METHODS

Sample Collection and Chemical Analyses

Methods of sample collection were detailed in the Sample and Analysis Plan (USFWS
2003; see Appendix G). All collections of water quality and fish were conducted between
March 29 and April 2, 2004. In general, water samples were collected from the lake by way
of motorized boat along two transects bisecting each lake. Fish samples were collected by
electrofishing boat or trammel net. Chain-of-custody procedures were followed to ensure
samples were collected, protected, stored, handled, chemically analyzed, and disposed of
properly by authorized personnel. Each sample was labeled with a unique sample number,
date and name of water body. Water and fish samples were placed on ice immediately after
processing and kept on ice until delivery to the Texas A&M University laboratory the
following day. All sampling equipment used to collect and process fish and water samples
were decontaminated prior to use.

Collection of Water and Physical Measurements

Surface-water was sampled up to eight locations along two perpendicular cross-sections
in each lake accessed by a boat. Surface water samples were collected from the epilimnion
(i.e., within 36 inches [762 mm)] of the lake’s surface) using a Teflon, DH-95 surface-water
sampler, bottle, cap, and nozzle. Surface-water samples analyzed for trace elements were
transferred into a polyurethane plastic bottle and then composited in a polyurethane plastic
churn-splitter. The composite water was then transferred from the churn using a peristaltic
pump, C-flex tubing, and a 0.45-micron in-line capsule filter into each sample bottle. Sample
bottles for any particular analyses were filled and preserved immediately. However, whole-
water samples to be analyzed for methylmercury were grab-sampled from the epilimnion at
up to four locations from each lake using a gloved hand and a Teflon bottle.

A bottle blank was collected during the Red Lake sampling event using reagent water
from the laboratory that prepared the methylmercury sample containers to insure the
cleanliness of the bottles prior to use in the field. After decontamination of the churn and
pump assembly, an equipment blank was collected into a clean container for each sampling
event. In total, up to four grab samples of water for methylmercury analysis and two filtered
composited samples of water for element analysis (plus 1 equipment field blank) were
collected from each lake. While lake water quality is known to have spatial variability
vertically, horizontally, and seasonally, the sampling design could not accommodate these
factors within its budget.

At each sampling location along a depth profile every 2 to 5 ft (609 to 1,524 mm), the
water column was measured for physical properties (i.e., temperature, pH, electrical
conductance, dissolved oxygen [DO], and turbidity as a measure of light scatter) using a
Hydrolab multi-probe logger (Hydrolab Corporation 1998). The logger’s sensors are
designed to meet the criteria and specifications in section 2550 (temperature), section 2520-B
(specific conductance), section 4500-O (DO), and section 4500-H+ (pH) in Standard
Methods for the Examination of Water and Wastewater (American Public Health Association
et al. 1995). Prior to use each day, the pH, DO, and conductivity probes were calibrated and
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maintained according to the manufacturer’s instructions (Hydrolab Corporation 1998).
Additionally, a simple measurement of light penetration was made with a secchi disk, which
was lowered into the water to record the depth at which it appeared to disappear to the
observer. These measurements and additional ecological observations were recorded on
standardized field notes (field notes forms provided in Appendix H).

Collection and Processing of Fish Tissue

The USEPA (2000) guidelines were used for determining sample sizes of fish from each
lake while also considering logistics, fish availability and budget. The minimum number of
fish that we attempted to collect was determined using Table 6-1 in USEPA (2000). The use
of 4 composite samples of 5 fish from each lake had the power between 50 to 90 percent to
determine a statistically significant difference between the screening value (0.3 mg/kg), and
the geometric mean concentration of each lake’s fish samples, depending on the variability of
mercury within each fish. Fish of the same species and the similar length (£10%) class were
composited for each sample. Rainbow trout and channel catfish were the fishes targeted for
sampling, as they are the primary fish permitted by the Navajo Nation Fish and Wildlife
Department on coldwater and warmwater lakes, respectively. Additionally, these fish have
been observed by biologists with the Navajo Nation Natural Heritage Program as being taken
as food items by foraging bald eagles.

Fish tissues were collected to measure contaminant concentrations of selected elements
and methylmercury. Fish were collected using an electrofishing boat with an adequate
capacity to produce pulsed DC current in order to stun fish. The electrofishing boat has a
positive foot-activated power control switch as well as other engineered safety features. All
sampling personnel were familiar with safe electrofishing techniques including using net
poles made of an insulating material such as fiberglass, wearing personal flotation devices,
and wearing insulated lineman gloves. Members of the sampling crew were certified in CPR
as well as First Aid. Boat electrofishing is a preferred technique to collect fish, as it is time-
efficient and less destructive to the fish community. However, at Morgan Lake, the
electrofishing boat generator failed and the remaining fish samples were collected with
trammel nets. All fish collected were retained in a live well until sampling was completed
and were iced after selection. Only live or freshly dead fish (red gills) were retained.

Fish sample preparation was completed in the field. All equipment used to prepare the
samples was cleaned with soap and water, rinsed with a dilute nitric acid solution, and then
rinsed with de-ionized water. Equipment was also cleaned between each site. Sample
preparation included anesthetizing fish, weighing and measuring, removal and compositing
of the fillet portions as well as compositing that portion which remained (the “offal”). Total
length was measured to the nearest mm using a plastic measuring board. Total weight (using
the spring balance) of fish, fillet composites and offal composites to the nearest gram was
measured and recorded. Field data, including total lengths and mass of each fish, were
recorded at the time of sample collection and processing onto the standardized field forms.

In total, from each lake, five similarly sized fish were composited into four fillet and four

offal samples for chemical analyses. Four composite fillet samples for both methylmercury
and element analyses as well as four composite offal samples for element analyses were
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collected. Fish were filleted using a stainless steel knife on a plastic resin cutting board.
Each composite was placed in a new, clear, colorless plastic food-quality bag. Immediately
after they were processed, packaged, and labeled, all samples of trout, catfish, and
largemouth bass were placed on wet ice in a chest freezer. All samples were then packed
with ice, shipped and received by the analytical laboratory on the following day.

