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For the pesticides they studied, researchers at the University of Florida conclud-
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serious risk due to dislodged or volatilized pesticides used for maintaining turf-
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Maintaining the aesthetics of a golf
course requires the use of pesticides to control the
debilitating effects of insects, weeds, disease, and
nematodes.  During the early 1990s, approximate-

ly 5 kg ha-1 of active ingredient (ai) of herbicides
and almost 15 kg ha-1 of insecticides were applied
annually to golf courses in the United States (21).
Given the public concern regarding the use of
such chemicals for cosmetic reasons in landscap-
ing, it is important to determine if the public, and
more specifically golfing enthusiasts, should be
concerned about exposure to chemicals applied on
golf courses.

Dermal contact with dislodgeable residues
of pesticides from recently treated turfgrass areas
in golf courses may result in golfer exposure.
Golfers generally have some form of direct or
indirect dermal contact with the turfgrass surface.
During the course of a round, golfers handle golf
balls, golf grips, and golf club faces, all of which
are frequently in contact with the turfgrass sur-
face.  In addition, golfers make direct dermal con-
tact with the turfgrass on hands.  Any one, or a
combination, of these actions may result in pesti-
cide exposure if dislodgeable residues are 
present on the turf.

In the United States alone 547 million
rounds of golf were played by 26.5 million golfers
in 1997 (7).  Unfortunately, little research has
investigated potential risks that may exist to this
large and growing portion of the U.S. population.
In the past, studies focused on pesticide exposure
to pesticide applicators (5, 6) and crop harvesters
(9, 10, 11, 13).  

Concerns regarding pesticide exposure in
agriculture have resulted in several studies per-
taining to dislodgeable residues  in crops ranging
from soybean to citrus (2, 3, 10, 12,  13,  19, 20).
Most of these studies were similar in that they
attempted to determine levels at which dislodge-
able residues exist in order to address concerns
regarding human exposure.

Dislodgeable residues from turfgrass have
also received some attention.  Thompson et al.
(22) used dampened cheesecloth to determine dis-
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SUMMARY

Dermal contact with dislodgeable residues of pesticides
from recently treated turfgrass areas in golf courses may
result in golfer exposure.  Florida researchers used two pes-
ticides to measure the extent to which applied pesticides
can be transferred to golfers playing a round of golf.

Dislodgeable residues of chlorpyrifos and isazofos
were determined by various methods, in an attempt to sim-
ulate a golfer's dermal and oral pathways.  Several methods
of sampling were used in determining dislodgeable
residues.  

Less than 2 % of applied isazofos could be recovered
from the turf surface by vigorous wiping action immediate-
ly after application. Following irrigation and drying, at four
h ours after application, isazofos residues decreased 94%
following a scheduled irrigation event.   At 24 hours after
application residues averaged 0.02 % of the isazofos
applied.

Chlorpyrifos residues on clubface, golf balls, and golf
grips declines rapidly after application.  A 95% reduction
occurred between the one and four-hour sampling periods
for chlorpyrifos detected on club face.  Chlorpyrifos
residues on golf grips were only detected one hour after
application.

The data indicate that even under extreme circum-
stances, golfers will experience little risk from dislodgeable
residues of chlorpyrifos.  While the data for isazofos
appears more threatening, it should be remembered that
golfers are unlikely to encounter these pesticides on every
round of golf they play over a period of many years.
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lodgeability of 2,4-D applied to Kentucky blue-
grass (Poa pratensis L.) in both field and growth
room studies.  In that study, less than 0.01 % of
the applied chemical was dislodged from the turf-
grass, which received 18 mm of natural rainfall
approximately one hour following application.
However, seven days were required to reach the
0.01% level with no rainfall.  

Dissipation over time of chlorpyrifos and
dichlorvos from a clover (Trifolium sp.) and fes-
cue (Festuca sp.) lawn were examined by Goh et
al. (8).  Residues were chemically extracted
directly from leaf tissue.  Residues of dichlorvos
reached safe levels within four hours after appli-
cation in irrigated plots and 14 hours in non-irri-
gated plots.  Chlorpyrifos residues were within
safe levels immediately following application for
irrigated plots.   Non-irrigated plots required six
hours to reach safe levels. 

