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ABSTRACT

Organochl orine, trace el enent, and petrol eum hydrocarbon contam nants were

exam ned in sedinents fromtwo hypersaline | akes conprising the La Sal Vieja

complex in WIllacy County, Texas, and from sedinent and biota in a slightly brackish
drain nearby. One of the | akes, East Lake, has been inpacted by considerabl e oi

and gas production, and this was reflected in noderately higher |evels of nopst
contam nants in sediments. Polynuclear aromatic hydrocarbons were detected at | ow

| evel s in sedinent sanples, and high levels of chrom um copper, nickel, zinc, and
br eakdown products of organochl orine pesticides (up to 1.4 ppm wet wei ght DDE)

were detected in fish sanples fromthe Salt Drain nearby. The high DDE | evel s nay
pose a threat of eggshell thinning in fish eating birds. Periodic nonitoring of heavy
netal and DDE levels in fish is recomended

| NTRODUCTI ON

La Sal Vieja is conprised of two natural salt |akes, East and West |akes. This area
has been identified by the U S. Fish and Wldlife Service (Service), Texas Parks and
Wldlife Departnent, the World WIdlife Fund, and other organizations as a unique
ecosystem of national significance. The Service ranked La Sal Vieja and the
surroundi ng brushl ands as fourth anong 100 nationally significant fish and wildlife
habitats. The | akes provide feeding and resting habitat for a great variety of
wintering birds; Christmas bird counts since 1959 have docunented 88 speci es using
the | akes, including 41 species of waterfowl, 11 species of herons and egrets, 16
speci es of shore birds, 8 species of gulls and terns, and 3 birds of prey. The
federally

listed endangered bald eagle and peregrine fal con have been frequently observed at
the lakes, in addition to sightings of the endangered ocelot and jaguarundi in the
brush habitat surrounding the |akes. Furthernore, several tracts of |and on the |akes
are now part of the Lower Rio G ande National WIdlife Refuge.

Bot h | akes have been threatened by contam nants. Brine water fromtwo producing

oil and gas wells was discharged into East |ake for several years, and West | ake was
at one tune slated to receive effluent froma proposed paper mll. Runoff from
intense agricultural practices in this area poses additional contamnant threats to
t he

system Both | akes are cl osed basin systens in an area of high evaporation, a
situation favoring concentration of contam nants. Salinities vary somewhat wth
precipitation, but are always very high. The only macroscopic fauna that live in the
| ake waters are brine shrinp, Artem a sp.

This study was intended to provi de baseline contami nants data for Wst Lake, and
to elucidate the extent of contam nation in East Lake and the adjacent Salt Drain
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VETHODS AND MATERI ALS

Fol l owi ng a period of extended drought, the La Sal Vieja area brine | akes of WIIacy
County in south Texas (Figure 1) were sanpled in early June 1989. The brine | akes
were at or near saturation with a salinity of 240 ppt recorded for Wst Lake. East
Lake consisted of 10-15 cm of water on top of a hard salt pan 5-8 cmthick, while
West Lake had a water depth of 30-150 cmwith a thin salt |ayer on the bottom

Sedi nent sanpl es were collected with an Eckmann dredge fromten sites in both

East and West Lakes, and one sanple was collected fromthe Salt Drain. Using the
top 2 inches of sedinent, conposites fromthree grab sanples were collected

Random sanpl es were taken in Wst Lake, and in East Lake sanple sites were

sel ected near the edge at the perineter of the salt crust, with the exception of two
sampl es taken from beneath the crust after chiseling through the salt |ayer. Three
conposite fish sanples (Qulf killifish, sailfin and Amazon nollies) were coll ected
fromthe Salt Drain with dip nets and mnnow traps. Sanple jars and lid liners were
chem cally cleaned with acid and organic solvents according to U. S. Environnmenta
Prot ecti on Agency procedures (EPA 1982). Sedinment sanples were anal yzed for

trace elements, PCBs, organochlorines, organophosphate and carbanate pesticides,
and pol ynucl ear aromatic hydrocarbons (PAHs). Biota sanples were analyzed for
trace el ements, organochlorines, and PCBs. Trace el ements were anal yzed at

