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Even Gefon: pa~sage of rhe NorthAmerican Free Trade Agreemem (NAfTA), several 
sections in the Texas Water Development Board (TWDB) took stock of their 
programs along rhe Texas-Mexico horder ro assess which presentlywere in good shape 
and what additional work needed to be done. This report discusses the results of a 
reeem ground-wafer sampling study conducted along the Rio Grande by the 
Hydrologic Monitoring Section of the TWDB to consider rhe ambienc quality of rhe 
ground warer in the area and what, if any, changes have occurred with time. 

To complement the 188 samples taken during routine monitoring of the Edwards­
Trinily (Plaleau), Carrizo-Wilcox, and Gulf Coast aquifers since 1988, TWDB 
personnel collected 150 more samples from Zavala, Dimmit, and 11 counties along 
the border in the spring of 1991. Ohviously similar dara musr he collecred from rhe 
Mexican side to construct a more integrated picture of ground~water quality along the 
border. 

Cerrain measuremenrs, including conductivity, pH, alkalinity, and temperature, 
were taken in the field. Ground-water samples were collt:cled in accordance with 
merhods endorsed by this agency and the EPA. The Texas Department of Health 
analyzed samples for major anions and cations, radioactivity, selected trace metals, 
and nutrients. In 1994, samples from Terrell and Val Verde Counties were also 
screened for organic compounds, and samples from [he Gulf Coast aquifer in 
Cameron and Hidalgo Counties were screened for insecticides and herbicides. 

Overall, the best quality water exists in the Edwards~Trinity (Plateau) aquifer in 
Terrell and Val Verde Counties. Approximarely one-rhird of rhe samples raken since 
1988, however, contained concentrations of dissolved solids, chloride, and sulfate in 
excess of secondary constituent levels. Sulfate levels exceeded 300 mg/l in parts of the 
Rio Grande Alluvium, the Laredo, and rhe Gulf Coast aquifers from Maverick and 
Cameron, Zapata, and Starr and Hidalgo Counties, respectively. With the exception 
of Maverick Coumy, chloride levels above 300 mgll and dissolved solids above 1,000 
mg/l were also found in the same areas and in Webb County. Iron and manganese 
exceeded secondary levels in several samples. Arsenic concentrations in nine wells in 
Webb County were above primary constituent levels, as were gross alpha in six percent 
of rhe sampled wells. No organics were detected in samples from Hidalgo and 
Cameron Coumies; seven of the 3,060 conslitueIllS analyzed from Terrell and Val 
Verde Councies contained measurable quantities of organic compounds, for which 
most do not have maximum constituent levels set. 
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In the spring of 1994, the I Iydrologic Monicoring Section altt:n:d its ground-watt:r 
quality monitoring schedule to sample an area covered by several major and smaller 
"miscellaneous" aquifers (designated neitht:r as major or minor), rather than an area 
defined hy coverage oEonly one aquifer. Field personnel sampled wells (and springs) 
in Zavala, Dimmlt, and coumies immt:diatdy adjacent to the Rio Grande, as 
indicated on the map in Figure 1. Sitcsshownon the map in the area ofa major aquifer 
generally provided water samples from that aquifer. but nor always. For example, 
several sites visited in Brewster County that appear within the boundaries of the 
Edwards-Trinity (Plateau) are wells completed in other aquifers such as the Santa 
Elena or the Rio Grande Alluvium. The amount of samples collected in each county 
ranged from four in Cameron up to 18 in Terrell for a total of150; six field personnel 
collected these in approximately two months using methods t:ndorsed by (he EPA; 
and rhe Texas Department of Health (TDH) analyzed the samples within the 
prescribed holding time. 

The TWDB appreciates rhe cooperarion of the property owners for supplying 
information about their wells and allowing access [0 their properly to sample water 
quality. TWDB Environmental Quality Specialists Dennis Jones, Ron Mohr, John 
Asensio, Robbie Ozment, Lennie Winkleman, Merrick Biri, and Cindy Lee collected 
water samples. Geologist Phillip Nordstrom of the TW'DB edited the report; GIS 
staff members Mark Hayes and Mdanie Miles created report graphic.". 
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Field personnel selected irrigation, municipal, and industrial wells where possible to 

ensure (haL wate;:r samples were physically representative of a large area of rhe aquifer. 

