RELATIONSHIPS BETWEEN LARGEMOUTH BASS MERCURY LEVELS
AND ENVIRONMENTAL CHARACTERISTICS OF CONNECTICUT
LAKES

Robert P. Hanten, Jr., Robert M. Neumann, and Scott M. Ward
Department of Natural Resources Management and Engineering
' University of Connecticut, Storrs, CT
Robert J. Carley, Christopher R. Perkins, and Robert Pirrie

Environmental Research Institute
University of Connecticut, Storrs, CT

and

The Connecticut Institute of Water Resources

February 1997

ER1/97-01




EXECUTIVE SUMMARY

In 1995-1996, the Environmental Research Institute of the University of Connecticut
conducted a study entitled "Preliminary assessment of total mercury concentrations in fishes
from Connecticut water bodies." The University of Connecticut's Department of Natural
Resources Management and Engineering and the Institute of Water Resources were partners in
this project. The study was conducted in cooperation with the Connecticut Department of
Environmental Protection (DEP) and the Connecticut Department of Public Health (DPH).
Results of this study are presented in two reports. The first report (Neumann et al. 1996),
focused on the first phase of the study and provided data summaries for fish and sediment
mercury concentrations from numerous water bodies throughout Connecticut. The second
report (presented herein) focuses on the second phase of the study and provides information on
environmental characteristics of lakes related to mercury concentrations in largemouth bass
Micropterus salmoides. This report utilizes fish mercury data, water quality data, and lake
physical attribute data obtained during 1995-96 (phase 1). Values for individual fish mercury
concentrations can be found in Neumann et al. (1996); environmental attributes of lakes are
included in this report.

The concentrations of mercury in fish have been shown to be related to a variety of
environmental characteristics of aquatic systems, both chemical and physical. Fish from
waters with low acid-neutralizing capacity often contain elevated levels of methylmercury in
axial muscle tissue; the greater accumulation of methylmercury in low pH waters has been
attributed to greater in lake microbial production of methylmercury. Physical lake
characteristics such as watershed area/lake volume ratio and other morphometric features have
been directly correlated with mercury in fish. Identification of these relationships in
Connecticut lakes may be useful for assessing the role of the environment on mercury
concentrations in fish. Identification of environmental attributes of lakes related to mercury
levels in fish may help identify sites where mercury levels in fish may be potentially high.
Moreover, understanding the linkages between fish mercury levels and the environment will
help assess potential changes in fish mercury levels associated with environmental change.

The objectives of this study were: 1) to determine the relationship between mercury
concentrations in largemouth bass and environmental characteristics (both chemical and
physical) of Connecticut lakes; and 2) to examine environmental characteristics of lakes on a
regional scale that may help understand observed regional differences in largemouth bass
mercury concentrations.

Mercury concentrations in axial muscle tissue of 478 largemouth bass representing 51
lakes and five ecoregions were determined. In some instances, measurements for particular
environmental variables were not obtained for specific lakes. Therefore, some relationships
presented herein are based on less than 51 lakes (no less than 58). Relationships were based
on expected levels of mercury for a fourteen-inch largemouth bass from each lake to remove
the confounding effects of body size and to make comparisons among water bodies
meaningful. Significant negative correlations were found between largemouth bass mercury
concentrations and conductivity, pH, alkalinity, Ca, Mg, dissolved organic carbon, particulate
phosphorus, and morphoedaphic index (an indicator of lake productivity). Redox potential

il




was the only variable significantly positively related to mercury concentrations. The variables
most strongly correlated to mercury levels in largemouth bass were those related to water
acidity (pH and alkalinity) and hardness (conductivity, Ca, and Mg).

Multiple regression procedures were used to determine the relationships between
largemouth bass mercury concentrations and combinations of environmental variables. Using
combinations of physical variables only, morphoedaphic index and lake surface area accounted
for 25% of the variation in largemouth bass mercury concentrations among lakes. Using
combinations of chemical variables only, Ca and dissolved organic carbon accounted for 31%
or the variation in mercury concentrations among lakes. Using combinations of physical and
chemical variables, Ca, dissolved organic carbon, watershed area, surface area, and maximum
depth accounted for 53% of the variation in mercury concentrations among lakes. Over twice
the variability in mercury concentrations among lakes was explained using combinations of
variables than when only one environmental variable was used (e.g., conductivity, Ca, Mg,
pH, or alkalinity). However, in multiple regression models, Ca was the dominant variable
explaining mercury concentrations. Therefore, measures of acidity and hardness appeared to
be the primary variables related to largemouth bass mercury levels in Connecticut lakes,
although other variables may help explain additional factors influencing mercury
concentrations.

The inverse relationships between mercury concentrations and variables associated with
acidity and hardness are consistent with findings of several similar investigations in other
regions of North America. Results of this study also suggest that mercury levels in
largemouth bass might be influenced by mercury loading from large watershed areas that drain
into small water surfaces. Other researchers have speculated that humic substances may act as
a source of mercury for methylating bacteria and that these humic materials might mobilize
mercury from the watershed and act as a source of methylmercury to aquatic systems. Results
of this study also suggest that mercury levels in Jargemouth bass may be related to lake
productivity. Based on the multiple regression model, mercury levels in largemouth bass were
positively influenced by lake maximum depth. In our study lakes, lake maximum depth was
inversely related to measures of lake productivity such as morphoedaphic index and total 7
dissolved phosphorus. Bioaccumulation of mercury in fish may be elevated in less productive
lakes because mercury may become concentrated in the small amount of biomass produced
annually in those systems. However, data presented herein suggest that morphometric and
productivity variables may be secondary to other variables representing acidity and hardness,
which appear to be the lead indicators of largemouth bass mercury levels in Connecticut lakes.

Five additional lakes, independent of our study lakes, were used to test whether the
independent variable models that we found to be significant, accurately predicted mercury
levels in largemouth bass. The correlation between predicted mercury concentration and the
actual mercury concentration was strongest using conductivity. Although multiple variable
models explained more variation in largemouth bass mercury concentrations than did single
variable models based on the large set of lakes used in this study, conductivity alone accurately
predicted mercury concentrations. These results provide preliminary evidence that measures
of acidity and water hardness may be the primary factors influencing largemouth bass mercury
concentrations in Connecticut lakes.
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The ecoregion delineations used in this study appeared to be valuable for detecting
regional differences in largemouth bass mercury concentrations within the state, and for
identifying environmental characteristics on a regional scale that may be contributing to
variability of mercury concentrations among regions. Ecoregion variations in bedrock
geology, especially those related to acid-neutralizing capacity and hardness of waters, may be
the primary reasons for the observed ecoregion variations in largemouth bass mercury
concentrations. Largemouth bass mercury concentrations were generally higher in the
southeastern region of the state, followed by the northeast, northwest, southwest, and central
lowlands. Our lake samples showed that pH, alkalinity, conductivity, Ca, and Mg varied
among ecoregions based on bedrock geology; this information helped explain regional
differences in mercury concentrations. '
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INTRODUCTION

Mercury contamination in aquatic environments has been widely studied throughout
North America and Europe. Where high concentrations of rﬂercury exist, bioaccumulation of
mercury in fish may pose health concerns for humans and ﬁslz—eating wildlife. Mercury
contamination has been related to both natural and anthropogéhic point and non-point sources.
Atmospheric transport and deposition appear to be the primary vectors of mercury to aquatic
'systems (Mierle 1990; Fitzgerald and Clarkson 1991). Atmospheric mercury emissions from
anthropogenic sources include combustion of fossil fuels (Nriagu and Pacyna 1988),
incineration of municipal waste and sewage sludge (Nriagu and Pacyna 1988; Glass et al.

1990), and mining and metallurgy (EPA 1980; Nriagu and Pacyna 1988). Elemental mercury
possesses long distance transport capabilities; therefore, sources may be local within the
Southern New England region or distant including the Midwest industrial region (Fitzgerald
and Clarkson 1991). While many historic point sources of mercury have been curtailed,
contaminated sediments at these locations may continue to act as mercury sources (Suns and

- Hitchin 1990).

Atmospheric and point-source mercury enters aquatic ecosystems primarily in the
elemental (inorganic) form (Driscoll et al. 1994). Mercury methylation occurs predominantly
at the microbial level with the transformation of elemental mercury into its more toxic
methylated form (i.e. methylmercury) (Rudd et al. 1983; Wiener et al. 1990). Methylmercury
is environmentally different from the inorganic form in that it is more toxic, more mobile, and
more readily bioaccumulated by aquatic organisms. Methylmercury is of greater health
concern than inorganic forms due to its greater solubility in lipid tissue and thus, its increased
tendency to bioconcentrate (Weber 1993). Human exposure to methylmercury compounds is
almost exclusively from the consumptioﬁ of fish and fish pfoducts. Consequently, elevated
mercury levels in fish are of concern because of the direct hea_lth threat to humans, especially
given the increased popularity of fish for dietary and health reasons. Methylmercury accounts
for 95-99% of the total mercury found in the muscle tissue of freshwater fish (Grieb et al.

