cause of fish
consumption advisoriesin the U.S. (EPA 1999b,c,d), and elevated concentrations of some of
these contaminants are frequently found in game fish tissue (Kuehl et al. 1994). Fish
consumption can be a primary route of human expaosure to these contaminants (Schwartz et al.
1983; Humphrey 1987; Fiore et al. 1989), which can cause a variety of adverse hedlth effects
(Swain 1988; Longnecker et al. 1997).

Endpoint Identification

The ultimate god of these TMDLsis the reduction of fish tissue contaminant concentrations to
levels that congtitute an acceptable risk to fish consumers, alowing TDH to remove the bans on
fish consumption. The dlowable load of contaminant is based on fish tissue concentrations.

EPA (19974) provides guidance for assessng contaminant data for risk assessment. This
guidance and TDH assumptions were used to develop target values for tissue contaminant
levelsthat result in an acceptable risk level. EPA (1997a) presents equations for caculating the
maximum alowable fish consumption rate given consumer body weight, contaminant
concentration, an acceptable cancer risk level, and the contaminant risk vaues for carcinogenic
and noncarcinogenic risk. A cancer potency vaue (¢,*) isthe risk vaue for carcinogens. The
ord reference dose (RfD) isthe risk vaue used to protect against chronic exposure by
noncarcinogens.

The consumption rate and consumer body weight were set at the TDH congtants of 30 grams
of fish per day (0.03 kg/d) for a 70-kg adult, and at 15 grams of fish per day (0.015 kg/d) for a
15- and 35-kg child, both over a 30-year time period. TDH uses an acceptable cancer risk
level of 1 x 104, adjusted to 2.33 x 10 to account for the use of the 30-year time period.
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Cancer potency and chronic RfD vaues (Table 2) were obtained from EPA (1997a) and the
EPA IRIS database.

Equationsin EPA (1997a) were solved to calculate the maximum alowable concentration of
contaminant in tissue (1) at agiven cancer risk level, and (2) based on the noncarcinogenic
hedlth effects of a contaminant:

(1) Cm = (ARL)(BW) / (Cjir)(a1*)
2 Cm = (RFD)(BW) / (Cyin)
where

C,, = maximum alowable concentration of contaminant in tissue (Mg/kg)
ARL = acceptable cancer risk level = 2.33 x 104

BW = consumer body weight (kg)

Ciim = dlowable fish consumption rate (kg/d)

g,* = cancer dope factor for given contaminant (see Table 2)

RfD = ord reference dose for given contaminant (see Table 2).

Substituting adult and child consumption rates and body weights used by TDH, the maximum
tissue contaminant concentrations that can be consumed within an acceptable leve of risk were
caculated (see Table 2).

Table2. Maximum fish tissue concentrations (mg/kg) for individual contaminants that can be ingested by
consumers of given body weights, within the acceptable cancer risk level (ARL) used by TDH, and
without causing adverse noncarcinogenic health effects. Carcinogenic (g,*) and noncarcinogenic (RfD) risk
values were obtained from EPA (1997a) and EPA RIS database.

Carcinogenic Risk Noncar cinogenic Risk
ARL =233x10*
Maximum Fish Tissue Concentration (mg/kg)
Consumer Body Wi. Consumer Body WT.

Contaminant a* | 15-kg 35-kg/ 70-kg RfD 15-kg 35-kg/70-kg
Tota Chlordane 035 | 067 155 5x10* 05 117
Total DDT* 034 | 068 16 5x10* | 05 117
DDD 024 | 097 23 na na na
DDE 034 | 068 0.68 na na na
Toxaphene 11 02 05 36x10* 0.36 084
Total PCBs 20 012 0.27 2x10° 0.02 0.05

*Sum of 4,4'- and 2,4'- isomers of DDT, DDE, and DDD (EPA 1997a).
na = Separate RfDs not available for DDE and DDD.
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The caculated contaminant concentrations are vaid targets only for each contaminant
individualy. The PCB target can be used for the Donna Reservoir and Cand because the TDH
risk assessment identified PCBs asthe risk factor. The target concentration that will achieve an
acceptable noncarcinogenic risk is less than that needed for an acceptable carcinogenic risk.
The target concentration for a 15-kg child isless than that of a 35-kg child and 70-kg adult (see
Table 2). The noncarcinogenic vaue for a 15-kg child is therefore most protective, and this
vaue (0.02 mg/kg) becomes the endpoint target for PCBsin the Donna Reservoir and Canal
(Table 3).

The stuation is different in the Arroyo Colorado, where multiple contaminants were determined
to be contributing to risk. TDH assumes that risk is additive when more than one contaminant is
present a sufficient levels. The additive risk of al contaminants cannot exceed either the cancer
risk level or a noncarcinogenic hazard index. WWhen multiple contaminants are present, the
concentration of one or more must be reduced so that the additive carcinogenic risk does not
exceed 2.33 x 104, The endpoint target for carcinogenic risk in this case is an additive risk that
is no greater than the acceptable cancer risk level (Table 3).

