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Chapter 2

WATER QUALITY

A typically tranquil morning on the Abagadasset River, one of six drainages linked to Merrymeeting Bay. Photo:
Slade Moore.

he Kennebec Estuary has long been subject to egregious pollution associated with

historical land use, industry, and urbanization. Implementation of the Clean Water

Act brought such dramatic improvements to water quality in the estuary that only

those who experienced it finstnd can now imagine the estuary at the nadir of its
ecological functioning. Yet how much have we progressed toward the historical conditions
before ecosystem impairment? Currently, a lack of sgteeific data hinders attempts to
assess water quality or characterize its most important influences in this segment of the
Kennebec. Emerging evidecich as information derived from historical data and
environmental proxigssuggests that our goals and overall management philosophy might
benefit from a reassessment.
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Introduction

Offering access to upriver natural resources, transportation routes to markets, and sources of waterpowe
for industry, estuaries like the Kennebec were among the first areas settled by European colonists in
eastern North America (McKeen 1853; Wheeler and Wheeler 1878). Little is known about the Kennebec
Estuaryds condition prior to European settl emeil
historically received few nitrogen or phosphorus inputs from their primarily forested watersheds (Nixon
1997)Although the Kennebec river basin had long been home to native, peepesod of European
colonization and industrialization greatly changed the nature and intensity-ofducedrdisturbances

(Foster 199Zoster et al. 1998) and the supply of nutrients such as nitrogen and phosphorus (Cooper
1995Ka0oster et al. 2007).

Erosion of terrestrial soils following widespread land clearance often results in an influx of nutrients
to aquatic systems (Cooper 1995). Using this phenomenon as a premise for ecological investigations,
researchers from Bowdoin College and the University of Maine used environmental proxies to identify
historical shifts in water quality based on sediment cores collected from intertidal mudflats near the
Abagadasset River (Koster et al. 2007). Their data indicate that the rates of both sedimentation and
phosphorus accumulation in sediments of the upper estuary increased during the 18th century concurren
with the onset of widespread land clearance in Maine (Kdster et al. 2007). Not surprisingly, early historice
accounts of the Kennebec region support these findings by reporting thse lanadlifications along the
Androscoggin and other nearby rivers in the 1700s resulted in widespread erosion and sedimentation of
Merrymeeting Bay (McKeen 1853). Increases in freshwater benthic diatoms in the upper estuary by 180C
suggested to Kdster and colleagues (2007) that, fueled by the influx edssosiated nutrients and
freshwater runoff due to land clearing, the system became more productive. As industry, agriculture, and
human populations in the region continued to grow during the 19th century (Babcock et al. 1995), the
structure of diatom communities in Merrymeeting Bay responded to eutrophic conditions by shifting
toward more pollutiotolerant species (Koster et al. 2007).

As early as the late 19th century, pollution in the Androscoggin River was already considered
problematic (Owen 1936) and by the early 20th century Kennebec River water quality deteriorated as the
disposal of municipal and industrial wastes directly into the rivers increased (Whipple 1907). A water
guality survey of the Kennebec River near Augusta in 1907 found that wood fiber from paper mills and
sawmills formed deposits on the riverbed that were resuspended during high flow conditions, causing
increased turbidity (Whipple 1907). The odors of raw sewage and sulphite wastes from paper mills were
also detectable for miles downstream of discharge points. During this period, untreated sewage disposal
to bacterial counts that were elevated near urban and industrial centers; 72% of water samples collected
from the Kennebec River at Augusta tested positive for the ba&schuwnichia @hipple 1907), an
indicator of fecal bacterial contamination.

Increasing industrial and municipal development along both the Androscoggin and Kennebec
Rivers in the late 19th and early 20th centuries further contributed to the eutrophication of both systems.
By about 1930 the cities of Lewiston and Auburn were sources of direct, untreated disposal of wastes fro
three packing companies, a slaughterhouse, a canning company, several dyeing facilities, a glue manufa
ing company, a canning company, a bleachery, five cotton mills, and domestic sewage from a population
approximately 54,000 (Brennan et al. 1931). Both upstream and downstream of Lewiston and Auburn
there were also several paper mills along the Androscoggin that discharged untreated waste directly into
river (Brennan et al. 1931).
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A reduction in water clarity resulting from eutrophication typically favors the growth of planktonic
diatoms in the water column, which then reduces the amount of light available to support the growth of
benthic diatoms. During the early 20th century there was a sharp decline in the abundance of benthic
diatoms and an increase in the productivity of planktonic species in Merrymeeting Bay, suggesting that tt
system had become even more eutrophic (Koster et al. 2007). More recently high fluxes of organic carbo
phosphorus, and biogenic silica, as well as high
levels of diatom productivity and an altered diatof
community assemblage, suggest that Merrymeet 8 a b 6
Baybds water quality re altei
from precolonial conditions (Késter et al. 2007).
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Suspended Solids
The total suspended solids (TSS) pool is compos
of volatile suspended solid (VSS) (organic particl 301
and fixed suspended solid (FSS) (mineral particle a b b
Among other factors, an overabundance of
suspended solids in aquatic systems can reduce
water clarity, which influences the ability of
sunlight to penetrate the water column. Reduced
sunlight penetration has implications for plants
that use the process of photosynthesis to support
metabolic processes and growth. These plants
range from small unicellular forms to those that
create lush, subtidal meadows. Significant chang
in these plant communities can influence
ecosystem function in many ways, such as by
reducing the oxygenation of waters and limiting
available habitat for fish and wildlife.

