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Abstract. Given the variation observed in mercury in fish from natural lakes, it is difficult to determine what represents a background mercury level. Mercury in aquatic sediments is a potential source of this trace metal to biota, notably fish. Site specific factors, such as acidity and dissolved organic carbon have been shown to affect the mobilization of mercury and methylation of mercury. Methyl mercury is the most toxic form of this metal and the form most readily accumulated by biota. Thirtyfour headwater lakes, selected for a range in pH, were sampled for sediment mercury levels as part of an investigation of the impacts of acid rain on insular Newfoundland lakes. Selected physical and chemical data were also collected on all of the study sites. Acidity was not found to be significantly related to sediment mercury concentrations despite the wide range in pH. Pearson correlation analysis indicated that sediment mercury level was positively correlated with WA:LA (watershed to lake area ratio). WA:LA was also correlated with Secchi depth and colour. Linear regression was used to estimate the parameters of a model relating sediment mercury to WA:LA. Watershed area to lake area ratio was more important than site specific factors in governing the concentration of sediment mercury in lakes without industrial input. Keywords: lakes, methyl mercury, Newfoundland, sediment



1. Introduction Since the confirmation that Minamata disease was the direct result of methyl mercury accumulation in fish, researchers have recognised mercury contamination of food chains as a potential health threat to humans (Fitzgerald and Clarkson, 1991). The problems associated with elevated mercury levels in reservoir fish have been recognised for a number of years (Bodaly and Hecky, 1979; Bodaly et al., 1984; Hecky et al., 1987; Morrison and Thérien, 1991; Montgomery et al., 1995). Mercury (Hg) can enter the aquatic environment and the food chain via local industrial input, weathering, atmospheric deposition, dissolution, vaporization, and biologi2+ 0 cal processes. Inorganic (Hg2+ 2 and Hg ) or elemental (Hg ) mercury pose little risk except that they are readily transformed to methyl mercury. Methyl mercury is the most toxic form and the form most readily assimilated and accumulated by biota, specifically fish. Methyl mercury is 100 times more toxic than inorganic mercury (Friberg and Vostal, 1972). The methylation process poses a threat to humans Water, Air, and Soil Pollution 110: 347–362, 1999. © 1999 Kluwer Academic Publishers. Printed in the Netherlands.
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because organomercurials cause nerve damage, erethism, and even death (D’Itri and D’Itri, 1977). The microbial methylation of Hg in sediments is considered the dominant source for the acumulation of methyl mercury in fish (Meister et al., 1979; Lee et al., 1985). Little information is available concerning the influence of site specific factors on sediment mercury levels, although relationships between fish mercury levels and other site specific factors have been investigated (Scott and Armstrong, 1972; MacCrimmon et al., 1983; Wren and MacCrimmon, 1983; McMurty et al., 1989; Johnston et al., 1991; Bodaly et al., 1993; Cabana et al., 1994; Watras et al., 1995). The effects of acidity on methylation in sediments has been extensively studied in aquatic systems (DeSimone et al., 1973; Miller and Akagi, 1979; Ramlal et al., 1985; Steffan et al., 1988; Gilmour and Henry, 1991). Acidity has been identified as an important factor affecting mercury sediment levels either directly or indirectly by influencing the dissolution or methylation processes. Lake water acidification can increase mercury concentrations in water by decreasing sedimentation rates, by mobilizing mercury from sediments, or by affecting sediment-water interactions in lakes (Verta et al., 1990). Acidification of water in softwater lakes retarded the removal of Hg from the water column (Jackson et al., 1980), with the result that at pH 5.1 Hg had a longer residence time than any other true metal. As well, ions such as chloride (Cl− ), associated with acid deposition, are involved in the mass transfer of elemental mercury between the gas and aqueous phase (Pleijel and Munthe, 1995) which suggests a pathway towards increased wet deposition and accumulation in sediments. Other physical, chemical, and geographical features of aquatic systems are thought to affect sediment Hg. The size of the lake may influence Hg inputs into the system through dry or wet deposition. Differences in Hg loadings to lakes may arise from differences in watershed to lake area ratios and from differences in the retention of Hg by watersheds (Mierle and Ingram, 1990). Large watersheds characteristically high in organic matter, either in the form of peat or humus, may be depositing larger amounts of Hg coupled to organic matter to the lake bottom. Mierle and Ingram (1991) found that the close correlation of Hg with colour suggested that humic material mobilized Hg and that the role of the watershed in controlling the loading of Hg to lakes should be explainable by the export of humic matter. Factors such as productivity and dissolved organic carbon (DOC) can stimulate methyl mercury production and subsequently alter mercury partitioning between sediment and water. Conversion of inorganic mercury to methyl mercury results in its desorption from sediment particles at a relatively fast rate and little or no methyl mercury is found in sediments (Menzer, 1991). Nutrient additions to the aquatic ecosystem can increase productivity and increase sediment methyl mercury production (Wright and Hamilton, 1982). Dissolved organic carbon, a correlate of humic acids, has been found to favour mercury methylation (Driscoll et al., 1995; Watras et al., 1995) and may limit accumulation of Hg in sediments.
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In this study, a suite of non-impounded headwater lakes was investigated to identify factors that influence variation in sediment mercury levels among lakes. 2. Methods and Materials 2.1. L AKE



