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Abst r act

An initial contam nants survey was conducted at Hagernan National WIdlife Refuge

(HNWR) in north central Texas. Contam nants froma variety of sources have the potenti al

to reach and affect H\WR. Effluents from several wastewater treatnent plants discharge
into Myers Branch, Mneral Creek, and Mustang Creek, all of which flow through HNWR

and into the Big M neral Arm of Lake Texoma. Throughout HNWR, there are over 100

active oil and gas producing wells, pipelines, and associated storage and transfer facilities
whi ch coul d be sources of chronic oil pollution and also constitute the threat of potenti al
spills. Sedinment, soil, and whole fish sanples were collected in 1991 from 12 | ocati ons

wi thin and adj acent to the HN\WVR. The sanpl es were anal yzed for netall oids (except soils),
or ganochl ori ne pesticides (including polychlorinated bi phenyls), aliphatic hydrocarbons,
pol ycyclic aromati ¢ hydrocarbons (PAHs), and nutrients (only sedinent). Concentrations of
nmet al | oi ds, organochl orine pesticides, and nutrients in sedinments were not high enough to
pose risk to fish and wildlife health. Soil sanples contained | ow concentrations of
organochl ori ne pesticides. The hydrocarbon anal ysis scan was insufficient to make sound
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conclusions of the effects to fish and wildlife resources. Few fish tissue sanpl es contai ned
concentrations of nercury and seleniumat |evels which have been associated with adverse
bi ol ogi cal effects in piscivorous predators that reside within the H\WR

1

| nt roducti on

bj ectives of this study were to: 1) conplete an initial contam nants survey at Hagerman
National WIldlife Refuge (H\WR); 2) determine if there are any significant environnental
contam nant issues that could pose a threat to fish and wildlife at HN\WR Significant
contam nant issues indicated by this sanpling would pronpt a nore definitive follow up
st udy.

A concern at the onset of this investigation was that contam nant concentrations in sedinents,
soils, and fish near oil and gas production sites (approximtely 100 producing wells) on

HNWR m ght be higher than in simlar sanples collected fromreference sites both on and off
HNWR. Contam nant | evels determned at H\WR will al so be conpared with data coll ected

during simlar Fish and Wldlife Service (Service) contam nants studies in Region 2, i.e.
Trinity River and Buffalo Lake National WIdlife Refuge.

Whol e body predatory and bottomfeeding fish sanples from Lake Texoma at HNWR have

been nonitored for contam nant residues as part of the National Contam nant Bi onmonitoring
Program (NCBP) since 1976. Data fromcarp and bass fromthe | ake have not indicated any
problens attributable to netals, pesticides, or polychlorinated bi phenyl (PCBs) contam nation
(Schmtt and Brunbaugh 1990, Schmtt et al. 1990). However, oil production is a potential
source of contam nation to fish and wildlife resources on the HW\R The NCBP data did

not include analyses for oil field contam nants such as aliphatic and pol ycyclic aromatic
hydr ocar bon (PAHs) conpounds. This survey proposed to investigate the extent of aliphatic
hydr ocar bon and PAH cont am nati on and provi de a nore conprehensive scan of netall oids

and organochl orine pesticides (including PCBs) that m ght be present in sedinents, soils, and
fish throughout HNWR.

The HNWR manager, JimWIlIlians, identified three general areas of concern on H\WR 1)

soils and upland habitat that m ght be contam nated fromoil field spills, 2) sedinents and
aquatic organisns potentially contam nated by the adjacent oil production facilities, and 3)
sedi ments in Beaver Creek possibly contam nated by netals froman upstreamsteel wre
manufacturing facility.

Study Area
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Hager man National WIldlife Refuge is |ocated in Grayson County, on the Big Mneral Arm

of Lake Texoma, a flood control reservoir on the Red River on the Texas-(Ckl ahona state

line (Figure 1). The Refuge was created by agreenent between the Secretaries of the Interior
and Arny in 1946. Enconpassing the ecotones of the Texas crosstinbers, the blackland

prairie, and the Red River Valley, HNWR provides 4,585 hectares (ha) of varied wildlife
habitat, including valuable wetland habitat for birds mgrating through the Central Flyway.
Recreational activities enjoyed by visitors include birdwatching, hiking, and fishing. Hunting
is permtted during limted seasons in designated areas. Approxinmately 243 ha are cultivated

2

in mlo, corn, and green wheat. Cooperative farmng, |limted grazing, and controlled burns
are anong HNWR managenent strategi es. Shal |l ow marshes on the HN\WR are periodically
drai ned and nmanaged to provide about 1,215 ha of wetland habitat.

Topography of the area is gently rolling, and soils are noderately deep, sandy and | oany.
Annual precipitation averages 60 centinmeters. The climate at HWR i s hot in sumrer and
mld in winter with occasional surges of cold air masses. Land use around HNWR i s
primarily rangel and and agriculture. Crops grown in the watershed include sorghum wheat,
m | o, soybeans, corn, and cotton. Al facets of petrol eum production, including drilling,
pi pelines and storage tanks, is preval ent throughout the watershed, as well as on H\WR

Contam nants froma variety of sources have the potential to reach and affect HNWR

Effluents fromthe wastewater treatnent plants of the nearby towns of Denison, Wi tesboro,
and Sadler (Figure 1) discharge into Myers Branch, Mneral Creek, and Miustang Creek,
respectively, all of which flow through HWR and into the Big M neral Arm of Lake

Texoma. Throughout HNWR, there are over 100 active oil and gas produci ng wells,

pi pelines, and associ ated storage and transfer facilities which could be sources of chronic oil
pollution and al so constitute the threat of acute oil spills. Cccasional spills fromoi
produci ng wel |l s, pipelines, and associated storage and transfer facilities do occur, such as
sites 10, 11, and 12 (Figure 1). Sites 10 and 12 are |l ocated on upland tracts well away from
any water, therefore these spills have not contam nated aquatic resources. Production well
site 10 is operated by Texaco Exploration and Production, Incorporated. Spills at this site
represent poor equi pnment mai ntenance and have contam nated adjacent soils. Site 12 is a
battery tank farmthat consists of a diked area which contains frequent oil spills. The
production well at site 11 is adjacent to the |ake and is owned by Shell G Conpany. The
one docunented spill at this site occurred when a val ve was i nadvertently |eft open and

di scharged oil onto land and into water. The oil ed areas were renedi ated by Shell Ol
Conmpany. As the oil field ages, wells proceed to secondary recovery, including processes in
which fluids are injected under pressure into the oil bearing formations to facilitate oi
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recovery.

