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Pesticide and Fertilizer Contamination of Streams
Adjacent to Golf Courses and the Response of the
Benthic Macroinvertebrate Community

A. M. Soli and W. O. Lamp

SUMMARY

High-quality golf courses require substantial pesticide
and fertilizer applications, leading to concerns about their
environmental impacts. A study was conducted the effects
of golf course pesticides and fertilizers on adjacent surface
waters and the their impact on benthic macroinvertebrates.
® Stream water and benthic macroinvertebrate communi-
ty samples were collected from mid-Atlantic golf courses;
samples were collected from sites upstream and down-
stream of the courses for comparison. Water samples were
collected following runoff events (for pesticide and nutrient
analysis) and on a monthly basis (for nutrient analysis).
® Macroinvertebrate communities were analyzed using
bio-assessment indices. While increases in abundance and
taxa richness of invertebrates downstream of the courses
were seen, no significant shifts in community structure and
function between sites were found.

@® Higher downstream concentrations of several pesticides
and phosphorus in runoff samples indicated contamination
by these chemicals. However, monthly sampling did not
reveal increases in downstream nutrient concentrations.
Therefore, fertilizer applications do not appear to con-
tribute to long-term stream nutrient enrichment.

@ Golf course management practices did not appear to
impact stream-macroinvertebrate communities. However,
since the potential for problems exists further downstream
(e.g. in the Chesapeake Bay), studies on turfgrass manage-
ment practices that minimize potential chemical movement,
such as riparian vegetation maintenance, are justified.

Golf courses are viewed as an ecological-

ly sound use of land that provide citizens with a
convenient recreational opportunity while pre-
serving green space and natural settings (39). Yet,
in order to keep the grounds appealing and pro-
vide high-quality playing conditions, the use of
pesticides and fertilizers on golf courses is an
inherent necessity. The treatment of a golf course
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with these chemicals is usually highly visible. As
a result, public concern over the possible environ-
mental harm associated with the use of pesticides
and fertilizers on golf courses has increased in
recent years (25, 39), in spite of increased regula-
tion and enhanced turf and pest management prac-
tices (22, 28).

Citizens that live near golf courses are
often particularly concerned about whether or not
these chemicals are entering ground water they
drink or surface waters used for recreational activ-
ities, such as fishing and swimming. Therefore,
golf course superintendents need to know if their
pesticides and/or fertilizers are entering local
water systems and whether their management
practices are having beneficial or detrimental
effects on the environment. In response to these
concerns, we completed a project that studied the
runoff of pesticides and fertilizers into surface
waters that flow through golf courses and the
impact of these chemicals on benthic macroinver-
tebrates and their communities.

The pesticides and fertilizers commonly
applied to turfgrass systems face various fates
including volatilization, leaching, and runoff.
With respect to the water quality, the fates of most

With respect to water quality on and around golf courses,
leaching and runoff are the fates of primary concern.
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concern are leaching and runoff. The movement
of pesticides and nutrients into aquatic systems is
of interest because of the possible non-target
effects these chemicals may have. Therefore,
numerous studies have been completed focusing
on the transport of pesticides and nutrients from
turfgrass into aquatic systems.

Watschke et al. (39) studied the movement
of pesticides and fertilizers applied to golf cours-
es. They concluded that "dense, high-quality tur-
fgrass stands, regardless of establishment method,
affect the overland flow process to such a degree
that runoff is insignificant." In addition, Kenna
(17) stated "results...often show that turfgrass sys-
tems reduce runoff" which "reinforce(s) the view
that turfgrass areas generally rank second only to
undisturbed forests in their abiility to prevent pes-
ticides from reaching ground water and surface
water." Similar conclusions were also reached by
Miles et al. (23) and Gross et al. (8).

However, other authors have found move-
ment of pesticides and nutrients from turfgrass
systems into surface water via runoff. For
instance, Hong and Smith (15) reported detecting
dithiopyr in runoff water from treated simulated
golf course fairways. Also, Sudo and Kunimatsu
(37) found pesticide loading of a stream associat-
ed with a golf course in the Shiga Prefecture of
Japan. Smith (35) found that 8% of applied pesti-
cides moved out of a turf system via runoff over a
25-day sampling period following the treatment of
simulated fairways; runoff was the result of both
simulated and natural rain events. The data lead
Smith to conclude "that there is a need for addi-
tional improvement of the management strategies
used on fairways to decrease the amount of pesti-
cides leaving these areas during a rainstorm fol-
lowing application."

Finally, Morton et al. (26) studied the
influence of fertilization and over watering on the
loss of nitrogen from home lawns. While they
determined that runoff from turfgrass was not a
significant source of inorganic nitrogen loss, over
watering in conjunction with fertilization generat-
ed significantly greater leaching of nitrogen.
Indeed, they concluded that overwatering of fertil-
ized lawns in coastal watersheds can result in

increased nitrogen loading, thus threatening the
health of bays and estuaries. The movement of
pesticides and nutrients in tosurface waters can
lead to a degradation of water quality, resulting in
deleterious impacts on aquatic organisms, includ-
ing benthic macroinvertebrates.

The relationship between water quality
and macroinvertebrates has been recognized for at
least 150 years. In 1848, it was noticed that the
disappearance of Trichoptera larvae could be
caused by the presence of an upstream city (24).
Since that time, biomonitoring has become a stan-
dard method of monitoring the health of aquatic
ecosystems. Biological monitoring (or biomoni-
toring) is "the systematic use of living organisms
or their responses to determine the quality of the
environment™ (33). Biomonitoring, as Matthews
notes, can be used to evaluate changes in the envi-
ronment with many changes being from anthro-
pogenic sources (33). Biomonitoring can study
aquatic organisms from an individual to a com-
munity basis (16).