Table3. Most protective endpoint target for fish tissue contamination in each §303(d) list water body that will
alow removal of the TDH fish consumption ban.

Segment Primary Endpoint Target

Arroyo Colorado (2202) additive cancer risk < 2.33x 10
cumul ative noncarcinogenic hazard index < 1

DonnaReservoir and Canal (2202A) < 0.05 mg/kg PCB in fish tissue for adults
<0.02 mg/kg PCB in fish tissue for children

All Water bodies Removal of fish consumption bans

The noncarcinogenic hazard index is the sum of the hazard ratios of each individua
contaminant, and must be no greater than one for noncarcinogenic risk to be acceptable. The
hazard ratio of a contaminant istheratio of the actua noncarcinogenic exposure leve to the ord
reference dose (RfD). When mulltiple contaminants are present, the concentration of one or
more must be reduced so that the additive hazard index does not exceed one. The endpoint
target for noncarcinogenic risk is a hazard index that is no greater than one (Table 3).

The caculated target vadues are vdid only under the assumed conditions. TDH has the authority
and jurisdiction for the decison to issue or remove fish consumption bans. Subsequent risk
assessments by TDH may result in no change to aban, remova of the ban, or ashift to an
advisory for certain groups a greater risk. The ultimate endpoint god for the affected water
bodiesisthe protection of dl groups and complete removal of the fish consumption bans.
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Source Analysis

Production and use of legacy pollutants has been banned or severdly restricted by the EPA.
Because of their past heavy and widespread use, strong affinities for sorption to sediment
organic matter and tissue, and dow rates of decomposition, these substances and/or their
degradation products frequently remain at dlevated levelsin the environment for many years
after widespread use has ended (Moore and Ramamoorthy 1984; Smith et al. 1988; Jones and
de Voogt 1999; USGS 2000).

C Chlordane wasintroduced in 1948, and was used extensively as a broad spectrum
insecticide to control soil insects on agricultura crops, as a home lawn and garden
insecticide, as afumigating agent, and for termite control (EPA 1980a; Dick 1982,
Dearth and Hites 1991). EPA suspended use of chlordane on food cropsin 1978,
and phased out other above-ground uses over the following five years (EPA 1997b;
Mattinaet al. 1999). All uses except underground application for termite control
were banned in 1983 (Mattina et al. 1999). Manufacture and domestic sles were
hated in 1987, and use of existing stores was alowed until April 1988 when sde and
use were terminated (Dearth and Hites 1991; EPA 1997b; Mattina et al. 1999).

C DDE isthe mgor degradation product of DDT and DDD, and is among the most
widdy occurring pesticide residues (Schmitt et al. 1990; Kuehl et al. 1994). DDT
was initidly used in World War 1 for control of disease-carrying insects, and was
used extensively as a broad spectrum insecticide for the control of dmost all
agricultura and disease-carrying insects (EPA 1980b; NPTN 1999). It was used
extensvely in the 1950s and 1960s for mosquito control in urban areas. DDD isa
metabolite of DDT, and was itsalf manufactured as a pesticide for severd years.
Most uses of DDT, and al uses of DDD, were banned by EPA in December 1972
(EPA 1980b).

C Toxaphene wasintroduced in 1948, and used primarily in the southern U.S. to
control agricultural insects. It was used predominately on cotton, but so on grains,
dfdfa, fruit, and vegetables. Toxaphene was dso used to control insect pestson
livestock, and as a piscicide (Andreasen 1985; ATSDR 1997). Toxaphene replaced
DDT in many agricultura uses after the 1972 ban on DDT use, particularly in the
south (Harner et al. 1999), and was the most heavily used insecticidein the U.S.
during the 1970s (EPA 1999c). Most uses of toxaphene were canceled in 1982, and
all uses were banned in 1990 (ATSDR 1997; EPA 1999¢).

C Polychlorinated biphenyls (PCBs) are a group of synthetic organic chemicals
containing 209 possible individua compounds, which vary in chemica and physicd
properties, toxicity, environmenta persistence, and degree of bioaccumulation (EPA
1980c, 1999b). PCBs were manufactured as mixtures of different congeners, and
generdly sold under the trade name Aroclor. PCBs were most widely used as
coolants and lubricants in transformers, capacitors, and other dectrica equipment. In
1976 the Toxic Substances Control Act banned, with limited exceptions, the
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manufacture, processing, distribution in commerce, and use of PCBs (EPA 1994).
TSCA dso required the EPA to promulgate regulations for proper use, cleanup, and
disposa. TSCA and subsequent EPA rules did not require PCB-containing materias
to be removed from service, and many are ill in use (EPA 1999b). A substantia
portion of the PCBs manufactured before 1977 remain in service, dthough these are
being phased out as equipment is replaced or decontaminated.