Met hods and Material s

In July 1991, twelve |ocations were selected for the collection of sedinent, soils and/or fish
sanples within and adjacent to HN\WR (Figure 1). Ten conposite sedi nent and ni ne whol e

fish sanpl es of nosquitofish (Ganbusia sp.) (Table 1) were collected from Dead Wnan

Pond | nfl ow Channel (site 1), Myers Branch (sites 2, 3, and 4), Scott Branch (sites 5 and 6),
Sandy Creek (sites 7, 8, and 9), and Pad spill (site 11). Sites 1, 5, and 6 were selected to
represent respective undisturbed areas on and off HN\VR Ten conposite soil sanples were
collected fromsites 2 through 6, Texaco Rig (site 10 n=2), and the Tank Farm spill area

(site 12, n=3). Sedinent and soil sanples of apparently simlar texture and particle-size

were collected and conposited into single sanples at each site. They were not sieved.

3

Fish were collected wth a dipnet or a seine and conposited for each sanple. Al sedi nent,
soil, and fish sanples were weighed follow ng collection, stored on wet ice in the field, and
| ater frozen in a commercial freezer

Sedi ment sanpl es were anal yzed (Table 1) for netalloids (including grain size), methyl
mercury, organochl orine pesticides (including PCBs), aliphatic hydrocarbons, PAHSs,

nutrients, and total organic carbon (TOC). Sedinents submtted for nutrient anal yses were
insufficient in sanple volune; therefore, nitrate anal yses and sanpl e-specific quality control
was not acconplished. In addition, noisture analysis could not be perfornmed for the site 5
sedi nent sanple and an adjustnent to a dry-wei ght sanple basis was not possible.

Therefore, for conparison purposes, all sedinent sanple results for organic nitrogen, soluble
phosphorus, ammoni a nitrogen, total Kkjeldahl nitrogen, and noisture content were reported on
a wet sanpl e basis.

Soi | sanpl es were anal yzed for organochl ori ne pesticides (including PCBs), aliphatics, and
PAHs, and al so were assayed for TOC (Table 1). Fish were analyzed for netall oids,
or ganochl ori ne pesticides (including PCBs), aliphatic hydrocarbons, and PAHs (Table 1).

Prior to the Exxon Valdez oil spill, requests for hydrocarbon scans were limted to the
anal yses of n-al kanes containing the n-C[sub]11 to n-C[sub] 20 carbon atons. Based on the Service's
experience with anal yses of the Exxon Valdez oil, it was reconmended to specify the

ext ended aromati c hydrocarbon scan (Robi nson-W| son, Everett 1991. Menorandumto
Region 6, 8 May). The extended aromatic scan includes analysis of the n-al kanes containi ng
the n-Csub]21 to n-([ sub] 34 carbon atons and additional aromatic anal ytes, which are essential for
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proper interpretation of hydrocarbon data to determne if sanples have been oiled. W did
not request the extended hydrocarbon scan for this study, thus only the n-al kanes cont ai ni ng
the n-C[sub] 11 to n- sub] 20 carbon atons and 24 aronatic anal ytes were anal yzed.

Al sanples were submtted through the National Biological Service's Patuxent Analytical
Control Facility (PACF) to its designated contract |aboratories. Metalloids, organochlorine
pesticides, aliphatic, PAHs, grain size, and TOC anal yses were conducted by Geocheni cal

and Environnental Research G oup, Texas A&M University, Texas. Nutrient analyses were
conducted by Versar Laboratories, Inc. of Springfield, Virginia. Methyl nercury anal yses
wer e conducted by Brooks Rand, Ltd. of Seattle, Washington. The PACF was responsible

for assessing quality assurance and control (QA/QC) procedures for all contract |abs and
QA QC net PACF st andards.

Arsenic, selenium cadm um and |ead concentrations in sedinments and fish were determ ned
by graphite furnace atom c absorption spectronetry (AAS) and nercury was determ ned by
col d vapor AAS. All other elenments were determ ned by atom c em ssion using argon

pl asna.

Or ganochl ori ne pesticides, aliphatic hydrocarbon, and PAH concentrations in sedi nents and
soils were detected by a Soxhlet extraction apparatus and in fish tissue concentrations were
detected by capillary gas chromatography. Percent noisture was determ ned for sedinent,

soil, and fish tissue sanples. Percent |ipid was determ ned for fish sanples.

8

Metal |l oid concentrations in fish were conpared with those reported in the NCBP for fish
collected in 1976-1984 from 109 stations nati onwide (Schmtt and Brunbaugh 1990).
Concentrations of an elenent in whole fish were considered el evated when they exceeded the
85th percentile of the nationw de geonetric nmean. The 85th percentile concentration is a
figure generally considered significantly el evated above national background concentrati ons.

Results reported for nmetalloid, methyl mercury, organochlorine pesticide, aliphatic

hydr ocar bon, and PAH anal yses in sedi nent and soil sanples are in ag/g (parts per mllion)
dry weight basis. Results for sedi nent anal yses of organic nitrogen, soluble phosphate,
ammoni a nitrogen, total kjeldahl nitrogen, and percent noisture are reported in ag/g wet

wei ght basis; in ag/g oven-dried basis for total phosphorous and percent organic matter; and
ag/g air-dried basis for chem cal oxygen demand. For fish, results are reported in ag/g wet
wei ght basi s.
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Results and D scussi on

Met al | oi ds

Sedi nent - Sixteen of the 19 netalloids including nethyl nercury tested for were detected in
sedi nent sanples fromnost of the sites (Table 2). Mercury, nolybdenum and sel enium

were not detected in the sedinment sanples. The highly sandy soils are probably the reason
for the I ow detection of these elenents (Table 2). N ne of the highest concentrations of the
16 el enments detected were found at site 11. The following potentially toxic inorganic

el enents are discussed bel ow arsenic, cadm um chrom um copper, |ead, and zinc.