On an individual basis, morphological
and/or behavioral changes can indicate the pres-
ence of a stressor. Biological monitoring of aquat-
ic communities can study numerous community
structural and functional dynamics since aquatic
organisms respond to stress in a variety of fash-
ions. Various changes in the structure of a com-
munity, such as decreases in taxa richness, the
number of individuals or taxa of sensitive organ-
isms (e.g., mayflies, caddisflies, and stoneflies),
diversity of taxa, or shifts in the species composi-
tion of the community can indicate decreasing
water quality.

Biomonitoring is often used to study the
impacts of agricultural practices on aquatic
ecosystems. One such agricultural practice is the
management of golf courses. Golf course man-
agers commonly utilize a variety of management
practices in order to maintain the coursesuch that
they provide optimal playing conditions and are
aesthetically pleasing (39). These practices can
include modifications to the landscape and occa-
sionally surface waters on the golf course proper-
ty, as well as chemical applications to the golf
course in order to control pests and promote a



healthy turfgrass stand.

While modifications to the landscape have
the potential to impact aquatic communities, the
environmental impacts of chemical applications to
golf courses is of perhaps the greatest concern.
The application of large amounts of these chemi-
cals has brought about questions concerning their
fate and subsequent environmental impacts,
including their potential impact on aquatic sys-
tems, especially since "the greatest potential envi-
ronmental hazards of pesticides are probably to
aquatic organisms" (41). As has been noted, sev-
eral studies have verified that pesticides and fer-
tilizers applied to agricultural (including turf) and
urban systems have contaminated surface waters.
Therefore, the nontarget impact of these chemi-
cals on aquatic organisms has become a topic of
concern.

Several authors have studied the impacts
of pesticides and nutrients on aquatic ecosystems.
For instance, Kersting and Van den Brink (18)
found a decrease in primary production and oxy-
gen consumption, as well as a decrease in decom-
position of organic matter due to the death of
arthropods, following exposure to Durshan® 4E
(active ingredient, chlorpyrifos). In addition, they
reference a study by Wallace who found a
decrease in the abundance of insect shredders
upon treatment of a stream by methoxychlor; the
decrease in shredders resulted in decreased leaf
processing rates. Cuppen et al. (5) treated micro-
cosms with chlorpyrifos that resulted in a decrease
in the number of shredders (Gammarus pulex was
eliminated and the populations of Asellus aquati-
cus and Proasellus meridianus collapsed); the loss
of shredders lead to a decrease in the decomposi-
tion of particulate organic matter.

The three primary concerns regarding
nutrient enrichment of aquatic ecosystems are 1)
eutrophication of surface waters, 2) contamination
of drinking water by nitrogen (especially nitrate),
and 3) of most recent concern in the Atlantic
region of the United States of America- Pfiesteria
outbreaks. Carpenter et al. (3) have identified
many problems related to enrichment of aquatic
systems including toxic algal blooms, oxygen
depletion, fish kills, loss of biodiversity, and loss

of aquatic plant beds and coral reefs.

While high levels of nutrient enrichment
have shown to be problematic, moderate levels of
nutrient enrichment of aquatic ecosystems have
been found to result in increases in biological pro-
ductivity, including increased abundance and/or
biodiversity of aquatic organisms, of those sys-
tems. Brock et al. (1), upon the addition of nutri-
ents to microcosms, saw increases in the abun-
dance of macroinvertebrate grazers (the
oligochaete Stylaria lacustris and several snail
taxa). Rader and Richardson (30) studied the
community composition of invertebrates and
small fish in enriched and unenriched sections of
the Florida Everglades. They found increases in
species richness, Shannon's diversity, number of
unique species, and density of organisms in
enriched areas of the Everglades; however, the
trophic structure and functional feeding-groups
were similar at all sites along the nutrient gradient.
Finally, in studies looking at the effects of nutrient
additions on algae and periphyton, Winterbourn
(42) found greater periphyton biomass on nitrogen
and phosphorus enriched substrates and
Niederhauser and Schanz (27) found higher algal
biomass on clay pots containing phosphorus.

The studies we completed differed from
many reported in the literature in several ways.
First, most of the research that studied the move-
ment of chemicals via runoff used artificially gen-
erated runoff events, whereas our studies focused
on the movement of chemicals following natural
storm events. In addition, not all of the studies
focused on the movement of pesticides common-
ly applied in the mid-Atlantic region of the United
States. Furthermore, most of the studies were
completed in regions of the United States other
than the mid-Atlantic region, if not in other parts
of the world (e.g., Japan).

Whether or not pesticides contaminate sur-
face waters is often a function of their half-lives,
their ability to bind to organic matter in soils or
other soil particles, their solubility in water, and
the length of time between their application and
an event (e.g., a major storm or irrigation) that
results in runoff of water and soils from golf
courses (17, 23). Since the Mid-Atlantic section



using artificial leafpack samplers.

of the United States has a unique climate and soil
composition, the movement of pesticides and
nutrients in this area may be different than the
trends seen in other geographic regions in which
similar studies have been completed. Finally, our
research studied not only the movement of pesti-
cides and fertilizers from golf courses into surface
waters following natural runoff events, it also
focused on the impact of golf course management
practices on the benthic communities of these sur-
face waters.