They also followed procedures described in the TWDB Field Manual for Ground 
Water Silmplin{' (Nordstrom and Beynon, 1991) [0 obtain W<lter samples that were 
hydrochemically representative of the aquifer. Sufficient volumes of ground water 
were first purged from the well before sample collection. Samples were collected ncar 

wellheads before the water had gone duo ugh pressure tankb, watt:r suftent:rs. or other 
[rearmenr. Upon arrival at the wdlsitc, temperature, specific conductance (using a 
VWRconducriviry meter), and pH (ming a Beckman pH meter) were monitored at 
five-minute intervals until the readings stabilized. Field measurements of total 
alkalinity and Eh (using a pH meter with an Eh diode) were also taken. All samples 
except those collected for pesticides (organics) were filtered through a 0.45 1m 
nonIIH::lallic filter into a one-liter polyethylene horde and placed on ice. Those 
collected for determination of dissolved anion and cation/metal content were 
deliven:d to the TDH laboratory, and analyses were completed wirhin 28 days; others 
collected for nutrients, radioactivity, and pesticides were analyzed within the prescribed 
holding times. 

Tables 1 and 2 list averages and ranges of field measuremenrs for rhe rhree major 
aquifers and for three miscellaneous aquifers calculated from all data collected since 
1988. Counties are specified for each aquifer. A few somewhar acidic pH values do 

not meet the secondary standard, although average pH values exceed 7.0. Temperatures 

Table 1. Comparison of field measurement (and lab·calculated dissolved solids) 
averages and ranges in major aquifers sampled along the Rio Grande 

since 1988 

Measurement Edwards-Trinity Carrizo-Wilcox Gulf Coast 
(Plateau) (Zavala, aim Iiogg, 

(Brewster, Dimmit,Webb, Star, Hidalgo, 
Terrell, La Salle) Cameron, 

Val Verde) WiUacv) 

pH 7.3 7.6 7.3 

6.7 - 8.7 G.G - 8.6 6.7 - 8.5 

Temperature 25° 2~U1Q 28° 

(0 C) 22° _ 30° 14° - 35° 25° - 38° 

Eh +85 -15 +73 

(mY) -696 - +658 -304 - +544 -254 - +275 
-

Total 203 321 269 

Alkalinity 109-315 114 - 1,195 55 - 507 

Sp. Conductance G31 1,457 2,932 

(Ilmhos) 210-1,780 3R2 - 7,R40 5RO - 12,ROO 

Dissolved Solids 398 1,047 2,373 

(rrH'1I) 147 l,1S3 296 - 5,477 751 10,953 
* One measurement only 

WATER QUALITY 

Sampling Procedures 

Field Measurements 
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Dissolved Inorganic 
Constituents, Radioactivity, 
and Organics 

are somewhat higher in samples from all aquifers south of Val Verde County. 
Negative Eh averages indicate reducing conditions in a ft:w welLs. Higher (O(a1 
alkalinities correspond [0 higher values of specific conductance (and dissolved solids), 
with (he highest averages among the major aquifers found in the Gulf Coast, and 
highest aIIIung the rniscdlam::ous found in tht: Lan:du aquift:r. 

Table 2. Comparison of field measurement (and lab-calculated dissolved 
solids) averages and ranges in miscellaneous aquifers sampled 
along the Rio Grande since 1988. 