Arsenic - Large quantities of arsenic are released into the environnent as a result of

i ndustrial and agricultural activities (Ei sler 1988a). The International Joint Commr ssion (1JC
1988) considered 1.1 ag/g, dry weight to be the background |evel in sedinents. Sedinents

Wi th arsenic concentrations below 3.0 ag/g were classified as non-polluted in the Geat Lakes
har bor by Beyer (1990). Sedinments collected from areas contam nated by arsenical herbicides
contain concentrations of arsenic ranging from2198 to 3,500 ag/g (Eisler 1988a). Arsenic

was recovered in sedinment sanples from HWRR at concentrations of 3.8 to 9.9 ag/g (Table

2). However, the concentrations found are not at |evels harnful to fish or wildlife.

Cadm um - Ant hr opogeni ¢ sources of cadm uminclude snelter funes and dusts, the

products of incineration of cadm umbearing materials and fossil fuels, fertilizers, and
muni ci pal wast ewat er and sl udge di scharges; concentrations are nost |ikely highest in the
| ocalized regions of snelters or in urban industrialized areas (Ei sler 1985). Background

5

| evel s of cadm umin uncontam nated riverine and | ake sedi nents have been reported at 5
a/g (Eisler 1985). Cadm umwas recovered at 0.2 ag/g in few sanples (Table 2), but the
cadm um | evel s detected would not be harnful to fish or wildlife.

Chrom um - Chrom um concentrations in sedinments tend to be elevated in the vicinity of

i ndustrial operations and mnunicipal waste treatnent facilities where chromumis a significant
conmponent of wastes discharged into the environnent (Eisler 1986a). It is generally agreed
that nost chromumin soil and sedinent is unavailable to |living organi sns; adsorption and

bi oaccunul ation are relatively mnor. Sedinments with chrom um concentrations bel ow 25

ag/g dry weight were classified as non-polluted in the G eat Lakes harbor by Beyer (1990).
Background concentrati ons of chromumin freshwater sedinents have been reported at 140

a/g (Eisler 1986a). Chrom um concentrations in sedinents collected from HN\WR ranged

from8.2 to 43 ag/g (Table 2). Based on these results the chrom um concentrations are
unlikely to be harnful to fish or wildlife.
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Copper - El evated concentrations of copper are often recovered in the vicinity of rnunici pal
and industrial outfalls, particularly fromsnelting, refining, or netal plating industries
(USEPA 1983). Concentrations of copper ranged from3.1 to 22.4 ag/g in sedinents

coll ected from HN\WR (Table 2). Copper in sedinents fromthe site 11 sanple slightly
exceeded the 1JC (1988) background |level of 20.8 ag/g. O her |ocations on and off the
refuge appear to be free from ant hropogenic related inputs of copper. Copper |evels
observed in sedinments at HN\WR woul d not be harnful to fish or wildlife.

Lead - Elevated | ead concentrations in sedinments cone fromsources as diverse as

st eel wor ks, shipyards, crude oil refineries, cenent and ceramc factories, |ead storage battery
recycling plants, and heavy autonobile traffic (Ei sler 1988b). Sedinents in the upper

M ssi ssi ppi River had recovered | ead concentrations of 86 ag/g, whereas the southeastern

M ssouri Big River sedinents contained concentrations of |ead as high as 2,200 ag/g
downstreamfroma lead mning area (Eisler 1988b). Lead concentrations in sedinents from

HNWR (Table 2) were below the 1JC (1988) background | evel of 27.5 ag/g. Lead

concentrations in sedinents do not present a risk to fish or wildlife at HNWR

Met hyl nmercury - Methyl nercury is the nost hazardous formof nercury due to its high
stability, lipid solubility, and possession of ionic properties that lead to a high ability to
penetrate nmenbranes in living organisns (Eisler 1987a). In the aquatic environnent,

mercury may becone nethyl ated by biological or chem cal process or both. Mercury in
bottom sedi nents can be re-suspended during floods and carried further downstream The
statewi de 90th percentile value for nmercury in sedinments was 0.32 ag/g dry wei ght (Davis
1987). Methyl nercury concentrations recovered in sedinents collected from H\WR r anged
from0.00003 to 0.00129 ag/g (Table 2). These recorded nercury levels would not be a risk

to the health of fish or wildlife.

Zinc - Major sources of anthropogenic zinc in the environment include el ectroplaters,
snelting and ore processors, mne drainage, donestic and industrial sewage, conbustion of
solid wastes and fossil fuels, road surface runoff, corrosion of zinc alloys and gal vani zed
surfaces, and erosion of agricultural soils (Eisler 1993). Background concentrations of zinc
in sedinents sel dom exceed 200 ag/g (Ei sler 1993). Anthropogenic sources of zinc

surroundi ng the refuge could be Iimted to agricultural runoff and a future el ectropl ating
facility south of HNWR Analytical results fromzinc concentrations in sedinents collected at
HNWR (Table 2) are not a risk to fish or wildlife.

Fish All 19 inorganic elenents tested were recovered in nosquitofish tissue (Table 3).
Cadm um and | ead recovered in fish tissue were bel ow the NCBP 85th percentiles and w |l
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not be included further in this discussion. Arsenic, copper, nercury, selenium and zinc
concentrations in several nosquitofish exceeded the NCBP 85th percentile concentrations
(Schmtt and Brunbaugh 1990) at sites 1, 5, and 6.

Arsenic - Arsenic whol e-body | evel s above 0.5 ag/g were considered harnful to fish and
predators by Walsh et al. (1977). Only the nosquitofish sanple fromSite 1 (Table 3),
slightly exceeded the 1990 NCBP 85th percentile of 0.27 ag/g (Schmtt and Brunbaugh

1990). Results were below the | evel considered harnful to fish; therefore, we conclude that
m nimal arsenic-related health risk exits for fish or wildlife.