This study had two primary goals. One
was to determine if surface waters adjacent to golf
courses were contaminated by pesticides and/or
fertilizers. Contamination was expected to occur
especially in association with high runoff events
such as storms (23, 35). In addition, since chem-
icals applied to golf courses have been shown to
affect aquatic organisms, a second goal was to
develop the use of stream macroinvertebrates and
their communities as long-term indicators of
water quality to identify possible chronic effects
of golf course management practices.

One of the objectives of this study was to
measure the concentration of pesticides in the
water column of streams immediately following
runoff events. Water samples were collected five

times in 1998. Samples were processed and ana-
lyzed using solid phase extraction and gas chro-
matography/mass spectrometry to determine if
pesticide contamination of streams adjacent to
golf courses occurred during runoff events.

A second objective was to measure the
concentration of nutrients (nitrate and phospho-
rus) in streams adjacent to golf courses. Stream
water samples were collected once or twice a
month in 1998 and 1999, as well as following the
5 runoff events mentioned above. The samples
were analyzed for nitrate and total phosphorus
content to determine if the application of fertiliz-
ers to golf courses was contributing to the enrich-
ment of surface waters.

The third objective of this study was to
assess the impact of golf course management
practices on stream macroinvertebrate communi-
ties. Benthic macroinvertebrate communities of
streams adjacent to golf courses were sampled 5
times in both 1997 and 1998 using artificial leaf-
pack samplers. The benthic macroinvertebrates
were sorted, counted, and identified. Benthic
macroinvertebrate community structure (richness,
diversity, etc.) was analyzed using several
bioassessment indices to determine if benthic
macroinvertebrate community composition at



sites upstream from golf courses differs from that
of sites downstream of golf courses.

In addition, since benthic macroinverte-
brate communities are affected by factors other
than the presence or impact of a pollutant, includ-
ing natural physical and chemical parameters of
water quality and habitat, several of these stream
properties were measured in conjunction with
benthic macroinvertebrate sampling. Therefore, if
any differences were seen in the benthic macroin-
vertebrate communities when comparing
upstream and downstream sites, it could be deter-
mined if these differences were due to natural
variability of the physical and chemical properties
of the stream instead of impacts of golf course
management practices. Information gained from
the analysis of the benthic macroinvertebrate
community was used in conjunction with the
results of the pesticide and nutrient studied to
determine the impact of golf course management
practices on aquatic communities.

In accordance with these three objectives,
this study was completed to determine if pesti-
cides and/or nutrients were contaminating surface
waters, especially through runoff, and if they
affected the macroinvertebrate community. If
pesticides and fertilizers applied to golf courses
were found to be contaminating streams adjacent
to golf courses, this information could be used to
explain any alterations in benthic community
structure which may be seen at sites subjected to
golf course runoff.

In addition, if it was found that pesticides
and/or fertilizers adjacent to golf course manage-
ment were not found in surface waters, or they
were not impacting the benthic community, the
controversy and negative image that now sur-
rounds chemical use on golf courses may be
reduced. Indeed, some management practices
associated with golf courses (e.g., development
and/or maintenance of a riparian zone) may actu-
ally allow the enhancement of stream water qual-
ity. Yet, if contaminants were present and/or were
impacting the benthic community, this informa-
tion could serve as the basis for the development
of new, environmentally sound or alternative golf
course management practices.

MATERIALS AND METHODS
Study Site Design

The study site design incorporated the use
of four golf courses each year of the study.
Courses 1, 2, and 3 were used in both 1997 and
1998 for benthic macroinvertebrate sampling. In
addition, Course 4 was used in 1997 and Course 5
was used in 1998. All 5 courses were located
along the Baltimore, Maryland/ Washington D.C.
corridor. Courses 1, 2, and 3 were located in the
Piedmont Province and Course 4 was located in
the Coastal Plains Province; Course 5 was located
along the border of the Piedmont and Coastal
Plain Provinces. The golf courses used were cho-
sen because they each contained a stream that
entered the golf course at only one point and ran
through a majority of the course before exiting the
property. In addition, the streams were similar in
terms of various physical and chemical parame-
ters including width, depth, and substrate compo-
sition.

Four sample sites were established on each
stream. Two of these sites were located upstream
of the golf course; they were located just before or
after the stream entered the golf course property.
These sites were considered to be unimpacted by
the golf courses. Two downstream sites were also
established. These sites were located on the
stream just before or after the stream exited the
golf course property; these sites combined are
referred to as the downstream location.

Only two golf courses, Course 1 and
Course 3, were used for the pesticide and nutrient
runoff studies. Course 1 was chosen because it is
an intensively managed golf course and one that
lacks a riparian zone along the edge of the stream.
Course 3 was chosen because it is also an inten-
sively managed course, but a riparian zone is
maintained along the length of the stream.
Frequency of sampling at the two courses was
influenced by the timing, duration, intensity, and
location of the storms that caused runoff events.



Pesticide Contamination Studies

Sample collection and processing

Water samples were collected following 5
runoff events during the summer and early fall of
1998 to determine if pesticides were moving from
golf courses into surface waters via runoff. Water
samples were collected four times from Course 1
on July 24, July 31, August 11, and October 8. On
September 18 samples were collected from
Course 3. Water samples were collected within 12
hours of major storm events, therefore the streams
were still relatively swollen, assuring that the
samples collected were runoff samples and not
composed entirely of baseflow stream water.

