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Abbreviations and Conversions

Abbreviations
lter I
milliliter ... ml
Kilogram ....... ... kg
OraIM gparts
permillion ......... ... . ppm
partsperbillion ....... ... . L. ppb
partspertrillion ........... ... . .. ppt
milligram per kilogram ..................... ma/kg
MICrOgrams per gram .. .........eveveunnn... mcg/g
micrograms per milliliter ................... mcg/ml
microgramsperliter ............... ... ... .. mcg/
nanograms per liter ........... ... .. ... ng/l

Conversion Factors

MICrOgramsS Per gram . ... .ooveeeee e eeeianenns ppm

microgramsper milliliter . ..................... ppm

milligramsper kilogram ...................... ppm

microgramsperliter ............. ... ... .. ppb

nanogramsperliter ................ ... ... ... ppt
Conversions

Wet weight = (dry weight)(1 - (percent moisture/100))
Dry weight = (wet weight)/(1 - (percent moisture/100))
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Abstract

Sediment, water, bird tissue, and invertebrates were collected from 10 playalakes in Southeastern New
Mexico in 1991 and 1992. These samples were andyzed for a variety of constituents, including metals
(trace dements, metal's, and metalloids), polycyclic aromatic hydrocarbons (PAHSs), dkanes, total organic
carbon, BTEX (benzene, toluene, ethyl-benzene, p & m-xylene, and o-xylene), and specific cations and
anions. Analytical results were compared to dataavailablein the literature. Concentrations of most
contaminantswere less than water and sediment quality criteria, typical background concentrations, and
avian dietary thresholds of adverse effects. Aluminum, cadmium, magnesium, mercury, selenium,
vanadium, and zinc were elevated above dietary threshold concentrationsin invertebrate and sediment
samples at some or all of the sites where these constituents were analyzed. However, these constituents
werenot unilaterally elevated in bird tissues from the same dtes, and the e evated concentrations of metas
may reflect geologic sourcesin theregion. In addition, total PAHS, including flouranthene,

benzo[d pyrene, benzo[g,h,I]perylene, benzo[b]flouranthene, benzo[k]flouranthene, and indeno[1,2,3-

cd]pyrene, in several water samples were elevated above drinking water criteriafor human hedth.



Introduction

Playasin southeast New Mexico provide wintering, breeding, feeding, and loafing habitat for many
species of shorebirds, wading birds, waterfowl, and birds of prey. Over 120 species of migratory birds
have been documented at playas in the more than 1,700 playasin the New Mexico playa lakes region, and
as many as 15 million birds may migrate through the area each year with athird stopping to winter or
feed. Playalakes usualy have no external drai nage and often develop clay-rich bottom sediments which
limit groundwater seepage or upwelling. Most water lossis therefore due to evapotranspiration, which
can concentrate natura salts and contaminants, and in some basins, groundwater recharge. Depending on
the size of the playa, the size of its watershed, rainfall, and temperature, a playa may hold water year-

round or only for afew weeks.

The playas are dso used as convenient disposal basins for produced water from oil and gas extraction
activities and from potash mines. At present time, theseindustrial dischargesare not regulated through
the National Pollutant Discharge Elimination System (NPDES) administered by the Environmental
Protection Agency. However, the disposa of produced water isregulated by the New Mexico Qil
Conservation Division, and potash mine disposal activities areregulated by the New Mexico Environment
Department, Ground Water Section. Neither agency requires the permittees to screen for EPA Priority
Pollutants. These waters are classified by the New Mexico Water Quality Control Commission for the use
of livestock and wildlife watering. Protection of this use by the State of New Mexico has not yet been

enforced.