SELECTION



Lakes considered for this study were selected from an extensive database for insular Newfoundland (NF) which included an island-wide survey of 109 headwater lakes conducted in 1981 (Scruton, 1983) and a follow-up survey of 90 lakes on the south coast of the Island in 1983 (Scruton and Taylor, 1989). The subset of 34 lakes used in this investigation were initially selected to develop a surface sediment calibration equation relating fossil diatom abundances to lake pH for use in paleolimnological reconstruction of the pH history of selected lakes (Scruton and Elner, 1986; Scruton et al., 1991; Rybak et al., 1989). This data subset consequently represented the full range of pH identified for insular Newfoundland lakes (Scruton, 1985). All study lakes were located along the south coast and on the northern peninsula (Figure 1) and were higher order lakes. Lake order is defined as the position of the lake in the watershed. It is numbered by headwater extension, with Lake order 1 being the first lake in the watershed. Lake surface area and watershed area were determined on 1:50 000 topographic maps with a compensating polar planimeter. 2.2. S AMPLE



COLLECTION



Sediment cores were collected from the 34 study lakes designated for surface sediment sampling from August 14–20, 1984. All lakes were assessed by Bell Jet Ranger 206B helicopter and all coring operations were conducted from the floats of this aircraft. Coring sites were established over the point of apparent maximum depth (mid-lake) and the depth of the site was recorded. Cores were collected using a modified 10 centimetre (cm) diameter, light-weight Williams and Pashley (1979) corer, designed for use in unconsolidated deposits. One core per lake was obtained and all cores retained for analysis had an undisrupted sediment/water interface. There was no evidence of bioturbation in any of the cores collected. The top 1 cm horizon was removed from the core by spoon (if very watery sediment) or by spatula (in more consolidated sediment) and transferred to pre-labelled vinyl whirl-pak bags and frozen upon return to the field laboratory. Water sample collection methods and variables analysed have been described by Scruton (1983). Initially, a water sampling station was established at or near the midpoint of each lake. Secchi depths were determined by lowering a 30.5 cm diameter Secchi disc. An Intersil AD 590 transducer permitted sounding of the sampling site. In shallow lakes (3 m or less), water was dipped 0.5 m below the surface. In all other lakes, a composite water sample was collected with a tube sampler in accordance with the Ontario Ministry of Natural Resources manual
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Figure 1. Location of sampling sites.



(1980). Samples for alkalinity and pH were stored in 500 ml linear polyethylene (LPE) Nalgene bottles. All samples were stored at 4 ◦ C (degrees Celsius) until field analyses were completed or until samples were shipped to the analytical laboratory. Samples for Cl−1 (chloride) and SO−4 4 (sulfate) were collected in LPE scintillation vials (20 mL) and frozen upon arrival at the mobile field laboratory. Water samples were kept cool in insulated coolers and nutrient samples kept frozen during air shipment to the selected analytical laboratory. 2.3. S EDIMENT