Chemical Analyses

Methods of chemical analyses are detailed in Appendix I. Generally, fish samples were
weighed and homogenized at the analytical laboratory. Water and fish samples were
digested and analyzed either wet or after freeze-drying. Methylmercury was determined by
cold vapor atomic absorption spectrophotometry with a Laboratory Data Control Model 1235
Mercury Monitor equipped with a 300 mm absorption cell (modified from Wagemann et al.
1997). Remaining elements in fish and water samples were analyzed by a combination of
graphite furnace atomic absorption spectrophotometers, hydride generation atomic
fluorescence analyzer, or inductively coupled plasma emitting mass spectroscopy. Normal
calibration and quality assurance and quality control procedures were used to determine the
concentration of elements and methylmercury. Quality control samples were processed in a
manner identical to actual samples, and included reagent blanks, standard reference
materials, spiked blanks, duplicates, and spiked samples.

Data Analysis and Statistical Methods

After conversion to wet weight concentrations, fish that had fillets removed were
mathematically re-combined (as the sum of weighted concentrations of the parts of both the
fillet and the offal) to yield an ‘re-integrated” whole body fish concentration, thereby
allowing comparisons of contaminant concentrations in whole fish with those mathematically
re-integrated fish reported herein. A generalized equation was used to calculate re-integrated
fish contaminant concentration (Equation 4).

Re-integrated fish concentration = [(fM/wWM) x cF] + [(oM/wM) x cO] Equation (4)

Where:
t™M = mass of a fillet (g WW)
wM = mass of fillet + mass of offal (g WW)
cF = contaminant concentration in a fillet (mg/kg WW)
oM = mass of offal (g WW)
cO = contaminant concentration in offal (mg/kg WW)

For statistical purposes as well as simplicity, all results, including integrated fish, which
were below the laboratory’s instrument detection limit, were replaced with a value one-half
the instrument detection limit (USEPA 1998). Where detectable concentrations were below
the laboratory’s instrument detection limit in the offal, no descriptive statistics or
comparisons were conducted. Several descriptive statistics (€.g., the geometric mean),
statistical analyses, and graphical representations were conducted on concentrations of
selected contaminants in samples. For these analyses, the software program STATISTICA
(version 6.0 by StatSoft Inc. 2001) was used. Unless otherwise noted, statistical significance
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in this report refers to a probability of less than or equal to 0.05. Geometric means were
calculated in both dry and wet weight concentrations for selected environmental
contaminants. The geometric mean provided a measurement of the central tendency of
contaminant distributions and was calculated using data converted to their natural logarithms.

Environmental contaminant concentrations were evaluated using two techniques:

1. Concentrations in water or biota were compared to values reported in the literature as
ambient or elevated and to Navajo Nation water quality standards (Navajo Nation 2004).
2. A human health and bald eagle risk assessment, as described below.

Risk assessments generally take the form of hazard identification (outlined above as
methylmercury), dose-response (including the reference dose [RfD] identified above),
exposure models (e.g., amount and frequency of food ingestion, body weight), and risk
characterization (identifying concerns and uncertainty).

Human Health Risk Assessment Considerations

Methylmercury is a developmental poison that can produce adverse effects following a
comparatively brief exposure period (i.e., a few months rather than decades) and therefore,
short-term dietary patterns may be important (USEPA 2001). Consequently, estimation of
recent patterns of methylmercury consumption from fish is the relevant exposure for the
health endpoint of concern for people. Because it is not possible to identify the period of
development during which mercury is likely to damage the nervous system of the developing
fetus or growing child, exposure of women of childbearing age and to her children to
mercury through consumption of fish is a cause for concern. Using the default characteristics
provided by USEPA (2000), three hypothetical individual populations were modeled:

1. awoman (weighing 65 kg);
2. achild (less than 14 years old and weighing 14.5 kg); and,
3. aman (weighing 78 kg)

Estimates of health risks to human population consumers of fish were calculated and
evaluated according to USEPA (2000) and other published data. The calculation of potential
human daily intakes of methylmercury due to fish fillet ingestion was calculated according to
the following formula:

Intake = Crx SFIR x EF Equation (5)
BM x AT

Where:
Intake = methylmercury intake rate (mg/kg-day)

Cr = geometric mean methylmercury concentration in fish fillet (mg/kg WW)
SFIR = subpopulation fish ingestion rate (kg/day)

EF = exposure frequency (days/year)

BM = body mass (kg)

AT = averaging time (days)
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The importance of fish consumption patterns by the local population is critical when
deriving protective criteria for local fish tissue concentrations as well as identifying risk or
any epidemiological concerns (USEPA 2001). However, Navajo Nation-specific information
on fish consumption was not available. In the absence of such information, the average
nationwide fish consumption rate (17.5 g/day), and the average nationwide subsistence
consumption rate (142.4 g/day) were used from the USEPA (2000) to model the exposure to
the fish collected during this study. High-end exposure estimates are useful in estimating
population risks and establishing exposure limits because they provided a plausible worst-
case scenario at the upper end of the exposure distribution. Table 1 summarizes the
assumptions of the human health risk assessment. However, selection of appropriate risk
level, consumer body mass, exposure duration, and the average meal size are considered risk
management decisions of the Navajo Nation.

Table 1. Selected Input Parameters for the Human Health Risk Assessment (modified from
USEPA 2000).
Reference dose (RfD) 0.0001 mg methylmercury/kg-bw/day
Consumer body mass 78 kg (man)
65 kg (woman)
14.5 kg (child)
Fish consumption rate 17.5 g/day (nationwide average)
142.4 g/day (nationwide subsistence average)
Meal size 8 oz fish fillet per person per week
Exposure duration 14 days (recreational fishing)
156 days (subsistence fishing)
Geometric mean fish fillet methylmercury | Asaayi Lake (0.06 mg/kg WW)
concentrations for various lake Morgan Lake (0.01 mg/kg WW)
combinations Red Lake (0.39 mg/kg WW)
Wheattields Lake (0.08 mg/kg WW)
Coldwater lakes (0.07 mg/kg WW)
Warmwater lakes (0.06 mg/kg WW)
All lakes combined  (0.065 mg/kg WW)
Averaging Time 365 days per year for a lifetime