Hazl eton Laboratories of America, Inc. Inductively coupled plasm atom c em ssion
spectroscopy was used to determ ne nost of the trace elenents. Arsenic and

sel eni um were determ ned by graphite furnace atom c absorption spectroscopy, and
col d vapor atom c absorption spectroscopy was used to determ ne nercury
concentrations. Blanks, duplicates, spiked sanples, and standards were used for
quality control and quality assurance (QAV QC), and the results nonitored by
personnel of the Service's Patuxent Analytical Control Facility (Patuxent).
Organochl orines, PCBs, and PAHs were anal yzed at the M ssissippi State Chenica
Laboratory. Organochl orines and PCBs were anal yzed by colum el ectron capture

chr omat ogr aphy, and PAHs were quantified by capillary, flame ionization gas
chromat ogr aphy, and fluorescence HPLC. Bl anks, duplicates, spiked sanples, and
standards were used for QA/ QC, which was nonitored by Patuxent.

O ganophosphat es and carbamat es were anal yzed usi ng gas chronmat ography at

Pat uxent. Elements and conpounds analyzed in this study are presented in Tabl e

1, and detection linmits are shown in Table 2.

Dat a Anal ysi s

M ni mrum and rmaxi mum val ues were deternined for all analytes found above

detection limts. Trace elenent data is presented in parts per nmillion (ppm) on a dry
wei ght basis, and all other data are presented as ppm wet wei ght.

RESULTS AND DI SCUSSI ON
ORGANCCHLORI NE PESTI Cl DES

Hal f of the sedinments anal yzed for organochl orines had detectable | evels (>0.01 ppm
wet weight) of p,p' -DDE, the nost persistent DDT honol og. These sanples were

equal ly distributed fromboth East and Wst Lakes. No ot her organochl orines were
detected in sedinent. This is conparable to a study by Ganble et al. (1988) which
found DDE in 74% of sedi nent sanples fromthe Lower R o Grande Vall ey

(LRGV), with a geonetric mean of 0.02 ppmdry weight.

Chl ordane, DDE, and DDD were detected in all three fish sanples fromthe Salt

Drain (Table 3). The nost persistent DDT honol og, p,p' -DDE, was detected at the

hi ghest levels (1.2 - 1.4 ppmwet weight), in a range that rmay be of concern for sone
eggshell thinning in eagles (U. S. Fish and Wldlife Service 1986). These levels are
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wel I above the National Contam nant Bi ononitoring Program (NCBP) geonetric

mean of 0.19 ppmin whole fish fromthroughout the United States in 1984 (Schnitt
et al. 1990). In 1986, p,p' -DDE nmedian concentrations of 0.38 ppm (range of .036
to 9.9 ppmwet weight) were found in fish sanples fromthe LRGV (Wlls et al
1988). Another study in the same area in 1985-86 by Ganble et al. (1988) found

a geonetric nmean for 33 fish sanmples of 0.55 ppm DDE (range 0.02-9.90 ppm wet
weight). A @lf killifish sanple from Laguna Atascosa National WIldlife Refuge
(NWR) had a level of 0.38 DDE (Wells et al. 1988), considerably |lower than the 1.2
ppm found in the sane species during the current study. In the Burgentine Lake
area of Aransas NWR, Maurer et al. (1989) found DDE in two of four sailfin nolly
samples with levels of 0.33 and 0.12 ppm wet weight. These are nmuch | ower |evels
than those found in this study in the same species, but the Aransas NWR i s not
surrounded by as intensive agriculture as the LRGV. Levels of DDE in the Salt
Drain are clearly el evated

Concentrations of p,p' -DDD ranged from0.035 ppmin GQulf killifish to 0.06 ppmin
both sailfin and Amazon nollies. This cl osely matches the NCBP geonetric mean

of 0.06 ppmfor this organochlorine in 1984 (Schmtt et al. 1990), but is higher than
t he medi an DDD concentration of 0.022 ppmfound in a variety of fish fromthe

LRGV (Wells et al. 1988), and noderately el evated compared to 0.03 ppm

(geonetric nmean) found by Ganble et al. (1988) in the sane area. Two of four

sailfin nollies fromthe Burgentine Lake area of Aransas NVWR had detectable

(0.01 and 0.06 ppn) of DDD (Maurer et al. 1989), which was |ower than the 0.06

ppm found in the sanme species in this study.