MERCURY AND WATER ANALYSIS



Sediment samples were analysed for mercury content by Atlantic Analytical Services Limited (P.O. Box 489, Springdale, NF Canada A0J 1TO). Homogenized sub-samples of the surface sediments were obtained and the wet weights rcorded.
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Each subsample was then dried at 90 ◦ C for at least 24 hr and the dried weight recorded. The dried sediment was then crushed and a subsample was ashed at 550 ◦ C for two to three hours. The ashed sediment was then put into solution by digestion with HF-Aqua Regia acid solution. A Fisher model 1C (Industrial Laboratories) 951 Atomic Absorption Spectrophotometer was used to analyse the sediment solution for mercury using the cold vapour method (Environment Canada 1979), with a detection limit of 0.01 ppm (parts per million). Internal standards and blanks (every 10th analysis minimum) were run as internal laboratory checks on quality assurance. Lake water samples were analysed for pH and alkalinity at a mobile field laboratory within 24 hr of collection. A Fisher Accumet 119 portable digital pH meter accurate to 0.01 pH units was used for all field measurements of pH. The pH meter was calibrated daily prior to the start of field and laboratory routines using standard reference buffer solutions (pH 4.0, 7.0). Samples for alkalinity determination were stored, cooled, and then warmed to room temperature for analysis. Alkalinity was determined by Gran titration as follows: 100 mL aliquot of sample was drawn off and transferred to a 250 mL beaker. After recording the initial pH, small amounts of sulfuric acid (H2 SO4(aq)), (0.01 N (normal)) were delivered using a Canlab repipet (with an accuracy and reproducibility of ± 1%) and the resulting change in pH recorded. A minimum of 30 readings in the pH range of 5.5 to 3.5 were obtained and alkalinity was calculated from the Gran titration according to a modified computer routine (Ontario Ministry of Natural Resources, 1980). All methods used to determine the water sample parameters followed those outlined in Environment Canada (1979) and the American Public Health Association et al. (1975) and were carried out at the selected analytical laboratory. Conductivity was measured by a Radiometer Conductivity Bridge (CDM 2e) in micro siemens per centimetre (µS cm−1 ). Sodium, potassium, calcium, and magnesium concentrations were determined by direct aspiration using atomic absorption spectrophotometry. Colorimetric determinations using a Technicon Auto Analyser were used for sulfate and chloride. Aluminum was determined by the Atomic Absorption – Heated Graphite Atomizer (HGA) method. Colour was determined by visual comparison with platinum colour plasma in Total Colorimetric Units (TCU). An Environmental Protection Agency (EPA) standard reference sample and three blind batches of lake water samples were also analysed by participating labs to permit an interlab comparison of data. 2.4. DATA



ANALYSIS



Chemical and physical data were run as Pearson correlates in combination with the sediment mercury levels determined at each lake. Any significant correlates (∝ = 0.05) were then included in linear regression analysis to estimate the functional relationship. Significance tests were not reported from regression analysis since non-significant correlates were removed prior to analysis. Regression p-values cal-
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culated on the preselected set would not be accurate estimates of Type I error. Statistical analysis was performed with Sigma Stat Statistical Software Version 2 (Jandel Scientific, 1994) and Minitab Software Release 9.1 for VAX/VMS (1992).



3. Results The lakes selected, ranging from 6 to 1117 ha in size, were relatively high order drainage systems (70% first order and 15% second order lakes). The watershed areas ranged from 6 to 6478 ha. The deepest lake was 23 m while the shallowest lake was only 1 m deep. Secchi transparency, collected for only 19 of the 34 lakes, ranged from 1 to 9.5 m. In three of the lakes, the Secchi Depth was equal to the maximum depth (Table I). Lakes were generally low in elevation with a maximum value of 480 m (Table II). Lake pH ranged from 4.86 to 7.72 with 85% of the lakes having a pH of 50 TCU as highly coloured lakes. Using this criterion, lakes sampled were generally coloured (62%) with a mean of 30.9 TCU (Table II). Six (18%) of the lakes sampled were highly coloured. This is generally reflective of the heavily stained bog water in many NF headwater lakes. Calcium (Ca2+ ) levels were generally low with some exceptions (Lakes 1,2, 21, and 253; Table II). Magnesium (Mg2+ ) and sodium (Na+ ) cation levels were variable with respective means (and ranges) of 72.1 (13 to 446 µeq L−1 ) and 79.5 µeq L−1 (13 to 174 µeq L−1 ) (Table II). Potassium (K+ ) levels in all lakes were low with a mean of 3.4 µeq L−1 . Chloride (Cl− ), sulfate (SO2− 4 ), and aluminum (Al3+ ) ion levels were variable (Table II). Organic acid anion (COOH−) levels ranged from 14.4 to 107.7 µeq L−1 with a mean of 44.5 µeq L−1 . Mercury values observed in sediments had a mean of 0.039 parts per million (ppm) and a range of 0.003 to 0.156 ppm. Mercury levels above 0.75 ppm, the ‘safe’ level set by the Ocean Dumping Control Act (Wilson and Travers, 1976) were observed in only Lake #665 (Table II, Figure 2). Pearson correlation analysis indicated that mercury sediment levels were not correlated with acidity. Mercury in sediments was only significantly related to WA:LA (Watershed Area (ha) to Lake Area ratio (ha)) (Table III; Figure 3). The
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TABLE I Selected morphometric and physical characteristics of the 34 study lakes Lake no.



