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ABSTRACT

Stepczuk, C.L., A.B. Martin, S.W. Effler, J.A. Bloomfield and M.T. Auer. 1998, Spatial and Temporal Patterns of THM
Precursors in a Eutrophic Reservoir. Lake and Reserv. Manage. 14(2-3):356-366,

Temporal and spatial patterns of trihalomethane {THM) precursors {measured as THM formation potential,
THMEFP) are described and analyzed for eutrophic Cannonsvilte Reservoir, NY, based on monitoring conducted weekly
over the April to November interval of 1995 at three sites along the main axis of the reservoir. Ninety-eight percent of the
precursors formed chloroform, and 94% were in a dissolved (0.45-im filtrate) form. Distinct seasonal, vertical and
longitudinal patterns were observed. Progressive increases in THMFP cccurred from spring (~170 pg* L) through mid-
summer (~360ug-1.%) in the epilimnion of the lacustrine zone of the reservoir, followed bysubsequentdecreases through
early fall. Progressive, but smaller, increases in THMFP occurred in the hypolimnion throughout the period of o
stratification. Vertical patterns in dissolved THMFP within the hypolimnion indicate the sediments were notan important {
source of precursors to the water column. Summer epilimnetic concentrations of THMFP were substantially higher than g
those reported for the inflows (Stepczuk etal. 1998a}, establishing the operation of autochthonous sources, Features of
the THMFP patterns, including epilimnetic enrichment, the seasonality, and higher concentrations in the more
eutrophic riverine zone, and the results of a single laboratory experiment, indicatea linkage between primary production
and autochthonous production of precursers. Dissolved organic carbon was not a good surrogate measure of THMFP.

Key Words: THM precursors, allochthonous sources, autochthonous sources, eutrophication, reservoir, primary
productivity.

Identifying the origins and understanding the  concentrations of THMs in water supplies. Lakes and

behavior of trihalomethane (THM) precursors
should be considered fundamental to the development
of an effective management strategy to minimize the

! Contribution No. 165 of the Upstate Freshwater Institute, -

reservoirs receive precursors, components of natural
organic matter (NOM) from theirwatersheds (external,
or allochthonous, sources; e.g., Stepczuk etal. 1998a),
derived mostly from terrestrial vegetation (e.g., Aiken

5 and Cotsaris 1995, Goel et al. 1995). Allochthonous
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inputs of NOM (Wetzel 1983, Thurman 1985), and
apparently THM precursors (e.g., Stepczuk etal. 1998a),
aremostlyinadissolved form., Internal (autochthonous)
production of precursors is to be expected in lakes and
reservoirs, as autochthonous formation of particulate
and dissolved NOM, coupled directly or indirectly to
primary production, is wel known and has been widely
documented (e.g., Wetzel 1983, 1992). Similarly, the
operation of loss processes for precursors from the
water column is to be expected, associated with decay,
photolysis {e.g., Wetzel et al. 1995), and deposition of
particulate forms.

The existence of autochthonous sources of THM
precursors has been widely acknowledged (Briley etal.
1980; Hoehn etal. 1980, 1984; Karimi and Singer 1991;
Martin etal. 1993; Oliverand Shindler 1980; Palmstrom
etal. 1988). This position has been supported by both
laboratory and field studies, however these inputs and
related processes remain largely unresolved and
unquantified. Uhler and Means (1985) reported the
production of THMs from the chlorination of Potomac
River sediments, and Martin et al. (1993} found lake
sediments to be asource of TTIM precursors. Laboratory
and field studies have established that algal biomass
and their extracellular products (ECPs) can actas pre-
cursors (Briley et al. 1980; Hoehn et al. 1980, 1984;
Oliver and Shindler 1980; Wachter and Andelman
1984). Hoehn et al. {1984) hypothesized an interplay
between primary producersand heterotrophic bacteria
inautochthonous production of TTIM precursors, based
on observations from field investigations. This
hypothesis is further supported by the documentation
of seasonal trends for THM precursors (Edzwald et al.
1985, Hoehn etal, 1984, Palmstrom etal, 1988, Veenstra
and Schnoor 1980) which are similar to those reported
for algal, macrophyte, and bacterial production
(Wetzel 1983). Autochthonous production of precur-
sors has also been indicated by demonstrating that
reservoir outputs have exceeded inputs (Karimi and
Singer 1991, Palmstrom et al, 1988).