Copper - Copper concentrations in nosquitofish equalled or exceeded the 1990 NCBP 85th
percentile concentration of 1.0 ag/g as reported by Schmtt and Brunbaugh (1990) in sites 1,
5, and 6 (Table 3). W are not aware of any proposed or suggested action |levels of copper

in tissues of fish or wildlife. However, copper does not appear to pose any risk to fish or
wi |l dlife species on the refuge.

Mercury - Mercury and its conpounds have no known biol ogical function. The presence of
the netal in cells of living organisnms is undesirable and potentially hazardous (Eisler 1987a).
The predator protection limt for nmercury is 0.1 ag/g for fish-eating waterfow (National
Acadeny of Sciences and National Acadeny of Engineering (NAS/ NAE) 1973). Eight of the

nine fish sanples had concentrations below that |evel (Table 3). The nobsquitofish sanple
fromsite 6 slightly exceeded the predator protection limt, as well as the 1990 NCBP 85th
percentile concentration of 0.17 a®m/g. Because the percentage of detection anbng sanpl es
was | ow, nercury does not appear to pose any risk to the popul ations of fish or fish-eating
birds foragi ng at HNWR

Sel eni um - The whol e body toxic effect threshold of seleniumfor health and reproduction of
freshwater fish is 4 ag/g dry weight and the toxic threshold for seleniumtransferred to
consuner species of fish and wildlife through aquatic food-chains is 3 ag/g dry wei ght
(Lemy 1993). Seleniumwas detected in seven of the nine fish sanples (Table 3). Site 6
sanmpl e exceeded both toxic effect thresholds and the 1990 NCBP 85th percentile
concentration of 0.73 ag/g. Based on these anal ytical findings, seleniumcould present sone

~

threat to the health and reproduction of fish and wildlife at HN\WR However, since the
per cent age of detection anong sanples was | ow, sel enium does not appear to pose any risk to
the overall population of fish or the food base of fish and wildlife.

Zinc - Zinc was detected in all nobsquitofish sanples at concentrations of 9.2 to 116 ag/g
(Table 3). The 116 ag/g in the site 6 sanple greatly exceeded the 1990 NCBP 85t h
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percentile concentration of 34.2 ag/g. Insufficient information is available to determ ne a

t hreshol d concentration in fish. The recommended maximumzinc limt in bird diets is 178

ag/g dry weight to prevent marginal sublethal effects (Eisler 1993). The zinc concentration

at site 6 did not exceeded that dietary limt. Gven the lowresidue levels in fish tissue, zinc
does not appear to pose any risk to fish and wildlife.

Or ganochl ori ne Pesti ci des

Sedi ment/soil/fish - No organochlorines were detected (< 0.01 ag/g) in sedinents and only

t hree organochl orines were detected in soil or nosquitofish. Total chlordane (0.01 ag/qg),

total p,p DDT (0.01 ag/g), and aldrin (0.04 ag/g) were recovered in soil sanple 1 fromsite

10. Total organic carbon for this sanple was 2.9 percent. DDT conpounds (prinmarily

p, p' DDE) were recovered in fish sanples at 0.01 ag/g fromsites 2, 6, and 11. The level in

the fish sanples is below the NAS/ NAE (1973) DDT and netabolites criterion of 1.0 ag/g,

for the protection of wildlife. Concentrations recovered in soil and fish tissue sanples do not
indicate a risk to the health of fish and wldlife.

A few sedinent, soil, or fish sanples contained detectable |evels of PCBs. Sedinents in the
Great Lakes with PCB concentrations below 1 ag/g were classified as non-polluted by the

Envi ronmental Protection Agency according to Beyer (1990). Sedinents fromsite 6 had a

PCB concentration of 0.01 ag/g and the TOC was below 1 percent. PCBs in soils were

recovered at concentrations 00.06 ag/g fromall soil sanples except sanple 1 at site 10. This
sanpl e contained 0.59 ag/g, but this concentrati on would be consi dered unpol | uted.

Whol e body PCB concentrations of 0.4 ag/g wet weight are associated with reproductive
toxicity in rainbow trout (Eisler 1986b). PCBs recovered in fish fromsite 2 (0.03 ag/g) are
bel ow the predator protection limt of 3 ag/g wet weight for total PCBs as whol e body

residue to protect fish-eating birds and mammal s, and even below the limt associated with
reproductive toxicity in fish (Ei sler 1986b). The concentration of PCBs recovered in the fish
ti ssue sanple does not indicate a significant risk to the health of fish and wildlife.

Aliphatic and Aromatic (PAHs) Hydrocarbons - Hydrocarbons include a wide variety of
natural |l y-occurring and biol ogically synthesized substances. Petrol eum hydrocar bons can be
general ly subdivided into two groups: aliphatic and aromatic. Aliphatic conpounds are

car bon- based strai ght chain and branched chain (i.e. pristane and phytane) structures, whereas
aromati ¢ conmpounds are carbon-based rings (i.e. benzene). Aliphatic hydrocarbons are

conprised of 3 subgroups: 1) paraffins (al kanes), all of which are saturated and

conparatively unreactive; 2) olefins (al kenes or al kadi enes) which are unsaturated and quite

8
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reactive; and 3) acetyl enes (al kynes) which contain a triple bond and are highly reactive (Sax
and Lewis 1987). Most aliphatics and paraffins are insoluble in water, so their toxicity to
aquatic life is low at |evels conmonly found in sedinent and wat er sanples. Hydrocarbons

of recent biological origin tend to have aliphatic conmpounds w th odd-nunbers of carbons

dom nant, whereas petrol eum conpounds have nearly equal concentrations of odd- and even-
nunbered aliphatics (Hall and Coon 1988). The ratio of pristane to phytane serves as a

useful indicator of the presence of petrogenic hydrocarbons. If the ratio is near one, then the
oil is of petroleumderived hydrocarbons (Broman et al. 1987). Interpretation of hydrocarbon
residues in fishes is nore conplicated than for sedi nents because fish netabolize aromatic
conmpounds (Ei sl er 1987hb).