The number of days per month that an individual consumes methylmercury from the diet
can be estimated from data on frequency of fish consumption. Accordingly, the simplifying
assumption that the frequency of fish consumption was made for children is the same as for
adults. Children’s exposures, therefore, on a per kg body weight basis, are higher than those
of adults. Since the methylmercury concentrations in the fish consumed are the same at a
given site, exposure is the direct ratio of mass ingested per unit of body weight. Without
additional information, successful recreational fishing occurred for 14 days per year and
subsistence fishing occurred for 156 days per year was assumed. The assumption that the
lakes studied were only source of fish in the diets of subsistence adults and children as well
as the recreational angler was assumed. Contaminant concentrations used to estimate daily
intakes were the geometric mean concentration for each lake individually, for either the
coldwater or the warmwater lakes only, and for a combination of all four lakes. Only non-
carcinogenic risks posed by methylmercury in fish fillets were modeled for people.
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Bald Eagle Risk Assessment Considerations

An estimated 10,000 to 12,000 bald eagles inhabit the lower 48 United States (USFWS
1995). Bald eagles migrate into the lower forty-eight states only during the winter months;
others are resident throughout the year. Bald eagles, like several other avian species, were
adversely impacted by DDT and its metabolites during the 1950s, ‘60s, and ‘70s. Due to
their status as a federally listed "threatened" species and as a national symbol, the potential
threat of mercury exposure to bald eagle survival and recovery is a concern.

The Navajo Nation provides suitable migrating and wintering habitats, but has no current
or historic nesting records of bald eagles (G. Tom, Navajo Nation Fish and Wildlife
Department, written communication, 1999). Migrating bald eagles have been reported to use
at least six interior lakes on the Navajo Nation. Except for Morgan Lake, these lakes can
typically become frozen-over by November and remain frozen through February. The San
Juan and Little Colorado Rivers are also known foraging and wintering sites for bald eagles.

Since information on body weights and food ingestion rates for bald eagles foraging on
the Navajo Nation fishing lakes are not readily available, the bald eagle body weights (5.25
kg) used in calculations below were based on the mean of average female body weights
reported nationwide by the USEPA (1993). As the avian reference dose for methylmercury
is based on adverse reproductive effects manifested by laying females, it is more appropriate
to use average female body weights (Russell 2003).

Information presented by the USEPA (1993) regarding metabolically available energy
from various prey types and the ability of bald eagles to assimilate this energy allows for the
use of methods to estimate daily food requirements. However, attempting to quantify a
specific dietary composition for bald eagles is more difficult than for other species with a
narrower range of prey types, and is further confounded by food preferences that may vary
both geographically and temporally. An additional difficulty in calculating a general food
ingestion rate (FIR) for bald eagles arises because of the composition of the diet can also
vary substantially between seasons, locations, or individuals. Therefore, discussion of the
energy content of diet items and prey composition that the bald eagle may choose are
discussed below as they affect the uncertainties of the risk assessment calculations.

Uncertainty and variability described in predictions of human exposures that result from
fish consumption are also applicable to the wildlife. It is interesting to note that on a per
kilogram body weight basis, predicted exposures to wildlife are much greater than to
humans. Estimates of risks to bald eagle foraging on the Navajo Nation were evaluated
according to USEPA (1993). The following equation (Equation 6) was used to estimate daily
food intake methylmercury:

Intake = C¢x Ffill x FIR x EF x ED (Equation 6)
BM x AT
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Where:
Intake = methylmercury intake rate (mg/kg WW per day)

Cr = geometric mean methylmercury concentration in whole fish (mg/kg WW)
Ffil = fraction of fish ingested compared to whole diet (i.e., a unitless decimal)
ED = exposure duration (years)
EF = exposure frequency (days/year; assumption was 30 days for migrant,

180 days for wintering, and 365 days for nesting)
BM = body mass (kg)
AT = averaging time (days)

The bald eagle diet has been extensively studied throughout the country. Although
generally known as a piscivorous species, bald eagles are opportunistic predators and carrion
scavengers (Buehler 2000). Many bald eagles consume a mixture of both aquatic and
terrestrially derived prey. A wide variety of various birds, mammals, reptiles, amphibians,
and crustaceans may serve as additional bald eagle prey (Buehler 2000). Haywood and
Ohmart (1986) reported the diet of nesting bald eagles in Arizona as 58% fish, 14% birds,
and 28% mammals. Hunt et al. (1992) reported the diet of nesting bald eagles in Arizona as
71% fish, 10% birds, and 18% mammals. Hunt et al. (1992) further described the diets of
bald eagles as varying with habitat setting. Furthermore, the distribution of prey types they
consume may vary seasonally. While there is no definitive diet composition preferred by
bald eagles in Arizona — they all show that fish are generally the predominant food item, and
particularly, that catfish were the principal prey selected.

The diet composition reported by Hunt et al. (1992) of 71.4% fish, 10.3% birds, and
18.3% mammals was used for the generic bald eagle risk assessment calculations. Hunt et al.
(1992) reported that of the fish, 34.5% were catfish, 25.7% were suckers, 24.3 % were carp,
and 15.5% were bass, perch, bluegill, or other Centrarchids. Based on the diets of these fish
(Sublette et al. 1990; Moyle 2002), suckers were classified as trophic level 2 herbivores, carp
as trophic level 3 consumers, and catfish as trophic level 3.5 predators. While channel
catfish are opportunistic omnivores, consuming whatever prey they can locate, as catfish
increase in size, they become increasingly predatory (Moyle, 2002; USEPA 1995b). The fish
lengths determined in this study for channel catfish, suggested that an intermediate trophic
level of 3.5 be assigned to these fish when eaten by bald eagles. Using the intermediate
trophic level breakdown for catfish, together with the other trophic level 4 fish (trout,
largemouth bass), this suggests that about 17 percent of the overall estimated biomass would
be comprised of trophic level 4 fish. Of the remainder of the overall fish component to the
generic diet, 58 percent is classified as trophic level 3 and as 25 percent is trophic level 2.