Water samples were collected and
processed using methods developed by personnel
at the USDA Agricultural Research Service
Environmental Chemistry Laboratory (11, 12,
30). In addition to the eight samples from the four
field sites and the matrix spike, one deionized
water blank and one deionized water blank spiked
with a mixture of target analytes were also
extracted and analyzed as controls. The water
samples were processed using the SPE cartridges
to extract pesticides on the same day as their
collection.

Pesticide analysis

Ten pesticides were regularly used on the
two golf courses. Of these, four pesticides were
chosen for analysis due to their ability to be
detected in water samples using gas chromatogra-
phy and mass spectrometry. The four pesticides
examined were pendimethalin, metalxyl, chlo-
ripyrifos, and chlorothalonil.

Analysis of spiked samples Yyielded
acceptable recoveries of pesticides usually within
20% of expected concentration thereby verifying
method recovery efficiency. In addition, pesti-
cides were not detected in the field blank. There
was no evidences of sample contamination
through the transportation and collection process.

Data analysis
Pesticide concentrations in water samples

collected from uptstream sites were compared to

the concentrations in water samples from the
downstream sites. The data from Course 1 and
Course 3 were tested separately as were the con-
centrations of each of the pesticides. Data from
both courses were analyzed for location effects.
Finally, Tukey’s contrasts were com;eted to deter-
mine if the concentrations of the pesticides in the
upstream and downstream samples from Course 1
were significantly different for each of the sample
dates.

Nutrient Contamination Studies

Regular sampling

Water samples for nutrient analysis were
collected in conjunction with samples for pesti-
cide analysis following five runoff events. In
addition, samples were regularly collected from
each of the courses one or two times a month over
a 2-year period. Water samples for nutrient analy-
sis were collected once or twice a month from
each of the sampling sites at each golf course in
1998 and 1999.

Water samples were analyzed for nitrate,
total phosphorus, and fluoride using a Hach
Company (Loveland, Colorado) DR 890 col-
orimeter and its associated methods and reagents
(9). Water samples were analyzed in the field for
nitrate except during the winter months of January
to March. During the winter months, water sam-
ples were brought back to the laboratory and
allowed to warm to room temperature, at which
point nitrate levels were measured. Water sam-
ples were analyzed for fluoride and total phospho-
rus in the laboratory.

Runoff sample analysis

Water samples were also collected follow-
ing runoff events to determine if nutrients (nitro-
gen and phosphorus) moved into streams adjacent
to golf courses via runoff. Due to the urgent need
to return to the laboratory in order to process
runoff water samples collected for pesticide
analysis, samples collected for nutrient analysis
were placed on ice and brought back to the labo-
ratory for nitrate and fluoride analysis. Finally, in
order to obtain more precise total phosphorus con-




centrations in water samples collected following
runoff events, the samples were analyzed by the
Nutrient Analytical Services at the Chesapeake
Biological Laboratory in Solomons, Maryland.

Periphyton growth

Periphyton growth was measured in order
to determine if there was any biological evidence
of nutrient enrichment of the streams. Periphyton
productivity was measured by allowing periphy-
ton to grow on artificial substrates, in this case
frosted acrylic plates. At the end of the 6-week
colonization period, the plates were removed from
the stream and all of the periphyton growing on
the 4 plates at each location was collected. Ash-
free dry mass (AFDM) of periphyton was deter-
mined using methods developed by Steinman and
Lamberti (36).

Data analysis
Nitrate and total phosphorus concentra-

tions of samples collected during regular sampling
at upstream and downstream locations were ana-
lyzed in 3 ways. First, the overall impact of golf
course fertilization was determined by comparing
the mean nutrient concentrations from upstream
and downstream locations (referred to as the over-
all analysis). In addition, nutrient concentrations
at the upstream and downstream locations of each
course were analyzed separately (referred to as the
by course analysis). This analysis was completed
to determine if there was any variation in the dif-
ferences of nutrient concentrations between the
upstream and downstream sites at different cours-
es, thereby providing information on whether dif-
ferent management practices might have different
effects of stream nutrient levels.

Finally, the mean nutrient concentrations
of samples collected from upstream and down-
stream locations were compared for each season
separately (referred to as the by season analysis)
to determine if nutrient enrichment of the stream
occurred during time periods (spring and fall)
when fertilizers were applied in the highest
amounts to golf courses. Only the overall and by
course analyses of fluoride concentrations were
completed.

Nitrate and total phosphorus concentra-
tions in upstream and downstream runoff samples
were analyzed to determine if their differences
were significant. Runoff data from Courses 1 and
3 were analyzed for location effects. Tukey's con-
trasts were completed which compared the
upstream and downstream concentrations for each
sample date to identify significant changes in con-
centrations. Mean periphyton growth at the
upstream and downstream locations was deter-
mined by averaging the AFDM of periphyton
from both upstream and downstream sites. Mean
AFDM and PAR from the upstream and down-
stream locations also was compared.

Benthic Macroinvertebrate
Community Studies

Benthic macroinvertebrate community sampling

Benthic macroinvertebrates were collected
five times in 1997 and five times in 1998. Macro-
invertebrates were collected using artificial leaf-
pack samplers. Five leafpacks, each consisting of
five grams of dried oak leaves, were connected to
bricks with a strap and placed in the stream three
weeks prior to the sampling date to allow for col-
onization by benthic macroinvertebrates. On the
sample date, the leafpacks were collected and
returned to the laboratory for invertebrate identifi-
cation. for invertebrate identification. After the
invertebrates were isolated using the pan-trapping
method, they were counted and identified. Only
aquatic insects were counted and identified for
analysis. Invertebrates from other taxonomic
classes were discarded.

