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| NTRODUCTI ON

The U.S. Fish and Wldlife Service (Service) has been actively involved in
the nonitoring of contamnants in the Lower Ro G ande Valley of Texas for
nore than 20 years. In 1967, a fish sanpling station (Station 16) was
established on the Rio G ande near Mssion as part of the National

Cont am nant Bi ononitoring Program Every two or three years, conposite
sanpl es of representative predator and bottom feeding fish species have been
collected at this station to nonitor |evels of organochlorine pesticides and
trace elenents. Since the inception of the contam nant nonitoring program
Station 16 has consistently registered sone of the higher |evels of DDT,

DDE, and t oxaphene recorded in the United States. Even though the

regi stration of DDT was canceled in 1972, elevated |levels of the parent
conmpound, and particularly of its nmetabolite DDE, have persisted in fish

and wldlife.

The obvi ous persistence of DDT and toxaphene pronpted the Service to expand
its sanpling programin the Lower Rro Gande Valley. In 1976, 1978, and
1979, Service biologists collected fish fromthe Arroyo Col orado, a primary
wat erway that traverses the Valley fromMssion to the Laguna Madre adj acent
to the Laguna Atascosa National WIldlife Refuge (Wite et al. 1983).
Alarmngly high | evels of DDE and toxaphene were detected in virtually every
sanmple fromMAIlen to the Port of Harlingen near Rio Hondo. DDE val ues as
high as 31.5 ppm (wet weight) were detected in a whole fish conposite
sanpl e of channel catfish (scientific nanes are presented in Appendi x A,
Table A-1) captured in the LIlano Grande, a relatively wi de and shal |l ow
portion of the Arroyo Col orado | ocated south of Weslaco. Toxaphene | evels
as high as 31.5 ppm (wet weight) were detected in a whole fish conposite
sanpl e of blue catfish collected near the Port of Harlingen. In response to
t hese findings, advisories were posted along the Arroyo Col orado war ni ng

fi shermen of high organochlorine levels in fish.

VWite et al. (1983) also reported elevated | evels of DDE in birds collected
fromseveral locations in the Lower Rilo Grande Valley: near LlIano G ande,
the nouth of the Arroyo Col orado, and the nouth of the Raynondville Drain.
DDE residues in laughing gulls ranged from5 to 71 ppm 5 to 41 ppm and 2
to 82 ppm (wet weight) in these areas respectively. Ring-billed gulls,
Franklin's gulls, pied-billed grebes, Forster's terns, great-tailed
grackl es, and red-wi nged bl ackbirds collected in the vicinity of Llano
Grande contai ned DDE residues ranging from2 to 37 ppm (wet weight).
Toxaphene levels in birds were | ow throughout the region, ranging from non-
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detectable levels to 3 ppm (wet weight).

Several other studies to docunent the fate and effects of contam nants have
been conducted in the Lower Rio G ande Vall ey of Texas. Not surprisingly,
nost of these studies have focused on the organochl ori ne pesticides DDT

DDE, DDD, and toxaphene. Marion (1976) investigated organochlorine |evels
in plain chachal acas from several areas in the Lower Rl o G ande Valley. The
aut hor concl uded that these birds accunul ated | ower residue | evels than nost
birds associated with heavily treated | ands and attributed this to the plain
chachal acas' preference for native fruits rather than sprayed crops. Mean
pesticide residues for p, p'-DDT and p, p'-DDE (whole tissue wet-weight
basis) ranged from0.03-5.46 ppmto 0.07-4.25 ppm respectively. The author
2

al so found no significant difference in shell thickness in plain chachal aca
eggs collected during this study conpared with eggshells collected in
sout hern Texas before 1900.

Andr eason (1985) reported that nosquitofish fromthe Lower Ri o G ande Vall ey
devel oped a genetic resistance to toxaphene. He found that npsquitofish
collected fromthis area were 122 tines nore resistant to toxaphene than
control fish. The author enphasized the ecol ogi cal consequences of this
phenonenon, especially in terns of biomagnification by predatory species and
the death or adverse inpacts that may result as a consequence of ingesting
resi stant prey.

Ahr (1973) docunented the persistence of pollutants, primarily DDT, in
sediments fromthe Laguna Atascosa National WIdlife Refuge. Core sanples
were col lected fromthe najor drain (Resaca de |os Fresnos) entering the
Laguna Atascosa and the Cayo Atascosa. He found DDT to be nost abundant
near the surface, ranging as high as approximately 16 ppb fromthe drain
site, approximately 10 ppb in a site near the nmouth of the Arroyo Col orado,
and approxinmately 5 ppb in the surface sedinents froma site on the Cayo
At ascosa. DDT was found in relatively high concentrations in sedinents
deeper than 100 cm This relocation was attributed to burrowi ng and m xi ng
by crabs, worns, and ot her organisns. The author used tissue data to
denonstrate progressive exponential increases in DDT residues as higher
trophic | evel s were encountered.

In light of the docunented contam nants problens, the Corpus Christi

Ecol ogical Services Field Ofice initiated a two-phase study to determ ne
the extent of the contamination. The initial phase involved the collection
of sedi nent sanples throughout the Valley for analysis of trace el enents,
or ganochl ori nes, and pol ycyclic aromati c hydrocarbons. The second phase

i nvol ved the collection of fish, birds, oysters, blue crabs and aquatic
vegetation for simlar analyses. This report presents the findings of this
t wo- phase st udy.

3

METHODS AND MATERI ALS

Sedi nent
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Sedi ment was collected at 95 sites throughout the Lower Rio Grande Valley in
July and August 1985. Several factors were considered for selection of site
| ocations: 1) sites that have been used as regul ar sanpling sites by
federal, state, local, or private organi zations, 2) sites with known or
suspected contam nation; 3) inportant federal refuge tracts and state

wi |l dlife nmanagenent areas; and 4) primary irrigation and fl ood control

drai nage systens. Figure 1 shows the |ocations of sedinent sites and
Appendi x B, Table B-1 |lists the site descriptions.

Sanpl es were placed in quart glass jars with teflon Iid liners. Jars and
lid liners were chemcally cleaned with acid and organic sol vents accordi ng
to EPA procedures (EPA 1982a).

Sanpl es were collected with a stainless steel Ekman dredge or a stainless
steel ponar dredge. A stainless steel scoop was used at sites wth exposed
sedi nents. A dredge sanple fromeach site was placed in a deep stainless
steel pan and the top 15 cm of sedinent were renoved and transferred to the
jars. Al sanpling equi pnent was cl eaned between each use and additionally
t he equi pnent was gi ven hexane solvent rinses at the begi nning of each day
and several tines throughout the day. Sanples were frozen as soon as
possi bl e after collection and kept frozen until anal yzed at contract

| aboratori es.

Sedi nent was anal yzed for 23 trace elenents (Table 1) at the Environnental
Trace Substance Research Center in Colunbia, Mssouri. Inductively coupled
pl asma em ssi on spectroscopy was used to determne all of the elenents
except arsenic, selenium and nercury. Arsenic and sel enium were

determ ned by hydride generation with atom c absorption. Cold vapor
reduction was used for nercury anal ysis. Bl anks, duplicates, spiked

sanpl es, and standards were used for quality control and quality assurance
and was nonitored by the Service's Patuxent Analytical Control Facility
(Pat uxent).

Organi c anal ysis of sedinment was perforned at the M ssissippi State

Uni versity's Hand Chem cal Laboratory, Starkville, M ssissippi. Aromatic
hydr ocar bons and organochl orines (Table 1) were determ ned usi ng gas
chromat ography with nmass spectrophotonetry for confirmations. Quality
control was nonitored by Patuxent. Aronatics were analyzed in 15 of the 95
sanpl es and organochl ori nes were analyzed in all sanples. Noni nal detection
limts in sedinment for organics and trace el enents anal yzed for this study
are presented in Table 2.

Bi ot a

Softshell turtles, fish, blue crab, oysters, seagrasses, cotton rats, and
birds were collected at 64 sites throughout the Lower Rio Gande Valley in
July and August, 1986. Appendix B, Table B-2 lists the species and site
See Tabl e/ Fi gure

4

(SEE ORI G NAL)
Figure 1. Location of study area and sedi nent and biota sanple sites.
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Table 1. Conpounds and el enments anal yzed in sediment and biota fromthe Lower
Ri o Grande Valley of Texas, 1985-1986.

ALKANES[ sup] 1 ORGANCCHL ORI NESY ELEMENTS[ sup] 3
n - DODECANE (n-Cl2)[sup]4 OXYCHL ORDANE ALUM NUM AL)
n - TRI DECANE (n-C13) c - CHLORDANE ANTI MONY( SB) *
n - TETRADECANE (n-Cl4) t - CHLORDANE ARSENI C (AS)
OCTYLCYCLCHEXANE ( n- Cl14) c - NONACHLOR BARI UM BA)

n - PENTADECANE (n-C15) t - NONACHLOR BERYLLI UM BE)
NONYL CYCLOHEXANE HEPTACHLOR BORON ( B)

n - HEXADECANE ( n-Cl16) HEPTACHLOR EPOXI DE CADM UM CD)

n - HEPTADECANE (n-Cl7) METHOXYCHLOR CHROM UM CR)
PRI STANE o,p' - DDE COPPER ( CU)

n - OCTADECANE ( n-C18) o,p' - DDD | RON ( FE)
PHYTANE o,p" - DDT LEAD( PB)

n - NONADECANE ( n-Cl19) p,p' - DDE MAGNESI UM MG)
n - EI COSANE (n- C20) p,p’ - DDD MANGANESE ( WN)
n - HENEI COSANE (n-C21) p,p' - DDT VERCURY( HG)
ENDRI N MOLYBDENUM ( MO)

DI ELDRI' N NI CKEL (NI)

ALDRI N SELENI UM ( SE)

al pha- BHC S| LVER (AG

bet a- BHC STRONTI UM ( SR)

ganma- BHC THALLI UM ( TL)

del t a- BHC TI N(SN) *

AROVATI (] sup] 5 HEXACHL OROBENZENE VANADI UM (V)
HYDROCARBONS ENDOSULFAN | ZI NC( ZN)
ENDOSULFAN | |

NAPHTHAL ENE ENDOSULFAN SULFATE * - SEDI MENT
FLUORENE M REX ONLY
PHENANTHRENE DCPA

ANTHRACENE DI COFCL

FLUORANTHRENE TETRADI FON

PYRENE ARCCHLOR 1221

1, 2 - BENZANTHRACENE AROCHLOR 1016

CHRYSENE ARCCHLOR 1232

BENZQ( b) FL UORANTHRENE AROCHLOR 1242

BENZQ( k) FLUORANTHRENE AROCHLOR 1248

BENZQ( e) PYRENE ARCCHLCOR 1254

BENZQ( a) PYRENE AROCHLOR 1260

1, 2,5, 6- DI BENZANTHRAC ARCCHLOR 1262

TOTAL PCB' S

BENZO (g, h, i ) PERYLENE TOXAPHENE

[sup] 1 ALKANES - BI OTA ONLY

y ORGANOCHLORI NES - BI OTA AND SEDI MENT
[sup]3 ELEMENTS - Bl OTA AND SEDI MENT
[sup] 4 CARBON NUVBER | N THE COVPOUND
[sup] 5 AROMATICS - Bl OTA AND SEDI MENT
6
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Table 2. Nom nal detection |imts of analytical nethods used in the analysis
of sedinment and biota sanples collected fromthe Lower R o G ande
Val | ey, Texas, 1985-1986.