Resolution of temporal and spatial patterns in
physical, chemical, and biological characteristics has
beenafundamental componentoflimnological studies
directed at identifying and describing phenomena,
recurring trends, and interactions between processes
and constituents {(e.g., Hutchinson 1957, 1967; Wetzel
1983). Patterns for THM precursors in lakes and
reservoirs have been incompletely resolved in time
and/orspace, and analyses of the interplaywithambient
conditions have been limited. A detailed description
and analysis of the temporal and spatial distributions of
THM precursors in Cannonsville Reservoir, NY, over
the April-November interval of 1995, are presented
here toimprove understanding of their origins, behavior
and interplay with limnological processes, and provide

insights to support the development of a conceptual
framework for a mechanistic model (e.g g., Canale etal.
1997, Chapra and Reckhow 1983, Thomann. ‘and
Mueller 1987) forprecursors (see Stepczuketal 1998b)

Methods

ations: (1) the reservoir is eutrophlc file
1998), thereby offering an. opportumty t
related autochthonous conmbutm to the H

gradlent is mamfested along the long1 _
the reserv01r (Effler and Bader 1998) '
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concentrations were measured'_as THM‘j formauon L
potential (THMFP; APHA 1992) The filtered fracuon'_.
is described here as dissolved. THMFP (DTHMFP)

The residual of the total THMFP (TTHMFP) and:

DTHMEFP is specified as the paruculate fraction’
(PTHMFP; e.g., Stepczuk et al: 1998a): Deiails of the
sample handlingand analytical protocol, and the quality
assurance program {(for the combined: l:nbutary and
reservoir programs) were presented by. Stepczuk etal.

(1998a). The average coefficienit of variation for
triplicate analyses was ~2.5% (Stepczuk et al. 1998a),

The average accuracy (laboratory standards, spikes,
and external audit samples) was within 5% to 10%
(Stepczuk et al. 1998a). Sampling for THMFP analyses
was integrated into the overall larger (e.g., common
limnological parameters) monitoring program for the
reservoir of 1995, described by Efflerand Bader (1998).
Three reservoir locationswere monitored, sites 1 {near
dam), 4 (near intakes), and 6 [near mouth of West
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Branch Delaware River (WBDR); Fig. 1]. Sites 1 and 4
have been characterized as lacustrine, and site 6 as
riverine (Effler and Bader 1998; Fig. 1), according to
reservoir zones defined by Kimmel and Groeger (1984),
Samples were collected weekly in 1995 from April to
early November atdepths of 0, 3 (i.e., epilimnion), and
18 m (hypolimnion, not existent atsite 6 during severe
drawdown). More detailed vertical resolution was based
on 3-m interval profiles of THMFP collected for 16 of
the samplings at site 4, The field and laboratory
programs for other limnological parameters used to
support this analysis were described by Effler and
Bader (1998), Effler etal. (1998b), and Stepczuk etal,
(1998a). One of those variables was gelbstoff (g,, ), a
measure of dissolved color, normally associated with
humicsubstances (Davies-Colley and Vant 1987, Effler
etal, 1998b). The concomitant sampling program for
THMFP for WBDR (the major tributary) and Trout
Creek (Fig. 1) was described by Stepczuk etal. (1998a).

