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Abstract

Streamwater chemistry was monitored in the Lye Brook Wilderness from May through
October of 1996 as part of a surface water chemistry study that was initiated in 1994.
Stream samples were collected once every three weeks at four sampling locations within
the wilderness boundary. Samples were analyzed for pH, major cations and anions and
total organic carbon (TOC). The low pH values of streams sampled indicates that many
of the streams in this region are acidic. Sulfate appeared to be the dominant acid in stream
water. However NOjs™ also contributed to the acidity of streams, particularly during the
spring before vegetative uptake began. Wetland areas in the headwaters of some sampled
streams were a source of TOC and associated organic acids. The presence of these
organic compounds decreased the concentration of inorganic aluminum through the
process of chelation. Therefore, although the pH of these waters may be low enough to
cause mortality of some biota, Al toxicity does not appear to be a major threat.

Introduction

Much of northeastern United States is vulnerable to acid inputs because the region
receives relatively large amounts of acid deposition and the streams generally have a low
acid neutralizing capacity (Adams et al. 1991). Therefore, acid deposition caused by
atmospheric pollution is a major threat to aquatic systems in the Lye Brook Wilderness.
This research focuses on streamwater chemistry because there is very little existing data
for streams and the effects of air pollution on streamwater chemistry have not been
thoroughly established for this region of New England. The objectives of this study were
to: 1) Investigate spatial and seasonal variability in stream chemistry as a function of site
characteristics; 2) Determine factors that contribute to the acidity of streams in this
region.
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Methods

In 1994, nine streamwater sampling sites were established throughout the wilderness area
by determining the major site dynamics of interest, such as geology, wetlands and
elevation (Figure 1). Samples were collected from these sites once every two weeks until
1996. In 1996, the number of sampling sites was reduced to four (sites 2, 3, 8 and 9) and
the sampling interval was changed to three weeks. These four sites were chosen because
they had the lowest pH and acid neutralizing capacity values of the nine sites.
Streamwater grab samples were collected at these locations from May 1996 through
October 1996.

Determination of pH was made using a portable pH meter on the day the samples were
collected. Cation values were obtained using direct current plasma spectroscopy. Anions,
NH," and SiO, were measured on a continuous flow system (Autoanalyzer II). Speciated
Al was also determined with an Autoanalyzer using pyrochatechol violet colorimetry
(McAvoy et al. 1992). Total Al concentrations were calculated in peq/L using a charge of
31f thepH <4.5, 2.5 if the pH was 4.6 to 5.5 and 2 if the pH > 5.5. A Schimadzu 5000
organic carbon analyzer was used to measure TOC. The value of TOC in peq/L was
calculated using a constant charge density approach similar to the one developed by Oliver
et al. (1983).

Results and Discussion

Measurements of pH were used to determine the acidity of streams and to assess whether
the streams in this region are susceptible to the affects of acid deposition. Sites 2, 3, 8 and
9 were sampled in 1996 because these sites were the most acidic of the nine original sites.
Table 1 lists the streamwater chemistry for these four sites in mg/L and table 2 lists the
streamwater chemistry in peq/L. Streamwater ion values were converted from mg/L to
neq/L for the purpose of making comparisons of ionic strength.

Based on the values in table 2, SO, was the dominant strong acid anion at all sites
followed by CI" and NO5". In addition, weak organic acids associated with TOC
contributed substantially to the acidity of streamwater and was greater than CI" and NO3°
acidity. The concentrations of base cations followed a general trend of Ca®* > Na">
Mg®* > K" with the exception of site 2 which had slightly higher Mg®* than Na*.

There are several factors that may affect the concentration of cations and anions and
which consequently affect the acid-base status of streams. In the Lye Brook Wilderness
watershed geology may influence the concentration of some ions in streamwater.

The geologic substrates underlying the sampled streams consist of rock that is resistant to
chemical weathering. Therefore weathering rates are generally not fast enough to
completely buffer incoming acids. These rocks contain low concentrations of Ca®*, Mg**
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and K" and higher concentrations of Fe and Al resulting in leachates that are low in base
cations and high in metals.

In addition, the soils in this area generally have a low cation exchange capacity. This
causes a subsequent reduction of base cations in soil leachates and ultimately results in low
concentrations of base cations in streamwater. Soils that are highly affected by acid
deposition are characterized by the movement of NO,” and SO, in soil water. As these
mobile anions are exported to streams they are balanced by mobile cations. Unless these
cations are replaced by atmospheric deposition or weathering inputs, the base saturation of
the soil will decrease and the soil will become acidified. In areas where base saturation is
severely reduced, Al concentrations in soil water and streamwater increase.