1990; Bloom 1992).




Fish accumulate methylmercury primarily from their diet (Wiener et al. 1990; Lange et

al. 1993; Futter 1994), and to a lesser extent, from water by direct uptake across the gill

membranes (Phillips and Buhler 1978; Rodgers and Beamish 1983). For example,

MacCrimmon et al. (1983) observed a sevenfold increase in the mercury content of stocked

lake trout Salvelinus namaycush after a change in diet from benthic invertebrates to rainbow

smelt Osmerus mordax.

Mercury concentrations in fishes have been directly related to fish age (MacCrimmon

et al. 1983; Lange et al 1993), fish length (MacCrimmon et al. 1983; Lange et al. 1993;
1994), and fish weight (Lange et al. 1993; Futter 1994). Futter (1994) noted a positive

Futter

correlation between fish length and mercury concentration, and that length-adjusted mercury

values are generally accepted in most studies where mercury concentrations in fish are being

compared among systems. However, there was a considerable amount of unexplained

variation for fish size and fish mercury concentration relationships; variability may be related

to sex and age of fish. Lange et al. (1993) noted that in Florida lakes, male largemouth bass

Micropterus salmoides greater than 200 mm had higher concentrations of mercury than

females of the same size because the males were older. In addition to age, growth rate may be

an important factor directly related to mercury accumulation in fish.

The concentrations of mercury in fish have been shown to be related to a variety

environmental characteristics of aquatic systems, both chemical and physical. Fish from

of

waters with low acid-neutralizing capacity often contain elevated levels of methylmercury in

axial muscle tissue; the greater accumulation of methylmercury in low pH waters has been

attributed to greater in lake microbial production of methylmercury (Wiener and Spry 1996).

Mercury levels in axial muscle tissue have been shown to be directly correlated to lake pH in

pumpkinseed sunfish Lepomis gibbosus (Wren and MacCrimmon 1983), walleye Stizostedian

vitreum (Wiener et al. 1990), and largemouth bass (Lange et al. 1993), and also with alkalinity

in northern pike Esox lucius (Wren et al. 1991) and largemouth bass (Lange et al. 1993).

Similar inverse relationships between mercury in muscle tissue and measures of water hardness

(Ca, specific conductivity, and Mg) have been observed (Rodgers and Beamish 1983;

McMurtry et al. 1989; Wren et al. 1991). Physical lake characteristics such as watershed
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area/lake volume ratio (McMurtry et al. 1989) and impoundment age (Bodaly et al. 1984) have
been directly correlated with mercury in fish. Identification of these relationships in
Connecticut lakes may be useful for assessing the role of the environment on mercury
concentrations in fish. Identification of environmental attributes of lakes directly associated
with mercury in fish may help identify sites where mercury levels in fish may be potentially
high. Moreover, understanding the linkages between fish mercury levels and the environment
will help assess potential changes in fish mercury lévels associated with environmental ghange.
During a preliminary assessment of mercury levels in Connecticut fishes, Neumann et
al. (1996) observed a significant inverse relationship between mercury levels in largemouth
bass and lake pH. In addition, significant regional variations in largemouth bass mercury
levels and pH of waterbodies were found. The objectives of the current study were to perform
a more in-depth analysis of: 1) the relationships between mercury concéntrations in largemouth
bass and physical and chemical characteristics of Connecticut lakes; and 2) the regional |
patterns in environmental characteristics of lakes that may explain regional variations in
mercury concentrations in fish. This report builds upon fish mercury and water quality data

obtained during a previous survey (Neumann et al. 1996).

METHODOLOGY AND PROCEDURES

Study Sites |

The base list of lakes from which the study lakes were chosen met the following
criteria: 1) lakes that were greater than 10 ha; 2) lakes that were publicly owned or allowed
public access; and 3) lakes that had a boat launch or were accessible with a portable boat. The
base list of lakes also included those representing coxﬁbinations of trophic classifications and
alkalinity levels, based on a Connecticut Department of Environmental Protection (CTDEP)
review of CTDEP data for approximately 100 lakes with public access. The concept of
"ecoregions" was applied to aide in the selection and distribution of lakes for this study.
Dowhan and Craig (1976) adopted the concept of ecoregions on the national scale, and
developed ecoregions specific to Connecticut. These ecoregions have similar interrelationships

among physiography, geography, local climate, soil profiles, and plant and animal
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communities. Thus, ecoregions are natural divisions of land, climate, and biota that are
especially useful in forestry, wildlife management, land planning, and natural-resource
monitoring management. Dowhan and Craig (1976) recommended that the degree of regional
subdivision should depend on its usefulness to the researcher for purposes of scientific
description. Thus, this study focused on five specific regions adapted from Dowhan and Craig
(1976): northeast hilis/uplands; southeast hills/coastal; northwest hills/uplands; southwest
hills/uplands; and, central lowlands. In this- study, examination of fish mercury levels on an
ecoregion level may provide information on those attributes that are ecoregion-specific that
may contribute to mercury concentrations in fish. The number and percentage of lakes
sampled within each ecoregion that met the initial selection criteria were: northeast, 8 (28%);
southeast, 14 (33%); central léwlands, 9 (56%); northwest, 9 (32 %); and southwest, 11

(79 %). By selecting a group of lakes within each ecoregion we were confident that our study
lakes represented a wide range of environmental characteristics of lakes in Connecticut.

Largemouth bass were collected duting bass angler tournaments and by boat

electrofishing. Through the assistance of the Fisheries Division of the CTDEP, lakes with -
scheduled bass fishing tournaments were identified within each region. Electrofishing was
conducted at locations within regions that were underrepresented by bass fishing tournaments
(primarily the central lowlands and southwest). Thus, locations sampled within each region
were not selected at random, but were selected based on the potential for fish collection
through bass fishing tournaments or electrofishing where tournaments were not held.
Therefore, the locations sampled probably provide a subset of the most popular bass angling

sites.

Fish Collecti 7

We attempted to collect at least ten largemouth bass from each lake distributed among
the following length ranges: 300 - 379 mm, 380 - 457 mm, and >457 mm. Immediately upon
collection, fish were stored in a clean polyethylene holding tank filled with ambient-lake
water. To avoid contamination of fish by outboard motor exhaust plumes from boat

electrofishing, the motor was shut off before processing fish and the person operating the
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motor was not allowed to assist in any fish processing. After fish collection, individual fish

were removed from the tank, rinsed in ambient lake water and measured to the nearest
millimeter total length (TL) on a clean, polyethylene-lined measuring board. The fish was
then sealed in a polyethylene bag, weighed to the nearest g on tared dial-spring scale, double-
bagged, placed in a clean cooler on dry ice, and returned to the laboratory at the
Environmental Research Institute (ERI) at the University of Connecticut for subsequent
analysis. Detailed fish collection and sample preparation protocol can be found in Neumann et

al. (1996).

Laboratory Methods

The total time from fish capture to chemical analysis was no longer than 28 days,
following standard EPA (1993) procedures. Frozen samples were thawed before necropsy.
All fish were dissected in a positive-pressure laminar flow hood on acid-washed surfaces.
Stainless steel instruments used for dissection were thoroughly cleaned before dissection of
each fish. Scales were removed below the lateral line behind the anterior edge of the pelvic
fin for subsequent age determination. The fish was placed with its left side facing up, a series
of three cuts was made, and the skin was removed to expose the muscle tissue.

Individual fillets were homogenized in a stainless steel grinder and analyzed for total
mercury. A 1.0-1.5-g subsample of homogenate was placed in an acid-washed biological |
oxygen demand (BOD) bottle and stored at -20°C until digestion. Eight ml of concentrated
sulfuric acid and 2 ml of concentrated nitric acid were added, and fhe sample was placed on a
60°C hot plate until the tissue was completely dissolved (up to 1 hr). The BOD bottles were
then removed from the hot plate and cooled to 4°C in a refrigerator. Ten ml of potassium
permanganate were added, with an additional 10-20 ml of permanganate added until oxidizing
conditions were maintained. Ten ml of potassium persulfate were added and samples were
allowed to stand overnight. Excess potassium permanganate was reduced by the addition of
hydroxylamine hydrochloride. All mercury in the samples (now in the form of Hg") was
reduced by adding tin chloride to convert Hg" to Hg®. Total mercury was determined by

flameless cold vapor atomic absorption spectroscopy.
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A five-point calibration curve was run at the beginning of each analysis. The
calibration curve was verified with a certified external quality control sample (initial
calibration verification; ICV) from either the Ricca Chemical Company (Arlington, Texas) or
Environmental Resource Associates (Arvada, Colorado). The initial calibration check
demonstrated that the instrument was capable of acceptable performance at the beginning of
the analysis. An initial calibration blank (ICB) was also run. The blank was made from the
reagents used in the procedure, and matched the reagent matrix of the samples. In order to
ensure continuing acceptable performémce, a calibration verification and calibration blank were
run at least every tenth sample. For every twenty samples, a procedural spiked-fish sample,
duplicate fish samples, a control spike, and a preparation blank were analyzed. Precision of
analysis (relative percent difference) was calculated from duplicate analyses of fish (mean,
5.7%; SD, 5.1; N=36). Accuracy (percent recovery) was determined from spiked fish
samples (mean, 93.7%; SD, 6.4; N=36). The minimum detection limit was 0.03 ug Hg/g.