Measurement Rio Grande Laredo Rio Grande 

Alluvium (Zapata, Alluvium 
(Maverick) Webb, Starr) (Cameron) 

pII 7.4 8.0 7.9 

6.8 - 23.0 6.9 - 8.9 7.0 -8.1 

Temperature 23° 28.5° 27.3° 

(0 C) 20° - 25° 26° _ 310 27.2° - 27.4° 

Eh +82 -83 -28.8 

(mY) +56-+115 -134-+122 

Total 251 349 339 

Albliniry 155 -%6 164-742 104-476 

Sp. Conductance 1,704 1,172 2,811 

(~hos) 903 - 2,912 1,918 - 9,100 1,550 - 6,675 

Dissolved Solids 1,286 2.991 1.77.0 

(mg/I) 486 - 2,441 1,348 -7,152 877 - 7,685 

In the discussions that follow, averages and ranges of constituents were calculated f()[ 
all wells sampled since 1988 in Brewster and nine additional counties to the cast and 
south bordered by the Rio Grande, and Zavala, Dimmit, and Willa<.:y Coumit:s. 
Samples from each ofchc 385 sites visited during that period were analyzed for major 
cations and anions, but fewer were analyzed for trace metals, radioactivity, or have 
complete data for field measurements. By contrast, maps of dissolved-solids, <.:hloride, 
and sulfate content reHect all available historical information in the area from 
additional counties within 100 kilometers of the river. Data from the recent sampling 
evemwere the major determinants of comour positions, paniculariy from wells with 
multiple sampling events in which recent data could more accurately delineate an 
increase or decrease in the amount of dissolved solids or other constituems. Historical 
data were more influential in those areas where 1994 dara were nor available. 

The dissolved·solids content is the main factor limiting or determining the usc of 
ground water. These solids primarily consist of mineral constiruems dissolved from 
the host rock, although other natural sources such as adjacent aquifers or man-affected 
sources such as oil-field brines can also contribure cerrain dissolved consriruenrs. 
Table 3 describes [our classes of ground waler classified according (0 dissolvcd·solids 
content as defined by the Texas Groundwater Protection Committee. 

Contours on the map in Figure 2 indicate areas in which the predominanr range of 
dissolved solids is greater than 1,000 mg/I, as well as specific sites with greater llian 
3,000 rug/I. Table 4 lists average concentrations and ranges of dissolved solids and 
other inorganic constituents. The average dissolved-solids content of 1,250 mg/l 
reflects the influence of saline waters in the southern two-thirds of the study area; 



Class 

Fresh 
Slighdy Saline 

Moderately 

Very Saline 

Quality (mgll) 

0-1,000 
> 1 ,000 - 3,000 

>3,000 - 10,000 
Saline 

>10,000 

Table 3. Ground-water classification system. 

Examples of Use 

Drinking and all other uses 
Drinking if fresh unavailable; for 
liveslU<.:k, irrigation, and indusuial use 
Indusuial, mineral extraction, oil and 
gas production; potentiallfmure 
drinking and limi ted livestock watering 
and irrigation iffresh or slightly saline 
water is unavailable 
Mineral exrraction, oil and gas 

production 

although the Edwards-T rinily (Platt:au) aquift:r contains poorer quality water to the 
north in Crocken and Pecos Counties, these areas are not discussed in this report. 
Despite incumplete well coverage, it is apparem that the large majority of wells in the 
Gulf Coast aquifer in Jim Hogg, Starr, Hidalgo, Cameron, and Willacy Counties 
contain dissolved solids in excess of 1,000 mgt!. Well coverage is greaTer in rhe 
Carrizo-Wilcox in Zavala, Dimmit, and la Salle Counties, and fewer dense clusters 
of wells with MCLs above 1,000 mgll could be conroured. With the exception of a 
small area south of the Amistad Reservoir north of Del Rio, the Edwards·Trinity 
(Plateau) aquifer in Brewster, Terrell, and Val Verde contains the best quality ground 
water. 

Table 4. Major aniuns and cations of ground-water from sites sampled since 
1988 along the Rio Grande. 

Constituent (mg/l) Range Average Percent:> MeL'" 

Silica 1 0 - 106 25 

Calcium 1 - 710 100 

Magnesium 0.18 - 365 26 

Potassium BDL" - 47 7 

Sodium 3.5 - 2,330 308 

Strontium 0.1 - 18 2 

Bicarbonate 67 - 1,458 321 

Nitrate BDL - 376 3 < 0.3 

Fluoride BDL - 5.5 0.9 9 

Sulfate ............. '":~. 2,3,397 327 34 

Chloride 
, ::!' 