A single laboratory experiment was conducted to
evaluate the relationship between phytoplankton pri-
mary productivity and THMFP production. The exper-
iment utilized the natural phytoplankton assemblage
ofthe reservoir, collected on September 6, 1995, under
controlled temperature (20 °C) and light intensities (I)
ranging from 0 to 1000 pE - m? - ¢, to assess the rela-
tionships between light, primary production {(Auer
1998, Storey et al. 1993), and production of dissolved
THMFP (DTHMFP). The light source generated light
from the visible portion of the spectrum only. Details of
the primary productivity experiments, conducted
weekly, are described elsewhere in this issue {Auer
1998). Analyses of THMFP were conducted on the
filtrates for the differentlight incubation experiments.
Gross production of DTHMFP, normalized for chlor-
ophyll (measure of phytoplankton biomass), was
calculated by dividing the difference of the light and
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Figure 1.-Map of Cannonsville Reservoir, showing three sampling
locations,

dark (I=0 pE - m?*- -s') bottle concentrations by the
incubation period and chlorophyll concentration,

Data were pooled for each site to support statistical
analyses, and arithmetic means were calculated for
spring, summer, and fall. Analysis of variance (ANOVA)
and multiple comparisons (e.g., Tukey HSD method,
SAS 1985) on log-transformed data were calculated to
determine differencesbetweensitesand depths during
turnover and stratified periods. Paired t-tests on
transformed data (SAS 1985) were performed to
determine the significance of differences between total
and dissolved forms of THMFP and organic carbon.
The relationships between TTHMFP, DTHMFP, and
PTHMTFP, the organic carbon pool [ particulate (POC),
dissolved (DOC) and total organic carbon (TOC)],
Iimnological variables related to trophic state [total
phosphorus (TP), total chlorophyll (G} ],and selected
abiotic factors (temperature and gelbstoff) were
described spatially by Pearson product-moment
correlation analysis for the upper stratified layer and
site 4 vertical profiles. All data were transformed so that
theywere distributed according to the bivariate normal,
For purposes of comparison, the correlation coefficients
are characterized as strong (r 2 0.8), weak (r<0.5), or
otherwise moderate (Devore and Peck 1986),
Limnological analyses of the patterns of these
parameters during the 1995 study period are presented
elsewhere in this issue (e.g., Effler and Bader 1998,
Effler et al. 1998b).

Results

Spatial and Temporal Patterns of
THMFP

Ninety-eight percent of THMFP, on average,
formed chloroform. Ninety-four percent of THMFP
was as DTHMFP. Despite the dominant contribution of
DTHMFP to the TTHMFP pool of the reservoir, the
veracity of the estimates of the particulate fraction
(PTHMFP), calculated as the difference between
TTHMFP and DTHMFP, was supported by the
significant (p <0.05) differences observed between the
measured fractions for all sites throughout the study
period. The possibility that the imperfect partitioning
of the phases of THMFP by filtration (0.45 um) adopted
here may have substantively influenced the apparent
patterns in PTHMFP isacknowledged. The dominance
of chloroform and the small contribution of PTHMFP
to TTHMFP essentially matches the findings reported
for WBDR and Trout Creek over the study period
(Stepczuk et al. 1998a).
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Distinct vertical patterns emerge from analyses of
the DTHMFP and PTHMFP profiles from site 4, and
are presented and discussed here within the contextof
the thermal stratification regime (Fig. 2a-u). ANOVA
and multiple comparison analysesshowed nosignificant
differences betweensites 1 and 4 ateach corresponding
depth; hence only site 4 data are presented here as
representative of conditions for the lacustrine portions
of the reservoir. Vertical patterns, particularly for
DTHMEFP, appear to be influenced greatly by strati-
fication (Fig. 20-u)}, as observed for many limnological
parameters (e.g., Hutchinson 1957, Wetzel 1983); the
highest DTHMFP values always, and PTHMFP values
usually, occurred above the thermocline (Fig. 2b-fand
i-m}). The vertical saucture of DTHMFP paralleled the
thermal stratification structure; e.g., the depth of the
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maximum gradient in DTHMFP approximately
matched the position of the thermocline, DTHMFP
concentrations within the epilimnion increased in'a
progressive manner through early August (Fig. 2a-€),
and thereafter decreased to alevel somewhatabove the .
April observations (Fig. 2fg). The DTHMFP values
generally decreased with increasing' depth from the
thermocline toward the sedimenis (Fig.2b-f), avertical .
structure that suggests downward ‘inputs from the
enriched epilimnion. The very distinct seasonality of
DTHMFP in the epilimnion isbestviewedinat
format (Fig. 3a). Surface DTHMFP:
ranged from about 170 lig- L. in A
of about 360 pg - L in mid-Atigus
increase in DTHMFP in the reservoi
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Figure 2. Vertical profiles at site 4, Gannonsville Reserveir, 1995: a-g) DTHMFP, April 18, May 31, June 27, July 18, Angust 8, Augu-st 29, and
September 12, respectively; h-n) PTHMFP, April 18, May 31, June 27, July 18, August 8, August 29, and September 12, respectively; o-u)
temperature, April 18, May 31, Juse 27, July 18, August 8, August 29, and September 12, respectively.
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than the increase observed in the epilimnion through
early August, is again clearer in time-series format
(Fig. 3a). This temporal pattern for the hypolimnion is
consistent with vertical mixing-based inputs from the
enriched epilimnion (e.g., Chapra and Reckhow 1983,
Wodka et al. 1983).