Determination of Chemi nd Physical Lake Attri

From each lake, water samples were collected using a Kemmerer bottle and additional
water quality attributes were measured using a Hydrolab multiprobe. Samples and
measurements were taken at the approximate center of each lake 1 m below the surface during
summer and fall 1995. The Hydrolab multiprobe was used to measure and record pH, specific
conductivity (COND), total dissolved solids (TDS), salinity, and redox potential. Water
samples collected with the Kemmerer bottle were stored in precleaned 1-L bottles and placed
in a clean cooler on dry ice. These samples were returned to the laboratory at ERI for
determination of alkalinity, Mg, Ca, particulate carbon, organic carbon (total and dissolved),
ammonia, particulate nitrogen, nitrate plus nitrite, nitrogen (total dissolved), phosphorus
(dissolved inorganic), particulate phosphorus, phosphorus (total dissolved), and total
suspended solids. All analyses and holding times were in accordance with standard
Environmental Protection Agency (EPA) methods (as described in Neumann et al. 1996).
Morphoedaphic index (MEI) was calculated as TDS divided by mean depth (Ryder 1965).

Morphoedaphic index is commonly used as an estimate of potential fish yield (i.e., an
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indicator of lake productivity) (Carline 1986).

Physical lake attributes were measured during this study (Secchi depth) and obtained
from CTDEP (1982, 1987, and 1991), Heally and Kulp (1995‘), Thomas et al. (1967), Thomas
et al.' (1968), Ryder et al. (1970), Wilson et al. (1974), Weiss et al. (1982), and Handman et
al. (1986) and the geographic information systems (GIS) database through assistance of staff at
the Natural Resource Center of the CTDEP. Physical characteristics of lakes included in the
analysis consisted of volume, retention time, maximum depth, mean depth, Secchi depth,
watershed area, surface area, perimeter, watershed area/lake area ratio, watershed area/lake

volume ratio, shoreline development index, elevation, and MEL.

Data Analyses

Distributions of all variables used in statistical analyses were tested for normality by
inspection of normal probability plots (UNIVARIATE procedure; SAS Institute 1990). Plots
were performed for all variables using raw values and log,, log,,+1, inverse, and square-root
transformations. Variables were transformed when the linearity of the probability plot was
improved after the transformation.

Linear regression (REG procedure; SAS Institute 1990) was used to test the relation of
log,omercury concentration in largemouth bass to log,glength, log,,weight, and log,qage for
each population. The basis for these analyses was to determine which variable (length,
weight, or age) was most highly and consistently correlated with mercury concentrations in
largemouth bass across lakes, so standardized concentrations of mercury in fish could be
determined for each lake in order to make meaningful comparisons among lakes. Mercury
concentration was significantly related to length in more populations than either weight or age
and correlation coefficients were higher'for length; therefore, an expected mercury
concentration (EHg) for largemouth bass was predicted for a total length of 356 mm based on
the length-mercury regression from each lake and was rounded down to the nearest whole inch
(14 inches =356 mm) for simplicity. A largemouth bass TL of 356 mm was near the grand
mean (364 mm) for all fish sampled during this study. For lakes where no significant

relationships between length and mercury were found, nonadjusted mercury values were used
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in subsequent analyses (Bodaly et al. 1993).> Futter (1994) noted a positive correlation
between fish length and mercury concentration, and that length-adjusted mercury values are
generally accepted in most mercury studies.

Linear regression was used to test the relationships‘ between EHg and each individual
environmental variable. The relationships between EHg and combinations of chemical and
physical variables of lakes were evaluated using stepwise multiple regression (REG procedure;
SAS Institute 1990). Expected largemouth bass mercury concentrations for each lake were
regressed against sets of the independent environmental variables. The environmental
variables considered were first analyzed with chemical and physical variables separately, then
with chemical and physical variables combined. Subsets of these environmental variables were
created to remove the effect of multicollinearity among independent variables. Independent
variables were included only if the regression coefficients were significant (P<0.05), and
multicollinearity did not exist among independent variables.

Analysis of variance (GLM Procedure; SAS Institute 1990) was used to test for
regional differences in EHg and chemical and physical variables. When significant regional
differences were found (P<0.05), the Fishers Least Significant Difference (LSD) test was used

to determine which regions were different.

Preliminary Tests of Predictive Utility

Largemouth bass were sampled from six additional lakes during 1996 to independently
test the utility of several environmental variable models for predicting EHg. However, only
five lakes were used in this analysis. One lake was not included because EHg of largemouth
bass in that lake may be biased due to historic mercury contamination in that system. It must
be made clear, however, that preliminary tests for predictive utility may not be valid for
models containing few test cases. Multiple variable model testing requires a large sample size
of independent test cases (a minimum requirement of five test cases per independent variable;
Tabachnick and Fidell 1989). Therefore, tests for preliminary predictive utility conducted

herein were only applied to single independent-variable models.




RESULTS

Mercury concentrations in axial muscle tissue of 478 individual largemouth bass
representing 51 lakes and five geographic regions ranged froml 0.03 - 2.65 ug/g (wet weight)
with a2 mean mercury concentration of 0.51 ug/g (wet weight). Mean fish length and weight
for the entire sample were 364 (range=247 - 512) mm and 741 (range= 196 - 2410) g,
respectively. Mercury concentrations greater than or equal to 0.50 pg/g (wet weight) were
found in 195 (41%) of the 478 largemouth bass analyzed. These fish represented 39 of the 51
(76 %), lakes sampled.

A significant (P <0.05) positive correlation was found between EHg and redox
potential‘ (Table 1). Significant (P<0.05) negative correlations were found between EHg and
specific conductivity (COND), pH, Ca, Mg, alkalinity, dissolved organic cérbon (DOC),
particulate phosphorus, and MEI. The chemical variable most strongly correlated with EHg

~was COND (r=-0.51, P=0.0002). Morphoedaphic index was the only physical variable
significantly correlated with EHg (r=-0.42, P=0.003) based on individual variable
regressions. The relationship between mercury concentration and MEI appeared to be
strongest at MEI values less than 20. Examples of these correlations are shown in Figure 1.
Parameter estimates of the relations between EHg and environmental variables are listed in
Table 1. ;
Using combinations of physical variables, a significant (P<0.05) two-variable stepwise
- regression with MEI and surface area (SA) as independent variables accounted for 25% of the

variation in EHg (R*=0.25; P< 0.05), yielding the following equation:
EHg= 0.210 - 0.288(MEI) - 0.129(SA).

All other regression equations produced lower R? values.

A high degree of collinearity was found between pH, Ca, Mg, COND, and alkalinity
(Table 2). Therefore, these variables were entered separately in regression subsets. Uéing
only chemical variablés, stepwise multiple regression revealed that two independent variables

Ca and DOC accounted for 31 % of the variation in EHg (R?=0.31; P<0.05), yielding the

S




following equation:
EHg= 1.208 - 0.523(Ca) + 0.414(DOC).

Dissolved organic carbon was significant only in variable subsets containing Ca. All other
subsets produced one variable models (e.g., pH or COND) with lower R? values (see Table 1
for individual regression statistics). Although both Ca and DOC provided significant
contribution to the model, Ca was the dominant variable explaining EHg based on partial 7
values for each variable (Table 3).

Stepwise multiple regression of the chemical variables combined with physical
variables revealed that Ca, DOC, watershed area (WA), SA, and maximum depth (MXD)
accounted for 53% of the variation in EHg (R?=0.53; P<0.05), yielding the following

equation:
EHg= 1.938 - 0.794(Ca) + 0.737(DOC) + 0.073(WA) - 0.266(SA)+ 0.251(MXD).

Again, although DOC, WA, SA, and MXD were significant variables in the model, Ca was
the dominant variable explaining EHg (Table 3). All other variable subsets produced one-
variable models (e.g., pH or COND) with lower R? values.