Organochlorine insecticides have entered aquatic systems as aresult of direct application to a
water body, drift from aerid spraying, urban and agricultura runoff, soills, industria and
municipa wastewater discharges, and erosion of contaminated soils (Dick 1982; Smith et al.
1988; Van Metre et al. 1998). PCBs can enter the environment via pills and lesks from sites
where they are used, improper digposal methods, and leaching from landfills (Tanabe 1988).
Studies that have examined the relationship between land use and contamination by legacy
pollutants suggest that problems can originate from both urban and agriculturd land uses (White
et al. 1983; Stamer et al. 1985; Arruda et al. 1987; Smith et al. 1988; Ulery and Brown
1995; Pereiraet al. 1996; Moring 1997; Mattina et al. 1999; Black et al. 2000), athough
determination of a specific source can be very difficult (Tate and Heiny 1996; Munn and
Gruber 1997; Webster et al. 1998).

Arroyo Colorado

The Arroyo Colorado watershed is an intensvely farmed area (TAES 2000). Agriculturd
chemicds are usaed year-round in the lower Rio Grande Valley, and the extensive drainage
network in the area routes consderable amounts of agricultura runoff into the Arroyo
Colorado. The use of pesticides on surrounding cropland probably accounts for a substantial
portion of the fish tissue resdues in the Arroyo Colorado, as dl three pesticides of concern
were used extengvely for control of agricultura insects. Davis (1989) concluded that overdl
occurrences of toxic chemicasin the Arroyo Colorado watershed were mainly attributable to
agricultural nonpoint sources. DDT was banned prior to any gppreciable urbanization in the
area. Toxaphene subsequently replaced DDT in many agriculturd uses, particularly for control
of cotton insects. Surveys conducted prior to any sgnificant urbanization in the areafound fish
to be highly contaminated with DDE and toxaphene (White et al. 1983). The use of toxaphene,
especialy on cotton fields, was observed at the time of that study. Elevated DDE and
toxagphene levelsin Llano Grande Lake fish may reflect the tendency of the laketo act asa
settling basin, resulting in the accumul ation of pesticide-laden suspended solids from upstream
areas.

Runoff was mostly associated with agriculturd land uses until 20-30 years ago, when
urbanization and associated population increase began to occur in the region (Chapman et al.
1998). Eroson as aresult of more recent urban devel opment aong the Arroyo Colorado may
have contributed contaminants attached to the previoudy agricultura source soils. Municipd
WWTP discharges dso may have contributed pesticides to the Arroyo. Studies conducted in
1981-82 (see Davis 1984) found pesticide levels to be higher in discharges from WWTPs that
received washings from fruit and vegetable processing plants.
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Urban and rurd resdents may have continued using existing stocks of chlordane until the late
1980s, sinceit was in use longer than some of the other legacy insecticides. Arrudaet al.
(1987) reported anecdota evidence of sgnificant home and garden use of chlordane after the
1983 EPA ban on that particular use. Van Metre and Callender (1997) found the chlordane
peak in sediment cores from White Rock Lake in Dalas to have occurred around 1990,
reflecting rdatively recent urban use. Because much of the more extensive urbanization dong
the Arroyo occurred after the chlordane ban, urban runoff may not have been as Sgnificant a
contributor of chlordane asin more heavily urbanized aress.

Three Superfund sites contaminated with pesticides are located within the Arroyo Colorado
watershed (see <http://mww.tnrcc.state.tx.us/permitting/remed/superfund/>), and may have
been sources of contaminants (White et al. 1983; Davis 1984). All three sites were placed on
the first Texas Superfund registry on16 January 1987. Two of the Stesarein the City of
Mission, near the Arroyo headwaters, while the third is near the downstream end of the
segment in the City of Harlingen:

C TheMunoz Borrow Pits dteislocated 0.1 mile south of U.S. Highway 83, on the
east Sde of State Highway 1016 in Mission. During the late 1950s, the property
owner accepted several dump truck loads of soil contaminated with pesticides,
including DDT. The contaminated soil was excavated and removed for off-dte
disposd in mid-1997, and the Site was removed from the Superfund registry in
September 1998.

C TheHayes-Sammons Warehouse site is located on Miller Avenue and East Eighth
Street in downtown Mission. Two warehouses were used from 1945-1968 for the
storage of commerciad-grade pesticides. Soil contaminants at the Ste included DDT.
Demolition and off-gte digposa of the warehouses, excavation and off-ste disposa
of approximately 1700 cubic yards of contaminated soil, and backfilling and grading
of the excavated areas occurred in June-October 1998. A remedia action report was
approved by TNRCC in April 1999, and the site was proposed for deletion from the
Superfund registry. Following a public hearing, TNRCC announced in March 2000
that additiond soil testing would be performed. Follow-up activity is underway.