Chl ordane levels in fish of 0.1 - 0.3 ppmwere well bel ow the NCBP geonetric mnean
(0.11 ppm for total chlordane. Only a-chlordane (cis-chlordane) was detected in
this study (Table 3). Chlordane was detected at |evels below the FDA Action Level
for animal feed of 0.1 ppm (lrwin 1988). In their studies on fish in the vicinity,

Ganbl e et al. (1988) found chl ordane derivatives in only about 10% of sanples, and
no chl ordane was detected by Wells et al. (1988). The source of the organochl orines
detected in this study is likely fromhistoric use of DDT and rel ated pesticides in
this

area of intense agriculture.

The lower limt of concern for eggshell thinning in bald eagles is 0.5 ppm (U.S. Fish
and Wldlife Service 1986). Sone concern for eggshell thinning in eagles and ot her
fish eating birds is therefore warranted. However, assessing the |evels of
contamnants in food in only one area used by migratory species can be m sl eadi ng
because of the highly Iipotrophic nature of organochlorines; harnful |evels acquired
on other areas may mask | esser effects of contam nants obtained locally (King et al.
1991).

CRGANCPHOSPHATE AND CARBANMATE PESTI Cl DES

Nei t her organophosphate nor carbamate pesticides were found above detection limts
of 0.5 and 1.0 ppm respectively, for any of the sedinment sanples in this study.

TRACE ELEMENTS

Ei ghteen of 22 trace elenents were found above detection limts in sedinent.

Anti nony, ol ybdenum silver, and tin were the only elenents not found above
detection limts, although seleniumwas found in only two sedi nent sanples. The
nmean and range for selected trace elenments in sedinment are presented in Table 4 and
are conpared to geochemi cal baselines for mnor elenments in soils in the western
United States (Shacklett and Boernaen 1984). Arsenic, silver, lead, cadm um
beryllium and antinony were not detected in any of the three biota sanples
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anal yzed. Data fromselected trace elenents in biota are presented in Table 3.
Trace el ement concentrations in biota are conpared, in the main text, to NCBP data
fromdiverse fish species sanpled throughout the U S. in 1984 (Schmtt and
Brunmbaugh 1990). Except where specified, such as for conparisons to NCBP data,

all trace elenent data fromthis study are presented in parts per mllion (ppm dry
wei ght .

Arsenic

Arsenic was detected in all sedinent sanples with arithmetic neans of 9.29 and 6. 25
ppmrecorded for East and Wst Lakes, respectively, with 24 ppm detected in the
Salt Drain. This is nodestly elevated for the Lower Rio Grande Valley, and is nost
I'i kely due to concentration of salts and agricultural runoff containing arsenicals
from

cotton fields. Even at this elevated |level, no particular concern is warranted

(Ei sler

1988). Levels were below detection in all sanples of fish fromthe Salt Drain, as
m ght be expected because of the | ow bioaccumul ati on potential of arsenic.

Bor on

Extrenmely high I evels of boron, with a maxi num of 559 ppm were detected in

sedi nents fromboth salt |akes (arithmetic neans of 248.3 and 269 ppm dry wei ght

for East and West Lakes, respectively). Even the |level of 37.3 ppmfromthe Salt
Drain is extrenely el evated as conpared to a geonetric nmean of 1.5 ppmfor a wide
range of sanples in the LRGV (Ganble et al. 1988). However, these high |evels of
boron are nost likely associated with the hypersalinity of this system as opposed to
contam nants per se. Boron levels in seawater (A 35¢% range from4.5 to 5.5 ppm

(Ei sler 1990), and concentrations increase at higher salinities (Liddicoat et al
1983).