Significant differences in largemouth bass EHg were found among ecoregions within
the state (P<0.01; Table 4). Mean EHg in the southeast region was significantly higher than
the central lowlands, southwest, and northwest regions but not significantly different from the
northeast region. No significant differences in fa.ke MXD, lake WA, and lake SA were found
among geographic regions in the state. However, significant differences in mean MEI were
found among geographic regions (P <0.0001; Table 4). The southeast and northwest regions
had significantly lower mean MEI compared to the southwest and central lowlands.
Significant regional differences in mean lake pH were observed (P <0.002; Table 4). Lakes in
the southeast region had significantly lower pH than all other regions. Significant regional

differences in mean Ca was observed (P <0.0001; Table 4). Mean Ca in the southeast region
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was significantly lower than all other regions; mean Ca in the central lowlands and southwest
regions were significantly higher from those in the southeast and northeast. Mean COND and
alkalinity were significantly different among regions (P<0.000I; Table 4); mean COND and
alkalinity in the southeast were lower compared to all other regions. Mean Mg in the
southeast and northeast regions were significantly lower than other regions (P <0.0001; Table
4). Significant regional differences in mean lake DOC were observed (P<0.0001; Table 4).
Lakes in the southeast and northeast regions had significantly lower DOC values compared to

the northwest, central lowlands, and southwest.

DISCUSSION
In our study, largemouth bass EHg was most strongly influenced by variables related to

water acidity (pH, alkalinity) and hardness (Ca, Mg, COND). The inverse relationships

between mercury concentrations in fish muscle tissue and measures of acidity and hardness are

consistent with findings of numerous studies examining the role of environmental factors

regulating mercury accumulation in fish (Wiener et al. 1990; Wren et al. 1991; Lange et al.
1993; Wiener and Spry 1996). Increased accumulation of methylmercury in fish from low-pH
waters has been attributed, in part, to greater in-lake microbial production (Wiener and Spry
1996). The role of alkalinity and pH in mercury accumulation has become a major ecological
concern due to the effects of lake acidification (McMurtry et al. 1989; Wiener et al. 1990;
Lange et al. 1993). Akielaszeck and Haines (1981) explained acid precipitation in New York
and Maine may reduce the buffering capacity of lakes, thus lowering their alkalinity and pH
causing increased mercury methylation rates. Our results suggest, as in other studies, that
water acidity and hardness may play an irxﬂuential role in controlling mercury methylation

- rates in Connecticut lakes. In our study, EHg was most strongly correlated with pH, Ca, and
COND. Wiener et al. (1990) stated that Ca may be a more consistent chemical indicator of
mercury concentration in fish rather than pH because of seasonal and diurnal variations in pH.

Our results suggest that COND may also be used as a consistent chemical indicator of mercury

in largemouth bass.
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Previous research indicated that calcium was an important factor governing metal
regulation by aquatic organisms and thus may be important in determining mercury levels in
fish (Wren and MacCrimmon 1983). Rodgers and Beamish (1983) found using rainbow trout
Oncorhynchus mykiss under controlled laboratory conditions that direct uptake of
methylmercury (i.e., across gill membranes) in soft water was more than double the uptake
measured in hard water. The assimilation rate of waterborne methylmercury passing over the
gills of fish is estimated to be only 7 to 12% (Rodgers 1994). This is relatively low compared
to the estimated 65 to 85% or greater assimilation rate of methylmercury through dietary .
uptake (Rodgers 1994). High Ca levels or hard water therefore, may be more important as a
potential inhibitor of methylmercury production and accumulation fish, rather than causing
mercury uptake directly from water. Currently, no studies have been undertaken comparing
concentrations of methylmercury uptake by fish through diet and water in natural systems
(Wiener and Spry 1996).

The potential increase in mercury methylation rates in low-pH lakes might be partly
explained by lake redox potentials. A significant positive correlation between EHg and lake
redox potential was found in our study. Wood (1980) predicted that a combination of low pH
and high redox potential would be optimal for mercury methylation in the water column and at
the sediment surface. Mercury methylation in sediments was highest at a pH of 6.0 (Suns and
Hitchin 1990) which is an upper level typical of acidified water bodies.

Much evidence points to atmospheric inputs of mercury, either directly to lake surfaces
(Wiener et al. 1990; Fitzgerald et al. 1991) or indirectly via their watersheds (McMurtry et al.
1989; Suns and Hitchin 1990), in determining methylmercury levels in fish.. In our multiple
regression models explaining EHg, the negative coefficient of lake surface area and the
positive coefficient of watershed area suggests that increased mércury levels in largemouth

bass might be influenced by mercury loading from large watershed areas that drain into small
water surfaces of our study lakes. McMurtry et al. (1989). Suns and Hitchin (1990), and
Bodaly et al. (1993) found that the watershed size/lake volume ratio was directly related to
mercury levels in fish. However, ratios of watershed area lake area or watershed area/lake

volume were not significantly correlated with EHg in this study. Our results suggest that the
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watershed area-lake surface area loading factor may be secondary to other variables
representing acid-neutralizing capacity and hardness, which appear to be the lead indicators of
largemouth bass EHg in Connecticut lakes.

The lake watershed-surface area loading factor together with the increasing empirical
evidence that DOC is linked with mercury levels in fish (Grieb et al. 1990; Wren et al. 1991)
provides insight to our findings. Fish mercury levels have been positively correlated with
DOC levels (McMurtry et al. 1989; Wren et al. 1991); in this study largemouth bass EHg was
overall negatively correlated with DOC based on individual regressions. However, the
coefficient for DOC in our multiple regression models was positive suggesting that increasing
DOC levels may be positively influencing EHg only under certain water hardness conditions.
Grieb et al. (1990) showed that the wide variability in the pH-fish mercury relationship at
lower pH ranges could be explained by DOC concentrations in their study lakes. Grieb et al.
(1990) speculated that reductions in fish mercury concentration at higher DOC levels might be
due to methylmercury binding with organic molecules, thus, inhibiting uptake by fish.
However, evidence suggests that fish mercury concentrations may also be positively linked to
DOC (McMurtry et al. 1989). Humic substances may act as a source of mercury for
methylating bacteria (Bodaly et al. 1984). These humic materials might mobilize mercury
from the watershed and act as a source of methylmercury to aquatic systems (Mierle 1990).
As did we, Wren et al. (1990) found that Ca and DOC were significant in explaining mercury
levels in northern pike and walleye in Ontario Lakes. However, in their study lakes, DOC
provided a greater influence on fish mercury concentrations than found for largemouth bass
EHg in our study lakes. In our study lakes, measures of acidity and hardness appeared to be
the primary factors affecting EHg. The rple of DOC in influencing EHg in Connecticut lakes
remains unclear.

In our multiple regression model, EHg in largemouth bass was positively influenced by
lake maximum depth. Lake depth has been shown to be inversely related to lake productivity
(Rawson 1953; Hayes 1957). In our study lakes, lake maximum depth was inversely related to
measures of lake productivity such as MEI (r=-0.62, P=0.0001), and total dissolved
phosphorus (r=-0.25, P=0.07). Wren and MacCrimmon (1983) also found that lake
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maximum depth was an important variable explaining mercury levels in pumpkinseed. They
speculated that maximum depth was related to lake productivity, thus influencing the
availability of mercury in the ecosystems. Bioaccumulation of mercury in fish may be
elevated in less productive lakes because mercury may become concentrated in the small
amount of biomass produced annually (Joslin 1994). In our study, EHg was significantly
inversely correlated with MEI and particulate phosphorus.

The ecoregion delineations used in this study appeared to be valuable for detecting
regional differences in largemouth bass mercury concentrations within the state, and for
identifying environmental characteristics on a regional scale that may be potentially
contributing to variability of mercury concentrations among regions. Regional variations in
bedrock geology may be the primary reason for the observed regional variations in largemouth
bass mercury concentrations. As in other studies, our results suggest that largemouth bass
mercury concentrations appear to be influenced mostly by those variables contributing to acid
neutralizing capacity (pH, alkalinity) and water hardness (COND, Ca, Mg). Mean EHg was
higher in the southeastern region of the state, followed by the northeast, northwest, southwest,
and central lowlands. The eastern uplands are generally underlain by metamorphic and
igneous bedrock; these crystalline rocks are composed or relatively insoluble silicate materiéls
(Trench 1996). In these areas, stream water is typically soft and slightly acidic, and |
concentrations of total dissolved solids is low compared to other regions. The western uplands
are underlain by similar insoluble crystalline rock; however, an area along the western border
and in the northwestern corner of the state includes a marble belt composed of soluble
carbonate materials (Trench 1996). In the western uplands, stream water concentrations of
dissolved solids are relatively high, water is slightly alkaline, and hardness varies from soft to
hard. The central lowlands are undeﬂain primarily by arkosic sedimentary rock that are more
easily eroded and are more susceptible to chemical weathering than the igneous and crystalline
rocks of the eastern and western uplands. Streams draining these areas are typically high in
dissolved solids, and pH in these areas ranges from slightly acidic to slightly alkaline (Trench
1996).