Hydr ocar bon anal yses did not include an extended scan for n-al kanes containing the 21 to 34

carbon atons (n-C sub]21 to n-([sub]34), which are essential for proper interpretation of hydrocarbon
data to determne if sanples have been oil ed (Robi nson-WI|son, Everett. 1991. Menorandum

to Region 6, 8 May). Because of insufficient hydrocarbon analyses, interpretation of

hydrocarbon data is limted and sound conclusions of the effects on fish and wildlife

resources can not be made. However, the data will be presented for informtion purposes.

Sedinent/soil - Total aliphatic concentrations in sedinments ranged from4.03 to 146.2 ag/g
(Table 4) and concentrations in soil ranged fromO0.035 to 107 ag/g (Table 5). Twenty-four
aromatics were detected in nearly all sedinment (Table 6) and soil sanples (Table 7). The
greatest PAH concentration in sedinents occurred at site 11(1.27 ag/g, Table 6) and is

possi bly associated with the docunented oil spill. Total PAH concentrations in soil sanples
fromsites 10 and 12 were anong the highest levels. Sites 10, 11, and 12 are just a few of
the many areas on the refuge that have active oil punping wells, where higher concentrations
of PAHs woul d be expected to occur.

Fish - Total aliphatic concentrations recovered in nosquitofish ranged fromO0.17 to 1.96 ag/g
(Table 8). Published literature on the biological effects of aliphatic conpounds upon fish is
sparse and prevents a nore accurate assessnent of the effects of the concentrations observed.
Sonme aromati c conpounds, i.e. long chain aromatics, are docunmented carcinogens in fish and
have been associated with fish tunors (Baumann et al. 1982, Baunann 1984, Baumann and

Whittle 1988). Fish tunors have been docunented in the G eat Lakes Region since the md

1970s and include liver, thyroid, gonad, and skin. Total PAH concentrations in fish (Table

9) were below the total PAH concentrations detected in Trinity River fish (0.02 to 60.79
ag/g) reported by Irwn (1988).

Nutrients - Major sources of nitrogen and phosphorus pollution in aquatic areas generally
result fromagricultural fertilizer runoff or effluent discharges from wastewater treatnent
plants (Connell and MIler 1984). Several tributaries, including Mneral Creek, Mistang
Creek, and Myers Branch, receive wastewater effluent discharges fromrespective wastewater
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treatnment plants in Sadler, Witesboro, and Deni son, Texas.

9

Maj or poi nt-sources of nitrogen enter into water bodies from wastewater treatnent plants,
septic tanks, and aninmal feedlots. Irwin (1991) reported average sedi nent organic nitrogen
concentrations from 1,065 to 22,233 ag/g dry weight upstreamfromthe Buffal o Lake

National WIdlife Refuge. Concentrations of organic nitrogen in sedinents collected from
HNWR (Tabl e 10), were generally well below the |levels at Buffalo Lake National WIldlife

Ref uge found by Irwin (1991). There are no fish and wildlife protection criteria for organic
nitrogen, but we believe that there would be no detrinmental effects fromnitrogen on fish or
wildlife.

Tot al phosphat e phosphorus refers to the total phosphorus portion of phosphates, expressed
as P. Total phosphorus is neant to be a neasure of nost forns of phosphorus, since in
nature and in natural waters, alnost all the phosphorus is in the form of phosphates (lrwn
1991). Phosphorus is often adsorbed to sedinent particulates. As reported by Irwin (1991)
average dry wei ght total phosphate phosphorus concentrations in sedinents ranged from 303
to 15,000 ag/ g upstreamfromthe Buffal o Lake Refuge. The statew de 90t h percentile val ue
for this conpound in sedinents is 1,571 ag/g dry weight (Davis 1987). Total phosphorus in
sedi ments collected from HWR was recovered at concentrations ranging from 114 to 642

a/ g (Table 10). Sol ubl e phosphorus in sedinents collected fromHNAR ranged from 0. 19

to 1.43 ag/g (Table 10). There are no fish and wildlife criteria for total phosphate
phosphorus and sol ubl e phosphorus concentrations in sedinents. The total phosphate
phosphorus concentrations were bel ow the Texas 90th percentile for sedinents. W believe
this nutrient and sol ubl e phosphorus in sedinents is unlikely to result in direct adverse affects
upon fish and wildlife.

Ammoni a enters water as a byproduct of industrial wastes as sewage effluent or as

agricultural runoff. The anount of nitrogen contributed by ammonia i s anmoni a nitrogen.
Ammoni a was determ ned to be an inportant sedi nent-associated toxicant in polluted

sedinments fromthe Lower Fox River and Green Bay Wsconsin (lrwin 1991). Irwin (1991)
reported total average ammoni a concentrations of in-streamsedinents from25 to 236 ag/g

dry wei ght upstream from Buffal o Lake Refuge. Ammoni a nitrogen concentrations in

sediments collected from HWR ranged from7.08 to 82.7 ag/g (Table 10). No fish and

wildlife protection criteria for amonia nitrogen concentrations in sedinents exists. The | ow
amoni a nitrogen |levels in HWR sedi nents suggest that there should be no effects on fish

or wldlife health.