5"3,139 299 30 .. 

Dissolved solids "147:7,685 1,266 44 

Hardness"''''''' 2 - 3,084 355 

"'Secondary MCl , "''''BDl = Below Detection Limit, "'''''''Expressed as CaCO_~ 

Chloride, naturally dissolved from rocks and soils, can also be introduced into ground 
water by human acrivities, as it is present in sewage, oil-fIeld brines, industrial brines, 
and seawater (a possible contaminant of fresh-water aquifers in areas of heavy 
pumpage). Tn large amounts in combination wich sodium, chloride impans a salty 
tasCe to drinking water and can incn:ast: it.s <.:orro.sivt:nes.s. The map in Figure 3 
indicates areas where the chloride content is greater than the secondary MCl of300 
mg/1. The.se areas in the Laredo, the Gulf Coast, and the Rio Grande (Cameron 
County) Alluvium aquifers are of smaller extem, but still appear [0 be encompassed 
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within the larger areas defined by the concours on the dissolved·solids map, 
corresponding to the smallcr pcrccntagc of samplcs containing chloride in cxce~s uf 
the secondary MCl (30 percem) compared to chat percentage containing excess 
dissulved solids (44 percent). As in the map of dissolved solids, isolated occurrences 
ofwcllwaterwith chloride values greater than 300 mg!l exist outside of these contours, 
particularly in the Carrizo· Wilcox and Rio Grande (Maverick Coumy) Alluvium 
aquifers. 

Sulf;Jte is formed by the dissolution of sulfur from rocks and soils containing sulfur 
compounds such as gypsum, anhydrite, and iron sulfide. In large amounts, sulfate in 
combination with Olher ions gives a biuer taste and cunen-egg odur to drinking watcr. 
As shown in rhe m;Jp in Figure 4, sites where sulfate content exceeds the secondary 
MCl of 300 mg!l are generally in the vicinity of grcatcr dissolved solids; 34 percent 
of all samples colieCled since 1988 cuntained sulfate in excess of the secondary MeL. 

Using data from the analyses of the same six aquifers in Tables 1 and 2, trilinear 
diagrams in Figures 5 and 6 illustrate the ground-water chemislties characteristic uf 
each aquifer. Calcium and hicarhon;Jre are the dominanr ions in the Edwards-Triniry 
(Plateau) samples; larger chloride components are apparent in the Carrizo-Wilcox 
and Gulf Coast samples. Of (he "miscellaneous" aquifers, the Rio Grallde Alluvium 
in Maverick Coumy comains proportionately les.~ sodium and chloride rhan in 
Cameron County; the laredo aquifer, also characterized by a large percentage of 
sodium, contains more chloride and sulfate. 

For the most parr, ground watersampled along the Rio Grande contained insignificant 
amounts of dissolved trace metal constituents (Table 5). Only iron and manganese 
exceeded secondary constiruem levels of300 jlgll and 50 jlg!l, respectively, in slightly 
higher percenrages. These occur narurally as iron-rich carbonates are dissolved and are 
generally indicative oflocalized reducing conditions in the aquifer. High iron and 

Table S. Major anions and cations of ground-water from sites sampled since 
1988 al th Ri G d ong e 0 ran e. 