Our lake samples, specifically pH, alkalinity, conductivity, Ca, and Mg varied among
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ecoregions based on bedrock geology. Lakes in the eastern uplands region were relatively
lower in pH, alkalinity, conductivity, Ca, and Mg, and largemouth bass‘mercury
concentrations were typically higher than the western uplands 6r central lowlands regions.
Lakes in the western uplands and central lowlands regions were relatively moderate to high in
pH, alkalinity, conductivity, Ca, and Mg, and largemouth bass mercury concentrations were
typically lower in these regions. Although the southwest and central lowlands regions are the

most highly urbanized areas of the state, the relatively low largemouth bass mercury

concentrations observed in lakes from those regions suggest that other environmental factors, g

such as those influenced by bedrock geology (acidity and hardness), play a more important

role in affecting mercury availability and accumulation.

Preliminary Tests of Predictive Utility
Five additional lakes, independent of our study lakes, were used to test whether the

independent variable models that we found to be significant, accurately predicted EHg in

largemouth bass (EHg range = 0.346 - 0.512 pg/g). We found that the correlation between

predicted mercury concentration and EHg was strongest using the model for COND (¥=0.96,

P=0.004), and the slope of the relationship was near one (slope=1.22), indicating al:l
relationship between predicted mercury and EHg. These results provide preliminary evidence
that measures of acidity and water hardness may be the primary factors influencing largemouth
bass mercury concentrations in Connecticut lakes, although multiple variables were useful in

explaining variability in EHg in the large set of our study lakes.
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Table 2. Pearson correlation coefficients for lake chemical variables collected from
Connecticut lakes 1995. All correlation coefficients were significant at P<0.0001.

Calcium Magnesium Specific Conductivity Alkalinity

pH 0.67 0.62 0.60 0.57
Calcium 0.94 0.93 0.84
Magnesium 0.89 0.86
Specific 0.86
Conductivity
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Table 3. Stepwise regressions with physical, chemical, and physical and chemical variables
entered versus EHg levels in largemouth bass. All variables were significant at P <0.05.
Partial 7 values are given for individual variables.

Physical model Chemical model Physical and chemical model
Variables r Variables r Variables r
MEI* 0.173 Ca° 0.253 Ca 0.253
SA® 0.072 DOCH 0.061 DOC 0.061
SA 0.058
MXD¢ 0.074
WA 0.080
Model R? 0.25 0.31 0.53

* MEI = morphoedaphic index

® SA = surface area

¢ Ca = calcium

DOC = dissolved inorganic carbon
*‘MXD = maximum depth

fWA = watershed area
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Figure 1. Relationships between mercury concentrations (ug/g wet weight) predicted for a 356
mm fish and selected environmental attributes of Connecticut lakes.

28




67

1'890'1 000°CLY TC 0t , 66 e X35 YT UM, Jsey
vorl L60'v18 I'e 19 9vI 6T puod 93po(
TIlL 000°StE 0c LA €L L9T UMOIR[PPYA] -o4eT] [eIsAI)
9'0€L 666°958'y 6T 09 (49! (447 uoBuyig -oxe [esAI)
TLoL 000°00S°E1 9t 88 | (A4 986 oxer] Anuano)
| A4 12T9TH°1 (A 9C £ 09¢ puog dwemg 1epa)
2 A0 000000961 L1 68 6'sT S0T°1 9ye’] poomajpue)
£sLy S00°601°T Ve LT : I'é6 . 14! 9)E] yoold souen)
1'€9T°C 0TS‘SL8'E 9T 0¢ 6L 011 . syeTuojjog
£v0E 656'108 0T 9T 0L 871 puod yoeg
SeLl 1ST°9LL 198 4 [4 4 001 11§ ey s3urpig
ELITT 8S8°SLL°6 13 19 861 (484 puod yoeag
£ELOT 0LT0L6'T - 194 19 LS1 puod Jjled uosianeq
L'80¢ 066°v61°PS 8¢ 6V 9%l 129°s e ueyseq
0'€8b'8 SOT‘LST 91 0T vy 9L 901 e weyueg
$°66 P8YLIST 67 69 8¢l 91Ll puod Jjegq
9T0Z°L91 YSLOSY' Y 90 Le (4] 1 puod yoowdsy
TTLe 08€9LY'T (43 8¢ 91 LS9 e sowry

BY I 73 w w skep UoIJe007]
BOJBS AN sumjoA pdopas ydopupy dopxep aumey

‘(eare paysiojem=earesp ‘madop rmposg=yidopag “qidop wedwi=t3dopui ‘PdopXe]y ‘o) UONUSIRI=SWIY)

dHALD 971 JO 191UA) 3IN0SSY [eInIeN dY) Je Jels Jo 90Ue)SISSe YIN0IY) SSEQEIEp SWoIsAS uonjewoym jeorydei3oss pue ‘(y161)

18 32 WOSILA “(Z861) ¢ 10 SSIOM “(8961) 'Te 30 SemOYL, (£961) e 1o semon], (0L61) T 10 10pAY “(S661) Ay pur Afesy] (9861)

e 10 wewrpueH ‘(1661 PUe ‘2861 “Z861) dJAALD oy paurelqo 10 Apn3s sty SuLmp parnsesur siojourered TeoisAyd oyey ‘1 xipuaddy



0€

LLst TSLLIET T | ¥4 ot 00¢ e slamod
6966 €0€188°1 61 8¢t 01 . 011 aye] nosuedened
0°€SSEl 088°1$T‘9 (44 61 S¢S §T puod 3neyoed
9'L6l L86°8€T ¥0 60 ! 69 HloAlasoy] SULIe.] YUON
06L6C YV YShS 1C L9 . Lot Sel puod 33pnjy
0°€89°C £8V°RILT vl | I'e 139 JIOAIS53Y] SUPOOIA
L1z1'ol 0€€°0TI°11 I'v 99 081 6¢ yanouoo 4]
L9811 S6VILEE 0§ 8T '€l 191 3nedeysejy oxe
6'L8ETY 000°0S8°0€ Sl 6v 69 197 TIOAIaS3Y MOJJOH plegsue]y
Lv9t 9$°808 81 1c 0t 61T 0OSBUBWEN a)eT]
I'vLl 000°559 0'e 61 o€ ¥TT Sas] Jo oye]
9'¥0€°l SLL'E6L Tl St 9v 6€ BISOUST] s)yeT]
T99L90Y LLO'TOT'E 07 6T | 6L I 9)e"] oruojesnoH
SEIST 100°68L°01 Le 09 6'81 $8T oy pue[ysiH
TEEYVT 986°06€ 60 vl Lt 1 puod 1saoutieH
y'T08'6 LTETLTT vl | > 9'L Sl puod o3se[n
TIEY] 000°97Z°8 L4 (4% I'el 1143 oye] 1aupien

ey i i w o W sABp LIS

eaJBS M\ suInjoA ydopsg ydopuy mdopxey aumay

(eare paysivjem=eares | “Yidop nooag=idepag Yidop usswi=pdopupy ‘Yrdopxepy Oun uoNuIL--oWNY) dFICLL)

913 JO 191U3D) 22INOSIY [BINEN S I Jyels Jo 9oueIsisse y3nouy) sseqeiep swajsAs uonewioyur eonyderSoss pue ‘(L61) e 10 UOS[IM
(T861) 18 10 ssloM (8961) 'T¢ 30 SBWOYL (L961) 'T& 30 SemOYL (0L61) T8 10 JopAY (5661) dm] pue AfeaH (9861) ¢ 10 urwpuE]
(1661 PuB *L861 ‘T861) dAALD ‘Wwoy pamelqo 10 Apnis s Suump painsesw sojourered eorsAyd oxyey panunuos ‘| xipuaddy




I

8'161°66¢ £10°685°87 L1 S'L 6T % 1607 v
A4 POEP10°1 I's LT S8 8bT | aye] dusseAm
1'969 000°L8L'ST 9T 'l 6T¢ TIL1 onwodoyjsouom
v'98¢ 000°TL9°E 0'€ 0v 6 LES 953Ul O]
8'5TE 000°000°06€°T 8T 6y $'6 8T Tloalasay uedame gy
9TTLE 981°Trs 81 0T L9 Tt (1] €3 Bnewerep oxe]
£'S9LEl 0IE'6LE - L€ 6 (4 puog uorun
1'989°1 69€91L°T L1 L'e 0'8 66 2 LaECIN]
S0gE L6V 1YE‘E 6'€ 99 0'6 209 o)e] uojune |,
L'LIs 0S1°8€8 (A vl L€ 16 e JeAllg
L'€E6'8 ObETEL ‘S - 871 sLe £0€ ToAIDSSY Yomednes
$°0Z0° 00S°L18°0T Lt A v'Te 9LE [Elsuo)[eS oye]
09561 159°L95°9 (43 19 10T 061 oyer] sledoy
£961°2S1 SL8OV8‘T 'l LS TSl I TloAesoy moquiey
L'6LYy 000°97$‘6 89 L8 861 TsT1 dnedessnQ) axe
8'806°S 79t'589°¢ - TT 07 9L €€ ToATes3Y Sjorppend)