While an overall dietary methylmercury concentration can be calculated, the amount of
prey consumed from each trophic level is the driving factor influencing the amount of
methylmercury ingested on a daily basis. The methylmercury concentration in the overall
diet for bald eagle is dependent on both the trophic level composition of its diet and the
methylmercury concentrations in each of the trophic levels from which the species feeds. In
these situations, the bald eagle could obtain a higher mercury dose from eating other
piscivorous birds than it would otherwise receive from a strictly fish-based diet.
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Of the bird species consumed by bald eagles (10.3% of total biomass in the overall bald
cagle diet as reported by Hunt et al. 1992), the most commonly seen in prey remains are
coots and ducks, representing approximately 5 percent of the total estimated biomass.

Several species were exclusively terrestrial (€.g., mountain quail; <1%), and the remainder
was primarily piscivorous: grebes, cormorants, and mergansers (5%). Based on the diets of
these birds, coots, ducks, quail, and piscivorous birds were all classified as trophic level 3
consumers. Similarly, the mammal species consumed (18.3% of total biomass in overall bald
eagle diet), were classified as 85% trophic level 2 and 15% trophic level 3 consumers.

The final bald eagle Food Ingestion Rate (FIR) was based on this generic bald eagle diet
(71.4% fish, 10.3% birds, and 18.3% mammals; as described above) and was calculated
using the methodology reported by the USEPA (1993, 1995b), wherein the animal’s free-
living metabolic rate (FMR, in kilocalories per day) is divided by the metabolizable energy
from bald eagle prey. The FMR was determined by Nagy’s (1987) allometric equation
relating FMR for birds to body weight:

FMR (kcal/day) = 2.601 x (body weight [g]"**")
FMR =2.601 x ((5250)"%*)
FMR = 625 kcal/day

According to the USEPA (1993), metabolizable energy (ME) equals gross energy (GE)
of food in kcal/kg wet weight times the assimilation efficiency (AE) of the consumer. The
USEPA (1993) gave a GE value of 1.2 kcal/kg for bony fishes, while bird tissue GE is 1.9,
and the mammal GE is 1.7. The AEs for a bald eagle consuming birds/mammals and fish is
given as 78 and 79 percent, respectively.

MEsq, = 1.2 kecal/g x 0.79 = 0.948 kcal/g fish
MEyirds = 1.9 kcal/g x 0.78 = 1.482 kcal/g birds
ME 1 ammals = 1.7 kecal/g x 0.78 = 1.326 kcal/g mammals

If: Y = grams of birds consumed, and
6.93Y = grams of fish consumed (i.e., 71.4% fish = 10.3% birds = 6.93)
1.78Y = grams of mammals consumed (i.e., 18.3% mammals + 10.3% birds = 1.78)

Then the FIR for each food can be determined by the equation:
FMR (625 kcal/day) =[Y(g) x 1.482 kcal/g birds]
+[6.93Y(g) x 0.948 kcal/g fish]
+[1.78Y(g) x 1.326 kcal/g mammals]
625 kcal/day =[1.482Y +6.57Y +2.36Y]
625 kcal/day =1041Y

Since Y =60.03 g birds consumed per day

Then 6.93Y = grams of fish consumed
=416.1 g fish/day (i.e., 6.93 x 60.03)
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and 1.78Y = grams of mammals consumed
= 106.9 g mammals/day (i.e., 1.78 x 60.03)
Therefore, the total FIR for a generic bald eagle becomes:
FIR = [60 g birds + 416 g fish + 107 g mammals]/day = 583 grams wet weight per day.

Exposure frequency represents how much time a bird will spend feeding at a particular
lake each year. The bald eagle was assumed to over winter 182 days, stop to feed for as
many as 30 days during migration, or would potentially nest and reside year round. A
conservative assumption made for these assessments was that bald eagles would spend their
entire exposure frequency and duration time feeding solely at each lake or at a combination
of all lakes. Exposure duration represents the longevity of each bird species. Longevities
were determined through banding data from a variety of sources. Generally, the age of the
oldest banded wild bird was used for exposure duration. This provides a conservative
estimate of actual longevities in the wild. Averaging time was calculated as 365 days per
year multiplied by the exposure duration of the species. Table 2 summarizes the input
parameters used in the bald eagle risk assessment.

Table 2. Selected Input Parameters for the Bald Eagle Risk Assessment.

Reference dose (RfD) 0.021 mg mercury/kg-bw/day
Bald eagle body mass (BW) 5.25 kg (average mass of female)
Food ingestion rate (FIR) 60 g birds/day
107 g mammals/day
416 g fish/day
Exposure duration (ED) 30 days (migratory bald eagle stopover)

182 days (over wintering bald eagle)
365 days (hypothetical nesting bald eagle)

Geometric Mean Re-integrated fish mercury | Asaayi Lake (0.07 mg/kg WW)
concentrations for various lake Morgan Lake (0.01 mg/kg WW)
combinations Red Lake (0.23 mg/kg WW)

Wheatfields Lake (0.06 mg/kg WW)
Coldwater lakes (0.06 mg/kg WW)
Warmwater lakes (0.05 mg/kg WW)
All lakes combined  (0.05 mg/kg WW)
Averaging Time 365 days per year for a 30 year lifetime

Using these parameters, the overall dietary concentration of mercury at or below the
reference dose (i.e., the Dietary Value [DV]) was calculated using the following equation:

DV =RfD x BW
> FIR; (Equation 7)

Where:
DV = Dietary Value (mg/kg in the diet that is at or below the Reference Dose)
RfD = Reference Dose (0.021 mg/kg-bw/day, see above)
BW = Body Weight (in kg)
FIR; = Food Ingestion Rate (kg food/day), from the it trophic level, for bald eagle
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Bald Eagle Water Quality Criterion

Calculation of protective numeric water quality criteria to protect bald eagles through the
consumption of fish is based upon a reference dose approach combined with the extent to
which mercury becomes concentrated in the fish from specific water bodies (i.e., “wildlife
criteria” or WC). The methods used to calculate this criterion are based on those described in
the Great Lakes Water Quality Initiative (USEPA 1995a, 1995b, 1995¢). When originally
implemented in support of the Great Lakes Water Quality Initiative, this approach yielded a
single endpoint, which was the total mercury concentration in water protective of wildlife. In
this report, an effort was made to update the WC for mercury by calculating its value using
data for methylmercury. It should be noted that a methylmercury-based WC could still be
related to total mercury residues in fish or water with appropriate conversion factors.