A significant number of migratory waterfowl werefound dead during thefall and winter of 1992-93 on
the shordine of Laguna Toston. This playahas received slurry waste directly from apotash refining
facility for nearly 40 years. During surveys of LagunaToston in 1997, severd whole migraory birds
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were found dead on the shordine and evidence of many more deaths ("feather spots") were observed on or
near the shoreline. Migratory bird deaths have also been recorded at Laguna Gatuna and L aguna Quattro.
L aguna Gatuna receives no potash disposd waters but has historically received oil brine disposal, and
Laguna Quattro receives potash disposal directly through a chain of playas. Playasthat receive produced
water and/or potash mine brine support few if any shorebirds and invertebrates such as brine shrimp
(Artemia spp.). Necropsies conducted by the Madison Wildlife Hedth Research Center in 1992
determined the cause of mortality of birds collected from these playa lakes as "probable salt toxicosis.” In
addition, astudy conducted by the U.S. Geologicd Survey Biological Resources Division in 1994-95
(Dein . al., 1997) concluded that the cause of death of migratory birds found in the study areaalong

Laguna Toston was sdt/sodium toxicity - water deprivation/dehydration.

Several samples of sediment, water, invertebrates and bird tissue were collected by the U.S. Fish and
Wildlife Service in 1992 and analyzed for avariety of potential contaminants. The datacollectedin
1992for this sudy was never compiled into awritten report or anayzed for significance. The objective of
this report is to summarize the findings of the study conducted in 1991-92 and determineif contaminants
such as metals or PAHs exist in the playalakes at levels posing potentia risk to migratory birds and other
wildlife. The results of this study may then be used in conjunction with the 1997 report by Dien and
others to assess the impacts of potash waste digposal on the playalakes and determine appropriate

remedial and mitigative response.

The broad sampling scheme was adopted with the study began in 1992 and intended to survey alarge area
for potential contaminant problems. Acknowledged limitations to this study include: 1) thelow sample
size prevented statistical inferences about locad population level effects; 2) the single sampling date for
most sites represents only asingle period in time 3) for water and sediments, a single sampling location
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or composite sample would not detect a heterogeneous distribution of contaminants; and 4) water,

sediment, birds, and potential bird food items were not al sampled at every site, so little can be inferred

about contaminant sources, pathways, or bioaccumulation pathways. Nonetheless, this study provides a

screening-level analysis to focus future research on specific contaminants at identified locations.

Study Area

The playalakes region of New Mexico isfound in the southeast portion of the state near the city of

Carlsbad. Datafrom ten different sampling sitesisincluded in thisreport. Table 1 lists the 10 sampling

sites and provides information on the sampling matrices collected, analytical constituents and

anthropogenic discharge status.

Table 1. Sampling Sites , Analyses Performed, Matrices Collected, Date of Collection, and Current
and Historic Disposal Status of Ten Sampling Sites in Southeastern New Mexico

Location Analyses Matrices Date Discharges

Laguna BTEX/PAH/TOC; Cat/An |Sediment; Water; Salt 4/2/92 | historic oil brine

Gatuna Encrustations

Laguna BTEX/PAH/TOC; Cat/An; |[Sediment; Water; Bird 5/6/92 |indirect potash,

Quattro Metals Liver/Kidney historic oil brine

Laguna Tres [BTEX/PAH/TOC; Cat/An |Sediment; Water 5/6/92 | indirect potash

Laguna Uno [BTEX/PAH/TOC; Cat/An |Sediment; Water 5/6/92 | direct potash

Laguna BTEX/PAH/TOC; Cat/An; |[Sediment; Water; Bird Liver; 5/6/92 | oil brine

Waldon Metals Invertebrate

Lane Salt BTEX/PAH/TOC; Cat/An |Sediment; Water 4/15/92 | oil brine

Lake

Lane Salt BTEX/PAH/TOC; Cat/An; |Sediment; Water; Bird Liver 4/15/92 | oil brine

Lake (Burro) |Metals

Middle Lake |Cat/An; Metals Sediment; Bird Liver; 5/15/92 | oil brine

Invertebrate

Middle Lake BTEX/PAH/TOC Sediment; Water 4/15/92 | oil brine

Salt Playa

William's Sink [BTEX/PAH; Cat/An; Sediment; Water; Invertebrate 4/2/92 | historic potash
Metals




Laguna Gatuna

Laguna Gatunais located about 35 miles east of Carlsbad, New Mexico and just north of U.S. Highway
162. Theplayahasrecdved historic oil brine disposal from several adjacent oil pumping operations but
has received no direct potash waste disposal. However, it is possiblethat Laguna Gatunamay receive
some indirect potash disposa water through groundwater from Laguna Toston, located approximatdy 4
miles upgradient.