'Y s w w w SAep HLIS

BAIBS M sumjoA qpdspeg pdepupy qdopxep sy

‘(ea1e paysiojem=eorespy ‘qadop ooag=midepag ‘qidop usstn—yidopupy ‘qmdopxepy ‘ou) wonuelRI=wNISY) JAQ.LD

911 JO 153u37) 30IN0SIY [EIMUEN S} JE JEIS JO S0URISISSE YINOIY) 5SBQRILP SIoIsAs uoneuioyu [eorqder3008 pue (4.67) Te 10 woSA
(Z861) T8 13 ssoM (8961) Te 1 sewmoyL (L961) Te 10 Sewoyy, (0L61) e 10 15pAY (s661) dyy pue Afeor] (9861) 'fe 10 wewipuey
‘(1661 PUE ‘L861 ‘Z861) dAALD WOy paurelqo 10 Apms siy) Sunnp pamsesm s1o3omered TeorsAyd oxey -panunuos ‘| xipusaddy



[AS

68 81 8T'1 o8l A TS 0Tl | puod 33pod
143 0t 687 090°C LS vT9°e Tl uMOJSPPIN -a3eT [BISAID
801 b6l h 96°L 0061 9°6 €78 86L uoj3uljg -oxe] jeshi)
L& L1 S1T 0450 s 99¢'6 §1s1 oje] Anuano)
9ty Lt s1¢ 0€9'1 (47 959°s 8Ys | puod durems Jepa)
6'¢tl 1€l STL ovs'o s 1LS911 L'LSOT o)e] pooMa|puL)
L] 16 877 06TY ¥'8l1 S60°Y 86T oyer] joold soue))
8’6l £0C 09T 0ov8's 9Ll 19¥°01 £'8C1 aqe] uojjog
S'LY 911 v6'l 06L°€ 00l 908°€ 9°0¢ puod yoelg
8¢ 801 L6t - olol Ly 925’9 V'8¢ e s3uyjig
6Y 06 9T 0sT'l 98 9sT1°11 . 0'1¥1 puod yosayg

- ¥6 vel 0I9°¢ [4:1! Iv9°E 68 puod jied uosisyey
99 811 65T 0600 Ly LOS6 S'LOT 9)eT] ueyseq
861 LT Le 0sT’s 6'1C 3289 9'98¢ a8 wejuey
£'LT LET or'l 00¥°0 I'e 0€8CT Lce puod 11ed
L1y 96¢ ot's OLT'SLE 8LEET $86°0T 0¢tl puod yoourdsy
9tl oy L1 00¢°1 T8 s8Iy S'sy a)e] soury
ssapiTun w ssapran sso[jTun SSSpun w L] qLIS

19N A9IF 1as JRIOAS JeIe[SM uned eaIRS

-(xopu orqdepoogdIoN=]HIAl ‘UOLIEAS[O=AS[H XIPUI JUoWdO[SASD SUNIIOYS=](JS ‘ONLI SWN[OA ) B[/E3IE PIYSINNEM=]1BI0AS )

‘OT1BI BOIE OY{B]/BaIE POYSISIEM=]RIE[S M ‘1oj0uILIod O3E[=TULIdJ ‘81 SOEHIMS oyej=ea1es) JACLD Y} JO I9IUI)) F0IM0SY

[eINIEN O3 J¢ JEIS JO 0UBISISSE YINOIY} SSBQRIEp SWDISAS NONEWLIOTUL 1eorqdes30a8 pue ‘(yL61) Te 10 UOSIEM (T861) e 19 SSIOM
{(8961) T 10 SLmoyL (£961) T 1 SEwoyL (0L6T) Te 10 39pAY (S661) qeIoIPAH (S661) ATy pue A[TesH (9861) T 10 UempuvH
‘(1661 PU® ‘L861 “Z861) JAALD oy Apwis SIy) Suumnp pajemofes 10 pauie1qo 1M siojourered [eorsAyd oye] "ponunuoo ‘| xipuaddy



g€

$0z 2 TEE 089°1¢C 0T VLETT 9°0EE YT nasuedened
701 61 8€C 00€'S 9’61 9009 6'0S puod 3neyosq
6021 101 £8'1 0LT'8 YL pSE'E L9z : T0AI053Y SULIE ] YUON
L9 €91 LET 09%°S 9'9¢ Y8EY €18 puod a3pny
(4114 601 61 0L8'6 0'ST LES'6T v'8Ll TOAISSTY SNPOOJN
(44 8Tl 06 00S'+1 €0l 067°LI 1'9¢1 y3nouoqo o%eT
L'81 iz A 0Ts'€ 86 | £26°T1 X174 SR Buedeysely aye]
911 - 9 Ly'0 OvL'El S'LET T S8LI TIOAISSSY MOJ[OH PIOYSUEi
£€6 9Ll 69’1 oISy $01 9€S‘E 343 00SBURLIZI O]
g€l 8L 98°C 099°C LYy $91°9 6'9E $3]5] JO o]
8'€S LET 09°'1 ov¥'91 8'9¢ 81L°T 0'€T | BISOUSY ']
Ty 19 L0 oTLoLTT 8706°C  68T1T 1orl 3Xe] OIUOJESNOH
6’11 697 870 089'1 0’01 €€ 7181 e pueydIH
LSzl 9T L8'1 0£0°0£9 1'€98 8YS‘E $'8T ‘ , puod 1aA0uuer]
0€l 9¢ 6T°€ orl'ey sgrer 850°01 SYL puod o3selD
96 911 98’1 ovLT L9 6£9°6 V'EIT e JoupIeD
§Tl £7T L6'1 08Y°0 Ly 195°01 8'87C , e WML Ised
Ssa[jun w ssojrun SsafIun ssajun w BY HLIS
19N A9[] 1as JRIOAS JeIR[SM wiad ealEg

"(xoput orqdepaoqdIoN=]HIA “WONIBAS[O=AS[H Xopul JusUIdO[2AIP SUIRIOYS=](JS ‘OLIBI SUINJOA IYE]/EAIE PIYSIOIEM=IBIOAS M|

‘onjel BaIE dYB[/BIIE PIYSIaIEM=]BIE[S |\ ‘IolomuLIod SYe[=tULID] ‘esIe S0BIMS ONe[=831eS) JAAL)D Y} JO 19IU3)) S0IN0SNY

[eImeN 21 18 Jeis Jo o0uelsisse YSnoIy) sseqelep swaisAs uonewoyu [eorqderdoas pue ‘(y161) ‘Te 10 uosIM (Z861) T8 10 SSIOM
‘(8961) 18 32 semoy], (L961) T8 10 sewoy L, ‘(0L61) T¢ 10 OPAY (S661) qeIOIPAH (5661) dmy] pue AfesH (9861) T¢ 10 Uewpuey]
‘(1661 PUB ‘L861 ‘T861) dAALD ‘Woxy Apnjs ST} SuLmp poje[nojes 10 paulelqo a1om siojomered [eoisAyd sye ‘penuriuod ‘| xpusaddy



142

0Ll 1€ 78S 0S9°6€1 8TLOT Z18%6€ STLE Ie07 oYe]
601 6 T 0L1T 'S SLO‘S 00 ane] dnssedp
9°€l 12C 18 0Ty o LY L89'y 6°0v1 onwodoysouo
0L 18¢ €S 009'1 8'S 868 001 121SYOUI A 2¥e]
9°p1 09 09°'1 2000 €11 SPO‘E 8'87 ToAtasey UEFeInE M
€01 e 19'C 0107 a4 S06°p1 £65T Sneuresep oyer]
T€s Sy 0€£T 016°29¢ 861 979C 01 puog uotuy)
761 98¢ 8l 01Z9 €T LIL'S 8'SL aye] JolAL
80T 91 L¥'1 0660 99 669°€ A\ e uojune],
6'101 op vT'T 0819 1'6 1000 69¢ e JeAlts
08 98 (A a4l 0861 7'89¢ L6v'6T CEE ToAlesay yomjeSnes
Lyl €L 69T 06t°0 19 PSETL €191 [leisuo)eg ayer]
) ol1 (4:34 086C 9Ll 05501 vl e s1edoy
6Ll ¥4 1§ 0LV ¥ES v'ov8l 89L°L1 L8 NoAIesaY moquiey
- (4% 09C 0050 (184 LIT°0T 1°0Z1 3nedessnQ oy
v'sl €21 Y6y 0£0°91 €'LE 6¥0°CT v'8S1 TOATRSY yorppend)
101 8y 66'1 0961 vy 61¥'s £'6S o)e] stomod
SSa[IUN w ssafyrun ssa[pun ssapun w ey 4LIS
1IN A3 1as JRIOAS M Jele[sS wnreg ealeg