Natural ly el evated boron | evels are usually associated with marine sedinents (Eisler
1990). Postglacial nmarine sedinments had |l evels as high as 500 ppmdry wei ght (Ahl
and Jonsson 1972). Anthropogeni c sources of boron are associated with coal fired
power plants, mne drainage, nunicipal wastes (borax detergents) and agricultura
drainage. Only the latter activity has any input to this system and its relative
contribution of boron is probably insignificant. Boron |evels of 1.99-3.85 ppmdry
weight (0.51 to 1.05 ppm wet weight) were detected in fish sanpled fromthe Salt
Drain. This is conparable to values of 0.5 to 4.4 ppmwet weight of boron in
sockeye sal non tissues (Thonpson et al. 1976). Sheepshead mi nnows (Cyprinidon
variegatus) fromthe Texas coastal area all had equal or higher boron concentrations
despite being fromless boron-rich environnents (Ganble et al. 1988, Maurer et al
1989, Robertson et al. 1991, and Wells et al. 1988). Based on the above infornmation,
boron is not a contami nant of great concern in this system

Cadm um

Cadm um was detected in |l ess than 20% of sedi nent sanpl es and was undet ect ed
in biota sanples in this study. Sedinent |evels, where above detection limt, ranged
fromO0.34-0.85 ppm

Chr om um

Chronmium was detected in all sedinent sanples, and averaged 12.01 ppmin East

Lake and 6.71 ppmin West Lake. The higher levels in East Lake can |ikely be
attributed to the oil and gas exploration activities occurring there. A significant
portion of the 65,000 tons of chrom um conpounds used annually in exploratory oi
drilling enters the environnment through di scharge of used drilling muds (Eisler
1986) .
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As much as 225 tons of drilling nud may be used for a single 3,000 neter well (Carr
et al. 1982). Chromium | evel s between 2.16 and 2. 61 ppm (0.57-0.67 ppmdry

wei ght) were detected in the three fish sanples collected in the Salt Drain area.
These are well below the 4.0 ppm|evel suggested by Eisler (1986) as indicative of
chromi um cont am nati on. However lrw n (1988) suggests chromumlevels of 0.8

ppm wet weight are definitely el evated.

Copper

Al'l sedinent sanples contained traces of copper, with simlar neans of 5.65 and 5.54
ppm from East and West Lakes, respectively, and 17.8 ppmin the Salt Drain. Soil
basel ine neans for the western states are somewhat higher (21 ppm Shacklett and

Boernaen 1984), so copper levels in sedinment do not appear to be el evated.

However, copper levels in whole fish tissue were 3.12, 4.91 and 7.04 ppmdry wei ght.
Al t hough copper is an essential dietary element for sone plants and aninmals, high
l.evels are quite toxic. Copper acts synergistically with other contam nants such as
ammni a, cadm um nercury, and zinc, resulting in greater toxicity to fish (Herbert
and Vandyke 1964). Although not quantified for this study, high ammonia
concentrations are commonly associated with brine discharges. The | owest |evel of
copper in whole fish tissues (0.8 ppmwet weight) exceeds the NCBP nean of 0.65
ppm wet weight, while the two higher levels (1.34 and 1.83 ppm wet weight) are well
above the NCBP 85th percentile of 1.0 ppmwet weight (Schnitt and Brunbaugh

1990). However, levels in Cyprinidon variegatus fromthe surroundi ng area were

hi gher, ranging from 15.0-16.7. ppmdry weight (Ganmble et al 1988; Wlls et al.
1988).

Lead

Lead was detected in nost sedinment sanples, and nean | evels detected were
consistently between 3.14 and 4.07 ppm well below soil baselines of 17 ppm
(Shackl ett and Boernaen 1984). Lead was not detected in fish tissue sanples from
this study.