C TheNiagara Chemicd Steislocated west of the intersection of Commerce Street
and Adams Avenue near downtown Harlingen. A two-acre site was used from 1946-
1962 to formulate dry and liquid pesticides. Formulation ceased in 1962, and liquid
formulation equipment was removed. All remaining equipment was removed in 1968.
The buildings were razed in 1970, leaving only concrete dabs. Pesticide
contamination of groundwater and soil was detected a the Ste. A find Adminidrative
Order was issued in December 1996 requiring excavation, remova, and off-dte
disposal of contaminated soils and materids, followed by ten years of groundwater
monitoring to confirm natura attenuation. The remedid action was performed in
August 1997 through April 1998. Groundwater monitoring began in June 1998 and is

ongoing.
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Donna Reservoir and Canal

Webster et al. (1998, 1999) conducted extensve investigations into the PCB contamination in
the Donna Reservoir and Canadl, but were unable to locate a specific source. No visble ail
contamination was observed in the vicinity of the Donnaintake pumps, and there were no
detectable PCBs in dudges collected from a bel ow-ground equipment sump at the pump site,
or in sediment samples collected within 20 meters of the pumps (Webster et al. 1998). PCB
oils were used as carriers for hydrophobic pesticides prior to 1978, but agricultural runoff is
congdered an unlikely source because the Donna Cand is devated above ground level, and
because much of the land around the reservoir is pasture rather than cropland (Webster et al.
1998).

Two closed municipd landfills and numerous unauthorized dump Sites are present in the area
around the reservoir and cand. Indiscriminate dumping of municipa, agriculturd, commercid,
congruction, and some industrial waste is rather common in the area (Webster et al. 1999).
lllegal dumping was observed a numerous Stes around the reservoir, but not in the immediate
vicinity of the canal where PCB contamination appears greatest. No PCBs were detected in
sediment samples from a shallow groundwater seep on the reservoir bank, just down-gradient
from a szeable unauthorized disposa Ste on the northwest side of the reservoir (Webster et al.
1998). Results of sediment sampling adong the leachate line of shallow groundwater seeping
from the closed Alamo landfill, located 0.25 mile upgradient from the reservoir and cand,
appear to effectively diminate that Site as the PCB source (Webgter et al. 1999). No PCBs
were detected in shdlow groundwater samples from a monitoring well at the closed Donna
Landfill, which is located approximately 0.5 mile downgradient from the reservoir and cand
(Webster et al. 1998).

In ajoint investigation with the TNRCC , the U.S. Geologica Survey (USGS) hasaso
investigated the source of the PCB contamination in the Donna Reservoir and Cana (USGS
Final Progress Memoranda dated December 2000). Suspended sediment samples were
collected in the cand near the Donnaintake pumps, upstream and downstream from the siphon,
and in the Arroyo Colorado approximately 50 meters downstream from the siphon in February
1999. No PCBs were detected (<0.014 and <0.032 mg/kg detection limits) at those locations.

Results of subsequent sampling have yielded significant detections of PCBsin suspended
sediment at specific sampling pointsin the cand, with adecreasng trend in concentration in a
downstream direction from the highest detectable PCB value. Four suspended sediment
samples were collected in the cand in July 1999, between the siphon and Donna Reservair.
PCBs (Aroclor 1254) were detected at al four locations, with the largest concentration (0.102
mg/l) at the most upstream location, just downstream from the 90-degree bend in the cand.

Sediment cores were aso collected in July 1999 from the east and west portions of the
reservoir. Very low concentrations were detected (0.004 - 0.007 mg/kg in the top 15-cm of
the west core, and <0.005 mg/kg in the east core). No evidence of ahistorical release of PCBs
to the reservoir was found.
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Additiona suspended sediment sampling was conducted in January 2000 in an atempt to
further bracket the possible PCB source. Samples were collected at 60-meter intervas
between the siphon discharge and FM 1423 in an effort to further isolate the PCB source.
Those results have narrowed the location of a probable source of PCBsto a 35-m long stretch
on theright bank of Donna Cand just downstream the sSphon outlet. However, ardatively high
detection of PCBs detected upstream of 90° Bend in July 2000, suggests that a second PCB
source may be located between the downstream end of the syphon and the upstream end of
90° Bend. Additional sampling will be required to confirm the exact location(s) of potentia
source(s).

Linkage Between Endpoint and Sources

The time required for the reduction of legacy pollutant tissue concentrations to endpoint levelsis
afunction of their persastence and fate in the environment. Organochlorine insecticides and
PCBs are extremely hydrophobic, and their affinity for sorption to soil and sediment, dong with
their tendency to partition into the lipid of aguatic organisms, determine their trangport, fate, and
digtribution (Smith et al. 1988).