Bl OTA SEDI MENT

CHEM CAL UG G VEET W) UG G DRY \WI)
SE J:5 0.2

HG 058 0. 05
AS U5 0.2

AG 0.2 0.3

AL 1.0 10.0

B 5.0 1.0

BA (=l 0,1

BE Q1 (A

CD 08X .2

CR 0% 1.0

CcuU 0.1 1.0

FE 1.0 3.0

MG 1.0 0.2

VN 1.0 Q.41

MO Q.1 2.0

NI 0.1 2.0

PB 0.2 3.0

SB ---[sup] 1 3.0
SN 1.0 2.0

SR Ol Q3

TL 0.3 ;0

\% 0.1 1.0

ZN 1.0 1.0
ALKANES 0. 03 ---
ORGANCCHL ORI NES 0.01 0.01
TOXAPHENE 0. 25 0. 05
PCB' s 0. 25 0. 05
PETROLEUM AROVATI C 0. 03 0.01
HYDROCARBONS

[sup]1 ---- NOT ANALI ZED

7

| ocations. Prelimnary site selection was based upon the same factors |isted
above for sedinment although sone sites were added or renoved due to
availability of target species.

Softshell turtles were collected using 12" X 24" X 24" crab traps set with
the top above or just below the surface of the water. Fish were collected
by el ectroshocking, gill nets, and mi nnow traps. Oysters were gathered by
hand as were seagrasses and chara. Cotton rats were |live trapped using

Sherman mammal traps. Bl ack-necked stilts were taken with a shot gun using
steel -shot. A single white pelican was sal vaged by U.S. Fish and Wldlife
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Servi ce refuge personnel earlier in the year. Turtle, crab, cotton rat,

bl ack- necked stilt, and nost fish sanples were conposites of 5 individuals
(whol e body). Til apia, sheepshead m nnow, sailfin nolly, and gizzard shad
sanpl es consi sted of 10-50 i ndivi dual s.

Upon collection, all fish, bird, cotton rat, turtle, and blue crab sanples
were wrapped in alumnumfoil and kept on ice until frozen. Seagrass
sanpl es were placed in two 32 oz. whirl-pak bags per site. Sanples were
then frozen until preparation for analysis. Oyster tissue was placed in
chem cally cleaned quart jars (as above), kept on ice and | ater frozen.
Approxi mately one pint of oyster tissue was collected per site. The cl aws
of blue crabs were renoved and anal yses included the exoskel eton. There was
only enough sheepshead mi nnow ti ssue avail able at site 6 to analyze for
organi cs, arsenic, selenium and nercury.

Al'l analyses for biota sites 1-15 were perfornmed at the Patuxent Wldlife
Research Center. Aromatic hydrocarbons and organochl ori nes were detern ned
usi ng gas chromat ography with nass spectrophotonetry for confirmtion.
Trace el ements were determ ned using inductively coupled plasma em ssion
spectroscopy. Hydride generation with atom c absorption was used for
arseni ¢ and sel eni um determ nati on and cold vapor reduction was used for
nercury.

Al |l other sanples were anal yzed using the sane net hods as above (except
where noted bel ow), but were done at contract |aboratories. Analyses for
trace el enents were perforned at the Trace Substance Research Center in

Col unbi a, M ssouri. Preconcentration nethods were used to enhance detection
[imts for cadm um copper, nolybdenum nickel, |ead, thallium vanadi um
and zinc. Organics anal yses were perfornmed at Wyer haeuser Analytical and
Testing Services in Takoma, Washi ngton. The Patuxent Anal ytical Control
Facility nonitored quality control at these | aboratories. Nom nal detection
limts for the chemcals and el enents that were anal yzed in biota for this
study are given in Table 2.

Dat a Anal ysi s

M ni mum and maxi nrum val ues were determ ned for all organochlorine, trace
el ement, and petrol eum hydrocarbon concentrati ons found above detection
limts. Geonetric neans were determned in those instances where nore than
50% of the sanples were above detection |linmts. In those cases where
geonetric nmeans were cal cul ated, one-half the detection limt was used for
t hose sanpl es bel ow detection limt. The nunerical |og of each val ue was

8

taken and then the nean of the | ogs was cal cul ated. The antil og of the nean
was then taken to convert the value back to the arithnmetic scale.

Al fish data was conbined so that it could be conpared to Nationa
Cont am nant Bi ononi toring Program summary data (Schmitt et al. 1981, Schnitt
et al. 1983, Schmtt et al. 1985). Because this study was intended as a
reconnai sance investigation of contam nants in various matrices, residues in
fish are not presented by species or trophic |level. Ceonetric nmeans were

not determned for bird and oyster data because of the small sanple size.
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RESULTS

Or ganochl ori nes

Fi fteen organochl ori ne conpounds (plus one PCB conpound) were found above
the detection |imts in all sanples anal yzed. However, only nine of these
contam nants were detected in greater than 10 percent of all sanples. Table
3 presents the geonetric neans and ranges of these 9 organochl ori nes.
(Appendi x C, Tables C1 through C 6, provides sunmaries of al

or ganochl ori nes).

Fi ve organochl ori nes were detected in sedinent sanples. DDE, a netabolite
of DDT, was the nost pervasive contam nant found in sedinents, occurring in
70 of 95 sanples. DDE was the only residue detected in enough sedi nent
sanples to determ ne a geonetric nean. DDE ranged from0.01 to 6.00 ppm
with a geonetric nean of 0.02 ppm The parent material, DDT, was detected
in only one sanple at 0.89 ppm DDD, which is another netabolite of DDT,
was detected in only 3 sanples at concentrations near the detection limt.
Dieldrin and toxaphene were detected in 4 and 3 sanples, respectively.
Toxaphene residues were relatively high, ranging from1.10 to 20.00 ppm

Al nine of the nost common organochl orines were detected in fish tissue.
The fam |y of DDT conpounds was detected nost frequently; DDE occurred in
all sanples, DDD in 76 percent of the sanples, and DDT in 42 percent of the
sanpl es. The concentrations of DDE were the highest of any organochl orine
in fish, ranging fromO0.02 to 9.90 ppm w th a geonetric nean of 0.55 ppm
Toxaphene, which was detected in 12 sanples, was found at concentration
levels of 0.98 to 5.10 ppm

The softshell turtles proved to be an excellent indicator of pesticide
contam nation. This is likely because they are a top predator in aquatic
environnents and relatively long-lived (Garrett and Barker 1987). All but
one of the 15 organochl ori nes, hexachl orobenzene, were detected in turtle
ti ssues of the nine nost frequently detected organochlorines, eight were
found in nore than 50 percent of the sanples. DDE was detected in all 27
sanpl es, DDD was detected in 22 and dieldrin was found in 19 sanples. The
geonetric nean of DDE was 2.38 ppm wth a range of 0.02 to 11.30 ppm

Al t hough t oxaphene was found in only seven sanples, a maxi num concentration
of 7.10 ppmwas detected in one sanple.

The white pelican carcass, which was found at the Pharr Settling Basin,
cont ai ned detectable | evels of eight anong the nine nbst common
organochl ori nes. The DDE residue of 46.10 ppmwas the highest concentration
detected in any organismfromthis study. The endrin and dieldrin residues
of 0.29 ppmand 0.80 ppm were al so the hi ghest concentrations found in biota
sanpl es. In contrast, the bl ack-necked stilt conposite contained just three
resi dues above the detection limt, all DDT famly conpounds. DDE was found
at 3.30 ppm DDD at 0.02 ppm and DDT at 0.04 ppm

See Tabl e/ Figure

10
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Table 3. Ceonetric neans and ranges (ppm of the nost frequently detached
organochl orines in sedinment (dry weight) and biota (wet weight)
fromthe Lower Rio Grande Vall ey, 1985-1986.

( SEE ORI Gl NAL)
11

Si x of the nore common organochlorines were detected in the cotton rats.
DDE was detected in all sanples at |ow concentrations ranging fromO0.01 to
0.10 ppm wth a geonetric nmean of 0.02 ppm Al other residues were found
above detection in either one or two sanples at | ow concentrations.

Fi ve organochl orines were detected in blue crabs. DDE was again the nost
frequently detected residue. It was found in all 12 sanples and ranged from
0.01 ppmto 1.10 ppm with a geonetric nean of 0.08 ppm DDD was found in

t hree sanples at concentrations fromO0.01 ppmto 0.03 ppm O her residues
were detected at | ow concentrations in single sanples.

Trace El enents

Twenty one of 23 trace el enents were found above the detection limt in
sedinent. Silver and tin were the only elenents not found above detection
in any of the sanples. In biota, all 21 trace elenents anal yzed for were

f ound above detection in at | east one environnental conponent. Silver was
found above detection in blue crabs only. Table 4 sumari zes the geonetric
means and ranges of selected trace elenents considered to be of greatest
concern to fish, wildlife and ecosystens health. Summaries of all trace

el ements in sedinent and biota are presented in Appendix D (Tables D1

t hrough D-7).

O the selected trace el ements, arsenic, chromum copper, nickel, |ead, and
zinc were all found above detection in 97 percent of sedi nent sanples.
Cadm um was found above detection in only 44 sanples. In order to gain a
general understandi ng of where the concentration |evels of these el enents
lie, they can be conpared with the baseline concentrations in soils of the
western U. S. (Table 4). The geonetric nean of all selected trace el enent
concentrations in sedinment, except selenium are below those in soils of the
western U.S. The geonetric mean of seleniumat 0.28 ppm is only slightly

hi gher than the geonetric mean in soils (0.23 ppm.

Trace el enent concentrations in biota sanples were fairly simlar, with sone
noti ceabl e exceptions. The geonetric nean of arsenic concentrations was

much hi gher in blue crabs than in other animl tissue, although
concentrations in sone fish tissues (sea catfish) were also relatively high
The concentrations of arsenic in softshell turtles were nuch | ower than
those in other animals. The geonetric neans and naxi mum of copper
concentrations were much higher for the tissues of two nmarine organisns
(blue crab and oyster) than for the other aninmal tissues. Concentrations of
zinc in oysters were nuch higher than those in other animal tissues. In
fact, the geonetric nean of zinc in oysters is at least 20 tinmes higher than
that for other organisns.
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Pet r ol eum Hydr ocar bons

Fourteen sel ected aliphatic hydrocarbons were anal yzed for in biota sanples
and sel ected aromati c hydrocarbons were anal yzed for in sedinents.

Al'i phati c hydrocarbons, or al kanes, were anal yzed for in spiny softshell
turtles, fish, blue crabs, oysters, cotton rats, and birds. However, cost
prohi bited analysis of all turtle, fish, and blue crab sanples. Analysis of
See Tabl e/ Fi gure

12

Tabl e 4. Geonetric neans and ranges (ppm of selected trace elenents in
sedi nent (dry weight) and biota (wet weight) fromthe Lower
Rio Grande Val |l ey, 1985-1986.

( SEE ORI G NAL)
13

sedi nents for aromatic hydrocarbons was limted to 15 sanpl es.

Al i phati c hydrocarbon conpounds were found above detection nost frequently
in spiny softshell turtles, fish, blue crabs, and cotton rats (Table 5).
Only two al kanes, n-pentadecane and n- heptadecane, were found above
detection in the two oyster sanples. N pentadecane was detected at 0.07 ppm
(wet weight) in one oyster sanple and 0.05 ppmin the second; n-heptadecane
was detected at 0.07 ppmand 0.05 ppm O the two bird sanpl es, al kanes

were found above detection only in the American white pelican; n-heptadecane
was detected at 0.11 ppm and phytane at 0.03 ppm

Al'l 14 al kanes were found above detection in fish and softshell turtle
sanpl es. Seven al kanes were found in blue crab and cotton rat sanples. N
pent adecane, n-hexadecane, n-heptadecane, phytane and n-nonadecane were the
al kanes found nost frequently above detection in fish. Ntridecane, n-

pent adecene, n-hexadecane, n-heptadecane and henei cosane were the al kanes
found nost frequently above detection in softshell turtles.

The hi ghest al kane resi dues were detected in fish. Three sanples of gizzard
shad had concentrations of n-heptadecane of 64.70 ppm 49.9 ppm and 31.5
ppm The val ue of 64.70 ppm n- hept adecane was the hi ghest al kane
concentration detected in all biota sanples. The geonetric nean for n-

hept adecane in fish was 1. 01 ppm the highest geonetric nean for al kane
residues in fish sanples. The geonetric nean for n-heptadecane was al so the
hi ghest for softshell turtle sanples at 0.34 ppm The maxi num val ue for n-
tridecane (1.64 ppm) was the highest al kane concentration detected in
softshell turtle sanples. Al kane concentrations were generally mnmuch | ower
in blue crabs and cotton rats. The hi ghest al kane residue in blue-crab
sanpl es was phytane at 0.75 ppm and 0.23 ppm henei cosane was the al kane
resi due detected at highest levels in cotton rats.