Surface area (ha)



Watershed area (ha)



Lake order



WA:LAa



Apparent maximum depth (m)



Secchi transparency (m)



Elevation (m)



1 2 8 11 12 14 21 201 202 203 204 209 211 215 217 219 220 225 253 606 632 638 641 642 653 660 665 668 669 670 671 672 675 678 mean Range Std. Dev.c



147 23 104 232 25 50 33 98 34 24 23 88 95 87 244 1117 385 116 37 20 190 60 100 110 280 164 26 104 238 16 6 10 88 26 129.4 1110.0 196.4



706 205 617 660 167 643 404 700 197 127 257 591 1209 508 1010 6478 2180 577 231 146 630 190 240 406 1202 752 308 604 554 144 15 110 376 108 683.9 6463.0 1107.9



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 5 2 2 1 1 1 2 2 3 1 1.3 4 0.8



4.8 8.9 5.9 2.8 6.7 12.9 12.2 7.1 5.8 5.3 11.2 6.7 12.7 5.8 4.1 5.8 5.7 3.5 6.2 7.3 3.3 3.2 2.4 3.7 4.3 4.6 11.8 5.8 2.3 9.0 2.6 11.0 4.3 4.2 6.3 10.6 3.2



2.5 4.7 4.0 20.0 12.0 13.0 3.3 15.7 21.0 5.5 20.0 2.2 3.3 23.0 10.1 3.2 5.2 9.5 20.0 2.0 4.0 15.0 3.0 12.0 2.5 8.0 1.0 5.0 1.0 1.0 1.0 9.0 1.5 2.5 7.8 22.0 6.9



2.5 4.2 3.0 5.0 1.0 1.5 1.7 3.3 5.5 3.5 2.0 2.2 2.5 3.8 4.2 2.5 4.7 9.5 3.5 n/tb n/tb n/tb n/tb n/tb n/tb n/tb n/tb n/tb n/tb n/tb n/tb n/tb n/tb n/tb 3.5 8.5 1.9



30.5 38.1 297.2 57.9 403.9 393.2 114.3 297.2 464.8 419.1 312.4 256.0 280.4 131.1 236.2 167.6 175.3 205.7 283.5 304.8 480.1 434.3 358.1 449.6 281.9 266.7 205.7 251.5 175.3 236.2 175.3 312.4 251.5 190.5 262.9 449.6 118.6



a Watershed area to lake area ratio. b Not taken. c Standard deviation.
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TABLE II Chemical characteristics of the 34 study from samples collected August 14 to 20, 1984 Lake No.



0.044 0.042 0.007 0.038 0.022 0.044 0.061 0.055 0.075 0.052 0.061 0.063 0.058 0.022 0.033 0.042 0.019 0.003 0.036 0.005



pH



7.72 7.42 5.34 7.26 5.13 5.23 7.10 6.04 6.42 5.22 5.13 6.19 5.65 5.51 5.45 5.62 5.68 5.85 7.45 5.37



Alkala (µeq L−1 )



1715 1326 14 915 5 18 674 34 45 6 9 68 27 10 9 11 52 40 1222 32



Conductb (µS cm−1 )



198.0 149.0 13.6 130.0 13.6 14.4 94.0 31.2 26.2 15.6 15.5 19.5 13.0 22.8 16.1 19.2 16.8 17.7 131.0 23.7



Colour (TCU)



10 10 10 10 50 60 60 50 15 15 50 10 20 20 17.5 17.5 17.5 10.0 15.0 87.5



COOH−



41.7 61.3 29.9 39.4 47.5 56.8 76.5 62.7 30.4 25.9 46.0 44.9 41.2 34.3 32.2 41.9 33.5 14.4 49.4 107.7



Ca2+



1473 1080 20 753 19 22 498 77 104 24 32 97 32 36 30 39 31 34 833 75



Mg2+



446 276 19 345 18 21 293 50 29 16 19 22 17 30 21 26 20 19 420 39



Na+



K+



(µeq L−1 ) 174 5 126 7 61 4 174 8 48 4 52 4 170 9 135 5 91 1 65 1 65 4 61 2 61 3 117 3 70 2 87 6 87 3 79 3 87 5 70 5



