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Ground Water Quality

Water Quality Impacts by Golf Courses

Stuart Cohen,* Amelia Svrjcek, Tom Durborow, and N. LaJan Barnes

ABSTRACT

Interest in water quality impacts by golf courses has grown signifi-
cantly since the late 1980s due mostly to the local permitting process.
Results from permit-driven studies are frequently not published. Sev-
enteen studies (36 golf courses) passed our review criteria and were
incorporated into a detailed data review. A total of 16 587 data points
from pesticide, metabolite, solvent, and NO, analyses of suxface water
and ground water were reviewed. There were approximately 90 organ-
ics analyzed in the surface water database and approximately 115
organics in the ground water database. Widespread and/or repeated
water quality impacts by golf courses are not happening at the sites
studied. None of the authors of the individual studies concluded that
toxicologically significant impacts were observed, although HALs,
MCLs, or MACs were occasionally exceeded. The individual pesticide
database entries that exceeded HALs/MCLs for ground water and
surface water were 0.07 and 0.29%, respectively. The percentages
would be somewhat higher if they could be expressed in terms of
samples collected rather than chemicals analyzed. The MCL (10 mg/
L) for nitrate-nitrogen (NO;-N) in surface water was not exceeded,
and only 31/849 (3.6%) of the samples exceeded the MCL in ground
water; however, most of the NO; MCL exceedances were apparently
due to prior agricultural land use. There was a slight trend for detected
pesticides to be more persistent and more mobile than pesticides that
were not detected, but the trend was not statistically significant. There
are major data gaps in this review, particularly in the midcontinent
area.

l |NITED StATES researchers, regulators, and pesticide

companies began to focus on pesticides in surface
water and ground water in the late 1970s to early 1980s.
Wauchope (1978) and Wauchope and Leonard (1980)
reviewed surface runoff results from more than 20 stud-
ies of agricultural pesticides. More recent work has
greatly expanded the knowledge of agricultural pesti-
cides in ground water (e.g., Thurman et al., 1992; Stamer,
1996). Initially, a limited number of studies focused on
the nematicides 1,2-dibromo-3-chloropropane (DBCP)
and aldicarb as well as certain high volume corn (Zea
mays L.) and soybean [Glycine max (L.) Merr.] herbi-
cides in ground water (Peoples et al., 1980; Zaki et al.,
1982; Cohen et al., 1984). Since that time, the number
of studies, papers, and reports in this field have grown
significantly. For example, USEPA (1992a) and Bar-
bash and Resek (1996) collectively summarized the re-
sults from more than 300 ground water studies. Most
of the studies in both publications were related to agri-
culture. Part of the motivation of Spalding and Exner’s
(1993) review of NO; in groundwater is the possibility
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for contaminated ground water to discharge to streams,
lakes, and nearshore coastal waters.

Thus there have been many studies on agricultural
chemicals in ground water and surface water, but field-
scale water quality monitoring studies of nonagricultural
pesticides and fertilizers are rare. A ground water moni-
toring study of four golf courses on Cape Cod found
several pesticide and NO, detections but no significant
impacts (Cohen, 1990; Cohen et al., 1990). The USEPA
conducted a stratified random survey of the nation’s
drinking water wells in the 1987 to 1990 time period
(USEPA, 1992b). The most frequently detected organic
was the derivative of tetrachlorophthalic acids, metabo-
lites of the herbicide dacthal (DCPA). This herbicide
has been used for vegetable crops and turf. The USEPA
found a positive relationship between the rate of DCPA
use on golf courses and the probabulity of detecting the
metabolites in wells on a regional (multistate) scale.
However, a smaller scale analysis was not possible. In
addition, it is possible that the presence of managed
lawns may be reflected in the correlation.

It 1s usually not appropriate to extrapolate results
from agricultural monitoring studies to golf courses due
to the significantly different management practices,
plant canopy, surface mat (thatch), and dense root sys-
tem of turf (Kenna, 1995). The volume of runoff water
is usually less, and eroded sediments are significantly
reduced in turf compared with row crop agriculture
(e.g., Welterlen et al., 1989). Good drainage is promoted
in golf course turf, but evapotranspiration is usually
higher in turf than most other crops (e.g., Ward and
Elliot, 1995). Thus leaching potential is expected to be
less 1n turf, other factors being equal. Limited data indi-
cate that field dissipation rates are significantly greater
in turf (shorter DTy, values; e.g., Horst et al., 1996).