Fourteen of 15 polycyclic aromatic hydrocarbons (PAH s) were detected in
sedinents (Table 6). PAH s were detected in only 5 of 15 sedi nent sanpl es.
Two sanples stand out in terns of the nunbers of PAH s that were detected
(sites 46 and 50). Site 46, collected at Resaca Lozano Banco near the
Brownsville Unit of the Lower Rio G ande Valley National WIldlife Refuge,
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had detectable | evel s of al

det ecti on.
14

Table 5. Ceonetric nean and ranges (ppm wet weight) of aliphatic hydrocarbons
(al kanes) in biota fromthe Lower

Sof t shel

Fi sh Turtle

Chem cal n=10
n - Dodecane ---1
(0.03)y (0. 05)

1[ sup] 3 1

n - Tridecane ---
(.03) (0.03-1.64)

3 18

n - Tetradecane 0. 03
(0.03-0.05) (0.03-0.10)
6 5

Cct yl cycl ohexane

BDL (0.03-0.16)

3

n - Pent adecane 0. 47
(0.04-5.90) (0.07-0.50)
10 20

Nonyl cycl ohexane ---
(0. 04) (0.03-0.11)

g 2

n - Hexadecane 0.11
(0.03-0.93) (0.03-0.19)
9 14

n - Hept adecane 1.01
(0.04-64.70) (0.07-1.07)
9 20

Pri st ane ---
(0.03-0. 40) (0. 03-0. 46)
4 6

n - COctadecane 0.17
(0.05-0.41) (0.03-0.18)
6 6
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14 PAH s.
t he Turning Basin of the Brownsville Ship Channel,
concentration of 13 PAH s.

Ri o Grande Val l ey,

Cot t on

Bl ue Crab

n=20

BDL[ sup] 4

0.10
BDL

BDL

BDL

0.17
(0. 03-0. 05)
3

BDL

0. 03
(0.03)

0. 34
(0. 03- 0. 15)

(0.04-0.06)

BDL

The sanple fromsite 50,
had t he hi ghest
The other three sites had few PAH residues above

1985- 1986.

Rat
n=8

BDL

(0. 03-0. 09)

5

BDL

BDL

(0.03-0. 18)
10

BDL

(0. 05)
1

0. 04
(0. 03- 0. 05)
9

BDL

(0. 03- 0. 09)
9

| ocat ed at

n=11

0. 05

0. 03

0. 04
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Phyt ane
(0.03-0.23)
74

n - Nonadecane
(0.03-0. 25)
7

n - Ei cosane
(0.03-0.04)
4

Henei cosane
(0.03-0.23)
5

[sup] 1 GCeonetric nmeans (Geonetric nean cal culated only for those with > 50%

det ection).

0. 05
(0.04- 0. 19)
11

0. 05
(0. 03-0. 14)
9

(0. 03-0. 10)
5

0. 05
(0.03- 1. 20)
20

y Range in parenthesis
[sup] 3 Nunber of sanples above detection

[sup]4 BDL - Bel ow detection limt
15

Tabl e 6.

Grande Vall ey of Texas, 1985-1986.
Sedi nent Sanple Site

Chem cal 42
Napht hal ene BDLy

Fl uor ene BDL
Phenant hr ene BDL

Ant hr acene BDL

Fl uor ant hr ene 0.01

Pyr ene 0.01
1,2 - Benzant hracene BDL
Chrysene BDL
Benzo( b) Fl uor ant hr ene 0.01
Benzo( k) Fl uor ant hr ene BDL
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0.08
(0. 04-0. 75)
3

(0. 03)

BDL

0.11
(0.09-0. 13)
2

46 50
BDL BDL
0. 02 BDL
0.01 0.02
0. 03 0.23
0. 09 1.80
0.03 3.00
0.04 1. 00
0. 05 1.50
0.08 6. 50
0.01 0. 86

BDL

(0. 03-0. 13)

BDL

(0. 04- 0. 23)
11

66

BDL
BDL
0.01
BDL
BDL
BDL
BDL
BDL
BDL

BDL

Pol ycyclic Aromatic Hydrocarbons in Sedi nent From The Lower
(PPM Dry Weight)[sup]l

71

BDL

BDL

0.01

BDL

BDL

BDL

BDL

BDL

0.10

BDL

0.

0.

04

10
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Benzo( e) Pyrene 0.01 0. 09 0. 87 BDL BDL
Benzo(a) Pyrene 0.01 0.15 1.50 BDL BDL
1,2,5,6-D benzant hracene BDL 0. 07 0. 84 BDL BDL
Benzo (g, h,i)Peryl ene 0. 02 0. 27 2.70 BDL BDL

[sup]1l Sites analized for PAH s but none detected
1, 51, 55, 60, 63, 64, 65,68, 72, and 80

y BDL - Below detection limt
16

DI SCUSSI ON

Or ganochl ori nes

The detection of 15 different organochlorine insecticides in a variety of
environnmental conpartnents is indicative of the w despread agricul tural
devel opnent in the Lower Rio Grande Valley and of the persistence of these
pesticides. Mst of these organochl orines have been banned, have restricted
uses, or are currently being phased out (Table 7). Several of these have
been restricted fromuse on nost crops for many years, yet they still
persist in soil and animal tissues. Several conpounds (c-chlordane, t-

chl ordane, c-nonachlor, heptachl or epoxi de, hexachl orobenzene, endosul fan
sul fate and PCB) were detected at very |ow concentrations and in | ess than
10 percent of all sanples. These residues are not at |evels considered to
be biologically significant and will not be di scussed.

In the study by Wiite et al. (1983), conducted eight to ten years prior to
this study, freshwater fish fromthe Arroyo Col orado were di scovered to be
hi ghly contam nated with DDE and toxaphene. In 1980-1981, the Nationa
Cont am nant Bi ononitoring Program al so found el evated DDE and t oxaphene
residues in fish fromthe lower Ro Gande (Schmtt et al. 1985).

Conpari son of the concentrations in fish tissue fromthis study with

nati onal baseline geonetric neans (Table 8) denonstrates this sanme pattern
of el evated DDE and t oxaphene residues. Al 33 fish sanples fromthis study
exceeded the national geonetric nmean of 0.20 ppm for DDE. Wen detected,

t oxaphene was significantly greater than the national geonetric nean of 0.27
ppm and the m ni mumtoxaphene concentration (0.98 ppm) was 3.6 tines the
nati onal nean. The remai ni ng organochl orines exceeded the national
geonetric nmeans in relatively few sanpl es

The National Academy of Sciences and National Acadeny of Engi neers (1972)
established a level of 1.0 ug/g (ppnm) of total DDT (including DDE and DDD,
based on whol e body, wet weight, residues) as the recommended | evel for
protection of aquatic life. Ten fish sanples and 21 softshell turtle
sanpl es exceeded this | evel. The geonetric nean of 0.55 ppm DDE in al

fish tissue sanples, however, is below the established ppmlevel. The
geonetric nmean of DDE residues in softshell turtles (2.38 ppn) exceeded the
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recomended | evel . The bi ol ogical significance of these residues in turtles
i s unknown (Hall 1980, Albers et al. 1986).

Due to the potential for biomagnification, the |levels in fish also have
significance for fish-eating birds. DDE concentrations of 3 ppmin the diet
of some birds may result in eggs that are 12 to 14 percent thinner than
normal (MLane and Hall 1972, Lincer 1975). Lincer (1975) determ ned that a
diet containing 1 ppmDDE for 2 to 3 nonths prior to nesting would result in
eggshells that are 7 percent thinner. Eggshell thinning that exceeds 15
percent is generally considered serious and nay be associated with
popul ati on decline (Ri sebrough et al. 1970, Anderson and H ckey 1972).
Therefore, the data fromthis study indicates that the DDE |l evels in fish
have |ikely caused sone degree of eggshell thinning for sone fish-eating

17

Table 7. Reqgulatory status in the United States of sonme organochl orines
commonly detected in the Lower Rio Grande Valley.[sup]1l

Chem cal St at us

DDT Cancel | ed except for limted use
related to human health - 1972.

Toxaphene Cancel l ed - 1982. Use of existing
stock all owed through 1986.

Al drin Cancel | ed except for limted use-
1984.

Dieldrin Cancel | ed except for limted use-
1984.

Chl or dane Cancel | ed except for limted use -

1980. Cancelled for termte control
1987, use of existing stock all owed.

Hept achl or Uses restricted - 1980; total phase
out starting 1983.

[ sup] 1 Adopted fromFlemng et al. 1983.
18

Table 8. Ceonetric nmean or ranges (ppm wet weight) of the nost frequently
detected organochlorines in fish fromthe Lower Rio G ande Vall ey,

1985- 1986, conpared to national geonetric neans (ppm wet weight) for

the National Pesticides Mnitoring Program 1930-1981 (Schmtt et

al . 1985).

No. of Sanpl es

Nat i onal Geonetric Range or Geonetric Exceeding Nationa
Mean. 1980-81 Mean[ sup] 1 Meany
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p, p' DDE 0. 20 0.55 33
p, p' DDD 0. 07 0. 03 4
p, p' DDT 0. 05 0. 01- 0. 07 3
Toxaphene 0. 27 0.98-5.10 12
Endrin <0.01 0.01 2
Dieldrin 0. 04 0.01-0. 08 1
Oxychl or dane 0.01 0.01-0.02 2
t - nonachl or 0. 04 0. 02-0. 05 1
Met hoxychl or <0.01 0.01-0.05 2

[sup] 1 Geonetric neans were only cal cul ated when residues were detected in greater
t han 50 percent of the sanples (p,p' DDE and p, p' DDD).

y The total sanple nunber for fish was 33.
19

birds. But the degree of thinning is not expected to be at |evels

associ ated with popul ati on declines. These |evels could be a problem for
mgratory birds which winter in areas of higher contam nation and return to
the Lower Rio Grande Valley to nest.

The DDE concentration detected in the Anerican white pelican carcass (46.1
ppm wet weight) is relatively high. Knopf and Street (1974) determ ned that
American white pelican eggs containing DDE at 13.62 ppm (wet weight) were
significantly thinner than pre-DDT era eggs. However, because of the
mgratory nature of this species and the fact that only one sanple was

anal yzed, few concl usions can be nade regarding the inplications for the
study area. Bl ack-necked stilts, which are nesting birds in the study area,
had nmuch | ower DDE residues, at 3.30 ppm Wite et al. (1980) found simlar
DDE concentrations in shorebirds in the vicinity of Corpus Christi, Texas,
and considered these levels to be relatively | ow

Toxaphene is rapidly netabolized by manmal s and birds and does not
constitute a major threat to these aninmals (E sler and Jacknow 1985).
Toxaphene is, however, a serious threat to nmarine and freshwater organisns,
especially fish. Residues at concentrations of 0.4 to 0.6 ppmin the bodies
of freshwater fish were associated with reductions in growth, reduced
fecundity and abnorrmal bone growth (Mayer and Mehrle 1977). Although the
maxi mum resi dues detected in fish in this study (5.10 ppm) were nmuch | ower
than the maxi mum of 31.5 ppmfound eight to ten years ago by Wite et al
(1983) in the Arroyo Col orado, they are still above the |evels considered
harnful to fish. Andreason (1985) discovered that nosquitofish fromthe
Lower Rio Grande Vall ey had devel oped genetic resistance to toxaphene.
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Further investigation would be necessary to determne if a simlar
resi stance to toxaphene has devel oped in other species or whether these
el evat ed toxaphene residues are inpacting fish popul ations.