Mer cury

Al t hough detected in nearly all sedinent sanples and slightly higher than nmeans for
soil baselines, levels of mercury were not particularly elevated, with 0.125 ppmthe
hi ghest | evel detected in sedinments. Fish fromthe Salt Drain area simlarly had | ow
| evel s of mercury, ranging fromO.150 to 0.242 ppmdry wei ght (0.039-0.062 wet

wei ght), well below the NCBP nean of 0.10 ppm wet weight (Schmtt and

Br umbaugh 1990).

Ni ckel

Ni ckel was detected in 14 of 21 sedinent sanples, with |lowest levels in Wst Lake
(3.95 ppm, slightly higher levels in East Lake (5.06 ppm and sonewhat hi gher
levels in the Salt Drain (14.6 ppn). Nevertheless, all levels were bel ow the soi
basel i ne nean of 15 ppmfor the Western U. S. (Shacklett and Boernaen 1984). Only
one fish sample, @il f killifish, had a detectable |evel of nickel at 3.71 ppm (0.95
ppm

wet weight). This is within the |evel of about 3.75 ppm considered by the Panel on
Ni ckel (1975) to be normal for aquatic organi sns. Wet wei ght concentrations
exceeding 0.9 ppm appear to be elevated in relation to unpolluted sites studied by
the Service (lrwin 1988).

Sel eni um
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This el enent was detected in only two sedinent sanples, one from Wst Lake (1.2
ppn) and fromthe Salt Drain (1.3). The detection level in this study, 0.5 ppm was
above the baseline for soils in western states (0.23 ppm Shackl ett and Boernaen
1984). Sel eniumwas detected in all fish sanples at |evels between 0.78 and 1.54

ppm (0.2-0.4 ppm wet weight)5 bel ow the NCBP nean of 0.42 ppmwet weight, so it
appears unlikely that seleniumlevels are cause for concern in this area.

Zi nc

Zinc was detected in all sedinment sanples, with the | owest |evels in Wst Lake,
increased |l evels in East Lake, and the highest levels found in the Salt Drain, with
mean val ues of 24.7, 36.0 and 64.3 ppmrespectively. These levels are within soi
basel i ne ranges of 17 to 180 ppm and near the nmean of 55 ppm and therefore
unlikely to be cause for alarm Levels of zinc in fish tissue ranged fromless than
60

ppmin the two species of nollies to 111.3 ppmdry weight (28.5 ppmwet weight) in
@lf killifish., Only the killifish value exceeds the NCBP geonetric mean of 21.7
ppm but remains below the 85th percentile | evel of 34.2 ppmwet weight. Zinc may
have severe inpacts to macroi nvertebrates, particularly in conjunction with el evated
| evel s of copper.

Pol ynucl ear Aromati c Hydrocarbons

Sedi nent sanpl es were anal yzed for fourteen polynucl ear aromatic hydrocarbon

(PAH) conpounds, and all but 2 (benzo(k)fluoranthrene and fluoranthrene) were
detected in at |east one sedinent sanple. Benzo-e-pyrene was detected at |ow |l evels
in over 75% of sedi ment sanples. Although sedinments from East Lake had a hi gher

i nci dence and | evel of detected PAHs, all were at levels of only 0.01-0.02 ppm wet
wei ght, with the exception of a level of 0.1 ppm phenanthrene detected in a sedi nent
sanmpl e from East Lake. This sane sanple had detectable | evels of eight of 13 other
PAHs. The presence of PAHs, albeit at low levels, can likely be attributed to oil and
gas production in the area. The levels detected are not cause for concern because

di scharge of produced waters into this area is no longer permtted, thus further
accunul ation of PAHs in this area is not expected.

CONCLUSI ONS

East Lake has higher levels of nost trace elenents than Wst Lake, probably due
to the brine discharge it received fromproducing oil wells. Even so, nopst
contamnants in the brine | akes are currently not at |evels of concern except for
arseni ¢, which should be nonitored periodically in this area.