In addition to factors associated with geology and soils, biological reactions can also
increase or decrease acidity in surface waters. For example, factors such as uptake by
vegetation and microbial decomposition can have a strong impact on inorganic elements,
particularly NO5;™ which is biologically important. In Lye Brook streams NO5’
concentrations were highest during May and early June. Concentrations of NO;™ generally
peak during spring because soil temperatures increase and mineralization and subsequent
nitrification of N begins before vegetation initiates nutrient uptake (Likens et al. 1970;
Galloway et al. 1987, Rascher et al. 1987). In the study streams, concentrations of NO5’
were highest during spring which caused a subsequent reduction in pH. Despite this
increase, SO4> remained the dominant strong acid, unlike some other areas where NO3’
acidity exceeds SO4> ( Stoddard and Murdoch 1991).

The presence of wetlands at the source of streams sampled resulted in high concentrations
of TOC and organic acids. These naturally occurring, organic acids may partially explain
the low pH of streamwater draining wetlands (McKnight et al. 1985). Site 8 is an
exception because it does not have headwater wetlands and it had relatively high TOC
concentrations compared to the nine original sample sites. The most likely reason for high
TOC at this site is related to soil depth. Site 8 is located on an exposed ridge at a high
elevation where soils are thin. Mineral soils absorb organic C; therefore streams draining
thick soils generally have lower organic C concentrations (Lawrence et al. 1988; Cronan
1985). Factors regulating organic C concentrations are important because organic C may
influence mineral weathering, cation leaching and trace metal speciation. Streams with
high concentrations of TOC typically exhibit low pH values because of the contribution of
organic acids associated with TOC.

In addition to contributing to stream acidity, organic acids can also increase weathering
rates through chelation (Huang 1988). In this process, organic acids form complexes with
Fe and Al, which subsequently affects the form and concentration of these elements in
solution. When chelation occurs it causes a reduction in the concentration of inorganic Fe
and Al because these metals are bound in non-labile, organic forms. In general, waters
dominated by naturally occurring acids are less likely to cause damage to acid-sensitive
biota because of the tendency of these waters to form Al complexes (Driscoll et al. 1980).
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Therefore, the four sites that were sampled in 1996 had low inorganic Al concentrations
despite low pH values.

Conclusion

This research indicates that the streams sampled in the Lye Brook Wilderness are acidic
and have a low buffering capacity. Sulfate was the most abundant ion contributing to the
acidity of streams, however NOs™ was seasonally important, particularly during the spring.
Increases in air pollution may increase streamwater concentrations of SO4> and NO;’
causing further reductions in pH. Although organic acidity contributed greatly to the low
pH of sampled streams, it reduced concentrations of inorganic Al which is the form of Al
that is most toxic to aquatic biota. Therefore although the pH of streams sampled was
low enough to cause damage to acid-sensitive species, Al toxicity does not appear to be a
major threat because of the complexation of inorganic Al with organic C compounds.
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Table 1. 1996 chemistry of 4 study streams in the Lye Brook Wilderness.

DATE Site pH Cond. Ca Mg Na K T-Al O-Al I-Al Fe NH4 SO4 NO3 CI Si02 TOC
(yymmdd) peg/lL mg/L mg/L mg/l mg/lL mg/lL mg/L mg/L mg/L mg/L mg/l mg/L mg/L mg/L mg/L
960515 2 4.1 268 065 022 030 013 033 027 006 0.19 028 497 003 070 1.71 12.11
960606 |2 4.2 279 072 027 062 027 030 026 0.04 030 052 508 0.09 098 310 15.83
960627 2 4.2 310 081 027 059 029 032 028 0.04 065 067 7.14 000 088 4.14 17.40
960717 2 4.1 349 109 035 057 052 052 048 0.04 105 091 7.74 0.00 1.22 342 2728
960809 2 43 280 098 036 065 103 059 059 000 248 194 729 000 1.45 3.80 2536
960925 2 4.4 36.0 1.07 047 095 118 039 036 003 095 1.08 6.09 0.00 223 524 2213
961018 2 46 273 094 040 072 084 041 035 0.06 072 079 6.02 0.00 134 578 19.81
960515 3 4.3 308 049 014 025 013 028 025 003 019 031 517 0.13 0.81 264 13.49
960606 3 4.1 325 077 023 059 029 034 031 0.04 026 049 6.29 013 1.25 4.92 19.50
960627 3 4.2 358 092 025 062 021 039 035 0.04 054 058 962 0.00 1.10 4.93 24.03
960717 3 4.1 371 082 021 051 019 046 046 0.00 054 073 924 000 148 445 27.36
960809 3 4.3 33.8 087 027 077 045 044 043 001 062 084 740 000 1.34 7.08 2267
960925 3 4.0 624 120 035 067 019 050 043 0.07 052 052 888 0.00 1.51 563 2466
961018 3 4.2 447 088 027 063 043 047 037 010 037 045 768 0.00 125 673 19.79
960515 8 4.2 379 031 010 014 032 032 027 004 066 041 6.49 009 1.21 241 1823
960605 8 4.0 409 047 016 042 050 032 027 006 094 037 771 0.09 1.24 554 18.20
960627 8 4.1 448 060 020 053 050 035 029 0.06 1.34 035 10.21 0.00 1.11 6.71 19.96
960717 8 3.9 508 054 015 047 035 056 054 002 166 061 537 0.00 114 488 32.16
960809 8 42 401 056 023 087 078 033 030 003 1.31 024 490 022 1.68 10.31 12.77
960925 8 41 658 065 023 060 049 041 032 009 122 028 851 0.00 099 886 16.70
961018 8 4.0 577 058 021 050 050 046 0.33 0.13 1.06 027 802 0.00 091 822 1955
960515 9 5.4 264 05 019 027 018 025 021 003 017 030 433 0.09 063 161 10.89
960605 9 4.2 209 066 024 061 035 025 023 003 025 062 488 0.13 0.85 248 1263
960627 9 45 211 082 028 070 034 029 025 003 045 062 768 0.04 074 377 1370
960717 9 4.2 252 090 026 050 0.12 037 035 0.02 054 073 973 0.00 0.83 3.02 19.31
960809 9 46 206 085 027 078 036 032 031 0.01 068 1.03 594 040 093 439 13.49
960925 9 4.4 368 1147 043 087 045 031 025 0.06 040 048 614 000 094 503 1485
961018 9 44 298 097 035 076 046 032 023 009 027 028 59 000 0.87 529 13.51
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Table 2. Concentrations of major anions and cations in peg/L in 4 study streams