O the other frequently detected organochlorines, only endrin and dieldrin
were detected at | evels above 0.1 ppm The National Acadeny of Science and
Nat i onal Acadeny of Engineers (1972) recommend that 0.1 ppm endrin and

di el drin should not be exceeded (singly or together) for the protection of
aquatic life. Ten spiny softshell turtles exceeded this recommended |evel.
It is not known how t hese residues may be affecting these turtles.

Four | ocations had sone of the highest DDE and toxaphene residues in turtles
and/or fish: 1) Llano Grande on the Arroyo Col orado, 2) Laguna Atascosa and
Cayo Atascosa before it flows into the Laguna Atascosa, 3) the Rio G ande
above Anzal duas Dam (National Contam nant Biononitoring Station 16), and 4)
t he Resaca de | os Cuates. The hi ghest DDE and toxaphene residues in fish
were fromthe Ll ano Grande. The highest DDE residues in turtles were from
the Arroyo Col orado at Farmto-Market Road 1015, directly south of M ssion,
Texas. Rel atively high DDE concentrations were also found in turtles
collected fromthe North Fl oodway, Hi dalgo/WIIlacy County Drain, and the
Raynondvill e Drain. These findings are not surprising in [ight of previous
studi es whi ch have found el evated | evel s of DDT, DDE, and toxaphene in the
Arroyo Col orado (Childress 1966, Tidswell and MCasland 1972, Wite et al.
1983) and the R o G ande above Anzal duas Dam (Schmtt et al. 1981, Schmtt
et al. 1983, Schmtt et al. 1985). It is inportant to note that of the four
See Tabl e/ Fi gure

20

( SEE ORI G NAL)

Figure 2. DDE and toxaphene residue trends in gizzard shad from Station 16
of the National Contam nant Biononitoring Program

| ocations with higher residue |levels, three are bodies of water that have
been i npounded. Kepner (1986) al so found el evated organochl ori ne resi dues
in fish and turtles frominpounded bodies of water in Arizona and noted
that these areas may act as contam nant sinks.

The trends of DDE and toxaphene residues in the Lower Rl o Grande Valley over
the past two decades can be exam ned by conparing residues in gizzard shad
fromstation 16 of the National Contam nants Bi ononitoring Program (Figure
2). Except for 1973 and 1974 (when only single conposites of gizzard shad
were avail able), there is a steady decline in DDE residues from 1970 to
1986. The 1986 DDE val ue, fromthis study, is a decrease of nearly one-half
that from 1984. The slight rise of DDE residues in 1978 may be a result of
the use of dicofol as an acaricide on citrus and cotton crops. D cofol has
been found to contain DDT as an inpurity at levels up to 9 percent (Cd ark et
al . 1983).

The trend of toxaphene is not as encouragi ng. Toxaphene resi dues appear to

be stable or slightly increasing since 1976. Toxaphene cane into heavy use
on cotton crops after the 1972 ban on DDT. Mst uses of toxaphene were
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cancel led by the Environnental Protection Agency in 1982 (EPA 1982b). Use
of existing avail able stocks was allowed through 1986. It is likely that

the stabl e or increasing toxaphene residues through 1986 are a result of the
use of remaining stocks. Future sanpling at Station 16 for the Nati onal
Cont am nant Bi ononitoring Program should help confirmthis.

21

Trace El enents

Unli ke the organochl orine contam nants, trace elenents are intrinsic in
nature. In fact, many are essential mcronutrients (copper, chromum iron,
manganese, nickel, nolybdenum selenium and zinc) and thus are inportant
for functioning of plants and aninmals (Lel and and Kuwabara 1985). Above
certain levels, however, these trace el enents can have toxic effects.

Ar seni c

Arseni c was found above detection in all animal tissues. The geonetric nean
of arsenic for all fish sanples (0.21 ppm exceeded the geonetric nmean from
the 1980-81 National Contam nants Biononitoring program (0.14 ppm (Lowe et
al. 1985). This is msleading, however, since the geonetric nean presented
in Table 3 includes eight sanples of sea catfish. Marine biota have the
ability to accunul ate arsenic from seawater and food and typically have

hi gher arsenic concentrations than freshwater organi snms (Maher 1985). Six
of the highest arsenic concentrations were in sea catfish. The geonetric
nmean using only the freshwater fish is 0.11 ppm which is bel ow the national
basel i ne. The highest residue in freshwater fish was 1.19 ppmin a
sheepshead m nnow sanple. Both the geonetric nean and nmaxi mum f or

freshwater fish are below the | owest residue Ievel (1.35 ppm known to
reduce growth and survival in freshwater fish (NRCC 1978). The
concentrations in the sea catfish are all within the 2 to 5 ppmrange

consi dered typical of marine fish tissues (Eisler 1988a).

The arsenic levels in softshell turtles (0.03 to 0.06 ppn) were nuch | ower
than the concentrations found in freshwater fish, which are a | arge part of
the turtle diet. This supports the findings of Spehar et al. (1980) that
arseni ¢ does not biomagnify up the food chain but tends to accunul ate at

| oner trophic levels. The arsenic levels in softshell turtles found in this
study are very simlar to the levels in softshell turtles collected fromthe
upper Trinity River, Texas (0.025 to 0.060 ppnm) (lrwin 1988).

The concentrations in bl ack-necked stilts, blue crab and oysters were all at
| evel s considered to be within normal ranges and bel ow | evel s of concern for
t hose organisns (Wite et al. 1980, Hall et al. 1978, NOAA 1987).

Cadni um

Cadm umis generally considered a nonessential trace elenent (Ei sler 1985a).
It is potentially toxic to nost fish and wildlife at sufficient
concentrations and freshwater organisns are especially sensitive. In
general , concentrations exceeding 2.0 ppm whol e body, fresh weight, in
vertebrate aninals i s considered evidence of probabl e cadm um contam nati on
(Ei sl er 1985a).
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Level s of concern were not found in this study. Less than half of the

sedi nent and fish sanpl es contained concentrati ons above detection, and
cadm um was not found above detection in the bl ack-necked stilt sanple. The
maxi mum concentration in a fish sanple (0.031 ppm) is near the baseline
geonetric nmean of 0.03 ppmfor fish (Lowe et al. 1985). The slightly higher

| evels in blue crabs and oysters is indicative of the higher [evels found in
mari ne organi snms (Ei sler 1985a).

Chr om um

Chromumis known to have both |lethal and sublethal effects on fish and
wildlife. However, the significance of tissue residues is inperfectly
under stood. Current evidence suggests that tissue |levels in excess of 4.0
ppm dry weight are indicative of chrom um contam nation (Eisler 1986).

Nearly all biota sanples fromthis study were below the 4.0 ppm (dry wei ght)
| evel . Three fish sanples, however, did exceed this level. One tilapia
conposite sanple fromthe upper end of Resaca de |os Cuates contained 14.0
ppm chrom um (whol e body, dry weight), one gizzard shad conposite from
Pintail Lake at Santa Ana National WIdlife Refuge contained 7.7 ppm (whol e
body, dry weight), and the concentration of one carp conposite collected
from Fal con Reservoir was 4.8 ppm (whol e body, dry weight). It is difficult
to explain these unusually high concentrations of chrom um since sedi nent
and other biota sanples fromthose sane | ocations had | ower concentrations.
Wells et al. (1988) did detect elevated chromumlevels in sone water
sanples fromthe Lower Rio Grande Valley. Except for these three fish

sanpl es, chromum | evels were generally at |ower concentrations. The
geonetric mean for all fish sanples on a dry wei ght basis was 0.95 ppm

Furt her investigation would be necessary to determ ne the reason for these
three el evated | evel s.

Copper

Copper is an essential elenment for both plant. and animals. At sufficient
concentrations copper may also be toxic to a variety of fish and wildlife
(EPA 1980). Breteler (1984) placed copper as one of the major threats to
ecosystem health relative to ot her heavy netals.

The 1980-81 national baseline geonetric nmean for fish (Lowe et al. 1985) is
0. 68 ppm (wet weight) and the 85th percentile for the sane data is 0.90 ppm
The geonetric nean for fish fromthis study (0.45 ppm was bel ow t he
basel i ne geonetric nmean, but six fish sanples exceeded both the baseline
geonetric nmean and 85th percentile. Three of these sanples contained
concentrations of copper (between 2.40-5.09 ppm wet weight) that were in

t he same range as copper concentrations in fish fromthe Santa Catarina

Ri ver, Nuevo Leon, Mexico (Villarreal-Trevino et al. 1986). This river was
considered polluted fromindustrial and nunicipal discharges. Current
information is lacking on the relationship between whol e body resi dues and
bi ol ogi cal effects.

23
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Copper concentrations were highest in blue crab and oysters sanples. These

| evel s are not considered el evated for these marine organi snms. Experi nental
evi dence indicates that decapod crustaceans, such as blue crabs, are able to
regul ate i nternal copper concentration and avoid toxic |evels (Rainbow
1985). The copper concentrations in the oysters were bel ow t he nedi an

copper concentration for oysters collected for the 1986 National Status and
Trends Program ( NOAA 1987).

Mer cury

Mercury concentrations in biota are of special concern because nercury can
bi oconcentrate in organi sns and bi onagnify through food chains, inpacting
fish, wldlife and man (Ei sler 1987a). Mercury does occur naturally, but it
has no known bi ol ogi cal function.

Mercury levels in all biota sanples were below | evel s of concern for these
organi snms. The hi ghest concentrations were detected in sea catfish.

Mercury was detected at 0.431 and 0.424 ppm (wet wei ght, whole body) in two
sanpl es of sea catfish. This is below the | evel of 0.5 ppmgenerally
accepted as a |level for unpolluted environnments (Abernathy and Cul nbie 1977)
and below the FDA's 1.0 ppmaction |evel for edible portions.

Ni ckel

Apparently because of its lowtoxicity to humans, there is a | ack of residue
data on nickel for conparisons. In addition, nickel does not accunulate in
aquatic organisns (Phillips and Russo 1978).

Conpari son of sedinent concentrations to the baseline for soils of the
western U S. (WIson 1986) indicates that nickel is relatively lowin
sedinments of the Lower R o Grande Valley. N ckel concentrations in al

bi ota sanples were also I ow. The Panel on N ckel (1975) considered |evels
bel ow 0. 75 ppm nickel to be normal for aquatic organisns; this |level was
exceeded by only one sanple of gizzard shad.

Lead

Lead is both a nonessential and nonbeneficial element. Lead is toxic in
nost of its chemi cal forms and can bi oaccunul ate causi ng subl ethal effects
t o hemat opoi etic, vascul ar, nervous, renal and reproductive systens (Eisler
1988Db)

The geonetric nmean of 10.7 ppmlead in sedinents is an indication that

sedi nents of the study area are relatively uncontam nated. Harrison (1987)
determ ned that the background |lead |evel of soils in the vicinity of Corpus
Christi, Texas, was 13.0 ppm The maxi mum concentration in sedi nent of 240
ppm | ead was found in Brownsville Resaca within the city limts of
Brownsville. The lead levels in Brownsville Resaca are sinmlar to the nmean

| evel s (250 ppm that Harrison found in soils near the edges of roadways in
Corpus Christi, Texas, and attributed to autonobile em ssions. Brownsville
Resaca is in the vicinity of several roadways. This level in sedinent is

24
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conparable to sites with noderate contam nation (Eisler 1988b), however a
di rect cause and effect relationship between | ead concentrations in sedi nent
and inpacts to aquatic organi sns has not been made.

Lead levels in biota were generally below | evel s of concern. Only nine fish
sanpl es contained | ead | evel s above detection, ranging fromO0.02-1. 01 ppm
These | evels are nmuch | ower than those froma known contam nated river in
Mexi co, where | ead concentrations in fish ranged from2.0 ppmto 6.5 ppm
(wet weight) (Villareal-Trevino 1986). The |ead concentration in the one

bl ack-necked stilt whol e body conposite was above the | evels found in bl ack-
necked stilt livers by Wite and Cronmartie (1985). Lead |levels in waterfow
livers ranging between 6 ppmand 20 ppm (wet weight) or greater were

consi dered di agnostic of acute intoxication by Longcore et al. (1974). The
significance of the lead Ievels in black-necked stilts found in this study
I S unknown.