Laguna Quattro

Laguna Quattro is located approximately 40 miles southeast of Carlsbad, New Mexico and just south of
N.M. Highway 128. The playa receives potash waste disposal from IMC Corporation's processing facility
at high water levels through a series of playas beginning with LagunaUno. Laguna Quattro historically
received illegal oil brine discharge directly from an operation by B& E Corporation. That operation was
shut down in 1993.

Laguna Tres

Laguna Tresis located gpproximately 40 miles southeast of Carlsbad, New Mexico and just north of N.M.
Highway 128. The playamay receives potash waste disposal from IMC Corporation's processing facility
indirectly a high water levels through a series of playas beginning with LagunaUno.

Laguna Uno

Laguna Uno is located approximately 40 miles southeast of Carlsbad, New Mexico and gpproximately 2
miles north of N.M. Highway 128. The playareceives direct potash waste disposal from IMC
Corporation's processing facility. Thiswater runs over at high levelsinto adjacent Lindsay Lake and then

through a series of playas incduding Lagunas Tres and Quattro.



Laguna Walden

LagunaWadden is located approximately 40 miles southeast of Carlsbad, New Mexico and approximately
2 milessouth of N.M. Highway 128. It islocated just east of the Great Salt L ake that supports asalt
mining operation. It isunknown if this playais influenced by the potash wagte digposal through the chain
of lakes beginning with LagunaUno and it may have received some historic oil brine disposd.

Lane Salt Lake

Lane Salt Lake is located approximately 5 miles northwest of Tatum, New Mexico. This playahas
received no potash waste disposal, but has received oil brine disposal. The Burro Pipeline Outfall isa
subsite within Lane Salt Lake at the outfall of aoil brine disposal pipeline.

Middle Lake and Middle Lake Salt Playa

Middl e Lake and the associated salt playa are located approxi mately 4 miles northwest of Tatum, New
Mexico. These playas havereceived no potash waste disposal, but have received oil brine disposal.
William's Sink

William's Sink is located about 30 miles east of Carlsbad, New Mexico and approximately 3 miles north
of U.S Highway 162. Thisplaya has received historic potash waste disposal from a processing plant

located to the east. Disposd to this playaceased in 1985.

Sample Collection Methods

Samples of birds, sediment, water, invertebrates and salt encrustations from dead birds were collected in
1992. Collection of birdsand other species proved difficult, therefore the sample sizes were limited to a
few birdsand small invertebrate samples from only some of theplayas. Although an attempt was made to
sample al available organisms at several of the playas, birds and/or potential avian food items were

frequently absent during the sampling visits. Samples were collected and preserved asfollows:



Water

Samples for polycydic aromatic hydrocarbon analysis collected directly into 500-mL glass contaners,
and stored and transported onice.

Sediment

Sediment was collected as composite samples (individual samples collected from various points around
the playa) of thetop 2 inches of sediment sampled with a dredge or stainless steel spoon, placed in a 500-
mL glass jar, and transported on ice.

Invertebrates

Invertebrate samples were collected using fine mesh seinesand dip nets or were picked up by hand from
the shoreline where possible and placed in chemically clean glass jars and stored on ice in the fidd until
frozen.

Bird Tissue

Birds were collected by shotgun (steel shot) and livers were removed with stainless steel instruments,

placed in chemicaly clean jars and stored onicein the field until frozen.