The nearsurface peaks in PTHMIP observed in
the reservoir on several occasions (e.g., Fig. 2i]) are
similarin character to thevertical distributionsreported
for chlorophyll on several occasions {Doerr etal. 1998).
However, the distributions of PTHMFP and G, were
poorly correlated for the epilimnion. Compared to
DTHMEP, the uncoupling of the vertical structure of
PTHMEFP from the thermal structure in severalinstances
{e.g., Fig. 2j and 1) may reflect the time course of
deposition of that fraction. Though near-bottom peaks
in PTHMFP were observed on several occasions (e.g.,
Fig.2jand m), the timing and vertical structure of these
occurrences did not correspond to the patterns of TSS
or turbidity. Thus the resuspension of bottom material
documented over the study period (Effler etal. 1998a)
was not an important source of precursors to the
hypolimnion.

There were significant differences for THMFP
among sites (ANOVA, p £0.05). Multiple comparison
analyses showed that THIMFP levelsin the riverine zone
(site 6, Effler and Bader 1998) were significantly higher
than in the lacustrine zone (sites 1 and 4, Effler and
Bader 1998; Fig. 4a). A similar gradient (based upon
ANOVA and multiple comparisons tests) in trophic
state, depicted by C_ concentrations, was found along
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Figure 3.-Time series in Cannonsville Reservoir in 1995: a) DTHMFP,
epilimnion (average of 0 and 3 m}) at site 4, hypolimnion (18 m) at
site 4, epilimnion atsite 6, WBDR (from Stepczuk etal. 1998a), and
b) difference in DTHMEP values at site 4 epilimnion and WEDR, the
major allochthonous source (from time interpolated values).
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Figure 4.~Box plots for growing season epilimnetic longitudinal
profiles, as depicted by sites 1, 4, and 6, for Cannonsville Reservoir,
1995, and corresponding inflow data: a) TTHMFP, and b) C_ (from
Effler and Bader 1958).

the same axis (Fig. 4b). Corresponding concentrations
for WBDR, the main inflow, were significantly {(p<0.05)
lower than those of site 6 during the growing season,
which suggests that THM precursor production was
influenced by primary production. Values of DTHMFP
(the main component of THMFP) atsite 6 were similar
to the concentrations measured at the lacustrine sites
in April and May, but were generally greater thereafter
(Fig. 3a). Concentrations of DTHMFP were higher at
site 6 in August and September compared with the
(Fig. 4a-b) lacustrine and inflow sites; a maximum
concentration of 465 ptg - L* was observed at 0 m, about
100 pg - L greater than the maximum measured for
site 4.