Sel eni um

Seleniumis an essential trace elenent. Inpacts to animals may result from
bot h sel eni um defi ci ency and sel eni um poi soning (Ei sler, 1985b). Potenti al
effects of high | evels of seleniumrange from physical nalformtions during
enbryoni ¢ devel opnent to sterility and death (Lenmly and Smth 1987).

The | evel s of seleniumdetected in sedinents of the Lower Rio G ande Val |l ey
are relatively | ow and probably are indicative of the natural sel enium
content of soils. The nmaxi mum concentration detected was 0.66 ppm (dry
weight), with a geonetric nmean of 0.28 ppm Lenmly and Smth (1987) state
that soils rarely contain greater than 2 ppm sel enium (dry wei ght).

Residue levels in all biota sanples were bel ow | evel s considered to be

har nful . Baumann and May (1984) considered that seleniumlevels of 2 ppm
(wet weight) or nore in fish tissue may be indicative of concentrations that
coul d cause toxic effects. Al concentration in fish fromthis study were
well below this level (maxinmumfor this study was 0.95ppn). The sel eni um
concentration in bl ack-necked stilts (0.47 ppnm) conpares with the |evels
found in duck breast tissue (0.19 - 0.65 ppn) froman uncontam nated area in
California (Onhlendorf et al. 1986). The hi ghest concentrati on was detected
in blue crab sanples (maxi mum of 1.07 ppm geonetric nmean 0.42 ppm. These

| evel s are typical of seleniumconcentrations in marine invertebrates which
are usually less than 2 ppmon a wet weight basis (Eisler 1985b).

Zi nc

Zinc is another essential mcronutrient which at sufficient concentrations
can result in lethal or sublethal effects. Marine fish and oysters have
been noted for accumul ati ng higher |levels relative to freshwater organi sns
(Phillips and Russo 1978, Duke 1967). Oysters in this study contained the
hi ghest concentration of zinc (geonetric nmean of 253.2 ppmwet weight). In
fish, the highest zinc concentrations were detected in sea catfish. The
geonetric nean for zinc in sea catfish was 50.1 ppm (range = 0.5-146.7 ppm
wet weight) conpared to a geonetric nean of 8.3 ppm (range = 0.5-51.0 ppm
wet weight) for all freshwater fish. Conparison of the geonetric nean and
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range of freshwater fish with that for the national baseline indicates that
zinc levels are relatively lowin these fish. The national baseline
geonetric nean for 1980-81 for zinc was 23.82 ppm (wet weight) and the 85th
percentile was 40.09 ppm (Lowe et al. 1985).

The |l evels in oysters can be conpared with [ evels reported in the National
Status and Trends Program for 73 oyster sanpling stations along the Gulf and
Atl antic coasts (NOAA 1987). The zinc concentrations in oysters fromthis
study are below the nedian levels in the National Status and Trends Program

Based on sedi nent sanples, one |l ocation had noticeably el evated zinc |evels.
The Turning Basin of the Brownsville Ship Channel had zinc levels in
sedinent three tinmes higher than any other sanpling |ocation (439.0 ppmdry
wei ght). The Texas Water Comm ssion has attributed this in part to ship
dismantling operations and an ore loading facility |ocated near the Turning
Basin (Bow es 1983).

Pet r ol eum Hydr ocar bons

Al i phati c hydrocarbons (al kanes) are a nmjor conponent of petrol eum products
(Sandneyer 1981). Arnstrong et al. (1979) |listed several al kanes found in
crude oil at separator platforns in Trinity Bay, Texas. This included
several of the selected al kanes investigated in this study. These sel ected
al kanes are al so conponents of kerosene, jet and turbo fuels, and

| ubricating oils (Sandneyer 1981).

Several al kanes (the odd-nunbered carbon n-al kanes) are al so produced

bi ogenically by al gae and phytopl ankton (Coates et al. 1986, D. Scal en,
pers. comnm ). The al kane n-henei cosane (C21) and hi gher odd-nunbered carbon
n- al kanes are produced by terrestrial plants (Shaw et al. 1986).

A determi nation of the contribution from petrol eum and bi ogeni c sources is
possible only on a relative basis. A predon nance of odd-nunbered carbon n-
al kanes suggests a bi ogenic source (Sanders et al. 1980). In petrol eum
hydrocarbon, there is no distinct preference for odd or even-nunbered
carbon n-al kanes, and the occurrence of phytane suggests a petrol eum

hydr ocarbon source since it is rarely found in biogenic material (National
Acadeny of Science 1985).

Using these guidelines it appears that both petrol eum hydrocarbon and

bi ogeni ¢ sources contributed to the concentrations found in this study. The
odd- nunbered carbon n-al kanes were detected in nore sanples and at greater
concentrations than the even-nunbered carbon n-al kanes, suggesting that

bi ogeni ¢ production was the major contributor of aliphatic hydrocarbons.
Thi s supposition is further supported by the fact that the al kane detected
at hi ghest |evels was n-heptadecane in gizzard shad. N heptadecane is one
of the odd-nunbered carbon n-al kanes produced by al gae and phyt opl ankt on,
and the gizzard shad is a filter feeder that consunes both phytopl ankt on and
al gae.

26
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Information is currently lacking on the rel ationship between al kane tissue
resi dues and bi ol ogical effects. Sandneyer (1981) reviewed the toxicol ogy
of al kanes and states that the |iquid al kanes are noderately toxic. The

| onest toxic dose for pristane fed to mce was 9600 ng/ kg (ppm. Mller et
al. (1982) exam ned the toxicity of crude oil conponents fed to young
herring gulls and found that aliphatics had no obvious effect while the
aromati c conponent reduced gull rates of weight gain.

Al t hough current information suggests aliphatic hydrocarbons are of
relatively lowtoxicity conpared to the PAH s, they nay be inportant in
determ ning the extent of exposure to petrol eum hydrocarbons. Data from
this study denonstrates that fish, in particular, may accunul ate

consi derabl e concentrations in their tissues.

A large information base is developing for the PAHs. This is largely due
to their toxicity and the fact that several are anong the npbst potent

carci nogens known to exist (Eisler 1987b). Like the aliphatic hydrocarbons,
PAH s may al so be bi ogenically produced by m croorgani snms, al gae and
macrophytes. A variety of other sources contribute to aromatics in the
environnment. In aquatic environnents, petroleumspillage is the nmgjor
source of PAH s; other sources are atnospheric deposition (em ssions from
the burning of fossil fuels, refuse burning, grass fires), wastewater

di scharges and | and surface runoff (Eisler 1987b).

Two sites stand out as having several PAH s above detection. The Turning
Basin of the Brownsville Ship Channel had the highest levels. This is
probably related to the spillage of a variety of petrol eum products and the
former practice of discharging ballast wastes directly into the ship
channel . The second site is Resaca Lozano Banco, an old oxbow of the Rio
G ande, near downtown Brownsville. Al but one of the PAH s anal yzed for
were detected at this site, but the concentrations were nmuch | ower than
those found in the ship channel. Atnospheric deposition of autonpbile

em ssions is probably a major source of PAH s at this site. The data

i ndi cates that, except for the two sites nentioned, polycyclic aromatic
hydr ocarbon | evel s are generally | ow or bel ow detection. The |evels of
PAH s in sedinment at Resaca Lozano Banco and the Turning Basin are
conparable to sites that exhibit |ow to noderate contam nation (Al den and
Butt 1986).

27

SUMVARY

Organochl orine, trace el enment, and petrol eum hydrocarbon contam nants were
exam ned in sedinent and biota fromthe Lower Rio G ande Valley, Texas. The
study was designed to nonitor organochlorine contam nants and provide
baseline informati on on trace el enents and petrol eum hydrocar bons.

The detection of 15 different organochlorine insecticides in a variety of
environnmental conpartnents is indicative of the w despread agricultura
devel opnent in the valley and of the persistence of the pesticides. DDE and
t oxaphene residues, in particular, were el evated conpared to national
basel i ne data. This continues a trend which has been docunented in previous
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studi es. The maxi mum | evel s of DDE and toxaphene in fish are much | ower
than the | evels found by Wiite et al. (1983) in a study conducted 8 to 10
years prior to this study.

The data indicates that DDE | evels are gradually declining. The geonetric
mean in fish was below the 1.0 ppm | evel recomended for the protection of
aquatic life. Several fish sanples still exceeded this |evel, though. The
| evel s of DDE in spiny softshell turtles, which are highly piscivorous,
exceeded the 1.0 ppmlevels. The biological significance of these residues
in turtles is unknown. The DDE levels in fish are sufficient to cause sone
degree of eggshell thinning in fish-eating birds, but are not expected to
cause bird popul ation declines.

Toxaphene was detected in fish at |levels that have been associated wth
reduced growth, reduced fecundity and abnormal bone growth. Exam ni ng
several years of data fromstation 16 of the National Contam nants

Bi omoni tori ng Program i ndi cated that toxaphene residues have not declined
i ke those of DDE. This may be due to the cancellati on of toxaphene by EPA
which allowed for the use of existing stocks through 1986.

Four | ocations had sone of the highest DDE and toxaphene residues in turtles
and fish: 1) Llano Grande on the Arroyo Col orado, 2) Laguna Atascosa and
Cayo Atascosa before it flows into Laguna Atascosa, 3) the Rio G ande above
Anzal duas Dam and 4) the Resaca de | os Cuates. Three of these four

| ocations are bodies of water that have been inpounded.

Trace el enents were generally lowin biota, but some fish sanpl es had

el evated chrom um and copper levels. Three fish sanples exceeded the tissue
| evel of 4.0 ppmdry wei ght which is considered to be an indication of
chrom um contam nation, and six fish sanpl es exceeded the national baseline
85th percentile for copper.

Al i phatic hydrocarbons (al kanes) were found above detection nost frequently
in spiny softshell turtles, fish, blue crabs, and cotton rats. The hi ghest
al kane residues were detected in fish. Both petrol eum hydrocarbon and

bi ogeni ¢ sources contributed to the concentrations found in this study. The
data indicates that biogenic sources were the major contributors of

al i phati c hydrocarbons.

28

Pol ycyclic aromatic hydrocarbons (PAH s) were found in five sedi nent
sanpl es. Two sanpl es contai ned several PAH s. The sanple with the highest
| evels was fromthe Turning Basin of the Brownsville Ship Channel. The
second hi ghest |evel sanple was from an oxbow within the city limts of
Brownsville. The levels of PAH s in sedinment are conparable to areas that
are considered slightly to noderately contani nated.

29

RECOMVENDATI ONS

Organochl ori nes, DDE and toxaphene in particular, remain elevated in the
Lower Rio Grande Valley. The data indicates that DDE | evels are steadily

http://orion.cr.usgs.gov/dec_reports/9/report.html (23 of 52) [10/17/2000 1:19:43 PM]



Published Reports

declining. Data fromstation 16 indicates that toxaphene |evels have not
declined. This could be a result of the cancellation of toxaphene, which
all owed the utilization of remaining stocks through 1986. Anot her
possibility is that toxaphene use is continuing in Mexico. Pesticide use
across the border in Mexico can inpact resources in the Lower R o G ande
Val | ey, since waters draining these lands flowinto the Rio Grande and are
then used to irrigate U S. crops. Therefore, it is recommended that a study
be conducted to investigate organochl orine and other pesticide use in
agricultural areas of the Rio G ande in Mexico.

Conti nued contam nants nonitoring of the Lower Rio Gande Valley is
essential if the Service is to ascertain the quality of habitats for
resident and mgratory wildlife. Because the Service adm nisters three
wldlife refuges in the Lower RRo G ande Valley it is inportant to nonitor
contam nants on a valley-w de basis. Laguna Atascosa National wldlife

Ref uge, for exanple, receives irrigation drainage froma broad portion of
the Valley. Irrigation drainwater has been identified by the Departnent of
Interior as a potential source of contamnants for wildlife refuges. Also,
the Rio Grande Valley National WIdlife Refuge has nunmerous tracts of |and,
many of which are encircled by agricultural Iand, throughout the Lower R o
G ande Val |l ey.