Cl−



SO2− 4



Al3+



189 127 59 198 48 48 158 141 96 54 54 56 48 118 73 85 79 79 87 70



56 40 23 75 19 19 56 42 33 25 31 17 17 33 25 27 29 33 60 54



b/dc 34 156 10 129 192 99 109 59 99 134 22 66 136 54 82 72 62 24 254
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1 2 8 11 12 14 21 201 202 203 204 209 211 215 217 219 220 225 253 606



Hg (ppm)



TABLE II Continued



632 638 641 642 653 660 665 668 669 670 671 672 675 678 Mean Range Std. Dev.d



Hg (ppm)



0.022 0.030 0.028 0.013 0.047 0.042 0.156 0.044 0.028 0.030 0.019 0.027 0.023 0.023 0.039 0.153 0.027



pH



5.46 5.30 4.94 5.31 5.81 5.46 5.18 6.43 5.67 4.87 4.86 5.19 5.61 5.15 5.77 2.86 0.79



5 32 25 13 23 11 –5 88 31 26 7 29 22 2 192.4 1720 435.3



Conductb (µS cm−1 )



13.5 12.5 14.6 11.3 13.0 13.6 14.4 20.3 20.0 16.6 18.2 16.1 13.2 12.8 35.1 186.7 46.52



Colour (TCU)



15.0 17.5 30.0 15.0 17.5 15.0 50.0 25.0 70.0 75.0 75.0 50.0 25.0 15.0 30.9 77.5 23.2



COOH−



24.6 23.9 39.2 20.6 32.3 30.6 48.9 51.4 91.5 57.0 65.7 46.6 47.0 25.5 44.5 93.3 20.02



Ca2+



24 22 17 18 41 26 22 91 70 19 25 28 27 17 169.3 1456 345.2



Mg2+



17 15 14 13 13 16 20 62 35 17 20 17 31 16 72.1 433.0 122.9



Na+



K+



(µeq L−1 ) 56 3 48 2 45 1 45 2 42 2 56 3 51 3 34 3 62 3 54 1 56 3 56 3 39 3 48 1 79.5 3.4 135.0 8.0 37.4 1.9



Cl−



56 48 45 45 42 56 51 34 62 54 56 56 39 48 75.3 164 42.0



SO2− 4



Al3+



27 27 38 19 31 19 17 13 19 19 19 27 17 13 30.0 72.0 15.0



49 84 219 48 65 60 150 32 197 149 244 125 89 20 100.7 244.0 66.1
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a Alkalinity. b Conductivity. c Below determination. d Standard deviation.



Alkala (µeq L−1 )
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Figure 2. Sediment mercury concentrations (ppm) in sampling sites.



log10 transformed sediment mercury values and log10 transformed WA:LA were also significantly correlated (r=0.374; p=0.0293). As well, WA:LA was correlated with colour (r=0.366, p=0.333; Figure 4) and negatively correlated with Secchi depth (r=–0.5731, p=0.0103; Figure 4). Secchi depth and colour were negatively correlated (r=–0.5378; p=0.0175). None of the other chemical and physical parameters investigated were significant correlated with sediment mercury levels (Table III) inlcuding watershed area and lake area. Linear regression of log10 (Hg) vs log10 (WA:LA) was used to estimate the relationship of sediment Hg to WA:LA (Figure 3). The log transformation was used to permit a better biological and physical interpretation of the model. The antilog transformation of this model relates sediment Hg to WA:LA as follows: Sediment Hg = 0.01122 (WA:LA)0.581



(1)
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Figure 3. Plot of log10 (sediment mercury levels (ppm)) versus log10 (Watershed Area:Lae Area) for the 34 study lakes with regression line. Dotted lines represent the 95% CI for the regression.