Phytoplankton/DTHMIP Production
Experiment

Major differences were observed in the character
of phytoplankton photosynthesis (oxygen production)
asafunction of I {often described as a P-I curve; Fig. ba)
versus gross DTHMFP production as a function of 1
(Fig. bb). A saturating relationship was observed for
photosynthesis: oxygen production increased sharply
with relatively small increases in I and leveled off with
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additional increases in I (Fig. 5a). These P-I curve
characteristics are widely observed {e.g., Fahnensticl et
at. 1989, Field and Effler 1982, Jassby and Platt 1976).
The results of P-I experiments conducted weekly for
thereservoir during the 1995 study period are presented
and evaluated in detail by Auer (1998}, as part of a
larger study of phytoplankton kinetics for the system.
Gross production of DTTIMFP increased (nearly
linearly) over the low I range (e.g., < 150 uE-m?-s?;
Fig. 5b). Inhibition of DTHMFP production was
observed at higher I values (Fig. 5b). Progressively
lower rates of production of DTHMFP occurred as 1
wasincreased over the 150 to 400 LWE - m* s range. The
rate of production of DTHMFP remained approx-
imately uniform for I >400 pE - m?-s? (Fig. 5b).

Discussion

Analysis of Temporal and Spatial
Patterns

Correlation matrices for total dissolved, and parti-
culate THMFP and organic carbon with the two trophic
state(C, and TP) and two abiotic {temperature and
gelbstoff) variables were compared to determine pos-
sible interrelationships. Selected correlation coefficient
results of that analysis are presented (Table 1). The
first column presents an analysis of temporal
correlations, limited to the thermalstratification period,
for data collected throughout the upper layer of the
reservoir, Itis in this context thatassociations between
THMFP, organic carbon, and trophic state indicators
are best evaluated. The second column of correlation
coefficients summarizes data from the site 4 vertical
profiles (e.g., every 3 m), and introduces the effect of
thermal stratification on these same associations.
Separate correlation analyses were performed for each
form of THMFP and organic carbon, but for the sake
of simplicity, only correlations involving “total” forms
are presented (note: associations with gelbstoff are an
exception). In general, the dissolved species followed
similar patternswhile correlations for particulate species
. were lower,

Significant associations (Table 1) between THMFP
and TOG, and TOC and chlorophyll were observed for
both temporal and spatial distributions, as has been
observed in previousstudies (Amy et. al. 1987, Edzwald
et al. 1985, Singer et al. 1981, Symons et al. 1975,
Walker 1983). Despite exhibiting similar patterns with
respect to longitudinal differences (Fig. 4a, b) within
the upper waters, as well as seasonality effects (Fig. 3),
the association between THMFP and chlorophyll in
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the upper layer was weak (Table 1). This is probably
reflective of the variability in the seasonal dynamics of
the algae with respect to factors such dommant type,
physiological state, and predation. In order to evaluate
possible common associations among THMEFP; TOC
and chlorophyll, the strength of thelr'respectlve corre-
lations with TP and temperature was examined. The
three variables exhibited ‘correlations. that were
moderate {0 strong for TP and weak to. modera e for
termperature in the upper layer (Table 1) In conlrast
the same associations in the vertical structure were
reversed {(e.g., correlauonsfortempera" :
while those with TP were not}. The assomauons wu:h
temperature observed in the vertical difension may
notbe causalin nature, but mayreﬂect the fundamental
differences in the biclogy and chemlstxy of the epilim-
nionand hypolimnion. Additionally, factors other than
nutrients may also influence the relauonshlps between
THM precursors, chlorophyll, and organic carbon,
such as light availability and biological activity (e.g.,
bacteria, predation) within the epilimnion. It should
be noted thatassociations with gelbstoffand DTHMFP
and organic carbon were insignificant, or when
significant, were only weakly correlated (Table 1). This
is consistent with findings reported for inflows to
Cannonsville Reservoir {Stepczuk etal. 1998a), where
insignificant associations between THM precursors
and gelbstoff were also observed.

Reservoir concentrations of TTHMFP were dis-
tinctly higher in the epilimnion throughout the
reservoir during the summer of 1995 compared to




Table 1. Selected correlation coefficients (r} from a
matrix for epilimnetic (all sites) and detailed vertical
profiles (Site 4) during the stratification period. Data
are log, transformed, An asterisk (*) denotes
significance at p<(.05.