Constituent % Above Average Range #>MCL 
(~/l) Detcc;:tion 

Arsenic 29 18 1 - 160 9* 
Barium 92 81 0.03 - 1.760 

Boron 79 1.52(, 0.5 - 21,790 

Cadmium 0 

Chromium 0 

Copper I 

Iron 59 429 1 - 4,240 52** 
(14%) 

Lead 0 
Manganese 58 85 0.6 - 1,410 62** 

(17%) 
Molybdenum 9 67 21 - 400 

Silver 0 

Vanadium 11 43 10- 189 

Zinc 63 218 7 - 4,030 I 

Aluminum 10 74 21 - 410 

Selenium 16 13 2 - 43 1 

Mercury 5 OA 0.13 - 1.12 

Alpha (pCi/I) 67 15 2-1,120 34 
(j 2%) 

lleta (pCi/l) 5 14 4 ·590 2 

* Tn Webb County 
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a.) The Edwards-Trinity (Plateau) aquifer in Brewster, 
Terrell, and Val Verde Counties contains primarily 
Ca-HC03 wdter. 

b.) The Carrizo-Wilcox aquifer in Zavala, Dimmit, 
Webb, and La Salle Counties contains Ca-HC03 
to Na-mixed-anion water. 

c.) The Gulf Coast aquifer in Jim Hogg, Starr, Hidalgo, 
Cameron, and Webb Counties contains primarily 
Na-Cl to Na-mixed-anion water. 

Figure 5. Piper diagrams of ground water in 
three major aquifers sampled along the 
Rio Grande. 
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c.) The Rio Grande Alluvium in Cameron County 
contains Na-mixed-anion water. 

Figure 6. Piper diagrams of ground water in 
miscellaneous aquifers sampled along 
the Rio Grande. 
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manganese comenrs pose less of a health hazard and more of a nuisance, due to their 
staining abilities and undesirable taste and odor. High iron and manganese, aldlOugh 
found rhroughout the study area (Figure 7), are most abundant in the Carrizo-Wilcox 
in Zavala and Dimmit Cou!1(ies, and immediately adjacent Lo the river in th<:: Gulf 
Coast aquifer in Hidalgo County and in the Rio Grande Alluvium in Cameron 
County. 

The average boron conrenr is helow 1.0 mgll in rhe rhree norrhern aquifers. In rhe 
southern aquifers, however, the content is higher and averages 3.0 mg/l in the Laredo 
aquifer and 2.6 mgII in the Gulf Coast aquifer due co natural conditions (McCoy. 
1991). Although no MeL has been set, boron is toxic to plants at high concenrrarions, 
and a maximum permissible range of between 1.0 and 3.0 mg/l has been established 
for boron in irrigation waters. 

Nine wells in Webb County ncar Bruni were found to contain arsenic in amounts 
above the primary MCL, ranging from 58 to 197 Ilg/l; these same also contained 
radun ga, in excess of the primary MeL of300 pei/l, ranging from 336 ro 6,030 peil 
I; and four contained gross alpha in excess of the primary MCL of 15 pCi/l, ranging 
from 19 to 74 pCi/I. Arsenic is associated with the naturally occurring uranium found 
in this pan of lhe Catahoula and Goliad (Gulf Coast) aquifers in which Bruni 
municipal waTer wells are completed (Adidas, 1991). 

Of (he 327 samples coll<::cl<::d and analyzed for grm;:; alpha. eight frum the Edwan.i.s­
Trinity in Terrell and Val Verde, nine from the Carrizo-Wilcox in Zavala and 
Dimmit, and nine from the Gulf Coast in Webb, Starr, Hidalgo, and Cameron 
Counties contained gross alpha in excess of 15 pCiII (Tabl<:: 5 and Figure 8). Eight 
samples from miscellaneous aquifers in almost eve'Y other county in the srudy area 
also contained excessive amounts of gross alpha. One sample of wellwater from the 
Santa Elena aquifer in southwest Brewster County and from the Carrizo in northwest 
Zavala contained 70 pei/l and 560 pei/l gross bera, respecrive/y. All of rhis 
radioactivity is believed to be naturally occurring, whether in association with the 
disintegration of localized uranium-bearing deposits within the aquifer, as Beynon 
(1991) suggest:; for the radioactivity in the Carrizo-Wilcox, or in association with 
such deposits in adjacent aquifers such as the Dockum (Cech and others, 1987; Kier 
and others, 1977), immediately underlying the Edwards-Trinity in the western part 
of the Edwards Plateau and the Trans-Pecos. 