‘(xoput orqdepaoqdIo =TI\ ‘UonBAS[I=AS[q ‘xaput 1uowdo[aAdp SURIOYS=[(JS ‘OIIL AWNJOA ONE|/ESIE POYSIOIEM=]LI0AS M

‘OB BOIE OYB/BOIE PAYSISIEM=]RIEIS |\ ‘IotoumLIad SYP[=WILIS] ‘BOIE AOBLINS OYB[=BIES) JH(LLD Y} JO IOIUO)) 59IN0SAY

[BIMEN 3T 18 JBlS JO SOUBISISSE YInoawy) sseqeiep swolsAs noneuoym [pornydessoss Pue ‘($L61) Te 10 WOSTIM (Z861) 'J& 10 SSIOM
(8961) "1 10 semoy], (£961) T& 12 SewoyL, (0L61) Te 10 10PAY (5661) qeOIPAH (S661) dmy| pue Aoy (9861) 'Ie 10 uewpueyy
‘(1661 PUe ‘L8861 ‘T861) dHALD WOy Apnis srp Suunp pajemores 10 pouelqo a1om s1ejowered [eotsAqd oxe] ‘panunuod ‘| xipuaddy



33

€000 £I1S°0 100°0 1000 96¢ 10 €61 97’8 SYeT UM, 1seyg
100°0 oveo 1000 120°0 61y o,.o s8 €1°L B puod owvco.
1000 0LS0 ¥v0°0 L£OO £9¢ 10 (44! YL UMOIRIPPIIN -axe7] [eysA1)
0100 SLT0 N.No.o £€0°0 ive 00 101 90°L ‘ uoy3uI[[g -oxe] [e3sA1)
€000 LOv'o §100 v10°0 1413 00 STl V'L 3y Agusao)y
1000 SLTO 2000 1000 44 1o €L1 sS'L puod duremg repay
£00°0 sIE0 8500 000 6€€ 10 £61 vo'L 9YE] pooma|pue))
£00°0 L6v'0 §100 182°0 vee 00 YL 19°L 94eT jooig soue)
1000 8€T0 6000 £00°0 IS¢ 00 €6 L9’L 9)eT uojjog
€00 LISO 9100 $00°0 86t 1o €61 YL puod yorrg
1000 9EYv'0 9000 1000 06t 00 8¢ 14 2 oye] saung
Noo.o 9570 1000 ¥00°0 S6€ 00 Ly 699 puod yaeag

- - - - - - - - puod yied uosiopneg
o100 0LE0 1100 100°0 143 00 0s 14 WA ] ueyseq
£00°0 6€€°0 2000 LEOO §9¢€ 1o 9¢t vi'L o)eT Wejueg
9000 SESO 0€ET10 8100 e 10 (Y4 8€'L puod [1eg
$00°0 £EP0 1000 8000 €LE 1o 9Ll SE'8 puod Yoourdsy
2000 [AY4l §00°0 ¥00°0 96¢ 1o 14| 8T'L 9Ye ] soury
/8w /8w /8w /8w AW ydd wo/gM UuoIe307|
Eilel Nal HN XON xopay Agoes puopds Hd

(snroydsoyd srweSiowu po
XOpal=xopay ‘AjAronpuos ogroads—
sodwres ‘anmsu] yoseasay [ElUSWIUONAUY

A[OSSIP=dI(] *USZ01II PSAJOSSIP [EJ0I—N(LL "EIIOWNIE= N {OILINTLL81E1=X ON ‘[enuajod
puo)ds) 661 ‘setpoq 1o3em IN9129UU0Y) WOy S0kJIMSqNS WI-| JE paInSEowW 10 Pa103][]09 arom
a1} Aq pue aqosdyynum qe[oIpAY € yim pazAjeue Slam sjemered Lyenb 1ojep 7 xipuaddy



o¢

e aﬂ.%bﬁ. _w

9000 EEV0 £00°0 1000 6SE 00 Ly ~ L TOATISTY NAPPen(
1000 LLEO 1000 $20°0 $9¢ 00 €€ 0L o] siomog
1000 8270 1000 1200 0LE 00 (4 689 oyer] yesuedened
700°0 0£20 1000 £00°0 8LE 00 19 vi'L puod Sneyoeq
8500 £90°1 1000 000 0LE 10 oLl 198 MOAJRSIY suLie YuoN
2000 91t°0 1000 900°0 06€ 10 6L 178 puod a3pn]y
£10°0 16t°0 1000 1000 443 00 8y or'L 10A1B53Y SNPOO
7000 SLTO $00°0 2000 68¢ 00 137 o1'L YBnouo(oy a3eT
100 6110 7100 000 8¢ 00 8 €89 Bnedeysep] oy
L00°0 T1€0 6000 7100 §8€ 00 88 8S°L TOAIBSIY MO[[OH PloUSURI
L00'0 6¥E0 1000 0100 8¢¢ 1'0 90¢ 8t'8 0OSBURIBIA| 9%87]
1000 9€5°0 6000 0710 16€ 00 187 6'9 $9|S] JO axe"]
¥00°0 $€9°0 191°0 9900 8¢ 10 ¥6T 9T'L eIsoua}y oyer]
¥20°0 8LS0 620°0 8TE0 9¢€ 10 161 SY'L ‘ a3je] otuojesnoy
1000 $67°0 1000 2000 68¢ 00 (A8 SE'L a3je] pue[ydiH
1L¥0 068°€ 1000 80€°E 8LE 10 69¢C P8L puod JeaouueH
2000 1820 9000 0100 89% 00 £9 669 puod o3sejn
L000 09€0 §00°0 1000 1433 00 £9 EV'L o] Joupien
/W /W /3 /ou AW 1ad AL TONwI07]
dia NAL ‘HN XON Xopay Aqurreg puo)ds Hd

(snaoydsoyd sruediour paAjoSSIP=d1(] ‘USSOLIU PIAJOSSIP [EI0I=N(LL ‘BruOMIE="H N ‘SINIL+91enu=XON ‘Jenusiod xopai=xopsy
‘Ananonpuos ogroads

=puo)ds) $661 ‘SOIPOQ I9jeM JNONOSUNO)) WIOK SOBKINSQNS W-] 1B PIINSEIUI 10 Pa3oayjoo arem sajdumes ‘aynmnsuy
Joreasay [eyusmmuonauy oY) £q pue sqoxdnmu qe[orpAH € yym pazAjeus a1om siojoureied Aygenb 1o1ep ponunuos ‘z xipusddy




LE

¥y20°0 1L9°0 ¥£0°0 I9€°0 Ipe 10 661 6v'L 1807 OB
2000 86£°0 100 $00°0 (413 00 14 ITL aye] dnssedm
$00°0 [45-41] 100°0 £10°0 06¢ 10 134 S$'8 onwodoysouop
000 16+°0 Y200 800°0 oLE 00 144 9¢'L Joisayoury oxe]
.Noo.o S0E0 1000 8000 1443 00 111 6t°L TroA19s3y uedasnep
§00°0 0Zr o 00 0100 9¢ 00 801 L 3newesep oy
§ST0 oSy ¥20°1 90LT 8L¢ I'0 0E ar'L puod uorun)
$00°0 99t°0 0100 $00°0 09¢ 00 I 9L e IolAL
£20°0 £6v0 S1T°0 ¥L00 1143 10 14 %4 £€9°L e uojune],
L01°0 IXXAN 801°0 [49 %0 65€ I'o £TC ov'L 9T J2ATIS
900°0 ¥6T°0 0€0°0 8£0°0 9tEg 10 091 leL TroAISsSY Yompedneg
9000 Y0v°0 8900 600 1993 10 8T 178 [feisuoyfeg oxye|
100°0 ovE0 1000 200 vLe 00 I9 80°L e s1edoy
I€1°0 680°1 1000 0180 09¢ 1'0 651 +8'8 HoAISSY moquiey

- - - - - - - - 8nedessnd) aye
/3w /8m 7 T/ AW 1dd " uio/gn UONB20']
dia NdlL ‘HN XON Xopay Anupes puopdg Hd