Upper Layer Vertical Profile

(N=45) (N=97)
TTHMFP-TOC 0.76* 0.78*
DTHMFP-DOC 0.63* 0.72%
TTHMFP-C, 0.49* 0.77*
TTHMFP-TP 0.74* 0.12
TTHMEP-temperature 0.65% 0.89*%
DTHMFP-g, . 0.46* 0.08
TOGC, 0.75% 0.81*
TOGTP 0.85* 0.40*
TOC-temperature 0.35% 0.86%
DOGCg,,, 0.33% 0.12
C-TP 0.69* 0.24*
Ctemperature 0.08 0.73%

concentrations in WBDR [Fig. 3; Trout Creek
concentrationswere evenlower (Stepczuk etal. 1998a)],
establishing a suvbstantial contribution from
autochthonous sources to the THMFP pool of the
reservoir {e.g., Karimi and Singer 1991, Palmstrom
et al. 1988). Several features of the reported distribu-
tions (Figs. 2-4) and theresults of the single experiment
(Fig. 5) indicate a link between primary production
and internal THM precursor production in the
reservoir. Macrophytes have beenshown to be associated
with the production of THM precursors, both during
active growth and decomposition (Palmstrom et al,
1988). However, phytoplankton, identified by several
investigators as a source of precursors (e.g., Briley etal.
1980; Hoehn etal. 1980, 1984; Wachter and Andelman
1984), is the more appropriate focus for evaluating the
role of primary producersin mediating autochthonous
contributions to the precursor pool of this eutrophic
reservoir because of the relatively small macrophyte
community supported in this system.

The general temporal structure of the auto-
chthonous componentofthe DTHMFP pool (reflected
by the residual of the epilimnetic and inflow
concentrations, Fig. 3b), and the localization of the
enrichmentin the reservoir’s epilimnion are consistent
with the position that primary production plays an
important role in internal production of precursors.
The development of longitudinal differences in
TTHMFP (Fig. 4a} along the trophic state gradient of
the reservoir (Fig. 4b) further supports this position,
Certain investigators (Hoehn et al. 1984, Oliver and

362 STEPCZURK, MARTIN, EFFLER, BLOOMFIELD AND AUER

Shindler 1980, Wachter and Andelman 1984) have
reported significant production of precursors by
cyanobacteria during controlled laboratory experi-
ments, Itisnoteworthy that cyanobacteria (particularly
filamentous forms) were dominant in the phyto-
plankton community of the reservoir over the July -
early October of 1995 (Siegfried 1998), and that
particularly dense populations of these forms prevailed
in the riverine section (e.g., site 6) when the highest
concentrations of DTHMFP of the study period were
documented (Fig, 3).

Hoehn et al. (1980) demonstrated a strong cor-
relation between the dynamics of THM precursor levels
and chlorophyll ¢ in Occoquan Reservair for a single
year, but the relationship did not hold in other years.
No consistent relationships were observed between
algal population densities and THMFP concentrations
in eutrophic Claytor Lake (Hoechn et al. 1984),
Chlorophyil (Fig. 6b) was not a good estimator of the
dynamics of precursors (Fig. 6a) in the epilimnion of
Cannonsville Reservoir in 1995 nor was primary
productivity [Fig. 6¢; a short-term laboratory
measurement that utilized the reservoir’s phyto-
plankton assemblage (see Auer 1998)]. This should
not be interpreted as inconsistent with the primary
productivity hypothesis, as both of these intlicators are
dependent on the standing crop of phytoplankton
which varied strongly throughout the study period
(Fig. 6b), The dominance of DTHMFP in the TTHMF¥P
pool of the reservoir and the gradual character of the
seasonality of the precursors [e.g., Fig. 3 (site 4,
epilimnion), again as Fig. 6a] instead imply continuing
inputs to the pool from soluble species (e.g., ECPs;
Briley et al. 1980; Hoehn et al. 1980, 1984: Oliver and
Shindler 1980; Wachter and Andelman 1984) thatare
probably driven largely by phytoplankton production.
Feuillade etal. (1990) reported the rate of ECP release
from phytoplankton to be relatively uniform over a
rather wide range of ambient and physiclogical
conditions, The main products of release are low
molecular weight amino acids and oligopeptides, and
are thus more labile than refractory allochthonous
DOC (e.g., Goel et al. 1995, Wetzel 1992).