Numerous studies have documented the long-term persstence of organochlorine pesticides and
their degradation productsin soil. Pesticide residue concentrations in soils can span severd
orders of magnitude, and are areflection of gpplication history and loss rates (Lichtengtein et
al. 1971; Harner et al. 1999). Heavily used pesticides will be present in higher concentrations
years laer. Degradation rates of organochlorine resdues are highly variable, and soil haf-lives
of as much as 20 to 35 years have been reported (Nash and Woolson 1967; Dimond and
Owen 1996; Mattina et al. 1999).

The primary method of trangport of legacy pollutantsinto aguatic sysemsis by eroson of soil
and attached contaminants (Munn and Gruber 1997). Sedimentation has been observed to be a
mgor cause of legacy pollutant loss from the water column, particularly in lakes (Hamelink and
Waybrant 1976; Schnoor 1981; Bierman and Swain 1982). Aquatic sediments act asa
reservoir for hydrophobic pesticides and PCBs (Moore and Ramamoorthy 1984).
Contaminants may be present in sediment at concentrations that are orders of magnitude higher
than in the water column, where they are typicaly very low or undetectable (see Smith et al.
1988).

These contaminants degrade dowly, and may be present for long periods of time (Oliver et al.
1989; EPA 1999h). Van Metre et al. (1998) andyzed sediment core samples from 11
reservoirs, including White Rock Lake in Ddlas, and determined mean sediment half-lives of
7.71t0 17 yearsfor chlordane, 13 + 5.8 yearsfor tota DDT, and 9.5 + 2.2 yearsfor PCBs.
Field and laboratory studies of contaminated sediments have found that the grestest amount of
PCB dechlorination occurs during arelatively short and ragpid initid phase after contaminant
input, but then dows or effectively ceases (Rhee et al. 1993; Sokol et al. 1998).

Texas Natural Resource Conservation Commission, Adopted January 2001 13



Sediments may act as long-term sources of contamination through desorption of contaminants,
and as aresult of the resuspension of sediment particles by disturbances (Oliver et al. 1989;
Baker et al. 1991; Zaranko et al. 1997; Maher et al. 1999). Sediment-associated
contaminants can be along-term source of chronic toxicity to organismsthat live or feed in
contact with the sediments, and provide a source for the introduction of contaminants into the
food web (Reynoldson 1987; Farrington 1991; Larsson 1986).

Organochlorine insecticides and PCBs are highly lipophilic and rapidly accumulate in the tissue
of aguatic organisms. Contaminant concentrations are found in fish tissue at levels consderably
higher than that of the water column and sediments (Smith et al. 1988; Rindlaet al. 1993;

EPA 1997a, 1999b). Fish tissue contaminant concentrations can vary within the same water
body (Stow et al. 1995; Lamon and Stow 1999), and among different fish species, size classes
within afish species, and various tissues within a fish (Swackhamer and Hites 1988; EPA
19974).

A large number of factors have been found to influence contaminant uptake, accumulation, and
elimination in fish and other aguatic organisms. Characteridtics of fish species and thelr
environments are very important to uptake and elimination processes (Swackhamer and Hites
1988). Fish characterigtics include lipid content, age, length, weight, diet and feeding habits,
reproductive status, contaminant transfer from femaes to young, growth dilution, metabolism,
and other pecies-pecific physologicd factors. Environmenta factors include contaminant
levelsin food items, trophic position and length of the food chain, habitat use and movement,
Seasond variation in contaminant availability, water column contaminant concentration, and
sediment contaminant concentration and bioavailability. The relative importance of these factors
is much debated, and research has found the effects of many of them to be interrelated (Smith
et al. 1988; Farrington 1991, Pritchard 1993; Jones and de VVoogt 1999; Gobas and Morrison
2000; Sijm et al. 2000).

Characteritics of the contaminants also affect their tissue concentrations. These factorsinclude
differencesin isomer and residue bioavailability, equilibrium time, and susceptibility to uptake,
biotransformation, and dimination. Schmitt et al. (1985) found that changesin tissue
concentrations over time vary with differencesin chlordane and PCB isomers. Significant
differences have been found in the accumulation rates of different PCB congeners, and in the
degree of accumulation within different fish body tissues (Gruger et al. 1975; van der Oost et
al. 1988; Zhou and Wong 2000).

The time necessary for a contaminant to reach equilibrium in tissue is variable, hard to
determine, and generdly very long. Stable organic compounds with low agueous solubility, such
as many legacy pollutants, generdly exhibit the longest equilibrium times. Time to equilibrium is
aso afunction of fish Sze, with larger fish accumulating contaminants at a dower rate (Smith et
al. 1988).

Once equilibrium is reached, the time necessary for a contaminant to be eiminated from tissue
isaso long, often on the order of years, and varigble, generdly increasing with the
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hydrophobicity and lipophilicity of the compound (Larsson 1986). Contaminant eimination may
occur through respiration, metabolism, egestion, growth dilution, and transfer to eggs or young
(Sharpe and Mackay 2000). Elimination rates can aso be affected by the form of the
contaminant (Niimi and Oliver 1983; Sjm et al. 1992; de Boer et al. 1994; Delorme et al.
1999; Vetter and Maruya 2000), especidly in the case of PCBs. Hdf-livesfor DDT, DDE,
and PCBsin lake trout have been estimated at 9 to 10 years (see Borgmann and Whittle 1992,
Van Metre et al. 1998). Delorme et al. (1999) suggest that hydrophobic contaminants may not
remobilize from fish tissue unless savere nutritiona stress occurs.