4. Discussion In this among-lake comparison, acidity was not significantly related to sediment mercury levels. The lakes investigated ranged in pH from 4.86 to 7.72 and alkalinity values were insufficient to buffer the effects of acidification (Table II). The lack of correlation between the lake sediment mercury values and acidity indicated that lake pH was not affecting mercury concentrations in the bottom sediments of the study lakes. Acidification of Ontario soft-water lakes did not result in appreciable displacement of divalent mercury from bottom sediments by the action of H+ ions
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Figure 4. Plots of (A) Secchi depth (m) versus WA:LA and (B) Colour (TCU) versus WA:LA. Solid lines represent the regression.
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TABLE III Pearson correlation coefficient for sediment Hg and other physical and chemical characteristics of the study lakes Variable



Pearson correlation coefficient



p-value



n



Lake Surface Area Watershed Area WA:LA Lake Order Maximum Depth Secchi Depth Elevation pH Alkalinity Conductivity Colour Sulphate COOH− Ca2+ Mg2+ Na+ K+ Cl− Al3+



–0.106 –0.0210 0.5176 0.0551 –0.0601 –0.0784 –0.0586 0.120 0.148 0.0331 0.0850 0.0681 0.117 0.0322 0.0315 0.0815 0.0898 0.0659 0.0100



0.5770 0.9124 0.0034 0.7725 0.7523 0.7649 0.7584 0.5290 0.4430 0.8622 0.6551 0.9715 0.5360 0.8657 0.8687 0.6685 0.6368 0.7295 0.9588



34 34 34 34 34 19 34 34 34 34 34 34 34 34 34 34 34 34 33



(Jackson et al., 1980) suggesting perhaps a more complex relationship between sediment mercury and acidity among lakes than within a single sediment type. Sediment mercury was expected to vary with acidity. Atmospheric deposition of mercury can be in combination with ions associated with acid deposition, such −1 (Pleijel and Munthe, 1995), suggesting a relationship between as SO2− 4 or Cl acidity and increased mercury concentrations in aquatic sediments. The lack of correlation between sediment Hg and Cl− or SO2− 4 may be explained by the close proximity of the ocean to many of the study lakes (Figure 1). Chloride and sulphate levels may be representative of inputs of marine aerosols rather than inputs from acid rain (Kerekes and Hartwell, 1980; Sullivan et al., 1988). A survey of 109 headwater lakes in insular Newfoundland in 1981 found that the relative contributions of chloride and sulphate to lakes from marine aerosols were 100 and 26% respectively (Scruton, 1983). Furthermore, microbial reduction of ocean sulphate to sulphide can interfere with or completely inhibit mercury methylation by form-
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ing insoluble mercury sulphide (Compeau and Bartha, 1983). This conversion may be confounding the relationship between sediment mercury and acidity. Neither lake area nor watershed area were significantly related to sediment mercury levels in this study. In contrast, McMurty et al. (1989) found that mercury levels in lake trout (Salvelinus namaycush) were positively correlated with lake area indicating that lake size may influence the availability of mercury in an aquatic ecosystem. Only the ratio of watershed area to lake area was significant in explaining the variation observed in surface sediment mercury levels. Results suggested that sediment mercury increased as watershed area increased or as lake area decreased (Equation (1)). However, this was not confirmed by the analysis indicating that sediment mercury depends on the ratio between watershed area and lake area. This suggested that a large watershed may be carrying significant amounts of Hg sorbed to organic material to small lakes. These small lakes may then act as sinks, accumulating mercury in bottom sediments. Watershed area to lake area ratio was correlated with colour and Secchi Depth. Colour reflects the amount of organic acids dissolved in the water column (Scruton, 1983; Wetzel, 1983), and secchi depth, though linked to productivity, is probably related to colour due to the oligotrophic and dystrophic nature of many of Newfoundlands’ freshwater lakes (Earle et al., 1987). Mercury tightly couples to biogenic matter in all compartments of the biogeochemical cycle (Meili, 1991). Variation in the amount of Hg loading to lake sediments may arise from differences in the size of the watershed relative to the lake and differences in water color. Since NF watersheds are typically high in organic material, large watersheds can effectively colour the lake system, especially where the lake is small. Increased colour reflects the potential for significant input of mercury coupled to organic matter carried to lakes from the watershed. 5. Conclusions Mercury concentrations in lake sediments were not related to acidity. Sediment mercury levels were found to be related to WA:LA rather than acidity or other chemical variables. This suggested that large watersheds can deposit significant amounts of Hg sorbed to organic material to small lakes that then act as sinks for this metal. We present a model that uses the ratio of watershed area to lake area to predict sediment mercury concentrations in natural lakes. Acknowledgements The authors would like to acknowledge the assistance of T. Fowler, COSEP student, in water sample collection and field analysis, field processing of sediment samples, and logistical support. Special thanks are extended to the Technical Operations Division of the Natural Water Research Institute (Canadian Center for
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