Phytoplankton primary production, in general,
can provide a large fraction of the food source for
bacterial metabolism (as reviewed by Gajewski and
Chrost 1995). The interplay between phytoplankton
activity, production of ECPs, and bacterial activity has
been described bya number of investigators (Cole etal.
1982, 1988; Lovell and Konopka 1985; Normann etal.
1995), Hoehn et al. (1984) speculated that hetero-
trophic bacteria interact with phytoplankton in
mediating autochthonous production of THM
precursors, For example, certain bacteria may convert
ECPs to more reactive organic fractions with respect to
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Cannonsville Reservoir in 1995: a) DTHMFEP, b) G, v) gross primary
productivity {from Auer 1998), d) temperature, and ¢) DOC and the
ratio (yield) DTHMFP:DOC.

THM formation. In diurnalstudies, Hoehn etal, (1984)
observed the maxima in THMFP and ECP release
coincided. These investigators observed significant
increases in THM precursor levels and CO, con-
centrations during the night and interpreted these
resultsasindicatingan importantrole of heterotrophic
bacteria in precursor production.

The operation of sink processes on the epilimnetic
THM precursor pool is indicated by the generally
progressive decreases in THMFP observed after
mid-August {Figs. 3, 6a). Potential contributing
processes include export, increased vertical mixing-
based losses to the lower layers, microbial decay,
photolysis (e.g., Wetzel etal. 1995), and adsorption to

particles [particularly clays; preseﬁt’ in rathér high
concentrations (Effler et al. 1998a)]. ‘Sinks for THM
precursors, particularly for the autochthonous com-
ponent (e.g., greater Iablhty) are likely. connnuously
operative. Accordingly, the seasonality observed in the
precursor pool (F:gs 3, ﬁa) would represent the

THMFP from a smgle yle]d value-'
1997).

al, (1988) concluded based on apprommate m
budget calculations, that the contributios 3
sediments to the precursor content of the watercoiumn .
was quite small (e.g., < 1%): Thus, the esults reportedi
here for the lowermostwaters of Cannonsville Reservoir-
(Fig. 2a-g) should not be considered inconsistent with
the findings of these investigators, Further accordmg
to the findings of Martin et al. (1993) the upward flux
of precursors from the reservoir’s sedrments would be
expected to decrease with the onset ‘of anoxia’ that
occursin late summerin Cannonsvﬂle Reservon' (Efﬂer
and Bader 1998), : :

Light and Production of DTHMFP-

The laboratory phytoplankton/DTHMFP produc-
tion experiment (Fig. 5) indicatesa directrelationship
between primary production and formation of
DTHMFP up to I ~ 150 uE - m* - 57, and suggests the
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operation of other factors influencing precursor
production above this light intensity, These resultsare
generally consistentwith Hoehn'’s (1984) findings from
diurnal studies, to the extent that peak precursor
production was shifted from the time of maximum
incident . However, precursor production was greater
in the light, throughout the experimental range of I,
than in the dark (e.g., positive gross production values
of Fig. 5b). A possible explanation for the observed
decreased rate (inhibition) of precursor productionat
higher Ivaluesis inhibition of bacterial activity (Wetzel
etal, 1995). Alternatively, or additionally, Hoehn et al.
{1984) postulated that decreased levels of THMFP
observed at high light intensities may be associated
with a photorespiratory response by algae. In this case,
either the net production or character of the
photosynthate released to the external environment
may change at high light intensities.