In addition to generdly excluding the effects of contaminated sediment and food, most studies
of contaminant uptake and elimination are relaively short-term laboratory experiments (de Boer
et al. 1994; Sijm et al. 2000). Long-term field studies have generdly found that imination
rates are consderably longer than in those measured in |aboratory studies (de Boer et al. 1994;
Deormeet al. 1999). Theinterval between bioconcentration and eimination may be too short
in laboratory studies to dlow equilibrium within dl tissues, alowing diminetion to proceed much
fagter than in afidd Stuation. Published uptake and elimination rates derived from laboratory
Sudies may not reflect fidd conditions, limiting their use for the prediction of contaminant
behavior (Swackhamer and Hites 1988; de Boer et al. 1994).

Arroyo Colorado

Fish tissue data have been collected at severa locations in the Arroyo Colorado since the late
1970s, mogt often in the upper and lower end of LIano Grande Lake and at the downstream
end of the segment near the Port of Harlingen. Species collections most often included one or
more of the bottom-feeding common carp, smadlmouth buffao, blue catfish, and channd catfish,
athough awide variety of game and nongame fish have been collected at various times. Most
of the earlier (1970s and early 1980s) tissue anayses were conducted on whole fish (Dick
1982; White et al. 1983; Davis 1984, 1989). Residues of one or more pesticides were
generdly very high in these samples (up to 31.5 mg/kg for toxaphene and DDE).

The range and mean of contaminant levels for each sample date and location in Segment 2202
were examined for available fish fillet deta, to seeif any trends were gpparent in tissue
concentrations (Table 4). Fish fillet tissue datais avallable for eight years of the 1980-1998 time
period in Llano Grande Lake, and for nine years at the Port of Harlingen. The range of
pesticide concentrations in fish from a given sample is often wide. In many cases, severd fish
had very low concentrations while others contained elevated levels. The mean was often
influenced by eevated concentrations in one or two fish. Erratic concentrations at the Port of
Harlingen may be aresult of fish moving in and out of the Ste from downstream areas. Samples
collected a this location included awider variety of fish than the upstream locations, including
marine and estuarine species.

Toxaphene exhibits the clearest decreasing trend in tissue concentration. Toxaphene levels have
been less than the detection limit in Al fish collected ance 1987 in Llano Grande Lake, and
since 1986 near the Port of Harlingen. Toxaphene was aso less than the detection limit in all
fish collected southeast of the City of Donnain 1998.
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Chlordane concentrations were somewhat erratic in Llano Grande Lake through the 1980s,
which is not unexpected given the continuing use of chlordane through much of that decade.
The greatest mean and maximum chlordane concentrations were measured in 1987 in both
Llano Grande Lake and the Port of Harlingen. Manufacture and domestic sde of chlordane
ceased in 1987, and dl remaining uses were banned as of April 1988. Tissue chlordane
concentrations have subsequently declined in both locations (Table 4).

DDE concentrations have been the mogt erratic and the most resistant to decrease. Thisis not
entirely unexpected given the widespread use of DDT and the resulting common occurrence of
DDE as a pedticide resdue (Schmitt et al. 1990; Kuehl et al. 1994). Mora (1996) found that
DDE remained elevated in the eggs of four species of waterbirds nesting in Lower Laguna
Madre, which receives drainage from the Arroyo Colorado, but noted thet the levels were
much lower than those measured in the 1970s and early 1980s. This suggests that there has
been progress in reducing environmental DDE concentrations in the area.

Table4. Mean and range of contaminant fish tissue (fillet) concentrations through time in Segment 2202. N =
number of samples (individual fish and composites). nd = less than detection limit.

Chlordane DDE Toxaphene
(mg/kg) (mg/kg) (mg/kg)
Sample Location
Date N Mean Range Mean Range Mean Range
southeast of 11/1998 9 0.203 | 0.015-0.610 1.26 0.074-3.3 nd nd
Donna

Llano Grande Lakq 07/1980 8 0.054 nd - 0.110 3.38 0.052 - 6.90 17 nd- 4.8

07/1981 14 0.096 nd - 0.748 222 0.077-8.91 114 nd-5.9

05/1983 12 0.039 nd - 0.157 147 0.013-5.10 0.94 nd-5.0

08/1985 10 0.292 nd - 0.930 1.63 0.13-4.7 116 nd- 4.1

07/1987 15 0.353 nd-1.4 142 0.02-5.1 nd nd
06/1989 7 0.158 nd - 0.530 1.45 0.120-4.0 nd nd
06/1993 6 nd nd 0.76 0.03-22 nd nd
11/1998 11 0.092 nd - 0.420 0.66 0.044-4.2 nd nd