‘(stuoydsoyd oruegrom PIAJOSSIP=J]( ‘BOF01)M PIAJOSSTp [€10I=N(] L ETuOwmE—

*HN moHEESEHEHNO N ‘Tenusiod xopai=xopay

“Knanonpuos ogads=puonds) ¢e61 ‘S9IPOQ 1518M JNOLOSUIO) WL SORLINSQNS W~] 18 pamseat 10 Pa3os|[0o s1om sapdies ‘dnmsug

1218353y |BIuswuonAug oy Aq pue sqosdnjnw qejoipAy e YIMm pazAjeue oxom

s1ojowered Aypenb 1a3ep poanunuos 7 xipusddy



8¢

€L8T1 96€ST TET0 060 $100 o€ €1¢ 96 7200 oye] WML Ised
L6O 88LE 0¥T0 L18°0 990°0 S0 $9 4 $00°0 . puog afipo(
08€T 660¥1 ¥01°0 ¥81'1 9100 0§ 0°s1 w 1100 wMOIRIPPIA -] [815K1D
AX4 £91¥ SLOO £85°0 L00'0 o€ Y €€ 9000 uoj3ulj[g -oxe] [BsAID)
L¥ST LSTL €L0°0 24X 901°0 01 L'L 61 1100 e Anuanc)
1007 1919 9610 816’1 1100 08 9'8 8l 800°0 puog dwiems Jupa)
$08S 123941 EVE0 sSSPl 0200 $0 1'61 SS 800°0 98T pooma[pue)
31143 £Teel 11L°0 18C°S ¥90°0 (%37 '8 I $20°0 oyer] yoolg soue)
65yl LOLY 901°0 $¥6°0 0100 01 vL 14 L10°0 e uoiog
1€29 65161 LY1°0 e €100 09 061 19 ¥20'0 puod Yoelg
869 L10E ¥ST°0 6780 $00°0 0T TS v 900°0 oxer] s3mpig
€LS 9¢81 1254\ 8011 900°0 0'€ 0 € 1200 puod yoeag
- - - - - - - - - puod yied uosioneg
0€8 1112 790°0 $99°0 0100 $0 0 £ 1200 aye ueyseq
"9L0S 19211 §9T°0 Tiel 0£0°0 09 gyl 1372 0200 ayer] wejug
8019 76061 LLTO TET'Y 1200 0 T 8¢ 1100 puod [led
LT LOOYT 0S80 69€'€ 080°0 0'61 151 9€ L100 puod yoowdsy
1L97 05S6 LLY'O A 900°0 0¢ 1'6 07 L00°0 o] sowy
/81 e T/ou Bl /3w /oW W o7/ NG T T TONEo0']
3N ) Nd 2d dd SSL o0d > 9\ dalr

. (mmisouSrm=SA ‘wnmpjes=e)) ‘usfonu gjemorned=Nd ‘00qIed

sremonted—nd ‘snioydsoyd siemonred=dd ‘spyos papuadsns [e101=S§ I, -U0qIED orue310 paAjossIPp=)0d -Auree=>TV ‘snioydsoqd
POATOSSIP [8101=d(I.L) S661 ‘SATPOQq Io1eM JNONOSUUO)) THOL SOBJINSQNS Wi-] B PIINSEIU 10 PIOI[[00 1M sojdures ‘oInjuisu]

[o1eas3Y [BIUSWUONAUY 1) Aq pue 2qoidnnm qe[oIpAH & Yim pozAjeue a1oM siojomeled Ayenb 19jep ponunuod ‘g xipuaddy



6t

, 98L £997 9900 680 0100 $0 89 L §00°0 ToATSSY Yolppen)
£€SL (444! 8710 LY11 9000 0y LAY 14 0100 e slamod
9Ll 688C ‘ 8CI0 0901 8000 0¢ 99 9 Y100 oY osuedeney
9Sb1 9¢Th 0800 1160 +00°0 0'¢ VL 4! W0.0.Q . puog 3neyoeg
o6 123144 §8L0 10T°L £CE0 0'€T 8T 19 oit1o HloAlasay suLre ] YpIoN
78961 L8T0¢E 1o 81’1 0T0°0 0T STy (431 €200 , puod a3pnjy
SLIT 11eg £61°0 €L9'1 LEOO 01 98 41 L20°0 TI0AIaSaY Snpoojy
o.va. §96¢C | L80°0 669°0 1000 0 8V 6 L00°0 Yy3nouo(qoj axe
Y091 9Tre LETO 9701 100 0¢ v's g 0100 Snedeysepy ovey
981¢ L0T9 - 8500 0680 © 8000 0¢ - 86 (174 LT0°0 TI0AIDSSY MOT[OH plotjsuely]
LS08 1$81C 6870 SPL0 6000 SO0 8CC 6§ 900°0 0OSBUBLURIA S)e ]
0001 0897 8¢T0 0zl 9000 0T I .h, 6 800°0 S9[S] Jo oyer]
80v6 voLST 96¢0 7 ¥20°0 0'eT L 4 4 ¥9 620°0 BISOUDY oxer]

! 10ZL 19481 0010 SILO 9100 (1R S6l LS :~od 9jeT oluojesnopy
; £TET V589 - oro 06L°0 §20°0 s L'L Sl £00°0 , e pue[yBiy
661¢ 9E0beE 1o €T 7900 0’6 €1z 99 (1441} puod ivaouuel
| (41| obLE 9110 20€°1 0100 0’8 ¢'8 1! 0100 puod o3sejn
j 1811 991 ¢ or1o orI’l . C10°0 0’1 $9 01 1200 2)eT Joupien)
/3 BTl ST/ 0] o /oW T/am /oW Tom ﬂm’ U010 |

N \ €D Nd aod dd SSL - 20d aqIv dar

‘(wmsouSen—g “mniofeo=e)) ‘ueSonmu sremoned=Nd ‘uoqies

syeomued=0( ‘sruoydsoyd sye[nored=d ‘sprjos pspusdsns [E303=§§], ‘u0qIEd OTMEFI0 PaA[OSSIP=)O( “Kyey[e=y Ty ‘stuoydsoyd
PSAJOSSIp [B103=d(L) §661 ‘So1poq Iajem IMOLO3UUOD) WO 30BJINSGNS UI-] 8 PIINSEIWL IO Pa1091100 31am sojdmes ‘aInyysug

o1e359Y [erusmrmoniaugy o3 £q pue aqodymur qe[OIPAH € ynm pozAleue o1om siojomrered Ayrenb so1epy ponunumos <7 xipuaddy



ot

6£09 015ST 910 TL60 5200 00T 10T LS 1700 1807 9%eT]
886 0567 1L0°0 8550 $00°0 0€ 19 6 600°0 oye dnssedpy
LLYOT 9Z$ET $01°0 $66°0 €200 50 9'€E £01 8200 onwodoyjsouop
STl 686C 6L0°0 888°0 1100 50 Ll 9 200 sojsatour o]
LOV1 €195 8£0°0 6590 $10°0 $0 Ls L $00°0 nonessy uedoine
p8EE SEIS LSY0 U8’ 00 0's 911 0€ 0200 - Sneweiep e
8hY L9561 L61°0 TLET £21°0 0L 8Ll s vET 0 - puod uotup)
9233 0v911 1920 vSLT 9200 $0 TLl £ 9200 oxeT JIIAL
9€9€ 6L101 S6v°0 959°€ LEOO 0€l 4! 8z £60°0 oxe] uojune,
878 LT6T £VE0 621 §20°0 0€ bye 9 820°0 e 1RALIS
116v 0€0€T €650 2089 0820 0'SLT 611 9T 1200 TIoAtes3Y YomeSneg
8618 0TEsT 7200 £56°0 L20°0 091 Tz $9 £00°0 [[essuoies oxe]
0921 LETE 8220 ¥9L0 9000 0s 89 6 7200 e s1e3oy
99t 9176 YOE0 1S 900 0L zol 6T 8110 ToAlesay MoquIEy
SIEl 7787 - - - - - - Snedessnd) axye]

/31 /3N /o0 o/ /3 /3u /30 /30 57T UONEs0'|

3N ®) Nd od dd SSL ood NV ddlL

(TmissuSem=S ] ‘wmiofeo=e)) ‘wofonmu ojemonued=Ng ‘uoqres
aemorued=nd ‘stuoydsoyd s1emonred=gq ‘sprjos papusdsns [£301=gS |, ‘H0qIED SMIESI0 PIAOSSIP=)Q( ‘Aiumeyje=3yTV ‘snuoydsoyd
PIAJOSSIP [8103=d (L) S661 ‘SAIPOQ JoJeM INONOSUNOY) WO SOBLINSQNS Ui-] I8 POINSEAW 10 PAIOSjoo a1om sadwes ‘ammusuy
[o12asaY [BINSWUONAUT oY) Aq pue aqoxdumum qejoIpAH € [ pozAjeue axom sisjomered Lyqenb Iojepy ponUnWOd ‘7 xrpuaddy