Total Kjeldahl N trogen (TKN) reflects the technique used to neasure all fornms of organic
nitrogen together with amonia present in a sanple. Nitrogen of this type is nost readily
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avai l abl e to, and associated with, biota. The statew de 90th percentile for TKN in sedi nents
was 2,816 ag/g dry weight (Davis 1987). Irwin (1991) reported average in-stream sedi nent

TKN concentrations from1,093 to 7,720 ag/g dry weight upstreamfromthe Buffal o Lake

Ref uge. A TKN val ue greater than 2,400 ag/g dry weight is considered high. Recovered

TKN concentrations in sedinents collected from H\WR (Tabl e 10) were bel ow t he Texas

90t h percentile and the observed concentrations in the Buffal o Lake Refuge study. There are

10

no fish and wildlife criteria for TKN concentrations in sedi nents. However, we believe that
TKN | evel s would not affect the health of fish or wildlife at HNWR

Chem cal oxygen demand (COD) is the neasure of the oxygen requirenent for degradation of
a material. Very high COD | oads are known to conme fromcattle feedlots, usually nuch

hi gher than fromtreated sewage or various types of non-point source runoff. Average dry
wei ght concentrations of COD fromin-steam sedi nents upstream from Buffal o Lake Refuge
ranged from 23,166 to 147,666 ag/g (Ilrwin 1991). Chem cal oxygen denmand in sedinments
from HN\VR ranged from 6,840 to 80,500 ag/g (Table 10). There are no fish and wildlife
criteria for COD concentration in sedinents.

Concl usi ons

Met al | oi ds, nethyl nmercury, and organochlorine pesticide (including PCBs) concentrations in
sediments do not present a threat to fish or wildlife at the Hagerman National WIldlife

Ref uge. Nine netalloids recovered in sedinments had the highest concentrations at site 11
However, only copper exceeded the |JC background | evel.

Concentrati ons of organochl orine pesticides (including PCBs) in soil sanples were bel ow
| evel s considered harnful to wildlife. Soil sanple 1 fromsite 10 had the highest
concentrati on of PCBs.

Metal | oi d (except nercury and sel eniun) and organochl orine (including PCBs) conpounds in

fish tissue were present in anmounts that should not cause adverse biological affects to fish and
wildlife. Fish fromsite 1 had arsenic and copper concentrations exceeding the NCBP 85th
percentile. Fish tissue representative of site 6 had the highest concentrations of copper,
mercury, selenium and PCBs. The mercury and sel enium | evel s exceeded the predator

protection and toxic effects threshold limts for fish-eating waterfow and fish health.
Repeated foraging at site 6 (Scott Branch) by fish-eating waterfow may present a threat to
their health. Resident fish populations in this area nmay have inpaired reproduction. Low
concentrations of DDE were found in fish tissues fromsites 2, 6, and 11. Nutrients in
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sedinents were within normal sedinent levels. Sites 1, 5, and 6 were selected to represent
relatively clean areas on and adjacent to H\WR, however, results of fish tissue data did not
reflect this intent.

Anal yses of hydrocarbons were insufficient to nake sound conclusions on the effects to fish
and wildlife resources at HNAR

11

Recommendat i ons

Because of the insufficient hydrocarbon anal yses and the difficulty in making sound

concl usions of the effects of hydrocarbons on fish and wildlife resources, it is recommended
that a new set of sedinent and soil sanples be collected and anal yzed for an extended
hydrocarbon scan. It is also recommended that bile fromfish be collected and anal yzed for
hydr ocar bons. Anal ysis for aromatic hydrocarbons in fish tissue do not provide useful

i nformati on about the exposure of fish to hydrocarbons because they are rapidly netabolized
(Krahn et al. 1986 and Krahn et al. 1987). Estimating the exposure of fish to hydrocarbons
can be done effectively by neasuring the concentration of netabolites in fish bile. An

ext ended hydrocarbon scan and anal ysis of bile should provide sufficient information to
determine if there are any significant environnmental contam nants related to the oil fields that
may pose a threat to fish and wildlife resources at HNAR

A review and coordination with the Shell G 1 Conpany's oil spill contingency plan for

HNWR shoul d be done. In addition, an oil spill contingency plan should be prepared for the
Texaco O | Conpany's operations. These plans should provide for mnimzed exposure of

trust resources on the Refuge to an oil spill that m ght occur in the Big Mneral Arm of Lake

Texoma at any of the several oil production facilities.
Because the relatively clean sites had el evated netal concentrations in fish tissue, we
recommend routine nonitoring at all 12 sites on a three-year basis to address the presence of
el evated | evel s of nercury and seleniumin sedinents, soils, and fish tissue.
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See Tabl e/ Fi gur e

VAP

Figure 1. Collection site Locations, Hagerman National WIdlife Refuge, Texas 1991.

Tabl e 1. Hagerman National WIdlife Refuge collection |ocations, nedia tested and anal yses,
Texas, 1991. Sed = sedinent and F = fish tissue.
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Site Station Or gano- PAHs[ sup] 3 &
Nunber Locati on Met al | oi ds[sup] 1 chl orinesy Al i phatics[sup]4 Nutrients[sup]5

AAAAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

i Dead Wnman Pond Sed, F Sed, "k Sed, F Sed
| nfl ow Channel

2 Myers Branch Sed, F Sed, Soil, F Sed, Soil, F Sed
near Confl uence

3 Myers Branch at Sed, F Sed, Soil, F Sed, Soil, F Sed
Gravel Road

4 Myers Branch at Sed, F Sed, Soil, F Sed, Soil, F Sed
Ent er pri se Road

5 Scott Branch Sed, F Sed, Soil, F Sed, Soil, F Sed
near Bridge

6 Scott Branch Sed, F Sed, Soil, F Sed, Soil, F Sed
near Confl uence

7 Sandy Creek at Sed, F Sed, -F Sed, - F Sed
Hw 901

8 Sandy Creek at Sed, F Sed, F Sed, F Sed
HNWR

9 Sandy Creek at Sed Sed Sed Sed
Pi pel i ne

10 Texaco Rig Site Soil (2) Soil (2)

11 Pad Spill Site Sed, F Sed, F Sed; . F Sed

12 Tank Farm Spi | | Soil (3) Soi |l (3)

AAAAAAAAAAAAAAAAAANNAAAAANAAAAANAAAAANAAAAAAAAAAANAAAAANAAAANAAAAAANAAAAAAAAAAANAAAAAAAAAAAAAAA

[sup] 1Metal l oids - includes nethyl nmercury and 19 el enents.
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yOC - organochl orine pesticide scan - includes 20 pesticides and total PCBs.
[ sup] 3PAH - Pol ycyclic aromatic hydrocarbons - includes 24 conpounds.
[ sup] 4Al i phatics - Aliphatic hydrocarbons - includes 11 conpounds.
[ sup] 5SNutrients - includes eight paraneters.
17