A WC value for mercury was estimated as the ratio of the RfD to an estimated mercury
consumption rate in fish (only) referenced to water concentration using a bioaccumulation
factor (BAF). A BAF is the ratio of the mercury concentration in fish to its concentration in
water. The WC for bald eagles was calculated using the following equation and the BAF
from methylmercury measured in water to the concentration of total mercury in re-integrated
fish tissue (on a dry weight basis):

(TD x UF x BW)

WC paid cagle = D + (FF x BAF) (Equation 8)
Where:

WC = Wildlife Criteria for bald eagle (pg/L)

TD = Tested Dose (mg/kg-bw/day) (i.e., 0.064 mg/kg-bw/day, from above)

UF = Uncertainty Factor (unitless) (i.e., 0.33, from above)

BW = Body Weight (i.e., 5.25 kg)

D = Drinking water intake (L/d)

FF = Fraction of diet that is fish (all other sources assumed to be negligible)

BAF = Bioaccumulation Factor (total mercury in fish/methylmercury in water)
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RESULTS AND DISCUSSION

Limnological Characteristics of the Lakes

Only the average limnological and water quality characteristics of each lake were
reviewed. Surface temperature and bottom temperature were strongly correlated (*=1.00).
Of the lakes studied, there were significant correlations between lake size and water
temperature (r’=0.92), pH (1°=0.86), specific conductivity (r*=0.79), and including the
dissolved Al (*=0.80), B (*=0.96), Ca (1’=0.88), Fe (1’=0.88), Mg (r’=0.91), Na (r*=0.98),
Se (’=0.92), S (1*=0.92), and Sr (’=0.93) in water. Asaayi Lake had the largest surface
area-to-depth ratio (53 x 10° m for every meter of depth), Wheatfields and Morgan had a
surface area-to-depth ratio of 6 x 10°, while Red Lake had a surface area-to-depth ratio of 0.6
x 10°. Surface area-to-depth ratio was correlated with dissolved oxygen (r’=0.91) and low
turbidity (= -0.80) at the lake surface, with the pH (1°=0.90) measured at the bottom, and
with mercury dissolved in the water column (= -0.81).

Environmental Contaminants other than Mercury in Water and Fish

The limits of detection for the analytical results reported in this investigation are found in
Table 3. Several elements, such as silver, beryllium, cadmium, cobalt, chromium, copper,
nickel, and zinc were not detected in any ambient dissolved water sample. Molybdenum was
only detected in one dissolved water sample from Morgan Lake, and vanadium was only
detected dissolved in two dissolved water samples from Red Lake. Beryllium, cadmium,
boron, cobalt, and vanadium were only found in selected fish offal samples from Red Lake or
Morgan Lake. These elements (Ag, Be, Cd, Co, Cr, Cu, Ni, and Zn) were not found above
the limits of detection with sufficient frequency to further characterize or summarize in this
report. All analytical results of lake water, fish tissues, and quality assurance samples, as
well as the limnological characteristics of four recreational lakes studied in 2004 for the
Navajo Nation Lake Fish and Water Quality Investigation are reported in Table 4. Trout
collected from Wheatfields Lake were likely stocked within the previous month as indicated
by their uniform condition and size and stock history (E. Benally, Navajo Nation Department
of Game and Fish, oral communication, 2004).

Trace Elements Dissolved in Water

The average concentrations of elements found in ambient dissolved lake water
samples are reported in Table 5. Several elements (B, Ca, K, Mg, Na, S, Se, and Sr) were
found in dissolved Morgan Lake water at concentrations greater than those found at the other
lakes. Several elements (Al, Fe, Hg, and P) were found dissolved in Morgan Lake water at
concentrations less than found at the other lakes. Morgan Lake is filled with water from the
San Juan River; however, concentrations of some elements (B, Ca, K, Na and Sr) were
elevated compared to concentrations reported by Goetz and Abeyta (1987) and Ortiz et al.
(2000) for the San Juan River. The average concentrations of elements dissolved in ambient
lake water samples were compared with the numeric criteria of the Navajo Nation Surface
Water Quality Standards (Navajo Nation 2004) in Table 5. Only aluminum was routinely
detected at concentrations (up to 236 pg/L) greater than the chronic aquatic habitat criterion
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Table 3. Element Name, Symbol, Method of Analysis, and Limit of Detection for the
Navajo Nation Lake Fish and Water Quality Investigation, 2004.

Limit of Detection” in Wet Weight

Element Name | Symbol Method
Water (mg/L) Fish Tissue (mg/kg)
Aluminum Al ICP-AES" 0.05 1.11
Arsenic As ICP-MS* 0.0002 0.51
Barium Ba ICP-AES 0.001 0.02
Beryllium Be ICP-AES 0.005 0.01
Boron B ICP-AES 0.01 0.23
Cadmium Cd ICP-MS 0.00005 0.01
Calcium Ca ICP-AES 0.01 1.11
Chromium Cr ICP-AES 0.005 0.11
Cobalt Co ICP-AES 0.005 0.11
Copper Cu ICP-AES 0.005 0.11
Iron Fe ICP-AES 0.01 0.23
Lead Pb ICP-MS 0.00005 0.01
Magnesium Mg ICP-AES 0.01 0.23
Manganese Mn ICP-AES 0.002 0.05
Mercury Hg AFS? 0.0000005
Mercury Hg CVAAS' 0.002
Methylmercury | MeHg AFS 0.000000011 0.002
Molybdenum Mo ICP-AES 0.01 0.25
Nickel Ni ICP-AES 0.005 0.11
Phosphorus P ICP-AES 0.05 1.11
Potassium K ICP-AES 0.10 0.01
Selenium Se AFS 0.0004 0.02
Silver Ag ICP-AES 0.010 ---°
Sodium Na ICP-AES 2 44
Strontium Sr ICP-AES 0.0005 0.01
Sulfur S ICP-AES 0.1 2.5
Vanadium \Y ICP-AES 0.01 0.25
Zinc Zn ICP-AES 0.005 0.13
* = For tissue, limit of detection reported is the highest detection limit for the sample batch.
® = Analysis was by inductively coupled plasma - atomic emission spectroscopy.
¢ = Analysis was by inductively coupled plasma - mass spectroscopy.
4 = Analysis was by atomic fluorescence.
: = Sample media was not analyzed using this method.