The work of Koster and colleagues (2007)
suggests that Merrymee
historically clear, supporting more benthic plant
productivity than they do today. Decreases in
Merrymeeting Bayds wat
the result of suspended sediment and planktonic
algae concentrations that exceed historical levelg &
but little more information is available to further Ve
characterize current conditions. Bowdoin College
investigations focusing on the composition of totakigure 2-1. The average concentrations of FSS, VSS, and TSS
suspended solids in Merrymeeting Bay found _}, e fyoe (sermener, Ancioscossy s e (Cevaree
S|gn|f|cant differences among three classes of Sit@Sy and at the Chops where water exits to the lower estuary.
in the bay: the |arge rivers, the small rivers, and ﬂ%@asurements were made at or near low tide on 10 days

. . . ring summer 2006. Letters above the bars indicate
Chops, where ebbing flow exits Merrymeeting Ba}ﬁatistically significant differences between the means at

U = 0 . Adapted from Burton (2007).

FSS (mg/L)
g

-
o
A

& & 2
Il ]

TSS (mg/L)
e

i kel

Chapter 2: Water Quality21



c
°F° s

e

LAND TRUST

The Kennebec Estuary: Restoration Challenges and Opportunities

KEN,,
Auv®”

(Fig. 21) (Burton 2007). The high proportion of fixed solids in the TSS profile of the small rivers suggests
that the majority of suspended solids in these drainages are derived from fine mineral sediments rather
than phytoplankton and bacteria. Among the four small drainages, the lower Eastern River has consis-
tently been among the most turbid sampling sites in Merrymeeting Bay (Caron 2005), which the Burton
(2007) data tend to reflect. Connors et al. (1
included foraging activity of the introduced common CgpiQus caj@ad wawvelriven resuspension

of benthic surface sediments from the intertidal mudflats. Its name notwithstanding, the Muddy River has
been among the least turbid drainages in the Upper Kennebec Estuary since at least the late 20th centur
(Connors et al. 1982).
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Figure 2-2. Average total suspended solid (TSS) concentrations of Merrymeeting Bay rivers and the Chops. Low tide data
collected in summer 2006. Adapted from Burton (2007).

Most of the TSS data discussed above were derived from data collected during one season in 2006
and therefore may not adequately represent the diversity of conditions in the upper estuary. Kistner and
Pettigrew (2001) described the movement of a turbidity maximum that moves up and down the estuary
depending on discharge rates, which provides some understanding of how turbidity moves within this sec
ment of the Kennebec. More extensive TSS sampling data would allow developmerdvaradede
mass balance model that would better explain seasonal patterns of contribution to the TSS pool from the
small drainages, large rivers, and Merrymeeting Bay itself. In combination with identification of substrate
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texture characteristics at various sites in the upper estuary, this model could help identify the most impor
tant sources of suspended solids. The knowledge gained through such a model could determine if correc
tive adjustments to prevailing management goals and land uses are warranted or feasible.

Chlorophyll a and Phytoplankton

Chlorophyll a (chl a), a pigment found in many photosynthetic organisms, is used to estimate algal
biomass and productivity in aquatic systems. The first national estuarine eutrophication survey conducte
in the | ate 1990s characterized chl a |l evels i
application of national criteria may not be appropriate for characterizing local conditions, sufficient data
for the most recent survey were not available to accurately assess chlorophyll levels in the estuary (Brick
et al. 2007). Reported surface and subsurface chl a concentrations in the Kennebec Es3)iane (Fig. 2
typically less than the U.S. Environmental Protection Agency (USEPA)10 ug/L threshold (2001) that
distinguishes oligotrophic systems from mesotrophic systems in the ecoregion. Chl a concentrations in
the estuary also fall below the 20 pg/L threshold that the National Oceanic and Atmospheric
Administration (NOAA) (1997) uses to distinguish medium chlorophyll levels from high chlorophyll

levels in estuaries (J. Reblin and J. Lichter, unpublished data; Mayer et al. 1996; Wong and Townsend
1999;Souther 2005). In surveys of the estuary conducted during the summer of 2004, fewer than 10% of
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Figure 2 -3. Surface chlorophyll a concentrations in the Kennebec Estuary during the summer of 2004 and during one
survey conducted in the fall of 2005. Boundaries between mesotrophic and oligotrophic systems are drawn according to
USEPA (2001a). Boundaries between low and medium chlorophyll a levels are drawn according to NOAA (1997).
Adapted from Souther (2005); J. Reblin and J. Lichter, Bowdoin College, unpublished data.
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all measurements (Fig3)2ndicated mesotrophic condition®80pg/L) and no measurements were
above the USEPA (20§ BOug/L mesotrophieeutrophic boundary (Souther 2005).

Chl a minima typically occur in the sestuary (Wong and Townsend 1999; Souther 2005) where
salinities range between 10 and 20 ppt, suggesting that phytoplankton productivity is low in this portion
of the estuary, at least transiently (Wong and Townsend 1999). Freshwater species tend to dominate the
phytoplankton communities in the Kennebec Estuary at salinities below 10 ppt and coastal species
dominate at salinities greater than 20 ppt (Wong and Townsend 1999)-astisamyidkransitional zone
probably represents a region of reduced productivity resulting fromisdlingg osmotic stress and
mortality as freshwater species reach their maximum tolerable salinities and coastal species reach their
minimum (Wong and Townsend 1999). In the lower estuary, chl a concentrations are similar throughout

Figure 2-4. Surface and bottom dissolved oxygen (DO) concentrations in the

Kennebec Estuary between Fort Popham and Merrymeeting Bay during the

summer of 2004 . Distinctions between biologically stress
mg/ L) and hypoxic conditions (O 2.0 mg/L to > 0 mg/L)
according to NOAA (1997) and USEPA (2007a). Adapted from Souther (2005).
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