Table 2. Metalloid concentrations in sedinent (ag/g dry weight) and sedi nent properties from
Hager man National WIldlife Refuge, Texas, 1991.
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAARAAAAAARAAAAAAAAAAAAAAAAAAAAAA

Site

El ement [ sup] 1 1 2 3 4 5 6 7 8 9 11

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Al 20700 15700 11300 19300 12300 14200 5000 5330 2930 24300
As 4.2 Hiad r ey 4,5 4.1 3.8 5.6 £33 9.9 5x3
B 14.9 15,3 175 22.8 14. 2 16,3 17. 4 19.1 4.6 213
Ba 139 153 108 147 69. 8 95.4 118 83.1 31.2 153
Be 1.0 0.9 0. 06 1.0 0.5 0.6 0.:3 0.5 <0.1 1.2
Cd 0.2 0.2 0.2 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.2
Cr 33 26.9 21.8 37.9 22 25 14. 2 257, 8.2 43
Cu 19.9 18. 4 12. 7 172 8.5 10.:1 8.5 i A | 3:'1 22. 4
Fe 3140 29300 28900 30200 23400 25900 37600 40700 10600 37500
Pb ¥r:3 14. 4 215 14. 6 9.9 8.9 B Toid 5.0 20. 7
My 4150 3750 2700 4000 2230 2630 1240 1240 578 4590
Mh 321 319 667 326 237 283 1800 1720 474 599
Ni 26. 3 24.8 24.5 27.8 133 16, 7 1557 21.2 4.6 28. 3
Sr 82.2 121 72.8 114 53. 8 147 87.4 63.7 21.6 121
\% 49. 6 38.4 36.6 51.9 36.7 41 34 48. 1 12.9 65. 6
Zn 63.5 52.5 40. 2 58.5 26 33.8 27.8 38.7 7.6 12,5
CH[ sub] 3Hg 0.00075 0.00129 0.00018 0.00021 0.00022 0.00099 0.00007 0.00004 0.00003 0.00072
Cay (9% 26 23 12 28 16 24 12 5 4 14
Silt (9% 73 74 45 52 40 46 30 31 23 78
Sand (% 1 3 43 20 44 30 58 64 74 8

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAA
[ sup] IMercury, nol ybdenum and sel enium were not detected in any sanpl es.
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Table 3. Metalloid concentrations in fish (ag/g wet weight) and percent noisture from
Hagerman National WIdlife Refuge, Texas, 1991.

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Site

El enent/

% noi st ure 1 2 3 4 5 6 7 8 11

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Al 1750 663 73. 4 131. 7317 <1.0 620. 8 50. 3 36. 3
As 0.3 <0.1 <0.1 <0.1 0.1 <0.1 0.1 <0.1 <0.1
B 1. 7 1.6 <0.4 <0. 4 0.8 <0.4 0.8 0.9 <0. 4
Ba 14. 1 15 3.2 1.3 1+5 13.7 3.6 1.9 3.6
Be 0.1 0.03 <0.02 <0.02 <0.02 <0. 02 <0. 02 <0. 02 <0. 02
cd <0.02 <0.02 0. 03 <0.02 <0.02 <0. 02 <0. 02 <0. 02 <0. 02
Cr 3.1 1.5 <0.1 0.4 <0.1 4.8 1.5 0.4 <0.1
Cu 1.9 0.9 0.7 0.3 1.0 2.1 0.8 0.9 0.7
Fe 1720 403 44. 7 52.1 67.1 73.1 134 177 60. 2
Hg 0. 05 0. 06 0.05 <0.02 0.05 0.2 0.04 0. 05 0. 04
Pb 2.k 3.5 <0.1 <0.1 0.1 13.2 0.7 <0.1 0.1
My 613 412 206 60.7 253 1 160 199 278 175
Vh 29.4 19. 3 13.2 1.:4- 15,3 83.8 95 30.8 13. 3
Mo 6.3 <0.4 0.7 <0.4 0.7 24.9 <0.4 <0.4 0.6
Ni 1.8 1.2 0.2 <0.1 0.3 1.6 0.9 0.3 0.3
Se 0.3 0.2 0.3 0.3 <0.1 1.1 0.2 <0.1 0.1
Sr 19. 7 16. 6 15.1 5:9 18 96 28. 6 21. 7 22
V 4.3 <0.1 <0.1 <0.1 <0.1 <1.3 <0.1 0.3 0.1
Zn 34 31.1 25.9 9.2 24.3 116 19. 2 28.3 25. 4

% noi sture 78.71 77.88 76.92 78.88 78.41 31.75 75. 36 75. 68 7195
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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Table 4. Aliphatic hydrocarbon concentrations in sedinents (ag/g dry weight) from Hager man
National WIldlife Refuge, Texas, 1991.
Site
Al i phatic
Hydr ocar bons 1 2 3 4 5 6 7 8 9 11
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N- dodecane 1.168 2.575 2.96 1.188 1.912 3.197 33.61 3.044 2.408 8.022
N-tri decane 1.507 3.348 3.54 1.313 2.215 3.938 43. 32 3.783 2.934 9.778
N-t et radecane 0.926 2.072 2.13 0.854 1.306 2.454 29. 44 2.521 1.913 6.227
N- pent adecane 0.442 1.099 0.994 0.408 0.557 1.088 20. 16 1.347 0.975 3.858
N- hexadecane 0.119 0.218 0.292 0.115 0.164 0.322 5. 946 0.437 0.31 0. 966
N- hept adecane 0.221 0.765 0.115 0.087 0.058 0.124 8. 587 1.492 0.629 3.361
Pri st ane 0.053 0.094 0.086 0.025 0.065 0.099 1.319 0.082 0.066 0.356
N- oct adecane 0. 03 0. 034 0.028 0.01 0.018 0.029 0.794 0.034 0.026 0.158
Phyt ane 0. 07 0.111 0. 05 0.008 0.018 0.028 0.72 0. 03 0.024 0.227
N- nonadecane 0.04 0. 053 0.021 0.007 0.014 0.019 0. 985 0.04 0.014 0.176
N- ei cosane 0.028 0.029 0.018 0.012 0.012 0.018 1.289 0. 03 0.009 0.058