Physical and chemical parameters

Several physical and chemical stream
parameters were measured at the time the leaf-
packs were collected from the stream. These
parameters included alkalinity, hardness, photo-
synthetic active radiation (PAR), dissolved oxy-
gen, pH, temperature, turbidity, conductivity, pH,
and discharge information (current velocity,
depth, width). Alkalinity, hardness, and turbidity
of the stream water were usually measured in the
field.




In 1997, dissolved oxygen was measured
from different stream locations. Dissolved oxy-
gen was immediately measured upon collection of
the water from the stream. Stream pH and tem-
perature were recorded. Conductivity was not
measured in 1997. Dissoslved oxygen, pH, con-
ductivity, and temperature were measured in
1998. Current velocity and depth were measured
during both 1997 and 1998.

Data analysis
There are several different types of

bioassessment indices including richness meas-
ures, enumerations, community diversity and sim-
ilarity indices, biotic indices, and functional feed-
ing-group measures. Included among these
indices are enumerations (total abundance) and
richness measures (taxa richness and
Ephemeroptera, Plecoptera, and Trichoptera
(EPT) richness). Total abundance was calculated
for each location (upstream and downstream)
from each of the courses on each of the sample
dates. Total abundance was the total number of
individuals collected using all of the recovered
leafpacks at one location.

Taxa richness was calculated as the total
number of different taxa collected using all of the
leafpacks recovered from one location on each
sampling date. EPT richness was calculated for
each of the leaf packs. This value was the total
number of Ephemeroptera (mayfly), Plecoptera
(stonefly), and Trichoptera (caddisfly) taxa col-
lected in one leafpack. The EPT richness value
for a location was determined by averaging the
EPT values of all recovered leafpacks from each
location on each sampling date.

Benthic macroinvertebrate data was ana-
lyzed for an overall effect of golf course manage-
ment practices on benthic macroinvertebrate com-
munities by combining and analyzing data col-
lected from the courses. The bioassessment
indices were analyzed for location (upstream-vs-
downstream) effects. The location effect was the
effect of primary interest because it provided
information about the change in the benthic com-
munities between the locations. Benthic macroin-
vertebrate data was also analyzed for each course

separately to compare the benthic communities
from the upstream and downstream locations.
This comparison was completed to identify spe-
cific management practices at each course that
could impact the benthic communities. Finally,
the physical and chemical parameters were ana-
lyzed to determine if the values of any of the
parameters significantly differed between the
upstream and downstream locations.

RESULTS
Pesticide Contamination Studies

Pesticides, while varying in their concen-
trations, were found in all water samples collected
following runoff events. Chlorothalonil was
detected in all of the water samples collected. In
general, at Course 1 the concentration of
chlorothalonil from water samples collected from
the downstream location was similar to or slightly
greater (although not significantly so) than that of
samples collected from the upstream location
(Table 1). However, in samples collected on July
31, 1998, the downstream sample concentration
was significantly less than that of the upstream
samples. The chlorothalonil concentration of
water samples collected from the downstream
location of Course 3 was significantly less than
that of samples from the upstream location
(Tablel).

Chlorpyrifos was detected in water sam-
ples collected from Course 1 on all four sample
dates. On three of the four sample dates, the
chlorpyrifos concentrations were greater in down-
stream samples as compared to upstream samples
(Tablel) , and the difference was significant in
samples collected on 8-October-1998. At Course
3, the concentration of chlorpyrifos in samples
collected from the upstream location was signifi-
cantly greater than that in samples collected from
the downstream location (Tablel).

Metalaxyl was detected in all water sam-
ples collected from Course 1, however the loca-
tion that contained the higher concentration varied
by sample date (Tablel). The concentrations were



Chemical Location Course 1 Course 3
7/24/98  7/31/98  8/11/98  10/8/98 9/18/98
Chlorothalonil Upstream 5.53 694.17 3.01 1.81 4.38
Downstream 9.66 31.03 5.66 2.29 2.53
Chlorpyrifos Upstream BQL 31.4 BQL 271 34.8
Downstream 3.07 39.36 4.57 679.15 14.24
Metalaxyl Upstream 6.64 211.27 7.18 ND 14.98
Downstream 444.75 71.82 132.19 ND 12.12
Pendimethalin Upstream ND ND ND ND 88.5
Downstream ND 138.53 ND 35.4 ND
Nitrate Upstream 1.05 0.5 0.9 0.4 0.8
Downstream 0.06 0.11 0.3 0.8 0.6
Total Phosphorus Upstream 0.06 0.11 0.04 0.18 0.21
Downstream 0.11 0.26 0.07 0.38 0.13

not detected in the water sample.

Note: Numbers in bold are estimates because their true concentration exceeded the uppper limit of the standard curve.
BQL indicates that the concentration of the pestcide was below quantification limits. ND indicates the pesticide was

Table 1. Concentrations of pesticides (nanograms/L) and nutrients (mg/L) in water samples collected following runoff events

significantly greater in samples collected from the
downstream sites on July 24, 1998 and August 11,
1998. Metalaxyl concentrations were significant-
ly lower in the downstream samples collected on
July 31, 1998 and October 8, 1998. Metalaxyl
concentrations did not significantly differ in the
upstream and downstream samples collected from
Course 3 (Table 1).