The Salt Drain, which has substantially |Iower salinities and therefore supports a
resident fish population and has wi der use by wildlife, has higher trace el enent

| evels, in general, than either of the brine lakes. This is |likely to be as a result
of

receiving nore agricultural and industrial drainage than either of the two | akes.
Organochl orine val ues of over 1.2 ppmthat were detected in prey itenms of fish-
eating birds are of concern due to possible eggshell thinning problens. Although
these levels are expected to gradually decline in the future, periodic sanpling for
DDE and heavy netals in biota fromthe Salt Drain is recommended
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Due to its inportance as wildlife habitat, the unique nature of the area, and its
vulnerability to pollution because it is a closed system La Sal Vieja should not be
consi dered as anenable to any type of devel opnent, nor as an area that can
acconmodat e any type of effluent discharge.
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Table 1. Elenents and conpounds anal yzed in sedinment and biota fromLa Sal
Vieja, Texas, 1989.

El enent s O ganochl ori nes O ganophosphat es[ sup] 1
Al um num a- BHC Acephat e

Ant i nony a- BHC Azi nphos- net hyl
Ar seni c é- BHC Chl or pyri fos
Bari um a- BHC Courmaphos
Beryllium Hept achl or epoxi de Denet on

Bor on HCB Di azi non

Cadmi um Total PCBs Di chl orvos

Chr oni um al pha chl ordane Di chr ot ophos
Copper gamra chl or dane Di et hoat e
Iron oxy chl ordane Di sul f ot on
Lead trans nonachl or Dur sban

Magnesi um ci s nonachl or EPN

Manganese Dieldrin Et hopr op
Mercury Endrin Fanphur
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Mol ybdenum M rex
Ni ckel o,p -
Sel eni um o,p -
Silver o,p -
Strontium p,p' -
Thal | i um p,p' -
Tin p,p' -
Vanadi um Toxaphe
Zi nc

Aromati ¢ Hydrocarbons| su
Napht hal ene

Fl uor ene

Phenant hr ene

Ant hr acene

Fl uor ant hrene

Pyrene

Chrysene

1, 2- Benzant hr acene
Benzo(b) fl uor ant hrene
Benzo( k) fl uorant hrene
Benzo(a) pyr ene
Benzo( e) pyr ene

1, 2,5, 6-di benzant hracene
Benzo(g, h, i) peryl ene

[sup] 1 Sedinment only

p] 1

Fensul f ot hi on
Fent hi on
Mal at hi on

Met hanmi dophos
Met hyl Par at hi on
Mevi nphos
Monocr ot ophos
Par at hi on
Phor at e

Ter buf os
Trichlorfon

Car bamat es[ sup] 1
Al dicarb

Car bary

Car bof ur an

Met hi ocar b

Met hony!

Oxanyl
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Table 2. Nominal detection limts and anal ytical nethods used in the analysis of
sedi nent and biota sanples collected fromthe La Sal Vieja, Texas, 1989.

Bl OTA SEDI MENT
ELEMENT PPM (VET W) PPM (VEET W)
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
SE[ sup] 1 0.1 0.1
HGy 0. 025 0. 025
AS[ sup] 1 0.1 0.1
Ad sup] 3 0.5 2.5
AL[ sup] 3 1.0 5.0
BA[ sup] 3 0.5 2.5
BE[ sup] 3 0.05 0.25
B[ sup] 3 0.5 2.5
CD[ sup] 3 0. 05 0. 25
CR[ sup] 3 0.1 0.5
CU[ sup] 3 0.25 1.25
FE[ sup] 3 1.0 5.0
M7 sup] 3 1.0 5.0
M\ sup] 3 0.15 0.75
MJ sup] 3 0.5 2.5
NI [ sup] 3 0. 45 2.25
PB[ sup] 3 0.3 1.5
SN[ sup] 3 0.5 2.5
SR[ sup] 3 0.1 0.5
TL[ sup] 3 2.0 10.0
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V[ sup] 3 0.5 2.5
ZN[ sup] 3 0.2 1.0
Bl OTA SEDI MENT
UG G (WET WI) PPM (VEET W)