Total Residue 4.60 10. 40 10. 23 4,03 6.34 11.32 146. 2 12. 84 9.31 33.19
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Table 5. Aliphatic hydrocarbon concentrations in soils(ag/g dry weight) from Hagerman Nati onal
Wl dlife Refuge, Texas, 1991.
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Site
Al i phatic
Hydr ocar bons 2 3 4 5 6 10-1 10- 2 12-1 12-2 12-3
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
N- dodecane 3.877 0. 003 0.004  4.925 29.20 1.46 0. 019 0. 075 1.023 0. 086
N-tridecane 4. 635 0. 002 0. 001 5.855 34.88 2.40 0. 086 0. 348 1.227 0. 151
N-t etradecane 3. 087 0. 003 0. 003 3.77 24.12 2. 86 0. 236 0. 856 0. 908 0. 245
N- pent adecane 1. 585 0. 004 0. 002 1,939 11:9¢ 4.12 0.482 1. 445 0. 447 0. 408
N- hexadecane 0. 495 0. 003 0. 003 0. 655 3. 88 4.42 0.794 1.753 0. 145 0. 64
N- hept adecane 0.204 0.018 0. 004 0.221 0.3 8.58 1.432 2322 0. 182 1.179
Pristane 0. 137 0. 001 0. 001 0. 136 0.81 8. 69 0. 813 1..271 0.078 0.714
N- ocat adecane 0. 052 0. 008 0. 003 0. 053 0.3 8. 17 1.397 2. 007 0. 048 1.233
Phyt ane 0. 007 0. 002 0. 002 0. 035 0.21 7.91 0.774 12179 0. 084 0:.765
N- nonadecane 0. 036 0. 011 0. 004 0. 023 0.14 10. 24 1.526 2.272 0. 076 11527
N- ei cosane 0. 028 0.013 0. 008 0. 036 0.19 10. 28 1.463 2.036 0. 085 1.462
Total Residue 14.21 0. 068 0. 035 17. 65 107.0 69. 14 9. 025 15.57 4. 30 8.41
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Tabl e 6. Polycyclic aromati c hydrocarbon concentrations in sedinents (ag/g dry weight) and
total organic carbon (% dry weight) from Hagerman National WIdlife Refuge, Texas, 1991.
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See Tabl e/ Fi gure

Table 7. Polycyclic aromatic hydrocarbon concentrations In soils (ag/g dry weight) and
total organic carbon (% dry weight) from Hagerman National WIdlife Refuge, Texas, 1991.
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Al i phati c hydrocarbon concentrations in fish (ag/g wet weight) from Hager man Nati onal

W Ldlife Refuge, Texas, 1991.
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALAAL

Site

Ali phatic

Hydr ocar bons 1 2 3 4 5 6 7 8 11
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
N- dodecane 0.015 0.007 0.006 0.003 0.004 0.006 0.004 0.005 0.004
N-tridecane 0.015 0.063 0.016 0.029 0.009 0.012 0.033 0.008 0.009
N-t et radecane 0.015 0.012 0.012 0.005 0.01 0.011 0.012 0.008 0.011
N- pent adecane 0.087 0.123 0.148 0.134 0.032 0.046 0.21 0.061 O0.252
N- hexadecane 0.018 0.03 0.015 0.024 0.01 0.01 0.029 0.015 0.016
N- hept adecane 0.133 1.761 0.203 0.793 0.053 0.031 0.341 0.31 0. 37
Pri stane 0.005 0.021 0.009 0.008 0.018 O 0.037 0.006 0.002
N- oct adecane 0.007 0.008 0.012 0.026 0.006 0.004 0.059 0.009 O0.007
Phyt ane 0.022 0.025 0.026 0.016 0.004 0.005 O0.11 0.012 0.026
N- nonadecane 0. 02 0.019 0.019 0.017 0.016 0.004 0.203 0.064 0.017
N- ei cosane 0.013 0.009 0.007 0.011 0.011 0.004 0.217 o0.01 0.01
Total Residue 0. 35 1.96 0. 47 1.07 0.17 0.13 1.25 0.51 0.70
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Tabl e 9. Polycyclic aronmatic hydrocarbon concentrations In fish (ag/g wet weight) from
Hagerman National WIldlife Refuge, Texas, 1991.
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Table 10. General chem stry paraneters in sedinents (ag/g) from Hagerman National Wldlife

Ref uge. Texas, 1991.
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAARAARAAARAAAAAAAAAAAAAAAAAAAAAA

Site
Paranmeters 1 2 3 4 5 6 7 8 -9 11
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
Organi ¢ Nitrogen, 1030 821 363 538 349 432 411 215 172 1230
Tot al Phosphorus[sup]b 640 451 % 3 B4 346 239[ sup] c 274 516 245 114 642
Sol ubl e Phosphat e] 0. 246 0.412 12 07::5-0:-589;. 0. 817 0.607 0.188 0.314 0.19 1.-43
Anmoni a Nit rogen| 82.7 58.9 16. 2 31.6 7.08 37:2 44.7 47.2 25.7 80.4
Total Kjel dahl Nitrogen, 1110 880 379 570 356 469 456 262 198 1310
Chemi cal Oxygen Denand[sup]c 56800 42700 15300 23300 11900 24200 16500 9740 6840 80500
Per cent Mbi st ur e 41.9 58.8 32.7 37.5 d 34.2 31. 7 30.5 24.7 61.4
Percent Organic Matter[sup]b  6.86 5. 86 2. 67 3.82 d 3.14 2. 45 1.82 0.82 8.31

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
; : .
I Results reported on a wet wei ght basis.

[sup] bresults reported on an oven-dried basis.
[sup]cresults reported on an air-dried basis.
[ sup] di nsufficient sanple volunme provided.
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