Any such nonitoring program shoul d continue to exam ne organochl ori nes,
trace el enents and petrol eum hydrocarbons. In addition to these anal yses,
the Service should also incorporate sone form of biononitoring or bioassay
techni ques. This will be extrenely inportant if it is to assess the threat
of "new age" agricultural pesticides. For exanple, organophosphates,
carbamates, and synthetic pyrethroids are comonly used in the Lower R 0
Grande Vall ey, but tissue analysis for these chemcals is a poor indicator
of exposure.

30
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APPENDI X A

COVMON AND SCI ENTI FI C NAMES OF

SPECI ES REFERENCED | N THE TEXT

Table A-1. Scientific and common nanes of species sanpled in 1985-1986
contam nants study of Lower R o Gande Vall ey.

Conmon Nane Scientific Nane

Agquati c Chara (nusk grass) Chara sp.

Veget ati on Shoal grass Hal odul e wri ghtii

Manat ee grass Syrinaodiumfiliforne

Mari ne Bl ue crab Cal | i nect es sapi dus

| nvert ebrates Eastern oyster Crassostrea virginica
Repti |l es Texas spiny softshell turtle Trionyx spiniferus enorvi
Manmal s Hi spid cotton rat Si gnodon hi spi dus
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Fi sh Freshwat er drum Apl odi not us arunni ens
Sea catfish Arius felis

Sheepshead m nnow Cyprinodon vari eaat us
Common carp Cyprinus carpio

G zzard shad Dor osoma cepedi anum

Qul f killifish Fundul us grandi s

Mosqui t of i sh Ganbusia affinis

Bl ue catfish | ctal urus furcatus
Channel catfish | ctal urus Dunct at us

Al | i gat or gar Lepi sost eus spatul a

Lar genout h bass M crout erus sal noi des
Striped bass hybrid Mor one chrysops X

Morone saxatilis

Sailfin molly Poecilia latipinna

Ti |l api a Ti | api a sp.

Bi rds Red- wi nged bl ackbird Agel ai us phoeni ceus
Bl ack- necked stilt Hi mant opus nexi canus
Herring gul | Larus argentatus

Laughi ng gul | Larus atricilla

Ri ng-billed gull Larus del awarensi s
Franklin's gull Larus pi pi xcan

Pl ai n chachal aca Otalis vetula

Ameri can white pelican Pel ecanus eryt hror hynchos
Pi ed-billed grebe Podi | ynmbus podi ceps
Great-tailed grackle Qui scal us nexi canus
Forster's tern Sterna forsteri

APPENDI X B

SAVPLE SI TE DESCRI PTI ONS
Table B-1. Sedinent site |ocations in the Lower Rio G ande Vall ey, Texas,
1985- 1986.

Site No. Description of Site
1-S Ri o Grande above Fal con Dam
2-S Drain @FM 493 south of junction with

H ghway 107, Deepened for
H dal go/ Wl lacy Drain "Big Ditch" in
1986.

3-S Ri o Grande above confl uence of R o
Sal adito, upstream of Fronton, Tx.

4-S Ri o Grande bel ow confl uence of R o
Sal adi to
5-5 Ri o Grande above confl uence of Ri o San

http://orion.cr.usgs.gov/dec_reports/9/report.html (30 of 52) [10/17/2000 1:19:44 PM]



Published Reports

Juan, 300 feet upstream of punp station,
west of Ro Gande City, Tx.

6-5 Ri o Grande bel ow confl uence of R o San
Juan

7-S Los O nos Creek @HwWw 83, R o G ande
Gty, Tx

8-S La Gulla Unit - Ramrez tract LRGV-
NVR

9-S Drain @FM 1925, south of Lake Edi nburg
10-S North Fl oodway u Hwy 107, east of
Edcouch, Tx.

11-S Abrans Unit LRGY/- NWR-resaca near Abram
TX.

12-S Bentsen State Park (TPWD) -

transect across resaca

13-S Pal nview Unit LRGV-NWR - drai nage
ditch, south of Pal nview, Tx.

14-S DDT Plant - irrigation supply canal east

of old DDT plant in M ssion, Tx.

Table B-1. Sedinent site |ocations in the Lower Rio G ande Val |l ey, Texas,
1985-1986. (Conti nued)

Site No. Description of Site

15-S Mai n Fl oodway @ Fm 1016, south of

M ssi on, Tx.

16-S Madero Unit LRGV-NWR - south of WMadero,
Tx.

17-S Ri o G ande - Anzal duas Dam m d
channel , 300 feet above dam

18-S Gabriel son Unit LRG/-NWR - tract
downst r eam of Anzal duas Dam

19-S Drain @Fm 493, 1-1/2 mles north of
Mai n Fl oodway, south of Donna, TxX.

20-S Mai n Fl oodway @ Hwy 115, south of
McAl | en, TX.

21-S Banker Fl oodway (Hackney Lake Inlet)
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Hw 115, south of Main Fl oodway

22-S Spiller Pond (Dry) - Lake Tropicana,

Hi dal go Bend tract LRGV- NWR,

23-S Pharr Settling Basin LRG/-NWR - south
east of Hidal go, Tx.

24-S Sonny M|l er Resaca - LaChapena Banco #
99, Hidal go Bend tract LRGV-NVR

25-S Vel | a Wods LRGV- NVR - sout heast of

Hi dal go, Tx.

26- S Santa Ana NAR - Pintail Lake

ABCD (i npoundnent # 2)

26- S Santa Ana NWR-west border, east side
EFGH of tour | oop road, pipe draining field
adj acent to refuge

26-5 Santa Ana NAR - Cattail Pond at well

| JKL out | et

Table B-1. Sedinent site |ocations in the Lower Rio Gande Vall ey, Texas,
1985-1986. (Conti nued)

Site No. Description of Site

27-S Mai n Fl oodway @ FM 907, south of Al ano,
TX.

28-S Krennmuel | er Pond, San Juan del Ri o Banco

#40 east of Santa Ana NVWR

29-S Mai n Fl oodway @ FM 493, sout h of Donna,
TX.
30-5 McManus Unit (TPWD) - Sout heast of

junction of FM 493 and Hwy 281, just
north of Bancos 105 and 106

31=S La Coma Unit LRGV-NWR - dry resaca
downstream of Retanmal Dam

32-S Ll ano Grande (Arroyo Col orado) @FM
1015, south of Weslaco, Tx.

33-S Arroyo Col orado @FM 491, south of
Mer cedes, TX.

34-S North Fl oodway @ FM 491, north of
Mer cedes, TX.
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35-5 Thonpson Road (soil) LRG/-NWR - 2 mles
S.E. of Santa Rosa, Tx. on Thonpson Road

36-5 North Fl oodway @ FM 506, north of Santa
Rosa, TXx.

37-S Arroyo Col orado @FM 506, south of La
Feria, Tx.

38-S Mercedes Settling Basin @Hwy 281,

sout heast of Mercedes, Tx.

39-S Santa Maria Unit LRGV-NWR - sout hwest
of Santa Maria, TXx.

40S Arroyo Col orado @Hwy 77 south exit to

FM 1479, Harlingen, Tx.

Table B-1. Sedinent site |ocations in the Lower Rio G ande Vall ey, Texas,
1985-1986. (Conti nued)

Site No. Description of Site

41-S Tucker - DI Shazo Unit (TPWD) drainage
ditch, center of area bordered by FM
509, FM 800, FM 2520, and FM 675

42- S Arroyo Col orado - above railroad bridge
upstream of Port Harlingen

43- S Nort h Fl oodway @ FM 1420, south of
Santa Monica, TX.

44- S Garza - Cavozos Unit LRGV-NWR - dry
resaca, west of San Pedro, Tx. south of
Hw 281 junction with FM 1732

45-'S Brownsvi |l | e Resaca (devel oped) @ Boca

Chi ca Blvd. 3300 feet east of junction
with FN 415 (Central Blvd.)

46- S Brownsville Unit LRG/-NWR - resaca
Lozano Banco, east of USDA research
center on Gorgas Dr.

47- S Voshell Unit (TPWD) - resaca at 5-curve
on FM 511, south of Brownsville airport

48- S Bascaje de la Palma Unit LRGV-NWR -
resaca south of Pal m Grove School

49-S Sout hnbst Ranch - resaca behi nd nmain
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house

50-S Brownsvil I e Ship Channel - Turning
Basi n, west end

51-S Brownsvill e Ship Channel - Boca Chica
Turni ng Basin at buoy marker 35

52-S Rio Grande - near nouth just around
first bend

53-S South Bay - one mle fromBrownsville

Shi p Channel through South Bay Pass
Table B-1. Sedinent site locations in the Lower R o Gande Val |l ey, Texas,
1985- 1986. (Cont i nued)

Site No. Description of Site

54-S Bahia Grande (dry) @FM 1792, 300 feet
north of road, southwest of Port |sabel

55-S Laguna Madre - between old and new
causeways to South Padre Island at Port
| sabel , Tx. sout hwest corner

56- S Brazos - Santiago Pass - bay on south
si de of pass

57-S Laguna Madre - 300 feet offshore from
drain pipe south of Laguna Vista, TxX.

58-S Laguna Atascosa NWR - Stover Cove
(Laguna Madre), west of Gabriel son

| sl and

59-S Laguna Atascosa NWR - Cayo Atascosa at
FM 106

60-S Laguna Atascosa NWR - Laguna At ascosa,

conposite of 5 grabs on east/west
transect passing north tip of Needle
| sl and

61-S Laguna Atascosa NWR - Laguna del Cayo
At ascosa crossing # 1

62-S Laguna Atascosa NWR - Laguna del Cayo
At ascosa crossi ng #2

63-S Laguna Atascosa NWR - Harlingen Ship

Channel at dredged harbor upstream of
mout h of Cayo Atascosa
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64- S Arroyo Col orado - old outlet 1000 feet
in fromHarlingen Ship Channel

65-S Laguna Madre - bay area off G WV west
of buoy marker 299

66-S Raynondville Drain @FM 2209, north of
San Perlita, Tx.

67-S Hi dal go/ W11 acy County Drai hage Project
("Big Ditch") 1.5 mles east of Hw 77,

south of FN 498

Tabl e B-1. Sedinent site locations in the Lower R o Gande Valley, Texas,
1985-1986. (Conti nued)

Site No. Description of Site

68- S Laguna Madre - backwater bay off A WV
bet ween buoy markers 313A and 315

69- S Pot hole (dry) - west side of Hwy 77
sout h of Sebastian, Tx.south side of
di ke, north of "Dirty Cotton Co."

70-S Raynondville Drain @junction of Bus.
Hw 77 and FM 1761

71-S La Sal Vieja - southwest side of east
| ake

72-S Payne Unit LRGV-NWR - La Sal Vieja,
west side of west |ake

73-S Rudman Unit LRGV- NVR-sal t water pond
ABCD north central area of tract

73-S Rudman Unit LRGV- NVR-i npounded area
EFGH both sides of north border road

74-S Pot hol e - west side of Hwy 77 at Lyford,

Tx. northeast area of pothole

75-S Pot hol e - west side of Hwy 77 south of
Sebastian, Tx. north side of dike, north

of "Dirty Cotton Co."1 pool ed area

76-S Monte Alto Reservoir - pedestrian bridge
near shelter in park

77-S Raynmondville Drain @FM 493 - west of
Monte Alto, TX.
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78-S Drain @FM 1015, North of Edcouch, Tx.

79-S Drain @Hw 281, 1/4 mle east of
hi ghway, east of Lake Edi nburg

80-S Schal aeben Unit LRGV-NWR - pond at old

wel | site, southeast of Sal del Ray

Tabl e B-1. Sedinent site locations in the Lower Rio Gande Valley, Texas,
1985-1986. (Conti nued)

Site No. Description of Site

81-S Cottam Unit (LRGV-NWR) - sout heast of
Granj eno, Tx.