Pendimethalin was detected in only 2 of 4
water samples collected from Course 1. On both
of these sample dates, pendimethalin was detected
only in the downstream samples (Tablel), and the
increase between the upstream and downstream
locations was significant (July 31, 1998 and
October 8, 1998). Pendimethalin was detected
only in the upstream samples collected from
Course 3 (Table 1) and its concentration in the
upstream samples was significantly greater than

its concentration in the downstream samples.
Nutrient Contamination Studies

Nitrate analysis, regular sampling

Nitrate concentrations, when analyzed
using data from all courses, were found to be sig-
nificantly greater in samples collected upstream of
the courses (Table 2). In addition, nitrate concen-
trations at each course were greater at the
upstream locations, and for all of the courses
except Course 2, the difference between the
upstream and downstream locations was signifi-
cant as revealed in the by course analysis
(Table2). Finally, seasonal analysis of the data
revealed that nitrate levels were significantly
greater in samples collected from locations
upstream of the golf course during each season,




Nutrient Location Overall Course 1l Course 2 Course 3 Course 4

Nitrate@ Upstream 1.72 1.62 1.98 1.65 1.61
Downstream 1.07 0.75 1.75 1.06 0.67

PhosphorusP Upstream 0.53 0.49 0.54 0.40 0.65
Downstream 0.54 0.54 0.52 0.42 0.65

Flouride® Upstream 0.14 0.13 0.14 0.12 0.17
Downstream 0.15 0.12 0.15 0.11 0.23

a8 mg NO3/L

b mg PO,3/L

C mg FI'/L

Table 2. Mean nutrient values (mg/L) caculated using data gathered from all courses (overall) and for each course.

including those in which fertilizers are applied to
golf courses.

Total phosphorus analysis, regular sampling

Total phosphorus concentrations, as
revealed by the overall analysis, at the upstream
and downstream locations were similar (Table 2)
and did not differ significantly. In addition, phos-
phorus concentrations of upstream and down-
stream samples were also similar (Table2).
Finally, there were no significant differences in
total phosphorus concentrations in samples col-
lected from upstream and downstream locations
during any season.

Flouride analysis, regular sampling

Fluoride concentrations were similar in
samples from upstream and downstream locations
as revealed by both the overall analysis and the by
course analyses (Table 2).

Runoff water samples

Nitrate concentrations of Course 1 water
samples collected from the upstream locations had
higher concentrations than those collected from
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the downstream locations on July 24, 1998 and
August 11, 1998. However, samples collected on
July 31, 1998 and October 8, 1998 had lower
nitrate concentrations in samples from the
upstream (Table 1). Only on August 11, 1998 was
the difference significant.

Total phosphorus concentrations were
always greater in Course 1 water samples from the
downstream locations, compared to those of the
upstream locations (Tablel). The increase in the
total phosphorus levels between the upstream and
downstream locations was significant in samples
collected on July 31, 1998 and October 8, 1998.

Water samples collected from Course 3 on
September 18, 1998 had higher concentrations of
both nitrate and total phosphorus in samples col-
lected from the upstream locations (Table 1), how-
ever, the differences were not statistically signifi-
cant. Fluoride concentrations were approximate-
ly equal at allsites for all runoff events.

Periphton growth study

Mean ash-free dry mass (AFDM) of peri-
phyton that colonized acrylic plates at locations
upstream and downstream of the golf courses did



not significantly differ. However, the AFDM of
periphyton was generally greater from sites
upstream of the golf courses. Mean PAR did not
differ at the upstream and downstream locations.

Benthic Macroinvertebrate
Community Studies

Acrtificial leafpacks were successfully used
for the collection of benthic macroinvertebrates
associated with organic matter in streams. Large
numbers of individuals (42,557) and taxa (79)
were collected allowing for the comparison of the
communities at locations upstream and down-
stream of the golf courses.

Community structure was measured using
three bioassessment indices: total abundance, taxa
richness, and EPT richness. Analysis of the data
revealed a significant increase in the total abun-
dance of benthic invertebrates at the downstream

locations (Table 3). Taxa richness was also sig-
nificantly greater at the downstream locations
(Table3). Finally, while the mean EPT richness
values of the downstream locations were usually
greater than that of the upstream location
(Table3), there was no significant difference in the
means. The FBI values from the upstream and
downstream locations were similar and the analy-
sis revealed no significant differences (Table 3),
indicating no difference in the degree of organic
pollution between the two locations.

Data on each of the biotic indices from
each of the courses was analyzed separately in
order to determine if changes in the benthic com-
munity at any one stream might be related to man-
agement practices used at that particular golf
course. A significant increase in total abundance
at the downstream locations was detected for
Course 2 and Course 3. In addition, there was a
significant increase in the taxa richness at the
downstream location of Course 2. Significant

Bioassessment Location Overall Coursel Course2 Course3 Course4 Courseb
Index

EPT Richness Upstream 0.53 0.75 0.24 0.75 0.98 0.6
Downstream  0.94 0.6 0.62 1.13 1.25 0.5

Taxa Richness Upstream 7.07 7.9 4.44 9.2 8.4 7.2
Downstream  9.59 8.6 7.22 12.5 8.2 54

Total Individuals Upstream 0.18 0.12 0.14 0.12 0.12 0.11
Downstream  0.24 0.12 0.2 0.2 0.13 0.13

Hilsenhoff FBI Upstream 5.72 5.42 5.95 5.85 5.77 5.53
Downstream  5.81 6.00 5.86 5.68 5.74 5.75

Note: Data was transformed using the natural log of the original value plus one.