Port of Harlingen | 07/1980 7 0.102 | 0.014-0.220 2.06 0.17-79 2.98 0.22-9.1

03-07/1981 | 12 0.15 nd - 0.874 121 nd - 4.92 125 nd - 3.49

05/1983 8 0.027 nd - 0.048 1.05 0.052-23 1.08 nd - 2.44

08/1984 12 nd nd 0.903 |0.051-174 nd nd

06/1985 10 0.115 nd - 0.500 134 |]0.040-333]| 0214 | nd-1.04
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03/1986 6 nd nd 0.097 nd - 0.301 nd nd

07/1987 7 0.544 nd- 1.4 214 0.02-5.1 nd nd
05/1989 12 0.068 nd - 0.200 0.423 nd-1.17 nd nd
10/1998 12 0.118 | 0.027-0.470 | 0.786 0.13-3.0 nd nd

Sources of Data:
Davis (1984, 1989)
TDH - Fish Tissue Sampling Data 1970-1997
Texas Department of Health - unpublished data

Donna Reservoir and Canal

Fish tissue data was collected in the Donna system in 1993, 1994, and 1997. The mean and
range of PCB levelsfor each sample date and |ocation were examined using available fish fillet
data, to seeif any trends were gpparent in tissue PCB concentrations (Table 5). Vauesfor
individua fish and composites from the cana were often variable. The eight carp in collected in
the cand in 1997 had PCB concentrations ranging from less than the detection limit to 20
mg/kg. Reservair tissue concentrations were less variable.

PCB levels were grestest in the main cand, from just south of the Arroyo Colorado through the
bend north of US 281; however, concentrations were lower in 1997 relative to 1993-94. There
was alarge decrease in mean and maximum PCB concentrations in the reservoir between 1993
and 1994, and the mean was less than the detection limit in 1997.

Table5. Mean and range of PCB fish tissue (fillet) concentrations through time in the Donna Reservoir and Main
Canal (Segment 2202A). All PCB measurements greater than the detection limit were Aroclor 1254. N =
number of samples (individual fish and composites). nd = less than detection limit.

PCB Mean PCB Range

Sample L ocation Date N (mg/ko) (mg/ko)
Main Canal, 0.25 mile north of Rio Grande 03/19%4 | 5 nd nd
pump station
Main Canal, just south of Arroyo Colorado 01/19%4 | 5 38 nd- 8.8
Main Canal, at 90-degree bend north of US 281 05/1993 | 4 50 14-93
Main Canal, at 90-degree bend north of US 281 01/1994 | 5 58 0.34-24
Main Canal, 3.5 miles north of Rio Grande 03/19%4 | 4 nd nd
pump station
Main Canal 07/1997 | 8 2.7 nd - 20
Donna Reservoir 051993 | 6 16 nd- 9.6
Donna Reservoir 01/1994 | 10 0.026 nd - 0.08
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Donna Reservoir 07/1997 | 2 nd nd
Sources of data:
TDH - Fish Tissue Sampling Data 1970-1997

Webster et al. (1998)
Texas Department of Health - unpublished data

Margin of Safety

The margin of safety isrequired ina TMDL in order to account for any uncertainty about the
pollutant load and its associaion with water quaity. The margin of safety may be an explicit
component that leaves a portion of the assmilative capacity of awater body unallocated, or an
implicit component established through the use of conservative andytica assumptions (EPA
1999a).

These TMDL s use an implicit margin of safety. EPA (1997a) guidance on the assessment of
contaminant data for use in fish advisories contains an extensive discusson of the assumptions
and uncertainties present in the calculation of fish consumption limits. Conservative assumptions
and cdculations are used throughout the guidance to provide a margin of safety for the various
uncertainties. Strict criteria exist concerning the types of studies and the data required to
support assumptions and cdculations. Numeric adjustments are made for the extrapolation of
study results from animas or humans to the genera population, and to provide a conservative
upper bound on cancer risk values and a conservative RfD for noncarcinogens. Adjustments
are designed to provide a safe margin between observed toxicity and potentia toxicity ina
sengtive human.

EPA assumes no safe threshold for exposure to carcinogens. Any exposure is assumed to pose
some cancer risk. Noncarcinogenic effects occur with chronic exposure over asignificant
period of time. The ord reference dose (RfD) is defined in EPA (19973) as* an estimate (with
uncertainty perhaps spanning an order of magnitude) of a daily exposure to the human
population (including sendtive subgroups) that is likely to be without an appreciable risk of
deleterious effects during a lifetime.” Caculated RfDs reflect the assumption that, for
noncarcinogens, a threshold exists below which exposure does not cause adverse hedlth
effects. RfD cdculations use modifying and uncertainty factors to account for variables such as
the variability of responses in human populations, differences in responses between anima study
gpecies and humans, and gaps in available data. The RfD is caculated so there is little
probability of an adverse hedlth effect due to chronic exposure to concentrations below the RfD
(EPA 19974).