27

= Analysis was by cold-vapor atomic absorption spectroscopy.
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of 87ug/L at Asaayi, Red, and Wheatfield Lakes. Hem (1985) reported that in most natural
waters aluminum is rarely above a few tenths of a milligram per liter. However, water
samples with dissolved aluminum concentrations frequently exceeding the chronic and even
acute (750g/L) water quality criteria for aquatic life are frequently reported in the Rio Grande
basin (NMWQCC 2000; Buhl 2002; Lusk et al. 2002). Hem (1985) reported that some
water-borne colloids that are rich in aluminum have small size (<0.10 micrometers in
diameter) and can pass through the 0.45 micrometer filter media (as used in this study). In
development of the aquatic life criteria for aluminum, research was focused primarily on
aquatic systems with low pH (USEPA 1988). However, there may have been an information
gap regarding the chemical and biological effects of elevated aluminum to aquatic life similar
to those alkaline waters found on the Navajo Nation in the USEPA (1988) criteria document.

Boron was found dissolved in ambient water samples from Morgan Lake (0.64 mg/L)
above the boron criteria for a domestic water supply (0.63 mg/L). However, Morgan Lake is
not designated as a domestic water supply by the Navajo Nation. Furthermore, the USEPA
(1991) reported that boron as low as 1.52 mg/L is not likely to affect aquatic life. Because
boron concentrations dissolved in Morgan Lake water are less than this value, boron toxicity
would not be expected to pose a significant risk to aquatic life. However, elevated boron in
Morgan Lake water may limit its value as a domestic water supply (Table 5).

Trace Elements in Fish Fillet Tissues

The geometric mean concentrations of trace elements found in fish fillets from lakes
sampled are reported in Table 6. Several elements (As, Ca, Cu, P, Mg, K, and P) were found
at higher geometric mean concentrations in trout from coldwater lakes than in warmwater
fish from Morgan and Red Lakes. In addition, the elements Ba and Na were found at higher
concentrations in catfish and bass from warmwater lakes than in coldwater trout from Asaayi
and Wheatfields Lakes.

The geometric mean concentrations in fish fillets collected from the Navajo Nation lakes
was compared to the geometric mean concentrations in fish fillets collected from the San
Juan River by Blanchard et al. (1993), Wilson et al. (1995), as well as unreported data from
Bristol et al. (1997) and Simpson and Lusk (2000). Navajo Nation fish fillets had higher
geometric mean concentrations of aluminum, arsenic, and strontium than in fillets from the
San Juan River but lower geometric mean concentrations of barium and iron.

Concentrations of selenium in fish fillets were elevated in Morgan Lake (3.4 mg/kg
WW), and they were greater than the concentration (>1.5 mg/kg WW) associated with
human health advisories for adults (USEPA 2000). Therefore, for children whose diet
contains a large portion of fish, consuming more than 6, 2-1b catfish per month would likely
exceed the USEPA (2000) health effects threshold for selenium. Typically, selenium
concentrations in fish fillets are < 0.6 mg/kg WW. Reproductive failure in fisheries has been
identified in some species with fillet concentrations as low as 1.7 mg/kg WW (Lemly 1996a,
1996b; USDOI 1998). Selenium in fish fillets may pose a risk to human health and may be
reducing the reproductive success of some Morgan Lake fishes as well as to piscivorous
wildlife that resides there and consume a diet consisting mainly of whole fish.
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Trace Elements in Re-Integrated Fish

The geometric mean concentrations of trace elements found in re-integrated fish from
lakes sampled are reported in Table 7. Several trace elements (Al Ba, Be, Ca, Cd, Fe, Mn,
Pb, and V) were found at higher geometric mean concentrations in catfish from Red Lake
than fish from any other lake. Sediment chemistry may play a part in the accumulation of
these elements in Red Lake catfish, as it is a shallower, more turbid lake. Simpson and Lusk
(2000) reported that an organisms association with sediment, such as benthic algae, aquatic
worms, and fish explain over 80% of the accumulation of these elements than found in less
turbid river reaches with pelagic organisms. These elements are often associated with soil
and sediment and therefore, concentrations in benthic biota may likely reflect the ambient
geochemical environment.

The geometric mean concentrations in re-integrated fish collected from the Navajo
Nation lakes were compared to the those reported in whole fish collected from the San Juan
River (Simpson and Lusk 2000), and to the 85" percentile concentration in whole fish
collected nationwide (Schmitt and Brumbaugh 1990). Only mercury and selenium in re-
integrated fish from the study lakes were above concentrations of concern or were above
concentrations typical in fish collected from the San Juan River or collected nationwide.

Catfish collected from Morgan Lake had elevated selenium concentrations (> 12 mg/kg
DW). While selenium concentrations in whole fish collected from the San Juan River have
ranged from 0.1 to 15.1 mg/kg DW, the composite sample of catfish from Morgan Lake had
the highest selenium concentrations (13.4 mg/kg DW) ever reported in the San Juan River
Basin. Occasionally, wild catfish captured from the San Juan River are stocked into Morgan
Lake (J. Brooks, USFWS, written communication, 2005), so there may be multiple sources
of selenium in the tissues of these catfish. However, largemouth bass that were collected
were not recently stocked (largemouth bass were stocked in 2002; C. Kitcheyan, USFWS,
oral communication, 2005) and these fish contained selenium concentrations as high as 12.7
mg/kg DW.