Table 3. Mean bioassessment indices calculated using dta gathered from all courses (overall) and for each course
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increases in the EPT richness at the downstream
location occurred at Course 2 and Course 3.
Finally, analysis of the FBI data revealed signifi-
cant decreases at the downstream location at
Course 2 and Course 3. No other significant dif-
ferences were detected for any of the bioassess-
ment indices at any of the courses.

Analysis of the physical and chemical
data revealed no significant difference in the val-
ues of any of the parameters when upstream and
downstream locations were compared. The values
for each of the physical and chemical parameters
at the upstream and downstream locations were
also compared for each course separately to deter-
mine if any changes in the benthic community
between the upstream and downstream locations
at any of the courses could be explained by a
change in the physical and chemical parameters of
the stream. There were significant increases in
alkalinity and hardness at the downstream loca-
tion of Course 1. Course 3 had a significant
increase in hardness at the downstream location
No other differences were found in any of the
parameters at any of the courses.

DISCUSSION

Results of this study indicate that the
structure of the benthic macroinvertebrate com-
munities at locations upstream and downstream of
golf courses differs (Table 3). In general, total
abundance and taxa richness of benthic macroin-
vertebrates collected at locations downstream of
the golf courses was greater than that collected at
locations upstream of the courses. In addition,
EPT richness was usually greater, although not
significantly so, at sites downstream of the golf
courses. Finally, while the taxa most commonly
collected at the upstream and downstream sites
were the same, the number of individuals of these
taxa collected from the downstream locations was
greater than the number collected from the
upstream sites for each of the taxa.

When the benthic macroinvertebrate com-
munities of each of the golf courses were analyzed
separately, similar results were obtained for

12

Courses 2 and 3. Total abundance and EPT rich-
ness were significantly greater at the downstream
locations of these courses. Taxa richness was also
greater at the downstream locations of these two
courses.

While changes in the benthic macroinver-
tebrate communities between the upstream and
downstream locations were found, it is difficult to
relate these changes to golf course management
practices. For instance, pesticide contamination
and severe nutrient enrichment (e.g., eutrophica-
tion) should be correlated with decreases in total
abundance, taxa richness, and EPT richness, as
well as an increase in FBI values (7, 16, 31.
However, the results of this research indicated
increases in total abundance, taxa richness, and
EPT richness at the downstream locations that are
sites that could be impacted by golf course man-
agement practices including pesticide and fertiliz-
er applications.

Pesticide concentrations of streams associ-
ated with Course 1 and Course 3 were measured
following five runoff events in 1998. In general,
at Course 1 pesticide concentrations were higher
at the sites downstream of the golf course (Table
1). However, at the same time that pesticides
were detected in higher concentrations at the
downstream location, EPT richness and taxa rich-
ness values were higher at the downstream loca-
tion and the FBI value was either lower at the
downstream location or the same at both loca-
tions. Pesticide contamination of a stream, at con-
centrations great enough to affect the benthic
community, would be expected to cause a
decrease in EPT and taxa richness, and an increase
in FBI values. Therefore, pesticide application to
golf courses does not appear to explain the shifts
in the benthic macroinvertebrate community.

An increase in the productivity of aquatic
organisms can be seen with slight nutrient enrich-
ment. Freshwater ecosystems are usually nutrient
limited (6). Therefore, moderate nutrient input
may actually increase productivity of an aquatic
ecosystem. It is possible that the increase in total
abundance and taxa richness at the downstream
locations might be due to some moderate level of
nutrient enrichment of the stream by the golf



course. However, research completed as part of
this project found significant decreases in nitrate
concentrations at sites downstream of the golf
courses. In addition, the total phosphorus concen-
tration of the streams did not differ between the
upstream and downstream locations (Table 2).
Since nutrients, mainly phosphorus, are limiting
factors in terms of the biological productivity of
freshwater ecosystems (13), additional inputs of
nutrients are normally utilized by the biota.
Therefore, analysis of nutrient concentrations in
water samples may not provide evidence of nutri-
ent enrichment, when in fact, enrichment of the
system is occurring.

Measurement of the biological productivi-
ty of the stream can often provide evidence of
enrichment even when this is not seen in chemical
analysis of water samples. Periphyton productiv-
ity is commonly measured as an indicator of bio-
logical productivity, as demonstrated in experi-
ments completed by Hepinstall and Fuller (13)
and McCormick and O'Dell (21) among others. In
this study, periphyton productivity did not differ
significantly at sites upstream and downstream of
the courses. In fact, there was greater periphyton
growth at the upstream locations (Table 2).
Therefore, the application of fertilizers to golf
courses does not appear to cause nutrient enrich-
ment of adjacent streams, nor does it appear to
influence the biological productivity, including
that of the benthic communities, of these streams.

While there are other possible explana-
tions for the changes in the benthic community
between the upstream and downstream locations
(e.g., changes in substrate, undetected physical or
chemical changes, etc.) the results of the benthic
macroinvertebrate community study and the
stream nutrient enrichment study reveal one pos-
sible explanation for the overall changes found in
the benthic macroinvertebrate community, and the
shifts seen at Course 2 and Course 3. The differ-
ences in the communities may reflect lower
organic pollution (including nutrient loading) at
sites downstream of the golf course.