Organic samples are not normally taken during network sampling, however, samples 
from seven irrigation wells in Hidalgo and Cameron were analyzed for more rhan 40 
organic compounds commonly used as pesticides, including atrazine, chlordane, 
endrin, malathion. diazinon, and banvel. None of these, as nOlle of (he few samples 
collected in 1989 for a few particular pesricides, conrained any amounts above 
detection limits. Thirty-four wells in the Edwards-Trinity in Terrell and Val Verde 
were analyzed for Illore [han 90 pesticides and otlu:r organics. On<:: well in T <::rrdl and 
cwo in Val Verde conrained trace amounts of organics; two samples of bis (2-
<thylhexyl) phthalate, ar 15 llgll and 22 llg/l, were in excess of the MeL of 6 llg/l, 
ahhough no MCLs are set for the remaining tentatively identified organics. 

To compare results from previous sampling events is difficult as no quality assurance 
or quality <.:ontrul prcedures exi:;ted in either sample collection or laboratory analyses. 
and lab instruments lacked the analytical precision of modern equipment. However, 
dissolved solids, chloride, and sulfate can he compared wirh some confidence. Sulfate 
and chloride concentrations of ground water are relatively stable and not subject to 

decomposition if a water sample is detained or misplaced on the way to the lab. 
Averages listed in Tabl<:: 6 by aquifer indud<:: whatever results were available for each 

Comparison With Results 
of Previous Analyses 
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rime period but not necessarily results from the S<lIm: wells. A trend [Qward increased 
dissolved solids and sulfares wirh time appears to exist in the Carrizo-Wilcox, Gulf 
Coast, and Laredo aquifers; greater allluunts of chloride are found in recenr samples 
colle<.:ted from [he Gulf Coast and Laredo aquifers. 

Table 6. Comparison, in mgtl, of average amounts of dissolved solids, chloride, and 
sulfate in four aquifers over time. 

Time Edwacds-Trinity Cacrizo-Wilcox Gulf Coast Laredo 

period (plateau) 

1950 - 1959 633-152-144 659-231-67 NA NA 

1960 - 1%9 545-62-172 5H6-117-98 1.827-720-227 2,169-498-678 

1970 - 1979 500-87-95 901-215-167 1,834-547-465 2,632-674-810 

1988 - 1994 398-49-63 1,009-233-178 2,373-776-525 2,991-864-H21 

Fehruary 1')')5 
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With the exception of the Edwards-Trinity (Plateau) aquifer in Brewsler, T errdl, and 
Val Verde Coumies, ground-water quality in the other twO major aquifers and several 
miscellaneous aquifers is poor, with dissolved-sulids averages ranging from 1,009 (0 

dose (0 3.000 mgll. Comparison of dissolved-solids, chloride, and sulfate values from 
earlier analyses in the three major aquifers and in the Laredo aquifer reveals that water 
qualiry has deteriorated somewhat in all but the Edwards-Trinity (Plateau) in 
Brewster, Terrell, and Val Venle Counties. Iron and manganese, also deTected in 
excess of secondary MCLs in several wells in the Carrizo-Wilcox and the Gulf Coast, 
contributed (0 the dissolved solids and poorer water quality. The averages oEboron 
content in the Laredo, Gulf Coast, and Rio Grande Alluvium (Cameron COUIllY) 
aquifers are higher than maximum permissible levels in irrigation waters. 

Several wells throughour the study area comained gross alpha and several near Bruni 
contained arsenic in excess of rhe MCLsj lhese high levels are associated with the 
disimegration of naturally occurring uranium deposits within or in hydraulic 
communication with (he aquifer. AlLhough not enough evidence from [his srudy can 
suppon complete absence of contamination by pesticides, no traces were detected in 
wells in Cameron and Hidalgo Counties; similarly, while trace amounrs of organics 
were defected in less than 0.5 percent of the 3,000 constituents analyzed from wells 
in Val Verde and Terrell Counties, widespread contaminaTion by organic com pounds 
cannot be documented. 

I'ch,u",y 1')\15 

CONCLUSIONS 
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