82-S Brownsvi | | e Resaca (undevel oped) @ Boca
Chica Blvd. 1400 feet east of FM 415
(Central Blvd.)

83-S Laguna Atascosa NWR - Resaca de | os
Cuat es, sout hnpst di ke at water neter
site, north side of dike

84-S Resaca de | os Cuates @Hwy 100, north
side of third crossing traveling east,
east of Russelltown, Tx.

85-S Raynmondville Drain @Rwy 186, west of
Port Mansfield, Tx.

86- S Hi dal go/ W1l acy County Drai nage Project
("Big Ditch") - @M 1420 near WI | amar,

TX.

87-S Laguna Atascosa NWR-Pelican Lake at

t our road

88-S Laguna Atascosa NWR - Drain at FM 106,

1/2 mle east of Cayo Atascosa

89-S Laguna Madre - Bay north of Rattl esnake
| sl and and east of Horse Island

90-S Resaca de | os Cuates @FM 3069 at
crossing closest to FM 510, northeast of
Los Fresnos, Tx.

91-S Drainage Ditch @FM 1847, 2 mles south
of Los Fresnos. Tx.

92-S Baird Unit (TPWD) - south of Donna, TX.
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east of FM 493

Abbr evi ati ons:

LRGV-NVWR - Lower Rio Grande Valley, National WIldlife Refuge

TPWD - Texas Parks and W1 dlife Departnent

AWV- @l f Intracoastal Wterway

Table B-2. Biota site locations in the Lower Rio G ande Vall ey, Texas,
1985- 1986.

Site No. Speci es Description of Site

1-B Turtle, Carp, Largenouth Bass Ri o Grande at Fal con Dam
Striped Bass Hybrid, G zzard

Shad

2-B Channel Catfish, Carp, Ri o Grande at Anzal duas

G zzard Shad, Turtle Dam

3-B Turtle, G zzard Shad Arroyo Col orado at LI ano

G ande (FM 1015)

4-B None Col | ect ed Arroyo Col orado at Ri o Hondo
5-B Bl ue Crab, Sea Catfish Arroyo Col orado at Mouth

G zzard Shad of A d Channel

6- B Turtl e, Sheepshead M nnow, Resaca de | os Cuates west

Ti |l api a of Hwy 77

7-B Turtle Resaca de | os Fresnos west of
Hw 77

8-B @il f Killifish, Sheepshead Resaca de | os Cuates at

M nnow, Turtle FM 106- LA- N\VR

9-B Blue Crab, Turtle, Blue Catfish Resaca de | os Fresnos at

Al ligator Gar Caya Atascosa-LA- NVR

10-B Bl ue Catfish, Bl ack-Necked Laguna Atascosa- LA- N\R

Stilt, Cotton Rat, Freshwater
Drum Carp, Chara

11-B Bl ue Crab Caya Atascosa at Crossing # |-
LA- N\VIR

12-B None Col | ect ed Caya Atascosa at Crossing #2-

LA- N\VIR

13-B Sea Catfish, Blue Crab Har | i ngen Ship Channel - Delta
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14-B None Col | ect ed At hel Pond- LA- NVR

15-B None Col | ect ed Pel i can Lake- LA- NVR
Table B-2. Biota site locations in the Lower Rio G ande Vall ey, Texas,
1985-1986. (Conti nued)

Site No. Speci es Description of Site

16-B Bl ue Crab, Sea Catfish Lower Laguna Madre-Port Mansfield,
TX.

17-B Bl ue Crab, Sea Catfish Lower Laguna Madre- Mout h of
Raynondvill e Drain

18-B Bl ue Crab, Shoal grass Lower Laguna Madre-Muwuth of "Big
Ditch”

19-B None Col | ect ed bower Laguna Madre- Mouth of North
Fl oodway

20-B Sea Catfish, Manateegrass Lower Laguna Madre-

Bl ue Crab Laguna Vista, TX.

21-B Sea Catfish, Blue Crab, Oyster Lower Laguna Madre- Port

Manat eegr ass | sabel , Tx.

22-B Oyster, Manateegrass, Blue Crab Lower Laguna Madre at

Sea Catfish Sout h Bay

23-B Turtle Santa Ana N\WR- Pintail Lake

24-B Cotton Rat Santa Ana NVWR- West border

25-B Cotton Rat Santa Ana NWR- East border

26-B Cotton Rat Vel | a Wods - LRGV- NVR

27-B Cott on Rat Gabriel son Unit -LRGV- NAR

28-B Cotton Rat Santa Maria Unit - LRGV- NMR

Table B-2. Biota site locations in the Lower Rio G ande Vall ey, Texas,
1985-1986. (Conti nued)

Site No. Speci es Description of Site
29-B None Col | ect ed Boscaj e de | a Pal na
30-B Cotton Rat Payne Unit - LRGV- NVR
31-B None Col | ect ed La Sal Vieja
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32-B None Col | ect ed
33-B Cotton Rat
34-B Cott on Rat
35-B Cott on Rat
36-B None Col | ect ed
37-B Turtl e

38-B Cotton Rat
39-B None Col | ect ed
40- B Turtl e

H ghway 77

41-B Turtle

Ditch") east of Hwy. 77
42-B Bl ue Crab, Sea Catfish
43-B Turtl e

NVR

44-B VWhite Pelican
45-B Turtle

46-B Turtl e

47-B Turtle

Tabl e B- 2. Biota site locations in the | ower
1985-1986. (Conti nued)

Site No. Speci es
48-B Turtl e
Ditch") at FM 493

49-B Turtle

of Lake Edi nburg

50-B Turtle
51-B Turtl e

of M ssion, Tx.

52-B Turtle

Los A nos Creek at Hwy 83
Bentsen State Park- TPWD
McManus Uni t - TPVWD

Baird Unit-TPWD

Tucker Unit-TPWD

Monte Alto Reservoir
Thonpson Uni t - LRGV- NVR
La Gulla Unit LRGV-NWR

Raynondvil | e Drai n Near Bus.

H dal go/ Wllacy Drain ("Big

Brownsvill e Ship Channel

Pharr Settling Basin - LRGV-

Pharr Settling Basin
Carnmen Bl vd. Resaca- LRGV- NVR
Nort h Fl oodway at Hwy. 107
Arroyo Col orado at FM 491
Ri o Grande Val |l ey, Texas,
Description of Site
Hi dal go/ Wl lacy Drain ("Big

Drain at Hwy. 281 North, east

Raynmondvill e Drain at FM 493

Mai n Fl oodway at FM 1016 south

Drain at FM 1925 South of Lake
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Edi nbur g

53-B Turtle Canal within North Fl oodway,
west of FM 49

54-B Turtle Mai n Fl codway at FM 115,
south of MAlIlen, Tx.

55-B Turtle Banker Fl oodway (Hackney Lake
Inlet) at FM 115, south of
Mai n Fl oodway

56- B Turtle North Fl oodway at FM 1420

57-B Turtle Fort Brown Resaca at Sout hnpst
Col | ege, Brownsville, Tx.

58-B Turtle Resaca de | os Cuates at FM
3069 point closest to FM 510

59-B Turtl e Drain at FM 1847 south of Los
Fresnos, TX.

60- B Sailfin Mlly Drain entering Laguna Atascosa
- N\MR at FM 106

Table B-2. Biota site locations in the Lower Rio G ande Vall ey, Texas,
1985-1986. (Conti nued)

Site No. Speci es Description of Site

61-B G zzard Shad Pintail Lake (2) Santa Ana -
NR

62-B Sheepshead M nnow Wl ow Lake (4) Santa Ana -
NVR

63-B G zzard Shad Large Pintail Lake (3) Santa
Ana - NVR

64- B G zzard Shad Pintail Lake (1) Santa Ana -
NVR

Abbrevi ati ons:

LA-NWR - Laguna Atascosa National WIdlife Refuge

LRGV-NVWR - Lower Rio Grande Valley National WIdlife Refuge
TPWD - Texas Parks and W1 dlife Depart nent

APPENDI X C

ORGANCCHLORI NE SUMVARY
Table G 1. Geonetric nmean, m ni num and maxi num val ues (ppmdry wei ght) for
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organochl orines in sedinent fromthe Lower R o Grande Vall ey, Texas.
1985-1986. (N=95)

# SAMPLES
CHEM CAL M N MM MAXI MUM ~ GEO MEAN sup]1l DETECTED

p, p° DDE Q. 0% 6. 00 0.02 70
p, p' DDD 0.01 0.02 3
p,p' DDT BDLy 0. 89 1
TOXAPHENE 1.10 20. 00 ---- 3
DI ELDRI' N 0.01 0.15 ---- 4

[sup] 1 GCeonetric nmean not determ ned when < 50% det ection

y BDL - Below detection limt

Tabl e C 2. Geonetric mean, m ni num and maxi mum (ppm wet wei ght) for
organochl orines in fish fromthe Lower Rio Grande Vall ey, Texas,
1985-1986. (N=33)

# SAMPLES

CHEM CAL M N MUM  MAXI MUM GEO MEAN sup] 1 DETECTED
CHL ORDANE 0.01 0.02 --- 3
c - CHLORDANE BDLy 0. 02 --- 1
t - CHLORDANE BDL BDL --- 0
c - NONACHLOR BDL 0.01 --- 1
t - NONACHLOR 0.02 0. 05 --- 4
HEPTACHLOR EPOXI DE BDL BDL --- 0
METHOXYCHLOR 0.01 0. 05 --- 2
p,p DDE O DEL g 00 - GLBh 33
p,p'’ DDD OO L RN B ¢ AR e 25
p,p° DDT 0.01 0. 07 B 14
ENDRI N 0.01 0.01 --- 2
DI ELDRI N 0.01 0. 08 --- 6
HEXACHL OROBENZENE BDL BDL --- 0
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ENDCSULFAN SULPHATE BDL BDL N 0
TOXAPHENE 0.98 5.10 i 2 12
PCB' s 0. 10 0.11 ST 8

[ sup] 1 Geonetric nean not determ ned when < 50% det ecti on

y BDL - Bel ow detection limt

Tabl e C 3. Geonetric nmean, m ni nrum and nmaxi mrum val ues (ppm wet wei ght) for
organochl orines in spiny softshell turtles fromthe Lower R0

G ande Val |l ey, Texas, 1985-1986. (N=27)

# SAVPLES

CHEM CAL M NI MUM MAXI MUM GEO MEAN| sup] 1 DETECTED
OXYCHL ORDANE 0.01 0.14 0.01 15

c - CHLORDANE 0.01 0.10 i 11

t - CHLORDANE 0.01 0.06 LA 12

c - NONACHLOR 0.01 0.07 g 13

t - NONACHLOR 0.01 0.36 0. 02 15
HEPTACHLOR EPOXIDE ~ 0.01 0. 30 Sy 12
METHOXYCHLOR 0.01 0.06 0.01 14
p, p' DDE 0.02 11.30 2.38 27
p,p' DDD 0.01 0.28 0. 02 22
p,p DDT 0.01 0.05 0.01 14
ENDRI N 0:02 210,14 0.01 16
DI ELDRI N 0.03 0.51 0. 04 19
HEXACHL OROBENZENE BDLy BDL b 0
ENDOSULFAN SULPHATE  0.01  0.03 it 12
TOXAPHENE 0.25 7.10 - 7
PCB' s BDL 0.15 = 1

[sup] 1 Geonetric nean not determ ned when < 50% det ecti on.
y BDL - Below detection limt
C 4. Or ganochl orine residues (ppmwet weight) in birds fromthe Lower R0
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Grande Val l ey, Texas, 1985-1986.