Nationally, selenium concentrations in whole fish are typically <2 mg/kg DW (USDOI
1998). Bluegill that contained selenium concentrations from 4 to 6 mg/kg DW have been
reported to have a 10 percent reproductive impairment (Lemly 1996a, 1996b; USDOI 1998).
As selenium concentrations in fish from Morgan Lake fish are much greater than this
threshold, Morgan Lake fish may experience periodic reproductive failures that may affect
the fishery. Selenium concentrations in whole body fish above 4 mg/kg DW have also been
associated reduced growth and higher mortality rates (Lemly 1996a, 1996b; USDOI 1998).
Lemly (1996a, 1996b) and the USDOI (1998) also reported selenium concentrations greater
than 3 mg/kg DW in the diets of predatory species pose reproductive risks to migratory and
resident birds such as those that may feed extensively on fish from Morgan Lake. Selenium
contamination in Morgan Lake fish may be at a level where it could affect the fishery, as well
as pose a health risk to people and wildlife that consume a large amount of fish from Morgan
Lake. Sources of selenium to Morgan Lake fish should be identified and reduced if
population effects are identified in fish, people or wildlife or if health impacts are observed in
people or wildlife that regularly eat fish from this lake.
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Mercury and Methylmercury in Water and Fish

Mercury and Methylmercury Dissolved in Water

The average concentrations of mercury dissolved in ambient lake water samples are
reported in Tables 4 and 5. The highest dissolved mercury concentrations were found at Red
Lake (~3.63 ng/L) and was below our detection limit at Morgan Lake (<0.5 ng/L). Dissolved
mercury concentrations were significantly correlated with water temperature (1= -0.77),
specific conductivity (= -0.91), secchi disk visibility (r*= -0.73), turbidity (r’= 0.82),
maximum lake depth (r*=-0.88) and surface-to-depth ratio (r*=-0.81). That is, in the four
lakes studied, more dissolved mercury was found in those lakes that were warmer, more
turbid, and shallow (e.g., Red Lake) and less in those lakes that were cold, clear and deep
(e.g. Asaayi Lake).

The average concentrations of total methylmercury in ambient lake water samples are
reported in Table 5. As a percentage of dissolved mercury, methylmercury was
approximately 4% in Asaayi Lake, 8% in Wheatfields Lake, and 6 % in Red Lake. The
highest average methylmercury concentrations were found at Red Lake (0.21 ng/L; higher at
the south end and decreasing northward) and the lowest were found at Morgan Lake (0.02
ng/L). Average methylmercury concentrations were 0.07 ng/L at Asaayi Lake and 0.15 ng/L
at Wheatfields Lake. Harris and Snodgrass (1993) reported that ambient background
methylmercury concentrations are approximately 0.05 ng/L. They cautioned however, that
due to the long-range atmospheric transport of mercury and other atmospheric emissions, the
current “background” mercury concentrations in water probably reflect an anthropogenic
influence even in “pristine” lakes. Total methylmercury concentrations in water were
significantly correlated with maximum lake depth (r*= -0.60), specific conductivity (r’= -
0.53), secchi disk visibility (r*= -0.68), turbidity (= 0.70), maximum lake depth (r*= -0.88)
and surface-to-depth ratio (r’= -0.54). That is, similar to dissolved mercury, more
methylmercury was found in those lakes that were warmer, more turbid, and shallow (e.g.,
Red Lake) and less in those lakes that were cold, clear and deep (€.g. Asaayi Lake) though
these correlations were not as robust.

Mercury concentrations in water were below the Navajo Nation numeric criteria for
mercury for all designated uses. However, methylmercury is generally more toxic than
inorganic mercury to aquatic organisms. Methylmercury in these lakes would not be
expected to exert aquatic plant toxicity (i.e., > 800 ng/L; USEPA 1997). Concentrations of
methylmercury that induce toxic effects in aquatic invertebrates are greater than 40 ng/L.
Wiener and Spry (1996) suggested that histological changes and effects to fish behavior,
reproduction, and development could occur at water concentrations as low as 100 ng/L.
During the period sampled, the range of methylmercury concentrations (0.017 to 0.418 ng/L)
measured in the lake water did not exceed these levels of concern for toxicity to aquatic life.

Bald Eagle Water Quality Criteria
Calculation of protective numeric criteria to protect wildlife (WC) such as the bald eagle
through the consumption of fish was based upon a reference dose approach, combined with

the extent to which mercury becomes concentrated in the fish from the four lakes sampled
(per Russell 2003). The BAFs were 4.2 x 10 for Asaayi, 1.6 x 10 for Wheatfields Lake,
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7.5 x 10°° for Red Lake, and 1.3 x 10 for Morgan Lake. Using these BAFs, the
methylmercury wildlife criteria (WC) would be 0.11 ng/L for Asaayi Lake, 0.27 ng/L for
Wheatfields Lake, 0.06 ng/L for Red Lake, and 0.35 ng/L. for Morgan Lake. The WC for
mercury was calculated using the estimate of methylmercury as a proportion of dissolved
mercury in water for Asaayi, Wheatfields, and Red Lakes (as 0.039, 0.084, and 0.059,
respectively; mercury was not found above the detection limit at Morgan Lake). Using these
values, a methylmercury WC of 0.11 ng/L, 0.27 ng/L, and 0.35 ng/L corresponds to a
mercury WC of 2.7 ng/L at Asaayi Lake, 3.2 ng/L at Wheatfields Lake, and 1.0 ng/L at Red
Lake. Therefore, the current water quality standard to protect aquatic life (12 ng/L) may not
be protective of bald eagles through the consumption of fish from these waters. The WC for
mercury is the concentration in surface water that, if not exceeded, protects both bald eagles
that use the water for drinking or as a foraging source. Thus, the WC is the highest aqueous
concentration of mercury that causes no significant reduction in growth, reproduction, or
viability of a population of animals exposed over multiple generations and may be an
appropriate goal to protect bald eagles that forage on fish from these lakes (i.e., 1.0 ng/L).

Mercury and Methylmercury in Fish Tissues

The average concentrations of methylmercury and mercury in fish fillets or in re-
integrated fish samples are reported in Tables 4 and 6. Mercury concentrations in trout
ranged from 0.03-0.11 mg/kg WW and from 0.01-0.27 mg/kg WW in catfish. Stafford and
Haines (1997) and Walter et al. (1973) reported ambient concentrations of mercury in trout
(0.1-0.4 mg/kg WW) and channel catfish (0.1-0.3 mg/kg WW). Simpson and Lusk (2000)
reported that concentration of mercury in whole body fish collected from the San Juan River
were <0.05 to 0.32 mg/kg WW. The USDOI (1998) reported that warmwater fish (bluegill)
experienced toxic effects above 0.11 mg/kg WW. All catfish samples from Red Lake had
mercury concentrations above this threshold of concern, depending on species sensitivity.