Results
Contaminants in Water

Polycydic Aromatic Hydrocarbons

Total PAHswere elevated above PAH criteria for human hedth protection proposed by Eisler (1987) at 7
of the 8 sitessampled. Total PAHs were calculated as atotal of flouranthene, benzo[a]pyrene,
benzo[g,h,I]perylene, benzo[b]fl ouranthene, benzo[k]flouranthene, and indeno[1,2,3-cd]pyrene. No water
samples were collected from Middle Lake. Lane Salt Lake was the only sampling site where total PAH
levels did not exceed the 0.0135 - 0.2 ppm proposed criteria. Table 2 presents the results of PAH analyses

for 8 playas.



Table 2. Total PAH (ppm) in water samples from 8 playa sampling sites

| Sample Location | Total PAH ppm |
Laguna Gatuna 44
Laguna Quatro 14575
Laguna Tres 10266
Laguna Uno 13817
Laguna Waldon 152
Lane Salt Lake 1
Lane Salt Lake (Burro pipeline 344
Middle Lake Salt Playa 0
Williams Sink 67

Contaminants in Sediment

BTEX

BTEX analyses were conducted on sediment samples from 7 of the 10 playa sample sites. Sediment from
Laguna Quattro contai ned the highest level s of BTEX, and arelatively high spike in toluene levelswas
observed in the sample from William's Sink. Overdl, levels observed inthe Playa L akes were comparable
to those seen in samples collected from the San Juan River areain Northwestern New M exico where oil

and gas production is prevdent.

Table 3. Analytical Results for BTEX in 7 Sediment Samples (ug/g wet weight)

| Sample Location | Benzene | Ethyl Benzene | Toluene [m & p - Xylene| o - Xylene |
Laguna Gatuna 0.46 0.75 1.14 1.08 0.69
Williams Sink 0.26 0.18 1.96 0.22 0.17
Lane Salt Lake 0.128 0.281 0.027 0.205 0.136
Laguna Quatro 0.65 2.25 3.29 4.64 2.94
Laguna Tres 0.20 0.74 0.33 1.13 1.05
Laguna Uno 0.09 0.09 0.11 0.31 0.11
Laguna Waldon 0.13 0.12 0.22 0.47 0.17
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Total Organic Carbon

Percent total organic carbon (TOC) was measured in sediment samples from 8 of the 10 playasample
sites. Thehighest level (3.42% TOC) was reported a Lane Salt Lake at the Burro Pipdine outfdl.
Overall, levels observed in the Playa L akes were comparable to those seen in samples collected from the

San Juan River area in Northwestern New Mexico where oil and gas productionis prevalent.
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Table 4. Percent total organic carbon in samples from 8 playa lakes

LOCATION | TOC |
Laguna Gatuna 0.1%
Lane Salt Lake (Burro pipeline outfall) 3.4%
Laguna Quatro 0.2%
Lane Salt Lake 0.1%
Laguna Tres 0.5%
Laguna Uno 0.1%
Laguna Waldon 0.8%
Middle Lake Salt Playa 0.5%

Total Organic Carbon in Sediment
(B playa lakes)
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Polycydic Aromatic Hydrocarbons

PAHs were andyzed in sediment samplesfrom 9 of 10 playas where samples were collected. The highest
level (15216.21 pg/g wwit) of total PAHSs (included all PAH analytes, see Table 5) was observed at Lane

Salt Lakeat the Burro Pipdine outfdl. Overdl, levels observed inthe Playa L akes were comparable to
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those seen in samples collected from the San Juan River areain Northwestern New Mexico where oil and

gas production is prevdent.