in the Lye Brook Wilderness.

DATE Site Ca Mg Na K T-Al  NH4 SO4 NO3 Cl TOC
{yymmdd) peg/L  peq/L upeq/l peq/l  peq/l  peq/l  peq/l  peqg/l  peqg/l  peq/l
960515 2 3253 18.26 1296 3.30 36.76 15.71 103.53 143 19.75 55.71
960606 2 3578 2254 2684 6.88 3347 28.56 105.82 1.43 2765 7282
960627 2 40.17 2246 2575 739 3545 37.13 14873 0.00 24.82 80.04
960717 2 5439 2854 2475 1322 57.82 50.69 161.22 0.00 34.42 12549
960809 2 48.65 20.86 28.36 26.34 65.60 107.81 151.85 0.00 40.90 116.66
960925 2 53.39 38.66 41.37 30.17 43.36 59.97 126.85 0.00 62.91 101.80
961018 2 47.01 3282 3115 2145 3799 4355 12540 0.00 37.80 91.13
960515 3 2440 1176 1079 327 3141 17.14 10769 214 2285 62.05
960606 3 38.47 1859 2575 7.34 3835 27.13 131.02 214 3526 89.70
960627 3 4586 20.89 27.06 542 4364 3213 20038 0.00 31.03 i10.54
960717 3 40.87 1719 2219 486 5115 40.70 19247 0.00 41.75 12586
960809 3 4361 2180 33.58 11.58 48.92 46.41 15414 0.00 37.80 04.28
960925 3 59.88 28.79 29.15 473 5560 2856 184.97 0.00 4260 13.44
961018 3 4411 2221 2719 11.02 5226 2499 159.97 0.00 3526 91.03
960515 8 1637 798 626 816 3531 2285 13519 143 3413 83.86
960605 8 2365 13.08 1844 1279 3594 20.71 16060 1.43 3498 83.72
960627 8 2969 16.37 2323 1271 39.44 19.28 21267 0.00 31.31 91.82
960717 8 26.70 1242 2062 9.03 6227 3356 111.86 0.00 32.16 47.94
960809 8 28.04 19.08 37.80 19.84 36.69 13.57 102.07 3.57 47.39 5874
960925 8 3224 1917 26.14 1261 4559 1571 17726 0.00 27.93 76.82
961018 8 29.09 1744 2158 1284 5115 1499 167.06 0.00 2567 89.93
960515 9 27.99 1538 1166 453 2272 1642 9019 1.43 17.77 50.09
960605 9 33.08 19.74 26.71 885 2834 3427 10165 214 2398 5810
960627 9 41.02 2312 30.32 867 31.84 3427 15997 0.71 20.88 63.02
960717 9 4481 2155 2153 312 4114 4070 20268 0.00 2341 88.83
960809 9 4242 2246 3397 9.21 2965 57.12 123.73 6.43 26.24 62.05
960925 9 58.38 35.04 37.67 11.58 34.47 2642 12790 000 26.52 68.31
961018 9 48.35 28.04 33.06 11.79 3558 1571 12290 0.00 2454 62.15
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