By excluding Morgan Lake data (which were below the detection limit), dissolved
mercury concentrations in water were significantly correlated with mercury concentrations in
fish fillets (r*= 0.96) and in re-integrated fish (r*= 0.96). By including Morgan lake data,
methylmercury concentrations in water were more weakly correlated with methylmercury
concentrations in fish fillets ("= 0.56) and in re-integrated fish (*= 0.39). By excluding
Morgan Lake data, methylmercury concentrations in fish fillets were significantly correlated
(= 0.96) with mercury concentrations in re-integrated fish.

Methylmercury concentrations in catfish fillets were significantly correlated with average
length ("= 0.87) and average weight (r’= 0.88). There was no significant correlation found
for the trout size and methylmercury in their fillets. For consideration of a consumption
advisory that is based on the catfish, the relationship between methylmercury concentrations
in catfish fillets and average catfish weight (in grams) can be described by the equation:

MeHg in Fillets = -0.4512 + 0.0095 x Average Total Weight (g) (Equation 9)
Similar to water, mercury concentrations in re-integrated fish were significantly

correlated with the specific conductivity (= -0.75), secchi disc visibility (= -0.67), and
turbidity (r”= 0.78) of the lake surface, as well as the maximum depth (r*= 0.71) and surface-
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to-depth ratio (r’= -0.90) of the lakes. That is, more mercury was found in fish from lakes
that had lower oxygen content, less salinity, and were more turbid and shallow in relation to
their size. Mercury concentrations in whole fish also positively correlated with
concentrations of Ba (r’= 0.81), Mn (r’= 0.76), S (r’= 0.70), and V (t’= 0.72) in the tissue.

Human Health Risks

The goal of the Navajo Nation Lake Fish and Water Quality Investigation was to provide
data that may be used to estimate mercury risks to human health (and to bald eagles) from the
consumption of fish obtained from selected recreational lakes on the Navajo Nation. These
data can be also used to develop site-specific bioaccumulation factors and to evaluate the
need for management actions to limit fish consumption, reduce the process of methylation, or
perhaps recommend reductions of local mercury emissions and discharges under various
authorities of the Navajo Nation. This study was not designed to determine the sources of
mercury found in water or fish. This study also did not determine the fish consumption
patterns of the local community, which is the most critical factor in estimating human health
exposures and therefore for the estimation of potential health risks.

Without these local estimates of fish consumption, national default consumption values
were assumed for this study. However, although large-scale surveys of mercury contents of
fish and fish consumption patterns have been conducted (USEPA 2000), these surveys have
limitations for applications to a human health risk assessment on the Navajo Nation.
Estimates of dietary intakes of mercury in food based on national or regional data cannot
accurately reflect the intake of mercury from locally harvested foods, including vegetables,
fish, and game. This can be a particularly important limitation when the people of concern
are those whose diet contains a large portion of locally caught fish. National estimates do not
address how many anglers are in an area, when and how often they catch fish, and to whom
they may distribute fish to within a community, or any cultural practices that augment or
limit fish consumption. To reduce these uncertainties, the contributions of mercury in local
fish can be assessed by conducting consumption surveys for the local population of concern.

Every local population in the United States is exposed to a wide variety of metals in air,
food, drinking water, and soils derived from both natural and anthropogenic sources. The
distinction between natural and anthropogenic sources can sometimes be further blurred
when a previously deposited metal is recycled by natural processes, thereby becoming an
important source in some ecosystems. For many metals, present-day exposures are expected
to be above the natural background doses and the biological implications of any increase in
levels of historical human exposures are unknown. One collateral effect of background
contribution to human metal intake would be to push the total exposure over the toxicity
threshold depending on a person’s relative amount of fish consumption. This is likely the
case for mercury.

Using default assumptions for fish consumption, body weight, days of exposure, and the
geometric mean of methylmercury concentrations in fish fillets from the four lakes sampled,
those men, women, and children that consume fish on a recreational basis are not at
significant health risks (Table 9). However, children that eat fish on a frequent basis (>150
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days per year), or any adult whose diet contains a large portion of catfish from Red Lake may
be at risk of mercury toxicity. Using consumption scenarios and Red Lake fish fillet data,
consumption of more than 2 fish per month would not be recommended (Table 10). In the
context of consumption of contaminated fish, risk managers may need to consider the fish
consumption patterns around Red Lake and, if necessary, seek ways to minimize the health
risk to people that eat lots of fish, depending on local conditions including social and cultural
factors and the benefits of eating fish. However, a long-term goal may be to reduce the
mercury contamination of the water body or reduce the rate of mercury accumulation in the
fish tissue through a variety of means, including source control and management.

Bald Eagle Health Risks

Using default assumptions for fish consumption, body weight, days of exposure, and
averaging time, and using the geometric mean of methylmercury concentrations in re-
integrated fish from the four lakes sampled, bald eagles that migrate through the Navajo
Nation and consume fish equally from the all four lakes sampled are not at significant health
risks (Table 10). However, bald eagles that consume catfish from Red Lake on a frequent
basis (>30 days per year), have the potential to experience mercury toxicity. Bald eagles that
may feed on catfish from Red Lake for over 60 days are at a significant health risk to
mercury. Bald eagles that forage exclusively from Morgan Lake have the lowest exposure to
mercury but the highest exposure to selenium. Bald eagles that attempt to establish nesting
on the Navajo Nation may need to be monitored for their long-term mercury exposure and
effects. There are few management options to affect bald eagle consumption patterns around
Red Lake, and therefore additional information would be needed to identify if extensive use
is occurring and to determine if there are additional sources of mercury to Red Lake.
However, a long-term goal to reduce the mercury contamination of the water body or reduce
the rate of mercury accumulation in the fish tissue through a variety of means would be
recommended for bald eagles that feed at Red Lake.
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