Table 5. Total PAHs in sediment samples from 9 playa lakes
| Sample Location | Total PAH |
Laguna Gatuna 209
Lane Salt Lake 77
Lane Salt Lake (Burro pipeline outfall) 15216
Middle Lake Salt Playa 79
Laguna Uno 34
Laguna Tres 5713
Laguna Quatro 819
Williams Sink 41
Laguna Waldon 5
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Trace Elements

Trace element anal yses for sedi ment samples were only conducted on one sample from Laguna Quattro.
Levels of aluminum (Al), barium (Ba), cadmium (Cd), mercury (Hg), magnesium (Mg), selenium (Se),
and vanadium (V) exceeded avian digary threshold criteria for adverse effects. Waterfowl normally ingest
some soil and sediment whilefeeding. Significant ingestion of contaminated sediment and other food
items can result in bioaccumulation of contaminants within an organism. Adverse effects can range from
death to more chronicimpacts such as reproductive imparment.

Aluminum, barium and magnesium are normally el evated in New Mexico soils, but the levels observed at
Laguna Quattro were still above geometric means of 3736 mg duminum/kg dry weight and 123 mg
barium/kg dry weight found in other studies (O’'Brien 1990). Because aluminum, magnesium and barium
are common constituents of New Mexico soils, the elevated concentrationswere mog likely a
consequence of locad geologic sources. Cadmium, selenium, mercury, and vanadium, however, could
originate from natural and/or anthropogenic sources. Anthropogenic sources may include storm runoff,
roads and other non-point sources or point source discharges from mine wastes and associated runoff.
Further sampling is required to assess natural background concentrations and potential anthropogenic
sources of these elements near the playas.

Table 6.  Criteria used to evaluate the potential hazard of trace elements in sediments and

potential food items to birds and other organisms, expressed as mg/kg wet or dry weight
(ww or dw; NA =not available).

Analyte DTC (ww)? Ontario MME Lowest Other Sediment Rio Grande Geometric
Observable Effect Level Quality Criteria |Mean- Background (dw)?
(dw)® (dw)°

Silver NA NA| 0.5 NA
Aluminum 200.0 NA| NA| 3735.0
Arsenic 30.0 6.0 - 1.90
Barium 20.0 NA 20.0 123.01
Beryllium NA NA NA 0.30
Boron 30.0 NA NA 2.63
Cadmium 0.1 0.6 0.24
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Analyte | DTC (ww)?® Ontario MME Lowest Other Sediment | Rio Grande Geometric
Observable Effect Level Quality Criteria |Mean- Background (dw)?
(dw)® (dw)°
Chromium 5.1 26.0 - 4.83
Cobalt NA NA 50.0 NA|
Copper 300.0 16.0 - 5.53
Iron NA 21,200 (2.0%) - 6164.9
Mercury 0.1 0.2 --- 0.00
Lead 50.0 31.0 6.74
Magnesium 3,000.0 NA NA 2168.0
Manganese 2,000.0 460.0 840.8
Molybdenu 100.0 NA 4.0 1.78
m
Nickel 100.0 16.0 4.69
Selenium 0.8 NA 5.0 0.30
Strontium 3,000.0 NA NA 72.67
Antimony NA NA NA NA
Vanadium 10.0 NA NA NA
Zinc 44.5 120.0 24 .49

a Dietary Threshold Concentration; derived from various sources (NRC 1980, Eisler (USFWS
Contaminant Report Series) 1985-94, Lemly and Smith 1987, and International Joint Commission 1993).

b Ontario Ministry of the Environment and Energy, Ontario, Sediment Quality Guidelines (1993).

¢ Derived from various sources cited in MacDonald (1994).

d From USFWS, Contaminants Investigation of Bitter Lake NWR, Roswell, NM (O’ Brien 1990).