The U.S. Golf Association has funded more than $3
million of environmentally-related research, but this
work has ranged from the small-scale size of 1 m? or
smaller test plots or lysimeters, up to individual greens
(Kenna, 1995). In other words, these are not field-scale
monitoring studies. Many golf courses built in the USA
since the late 1980s have been required to monitor
ground water and surface water quality as a result of
permit conditions. These studies are rarely published in
the peer-reviewed literature, and they are usually not
publicized at all. This problem is a frequent target of
concern during the state and local approval process.
Public accusations in the area of water quality impacts

Abbreviations: ND, not detected, cz, climate zones; gw, ground water;
MAC, maximum allowable concentrations; HAL, health advisory
level, VOC, volatile organic carbon.
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by pesticides can often become highly emotional and
speculative. Therefore the purpose of this study was to
seek and critically review surface water and ground wa-
ter quality monitoring results from golf courses around
the USA and elsewhere, and to quantitate conclusions
about water quality impacts, if possible.

METHODS
Solicitation and Review of Field Studies

Results of surface water and ground water studies con-
ducted on golf courses throughout the USA were solicited
through a variety of sources in an effort to gather a broad
range of regional coverage and minimize biased conclusions
Initially, press releases were issued requesting information,
followed by articles in the golf course press (Golf Course News
and Newsline [GCSAAL). These are publications read by golf
course superintendents and turf researchers. Letters re-
questing information were sent to all 50 state environmental
water quality regulatory agencies and several USEPA regional
offices. The response rate was 36% from the state agencies
and 100% from the USEPA. In addition, information from
13 studies obtained m a preliminary review of this subject
(Cohen and Durborow, 1994) was updated. Finally, the peer
network (‘word-of-mouth’) was used. Thus, it is likely we
identified most of the completed golf course water quality
studies as of 1996.

There were a total of 19 studies reviewed for this paper.
These studies included 40 golf courses. Each study was sub-
jected to a preliminary quality control review. Study directors
or laboratory staff were contacted to ensure that adequate
quality control measures were followed by the participating
laboratories, including proper state certification, and assur-
ance that blank and matrix spike analyses and duplicate analy-
ses were run for appropriate samples. Seventeen of these stud-
ies (36 golf courses) passed our review criteria and were
included 1 the statistical analyses, all but one of the 36 golf
courses were located m the USA. (One study was done on
Prince Edward Island.) All numerical data from the accepted
studies were then entered into a database or spreadsheet pro-
gram, and approximately 10 to 20% of the data (generally

closer to 20%) entered for each study was checked for com-
pleteness and accuracy in an in-house quality control review.
Data from the two other studies in Guam and Japan were
reviewed but not added to the database. The locations of the
golf courses and media sampled (surface water [sw] and/or
ground water [gw]) are shown in Fig. 1.

STUDY DESCRIPTIONS

Locations, sampling sites, objectives, and other key infor-
mation for all studies used in our analysis are shown 1n Tables
1 and 2. A supplemental summary of the studies can be re-
quested from the authors. Following 1s a brief summary of
studies from Guam and Japan that could not be mncluded in
the critical review due to the extensive amount of data.

Ground Water Quality Monitoring Program
Review, Guam

A comprehensive water quality testing prograni was init1-
ated 1n 1990 by Guam Municipal Golf, Inc at Guam Interna-
tional Country Club (Guam EPA, 1992). The purpose of the
study was to demonstrate that golf course construction and
maintenance, when responsibly managed, are compatible with
a quality environment. In this study, more than 86 000 individ-
ual analyses for NO; and pesticides have been performed on
water samples in lakes and wells at the golf course. We have
been unable to obtain data more detailed than a four-page
summary. No pesticides were detected in this study. The re-
sults of this monitoring program are not included in the da-
tabase.

Water Quality Studies in Japan

Summaries of approximately 250 000 data points were ob-
tained through an American supermtendent consulting in Ja-
pan (S.L. Carlton, 1996, personal communication) and a poster
presented at an international meeting (Minoura et al., 1994).
American Cyanamid collected 160 surface water samples from
three golf courses in Japan and analyzed them for pendimetha-
Iin (Minoura et al , 1994). Both references provided summary
results from the Environment Agency of “drain” water ana-
lyzed for 30 pesticides over a 3-yr period. The rate of individual

)

A SW = surface water studied
Il GW = ground water studied
* SW & GW = gurface & ground water studied

Fig. 1. Golf course study locations.