CARBAMATES NA[ sup] 4
ORGANOPHOSPHATES NA
ORGANOCHL ORI NES 0.01
TOXAPHENE 0. 05
PCBs 0. 05
POLYNUCLEAR NA
AROVATI C HYDROCARBONS
AAAAAAAAAAAAAAAAAAAAAAA

RPN
coooou
R

[SUP]1 Analysis by hydride generation atom c absorption

y Anal ysi s by cold vapor atonic absorption

[SUP]3 Analysis by ICP (Inductively coupled plasnma enission spectroscopy) with acid
extraction

[SUP]4 Not anal yzed

13

Table 3. Levels of selected trace el enents and organochl ori ne resi dues in conposite
samples of biota fromthe Salt Drain of La Sal Vieja, Texas, 1989.
RN R R RN AR R RN RN AR R R RN RN R R RN RN RN R RN RN RRANERRARRREE:)
Qulf Killifish Sailfin Mlly Amazon Ml |y
Fundul us grandi s Poecilia latipinna Poeci lia fornosa
TRACE ppm dry wei ght
ELEMENTS
B 1.99 2.73 3.85
Cr 2.61 2.19 2.16
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Cu 3.12 7.04 4.91
Hg 0. 242 0. 150 0.172
Ni 3.71 BDL BDL
Se 0.78 1.54 171
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
RN RN RN RN RN RN R R RN AR R R R RN AR AR RN RN R R RN RN RN R RN RN AR RN
ORGANOCHL ORI NE RESI| DUES ppm wet w
trrrreererrreeeereereerrreerrrrrerrr ettt et e et e e e b e
p, p' DDE 1.2 1.4~ 1. 3*
o,p ' DDE BDL 0.02 0. 02
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
p, p' DDD 0. 035 0. 06 0. 06
achl or dane 0.01 0.02 0. 03
Frrrrreerrrreerrrrrerrrerrerer ettt r et et et et ettt
* Confirnmed by GC/ Mass Spectronetry
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Table 4. Arithnmetic neans and ranges (in parenthesis) of selected elenents in
sedi ments (ppmdry weight) from East and West Lakes of La Sal Vieja,
Texas, and conparative data from soil baselines.
AR RN RN RN RN AR RN AR RN RN R R RN RN RN R AR NN RARRRRRRRRRRRARERORE!
El enent East Lake West Lake Salt Drain Soi |
fririririirereiiriierirerireninnrrerreiereieieieieiereiirinerererrrorororeennt
9.29 6. 25 24 5.
As (2.2-16.9) (3.6-11.6) (1.2
10y 10
248. 3 269 37.3 23
B (89. 1-559) (197-395) (5.8-91)
10 10
-[sup] 3 - BDL[ sup] 4 ND[ sup] 5
Cd (0.34-0. 38) (0. 85)
3 1
12.01 6.71 21 41
Cr (2.98-20) (2.89-10.7) (8.5-200)
10 10
5. 65 5. 54 17.8 21
Cu (1.83-9.84) (3.95-9.15) (4.9-90)
10 10
4.07 3. 14 3.24 17
Pb (0.9-7.95) (1.3[sup] 6-7.23) (5.2-55)
7 6
0. 0699 0.0763 0. 058 0. 046
Hg (.041-.113) (.02[ sup] 6-.125) (. 009-.25)
10 9
5. 06 3.95 14. 6 15
Ni (1.22-13.4) (1. 75[ sup] 6-6. 39) (3.4-66)
7 6
BDL - 1.3 0. 23
Se (1.2) (0.04-1.4)
1
36.0 24. 7 64. 3 55
Zn (13.5-59. 4) (16.4-31.2) (17-180)
10 10
AR RN RN RN RN SRR R R R R RN RN RN R RN AR RN RN R AR RN RN R AR AR RRERARRRRARERS!
1 Ceonetric nmeans and expected 95%ranges for soils in the western U.S.. From
Shackl ett and Boernaen 1984.
Nunber of sanpl es above detection linit.
Over 1/2 val ues bel ow detection limt.
Al'l val ues bel ow detection limt.
No Dat a
Assigned value of 1/2 detection limt.

OO WN
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