BLACK- NECKED WH TE
CHEM CAL STILT PELI CAN
OXYCHL ORDANE BDL[ sup] 1 0.06
¢ - CHLORDANE BDL 0. 09
t - CHLORDANE BDL BDL
c - NONACHLOR BDL 0.11
t - NONACHLOR BDL 0.08
HEPTACHLOR EPOXI DE ~ BDL 0.07
METHOXYCHLOR BDL 0. 04
p, p' DDE 3.30 46. 10
p, p' DDD 0. 02 0.24
p,p’ DDT 0. 04 0.08
ENDRI N BDL 0.29
DI ELDRI N BDL 0. 80
HEXACHL OROBENZEN BDL 0.01
ENDOSULFAN SULPHATE BDL 0.01
TOXAPHENE BDL BDL
PCB' s BDL BDL

[sup] 1 BDL - Below detection [imt

Tabl e C- 5. Geonetric nmean, m ni mum and nmaxi mum val ues (ppm wet wei ght) for
organochlorines in cotton rats fromthe Lower R o G ande Vall ey,

Texas, 1985-1986. (N=11)

# SAMPLES

CHEM CAL M N MUM MAXI MUM GEO MEAN sup] 1 DETECTED
OXYCHL ORDANE BDLy BDL e 0

c - CHLORDANE BDL BDL i 0

t - CHLORDANE BDL 0.02 = 1
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c - NONACHLOR BOL  0.01 1
t - NONACHLOR BOL  0.01 1
HEPTACHLOR EPOXI DE  BDL BDL i 0
NETHOXYCHLOR 0.01 0.02 g 2
p, p' DDE 070150710 0.02 11
p, p' DDD BDL BDL eE 0
p,p' DDT BOL  0.01 1
ENDRI N BOL  0.03 2] 1
DI ELDRI N BDL -+ 5007 S 1
HEXACHLOROBENZENE ~~ BDL  0.01 iy 1
ENDOSULFAN SULPHATE  BDL BDL six 0
TOXAPHENE BDL BDL i 0
PCB' s BDL BDL ek 0

[sup] 1 Geonetric nmean not determ ned when < 50% detecti on

y BDL - Below detection limt

Table C-6 Geonetric mean, m ni nrum and maxi nrum val ues (ppm wet weight) for
organochlorines in blue crab fromthe Lower R o G ande Vall ey, Texas,
1985-1986. (N=12)

# SAMPLES
CHEM CAL M NI MUM  MAXI MUM GEO MEAN[ sup] 1 DETECTED
OXYCHL ORDANE BDLYy  0.02 3 1
¢ - CHLORDANE BDL BDL 0
t - CHLORDANE BDL BDL 0
c - NONACHLOR BDL BDL 0
t - NONACHLOR BDL BDL 0
HEPTACHLOR EPOXI DE BDL BDL ey 0
METHOXYCHLOR BDL  0.050 ) 72 di
p,p' DDE 0u 015040 0. 08 12
p,p' DDD 0: 01 -':0.03 3
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p, p' DDT BDL BDL S 0
ENDRI N BDL BDL Vi 0
DI ELDRI N BDL 0.01 £ 1
HEXACHLOROBENZENE ~ BDL BDL S 0
ENDOSULFAN SULPHATE BDL BDL R 0
TOXAPHENE BDL BDL R 0
PCB' s BDL BDL o 0

[sup]1 - Ceonetric nean not determ ned when < 50% det ecti on.
y - BDL - Bel ow detection |evel
APPENDI X D

TRACE ELEMENT SUMVARY

Table D-1. Geonetric nean, m nimum and maxi mum (ppmdry wei ght) for trace
el ements in sedinent fromthe Lower Rio G ande Vall ey, Texas,

1985-1986. (N=95)

# SAMPLES
CHEM CAL M NIMUM MAXI MUM GEO MEAN sup] 1 DETECTED
SE 0. 20 0. 66 0.28 59
HG 0. 05 0. 50 0. 04 48
AS 0.1 15.0 2.6 95
AG BDLY BDL LE 0
AL 351 20200 7762 95
B 1.0 1100 1.5 51
BA 8. 1 564.0  100.0 95
BE 0. 02 15 16 0.51 94
cD 0.2 50 Sk 44
CR 3.0 32.0 8.7 94
cuU i) 72.8 8.3 95
FE 352 18300 8128 95
MG 185 12700 4169 95
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WN 37 7280 316 95
MO 2.0 2:0 e 2
NI 2.2 16. 0 7.9 94
PB 3.0 240.0 10.7 92
SB 3.0 5.0 =k 32
SN BDL BDL - 0
SR 9.0 1140 224 95
TL BDL 10.0 ~dng 1

Table D-1. Geonetric nean, mnimum and maxi mum (ppm dry weight) for trace
el ements in sedinent fromthe Lower Rio G ande Vall ey, Texas,
1985-1986. (N=95) (Conti nued)

# SAVPLES

CHEM CAL MN MM  MAX MM GEO MEAN sup] 1 DETECTED
Y 0.4 3173 7.6 95

ZN 1.6 439. 0 34.7 95

[sup] 1 - Geonetric nmean not determ ned when < 50% det ecti on

y - BDL - Below detection [imt

Table D-2u Geonetric nmean, mnimum and maxi mum val ues (ppm wet wei ght) for
trace elenents in fish fromthe Lower Rl o Grande Val l ey, Texas,

1985-1936. (N=32)

# SAMPLES

M N MUM MAXI MUM GEO MEAN sup] 1 DETECTED

SE 0,12 " 9: 95 0.41 33[ sup] 3
HG 0.038 0.431 0. 062 22[ sup] 3
AS 0; 0d a7 %72 0.21 30[ sup] 3
AG BDLY BDL kit 0

AL 2.3 1164.8 15. 7 32

B 1.0 6.3 et 15

BA Bo10::1713,18 0.95 32

BE 0.01  0.05 S 4
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CD 0. 003 0. 031 = = ek 9
CR 0. 07 3. 40 0.19 21
U 0.12 5. 09 0. 45 30
FE 3.9 777. 4 25.8 31
MG 152. 7 631. 4 210.9 30
WN 1.1 33.2 2.8 25
MO 0.16 0. 39 Py 3
NI 0.02 1.25 s 11
PB 0.02 1.01 =i e 9
SN 1.0 61.0 2:2 17[ sup] 4
SR 15.0 168.1 48. 6 32
\Y 0.08 2.89 0. 160 20
ZN 0.5 146. 7 16. 9 32

[sup]1 - Ceonetric nean not determ ned when < 50% det ecti on

y - BDL - Below detection limt

[sup] 3 - N = 33

[sup]4 - N = 22

Table D-3. Geonetric nean, mnimum and maxi num val ues (ppm wet wei ght) for
trace elenents in spiny softshell turtles fromthe Lower R o G ande

Val | ey, Texas, 1985-1986. (N = 27)

# SAMPLES
MN MM MX MM  GEO MEAN sup] 1 DETECTED

SE 0.14 0.68 0.26 26
HG 0.022 0. 202 0. 062 26
AS 0. 03 0.06 12
AG BDLY BDL ey 0
AL 8.6 270. 7 38.3 27
B 0.5 4.6 12 17
BA 0.57 9.83 2.88 27
BE BDL 0.01 i 1
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CD 0. 008 0. 050 0. 019 19
CR 0.19 1. 26 0.34 22
U 0. 16 1. 86 0.64 27
FE 8.0 420. 0 56.9 26
MG 170.0 464. 6 346. 7 27
WN 1.1 676. 3 4.8 26
MO BDL BDL s 0
NI 0. 07 0. 63 0. 16 21
PB 0. 09 Q59 0. 16 19
SN 1.5 8.5 3.6 717
SR 17.0 233.5 84.1 27
\Y 0. 07 0. 55 0.15 20
ZN 9.8 33.1 22.7 27

[sup]1 - Ceonetric nean not determ ned when < 50% det ecti on

y - BDL - Below detection limt

Table D-4. Trace elenents (ppmwet weight) in birds fromthe Lower R o G ande
Val | ey, Texas, 1985-1986.

BLACK- NECKED WH TE

STILT PELI CAN

SE 0. 47 0. 43
HG 0. 27 0.12
AS 0. 16 0. 10
AG P | BDLy
AL 8.7 11. 4
B 7 1.6
BA 1.20 1.22
BE BDL 0.01
CD BDL 0.024
CR 0. 14 0. 46
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CuU 1.40 2.57
FE 36.0 97.5
MG 220.0 304. 8
WN 11 1.0
MO ND 0. 05
NI ND 0.13
PB 0.93 ND
SN 5.3 ~dng
SR 19.0 24.0
\% BDL 0. 05
ZN 17.0 32.5

[sup] 1 - Not Anal yzed

y - BDL - Below detection limt

Table D-5. Geonetric nean, m ni mum and maxi mum val ues (ppm wet wei ght) for
trace elenents in cotton rats fromthe Lower R o G ande Vall ey,

Texas, 1985-1986. (N=11)

# SAMPLES

MN MM MAXIMUM  GEO MEAN[sup] 1 DETECTED
SE 0. 20 0. 44 0.31 11
HG 0. 002 0. 006 0. 003 11
AS 0. 03 0. 10 Sy 4
AG BDLY BDL o 0
AL 39.3 194. 3 94. 8 11
B 0.5 1.8 0.7 9
BA 1. 69 3.85 2.43 11
BE BDL 0. 01 --- 1
CD 0. 009 0. 039 0.012 10
CR 0. 25 1.37 0.37 11
cu 1.38 1.95 1.63 11
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FE 59.5 106. 0 84.3 11
MG 365. 6 495. 8 417.8 11
WN 1.9 5.3 3.0 11
MO 0. 09 0.19 0. 13 11
NI 0.17 0. 60 0. 28 11
PB 0. 05 0. 06 oA 2
SN s - - <fe.-
SR 9.0 17. 4 11.8 11
\% 0. 06 0.19 0. 10 11
ZN 18. 4 26.5 23.-1 11

[sup] 1 - Geonetric nmean not determ ned when < 50% det ecti on

y - BDL - Below detection limt

Table D-6. Geonetric nmean, mninmum and maxi mum val ues (ppm wet wei ght)
trace elenents in blue crab fromthe Lower Rio Grande Valley, Texas,
1985-1986. (N=12)

# SAMPLES

M N MUM NMAXIMUM GEO MEAN sup] 1 DETECTED

SE 0. 20 1. 07 0.42 12
HG 0. 028 0. 086 0. 050 12
AS 0.19 6. 51 1: 57 12
AG 0.1 0. 24 0. 08 4/ 7
AL 2.9 148. 8 50.5 12
B 3.0 9.7 4.6 12
BA 0. 10 28. 86 4.40 12
BE 0.01 0. 05 i 2
CD 0. 045 0. 358 0. 09 T
CR 0.12 0.33 0.13 8
CuU 0. 45 25. 25 6. 15 11
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FE 25.0 122.0 34.0 11
MG 290.0 2324. 4 558. 5 11
VN 15.0 62.7 22.6 11
MO 0.25 0. 37 ok 2
NI 0.08 0.:21 0. 09 7/ 10
PB 0. 07 0.35 i 4
SN 3:5 6.3 4.9 5/5
SR 25.0 701.1 299. 2 12
Vv 0.12 0. 38 0.12 8

ZN 0.5 27.6 127 12

[sup]1l - Ceonetric nean not determ ned when < 50% detection
Table D-7. Trace elenments (ppmwet weight) in oysters fromthe Lower R o G ande
Val | ey, Texas, 1985-1986.

SITE SITE

21 22

SE 0.33 0.28
HG 0. 022 0. 036
AS 2.18 4.40
AG BDL[ sup] 1 BDL
AL 67.5 103. 4
B 3.8 4.0
BA 0.51 1.61
BE BDL BDL
CD 0.273 0. 460
CR 0. 29 0. 20
CU 9:09 23. 00
FE 66. 2 85. 2
MG 835.4 902.0
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MN 4.6 5.0
MO 0. 02 0. 04
NI 0.17 0.15
PB 0.17 0.12
SN Sy o
SR 20. 6 15.1
Vv 0.24 0.26
ZN 225. 7 284. 0

[sup]1l - BDL - Below detection limt
y - Not anal yzed
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