Cadmium and mercury (Hg) MDLs are too high to assess if these metals exceed avian DTCs. Most other

sediment metd s were not elevated abovetypical sediment background concentrations and should pose

little risk to waterfowl and aquatic organisms. Of those metals that were above typica background

concentrations, most are not directly hazardous to waterfowl. Overall, birdsmay beat risk from some

sediment metals (Table 6) if: (1) sediment metals are bioaccumulating in food items or bird tissues, (2) a

significant percentage of the bird’s diet includes ingested sediment (ingested while feeding on benthic

invertebrates and plants).
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Contaminants in Aquatic Biota

Contaminant residues in aguatic biotaand vegetation are an indicator of the bioaccumulation potentid for
birds eating fish, invertebrates, and vegetation. Little datais available to interpret the toxic potential of
contami nant residues in plants, invertebrates and amphibians. Lethal or sublethal effects of elevated trace
element concentrations in agquatic biota may translate to an indirect risk to waterfowl by way of reduction
in the avalable food base. Adverse effects on the food base available to the birds must, therefore, be
assessed by comparison to water and sediment quality criterig, or, by actud assessment of thebiota
present in each playa.

Trace Elements

Trace element analyses were conducted for samples of invertebrates collected from 3 playas, Laguna
Walden, Middle Lake, and William's Sink and for samples of bird liver from 4 playas, Laguna Quéttro,
Laguna Wadden, Lane Salt Lake (at Burro Pipdine outfdl), and Middle Lake. One bird kidney sample
was collected from Laguna Quattro and was andyzed for trace elements. In invertebrates, concentrations
of aluminum, magnesium, and selenium exceeded avian dietary threshold concentrations a Middle Lake
and William's Sink. Concentrations of these three e ementsin invertebrates from Laguna Walden were all

below DTCs.

Conclusions and Recommendations

The presence of large bodies of water in the normdly arid environment of Southeastern New Mexico have
been shown to pose asignificant hazard to migratory bird species. Many naturd playalake depressions
that arenormally dry during asignificant portion of the spring and fall migratory seasons are kept

constantly wet from brine waste discharges from mining and drilling operations. Many man made playa
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lakes also exist in the area, some of which arerelatively deep and contain a significant amount of water

year round.

Both current and historic discharges into these playas of salt water waste, often containing aslurry of
many other minerals, have created anthropogenic, attractive hazards for waerfowl and other migratory
wildlife. In addition to the proven lethal doses of salt water avail able to these species, other hazards may
exist from other contaminants such as sdenium and arsenic. These contaminants are made available to
species in natural and man-made water impoundments ether directly as waste water from mining and
drilling operations or through overland runoff and soil leaching. Forensic necropsy reports for migratory

bird carcasses found in or around some of the playas have dl indicated salt toxicosis as the cause of death.

The problem of the sdt playasin this State and elsewhere has been hotly debated for years between State
and Federal government agencies and various industry representatives. Inthe New Mexico playalakes
region, the U.S. Bureau of Land Management (BLM), the New Mexico Environment Department
(NMED) and the New Mexico Qil Conservation Division (NMOCD) share governmentd oversight and
regulatory responsibility for both potash mining and oil and gasdrilling. The BLM isresponsiblefor the
land and mineral extraction |ease agreements and mining plans under which mining and drilling

companies establish the methods they will practice. These agreements allow the unmitigated rd ease of
millions of gallons of wastewater that is not regulated by the Nationa Pollutant Discharge and

Elimination System (NPDES) administered by the U.S. Environmentd Protection Agency.

The Southeast New Mexico Playa Lakes Coordinating Committee wasformed from members of State and
Federal government and representatives from both the oil and gas and potash industries. Severd plans
coordinated by this group to keep birds off the largest problem playa (Laguna Togton), failed to
significantly reduce or diminate migratory bird deaths. No mitigative measuresor modificaionsto

current discharge practices have yet been proposed by the Committee. However, some significant
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measures are required to eliminae the hazard to migratory wildlife and possbly mitigate for the historic
losses to both migratory birds, who would otherwise not use this area, and to the habitat for other native
species that has been destroyed by the playas.

Currently, negotiations are being conducted between the U.S. Fish and Wildlife Service, theBLM, State
Government and various industry representatives to establish aviable solution. Both mitigative and
practice modification techniques have been discussed. It isrecommended that this report along with the

June 1997 report from USGS be used in these continuing discussions.
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