The lLight relationship of gross DTHMFP pro-
duction (Fig. 5b) was evaluated within the context of
light conditions that occurred in the water column of
the reservoir in 1995. Time/depth contours of I values,
critical to the structure of the indicated production
relationship (Fig. 5b), are presented for two selected
days of the study period of 1995 (Fig. 7) that largely
bracket light penetration conditions observed (see
Doerretal. 1998) forincidentlightandlightattenuation
data (see Effler et al, 1998b). Even under maximum
light penetration, production of precursors (i.e., above
the dark rate) is essentially limited to depths above
the thermocline (Fig. 7a; see Owens et al, 1998). Thus
the character of the I response of DTHMFP pro-
duction (Fig. 5b) is generally consistent with the
observed localization of precursor enrichment within
the lake’s epilimnion (e.g,, Fig. 2d, €). The irregular
emergence of vertical structure within the epilimnion
(e.g., Fig. 2d, e) is consistentwith the light dependence
indicated in the experiment (Figs. 5b, 2e), though
such structure is expected only under low turbulence
(e.g., calm) conditions, The lower the water clarity and
incident light (e.g., extensive cloud cover) the more
unlikelywould be the development of verticalstructure
within the epilimnion (compare Fig. 7a, b). Further
laboratory experiments need to be performed to assess
the potential dynamics of THM precursor production
as a function of L.

Management Perspectives

The findings of thisstudy have both short-term and
long-term implications for reservoir managers. For the
short-term, deep water withdrawal options can be used
during the summer, when possible, to avoid the higher
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Figure 7.-Specified light intensities ({E- m?- ') in Casnonsville
Reservoir as a function of ime and depth for 2 days representative
of a wide range of light penetration conditions: a) May 8, and b)
September 19, [, , is the average incident light for the day, and K, is
theattenuation coefficient for downwelling irradiance {see Effler et
al. 1998b).

THM precursor concentrations that develop in the
reservoir's epilimnion. Additionally, filtration would
do little to reduce the THMFP in this water supply, as
the vast majority of the precursor pool is in a dissolved
form. In the long-term, the character, origins and
respective contributions of the internal versus external
sources of NOM are important in the identification of
alternative solutions aimed at its reduction in water
supplies. Subsequently, in this issue, Stepczuk et al,
(1998b) quantitatively evaluate the autochthonous
versus allochthonous contributions to the precursor
pool of Cannonsville Reservoir in 1995,

This study indicates, based on the analysis of
temporaland spatial patterns of THMFP and the results
of a single laboratory experiment, that the auto-
chthonous contribution o the precursor pool of
Cannonsville Reservoir is linked to primary productivity.
Positive correlations between chlorophyll, organic car-
bon, and total phosphorus further support a linkage
between THM precursor and primary production. Thus,
the autochthonous inputs may be abated through a
program of eutrophication control that would focus on
reductions in phosphorus loading (see Walker 1983).
Additional management options have been surnmarized
in Cooke and Carlson (1989). However, the inter-
relationships between light, primary productivity,
watershed nutrient loading, and THM precursor
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production, and the lability of internally produced
precursors need further resolution and quantification
to support potentially expensive related management
programs for water supplies. The development of a
reliable predictive reservoir model thataccommodates
these interactionswould be a valuable step in managing
this water quality issue,

Results of this study indicate that a mechanistic
modelfor THM precursorswould need toaccommodate
the stratification/mixing regime of the reservoir,
incident light and light penetration, and the
simultaneous operation of precursor source and sink
processes. The model analysis presented subsequently
in thisissue (Stepczuk etal. 1998b) makes contributions
in this area by building on the findings of thisstudyand
parallel measurements (Stepczuk et al. 1998a) of
precutsor concentrations and estimation of loads in
the reservoir’s tributaries. The substantial temporal
variability in yield (ratio DTHMFP:DOC) documented
here for Cannonsville Reservoir does not support a
modeling approach for precursors for this system that
would focus onsimulation ofthe averall organic carbon
pool, with subsequent prediction of THMFP from a
single yield value {(Canale et al. 1997).
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