The flexibility provided by having numerous combinations of contaminants and concentration
reductions that can produce acceptable carcinogenic and noncarcinogenic risk when multiple
contaminants are present provides an inherent margin of safety that the goa of acceptable risk
will be met. Use of the most protective target concentration for Sngle contaminants provides
additional assurance that protection from both carcinogenic and noncarcinogenic effects will be

18 Texas Natural Resource Conservation Commission, Adopted January 2001




achieved. Because the god of thisTMDL isremovd of fish consumption bans through
reduction of the consumption risk, the margin of safety inherent in the EPA guidance, combined
with the conservative use of endpoint targets, will provide an adequate margin of safety for the
protection of human hedth. The decline of tissue contaminant concentrations to within an
acceptable levd of risk will dlow TDH to remove the fish consumption bans, which will
effectively restore the fish consumption use to these water bodies.

Pollutant Load Allocation

Redtrictions on the use of legacy pollutants generdly have resulted in adow but steedy decline
in environmenta resdues (Smith et al. 1988). Contaminant levelsin lake sediment cores have
shown good agreement with production and usage histories of the parent compounds, with
peak concentrations appearing at the times of peak use (Ricci et al. 1983; Oliver et al. 1989;
Van Meter and Callender 1997; Van Metre et al. 1998). Higher concentrations generaly
gppeared deeper in the cores, indicating that input and accumulation were decreasing with time.
Although residues continue to persist in deeper parts of the cores, buria by more recently
deposited sediments may result in effective remova of the contaminants from bioavailability to
aquatic life (Rica et al. 1983).

Decreases in fish and human tissue concentrations of organochlorine insecticides and PCBs
have been observed where no mgor additional inputs are occurring (see Moore and
Ramamoorthy 1984; Brown et al. 1985; Hovingaet al. 1992; Bremle and Larsson 1998).
Reviews of tissue data collected from a variety of water bodiesin northern Europe between
1967 and 1995 have found a significant decrease in organochlorine concentrations over time
(Skare et al. 1985; Bignert et al. 1998). Fish tissue concentrations of tota DDT, chlordane,
and toxaphene have declined across the U.S. since uses of these substances were discontinued
(Schmitt et al. 1985, 1990; USGS 2000). The DDE component of total DDT has increased as
aresult of continued degradation. Declining tissue DDT, toxaphene, and PCB concentrations
have been reported in various locations and fish speciesin the Great Lakes (Glassmeyer et al.
1997; Scheider et al. 1998). Less consstent trendsin tissue PCB levels may be areflection of
the congener-specific nature of PCB metabolism and degradation. In addition, strong
oscillationsin PCB levels influenced by food web interactions can be superimposed on a
gradud decline (see Borgmann and Whittle 1992).

Continuing decreases in environmentd legacy pollutant levels are expected, dthough the
necessary time frame is subject to debate. Within the context of these TMDLS, legacy
pollutants are consdered background sources that reflect the site-specific gpplication history
and loss rates of the subject area. Continuing sources of pollutant loadings occur from nonpoint
source runoff , leaching, or eroson of the various Snks that may exist within the watersheds. No
authorized point source discharges of these pollutants are alowed by law. Therefore, any
contribution from point source discharges would be the result of illegd disposd of these
contaminants by customers of the treatment systems.
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Available evidence indicates that fish tissue toxaphene concentrations have declined to generdly
nondetectable leves, and that chlordane concentrations are declining, in the Arroyo Colorado.
PCB concentrations have generdly declined in the Donna Reservoir and Cand. DDE
concentrations in Arroyo Colorado fish have been erratic, and have not yet shown an obvious
decline. Continuing naturd attenuation of these contaminants is expected due to ongoing
degradation and metabolism, buria of contaminated sediment through naturd sedimentation in
Donna Reservoir and Llano Grande Lake, and through scouring and redistribution of sediments
in Arroyo Colorado and Donna Cana. Remediation and dimination of the PCB source
contributing to the Donna Cand will be undertaken when delineation of the exact location is
complete,

Naturd attenuation is generdly a preferred option for the dimination of legacy pollutants from
aquatic systems. More dradtic dternatives, such as sediment remova by dredging, can result in
considerable habitat disturbance and destruction. Sediments resuspended during dredging
further expose aquatic life to contaminants and the potentid for additiona uptake, cause
abrasive damage to gills and sensory organs of fish and invertebrates, and interfere with fish
prey sdection (O Brien 1990; Waters 1995). Alternatives such as dredging or eradication of
contaminated fish communities and restocking (O’ Mearaet al. 2000) are generally better
judtified at Stes heavily contaminated by point source discharges and mgor spills.
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