The Hilsenhoff FBI, which is used to indi-
cate organic pollution, is calculated using toler-
ance values for benthic taxa. More tolerant taxa
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have higher tolerance values, thereby leading to
higher FBI values. A decrease in the FBI value
can then indicate an increase in sensitive species
with lower tolerance values (an increase in sensi-
tive species). At both courses, the Hilsenhoff FBI
was significantly lower at the downstream sites
(Table 3), indicating the presence of more pollu-
tion sensitive taxa at these sites. Therefore, since
the Hilsenhoff FBI at the downstream location is
significantly less than that of the upstream loca-
tion, higher water quality and a decrease in organ-
ic pollution downstream of the golf course is
indicated.

Pesticides and nutrients were detected in
surface waters adjacent to golf courses. However,
the results of analysis of samples from different
courses Yyielded different results. In general, at
Course 1, pesticide concentrations were greater in
samples collected downstream of the course
(Table 1). Results of the analysis of water sam-
ples from Course 3 showed trends opposite to
those found in Course 1 water samples. Pesticide
concentrations from Course 3 water samples were
consistently greater at the upstream sites (Table
1). While it is not possible, on the basis of this
data and experimental design, to conclude that
pesticides were not moving into the stream by
runoff from Course 3, it is possible to conclude
that the amount of pesticides moving into the
stream was not great enough to increase the over-
all concentration of the pesticides above the level
with which the stream entered the golf course
property.

In addition, although it does not appear as
though golf course fertilizer applications are a
source of long-term nutrient enrichment of
streams, nutrient concentrations of water samples
collected from Course 1 following runoff events
suggests that phosphorus, and occasionally
nitrate, moved into the stream through runoff. At
Course 3, nitrate and total phosphorus concentra-
tions of samples collected following runoff events
from sites downstream of Course 3 were lower
than those of samples collected from the sites
upstream of this course.

On the basis of this data, it is apparent that,
in some cases (e.g., Course 1), contamination of
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Increases in water quality at the downstream location may, in fact, indicate that not only are the golf courses not
having a deleterious effect on the streams (i.e., the addition of pollutants), but also that the streams are actually
cleaner when they leave the golf courses than they were entering the golf course property.

streams adjacent to golf courses by pesticides is
occurring in association with runoff events.
However, the amount of stream contamination by
pesticides varied by golf course and runoff event.
The extent of the contamination appears to be
influenced by several factors. One of these factors
appears to be the amount of rain generated during
the storm event. The highest pesticide concentra-
tions, and in the case of chlorpyrifos and
pendimethalin, the largest increases in pesticide
concentrations between the upstream to down-
stream sites were detected in water samples col-
lected on July 31, 1998 and October 8, 1998.

In addition, nitrate and total phosphorus
concentrations were greater in the downstream
samples on the same two dates. These were the
sampling dates on which the most rainfall was
recorded. Similar findings were made by Sudo
and Kunimatsu (37): pesticide concentrations in
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water samples increased with increasing dis-
charge.

While there are several possible explana-
tions for the differences in the runoff trends at
Course 1 and Course 3, we are going to address
only 2. One possible explanation could be differ-
ences in the amount of precipitation generated
during the different runoff events or at the differ-
ent courses. However, since the precipitation
generated by the storms at Course 3 on September
18, 1998 and Course 1 on July 31, 1998 and
October 8, 1998 was approximately the same, dif-
ferences in the amount of rainfall are not likely
explanations for differences in the results obtained
at Course 1 and Course 3 (e.g., higher concentra-
tions downstream at Course 1 and upstream at
Course 3).

A factor we believe may explain the dif-
ference in results from the two courses is the pres-



ence of a buffer zone that minimizes runoff into a
stream. Course 1 mows the turf to the stream's
edge, thereby removing any buffer zone or protec-
tive vegetative strip. This, in effect, removes any
barrier that might protect the stream from contam-
ination by pesticide-contaminated runoff. Course
3, on the other hand, maintains a well-developed
buffer zone along the length of the stream. The
presence of a buffer zone at Course 3 probably
serves to prevent runoff from entering the stream,
or minimizing the amount that is able to do so,
thereby protecting the stream from contamination.

While some of the results of this study
indicate that the benthic macroinvertebrate com-
munity changes between upstream and down-
stream locations occurred, there is no evidence
that golf course management practices are the
cause of these changes. Although pesticide con-
tamination of the stream at one golf course was
detected, it could not be linked to a deleterious
effect on the benthic macroinvertebrates (e.g., a
loss of taxa, EPT richness, or total abundance at
contaminated sites).

Furthermore, long-term nutrient enrich-
ment of streams associated with golf courses from
the golf courses was not found. Therefore, nutri-
ent enrichment of the streams by the golf courses
is not a feasible explanation for the changes in the
benthic community. Instead the changes in the
community maybe the result of an increase in
water quality at the downstream locations.
Increases in water quality at the downstream loca-
tion may, in fact, indicate that not only are the golf
courses not having a deleterious effect on the
streams (i.e., the addition of pollutants), but also
that the streams are actually cleaner after they
leave the golf courses.

All streams utilized in this study were
urban streams, and therefore already impacted by
runoff from developed areas (i.e. housing, shop-
ping centers, roads, etc.). Thus, the streams con-
tained contaminants, including pesticides and
nutrients, before they entered the property of the
golf courses. It is entirely possible that as the
streams flow through the golf courses pollutants
are able to move out of the system (e.g., nutrients
may be utilized by aquatic organisms) and in the
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absence of additional inputs from the golf course,
the pollutant levels in the stream as they leave the
golf courses are lower. Therefore, it appears as
though golf course management practices, includ-
ing the environmentally sound use of pesticides
and fertilizers, pose little threat to the integrity of
aquatic communities of surface waters adjacent to
golf courses.
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