Sears et al. (17) reported the effects of
time, sunlight, rainfall, mowing and pesticide for-
mulation (granular vs. liquid) on residues of diazi-
non, chlorpyrifos, and isofenphos from Kentucky
bluegrass.  In this study, the damp cheesecloth
wipe method was employed.  Dislodgeable
residues following the application of diazinon as a
liquid formulation were 20 times more than that of
diazinon applied as a granular formulation.
Rainfall reduced dislodgeable residues, while-
mowing did not.  

Murphy et al. (14, 15) used dampened
cheesecloth to determine dislodgeable residues of

triadimefon, mecoprop (MCPP), trichlorfon, and
isazofos from 'Penncross' creeping bentgrass
(Agrostis palustris Huds.).  Irrigation reduced dis-
lodgeable residues of trichlorfon and isazofos,
whereas dislodgeable residues of triadimefon and
MCPP were the greatest immediately after appli-
cation and decreased with time.

Few studies have directly related the trans-
fer of dislodgeable pesticide residues to golfers.
Murphy et al. (14, 15) used the model of Zweig et
al. (24) to assess the impact of  golfer dermal
exposure to triadimefon, MCPP, trichlorfon, and
isazofos.  The Zweig et al. (24) model determined
that the dermal exposure rate (mg hr-1) of fruit
harvesters was five thousand times greater than
dislodgeable residues (µg cm-2) determined on
leaf tissue.  The transfer of dislodgeable residues
to fruit harvesters is likely far greater than that of
golfers, due to the fruit harvesters' extensive and
frequent contact with vegetation.  Therefore,
while the use of the Zweig et al. model has been
accepted, it is likely overestimating golfer expo-
sure to pesticide residues.  

Nevertheless, using the Zweig et al.
model, Murphy et al. determined that exposure to
dislodgeable residues of triadimefon and MCPP in
a 15-day study was below levels expected to cause
adverse health effects.  However, Murphy et al.
found dislodgeable residue levels of isazofos and
DDVP, a transformation product of trichlorfon, at
concentrations that may cause adverse effects two
days after application for DDVP, and two and
three days after application for isazofos.

Two dislodgeability studies have been
reported in which actual golf equipment was used
for sampling (2, 18).  Borgert et al. (1) quantified
the  dislodgeable residues of three insecticides
(diazinon, isazofos, chlorpyrifos) 24 hours after
application of a 'Tifdwarf' bermudagrass
(Cynodon dactylon L. X C. transvaalensis) green.
Using materials such as cotton fabric, leather, and
golf balls, the authors developed preliminary and
limited risk calculations to estimate the toxicolog-
ical significance associated with golfer exposure
to the green. Residues dislodged by golf grips
were estimated in this study using data collected
from pesticides dislodged from leather.  Snyder et
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Various methods were used to sample the amount of pesti-
cide residue that could be transferred to club faces, golf
balls, and club grips.



al. (18) found that dislodgeable residues of the
organophosphate nematicide fenamiphos pro-
duced hazard quotients exceeding the 1.0 thresh-
old for safe exposure for up to three hours after
application.

A goal of the present study was to expand
the existing dislodgeability database to include
golf clubs and other routes of exposure specific to
golfers in the sampling.  The specific objectives of
this study included: (1) determination of dislodge-
able residues of chlorpyrifos and isazofos follow-
ing their application to turfgrass; and (2) risk
assessment based on the field data, thereby deter-
mining if this exposure may be toxicologically
significant.

Materials and Methods

The study was conducted on a 'Tifgreen'
bermudagrass (Cynodon dactylon L. X C. trans-
vaalensis Davy-Burt) USGA putting green and a
'Tifway' (Cynodon dactylon L. X C. tranvaalen-
sis) bermudagrass rough located adjacent to the
USGA putting green at the Univ. of Florida's Ft.
Lauderdale Research and Education Center
(FLREC).  Maintenance of the putting green was
similar to that of putting greens located at golf
courses throughout Florida: mowing every morn-
ing (except during experimental sampling peri-
ods) at 5 mm with watering and pesticide applica-
tion (i.e., pesticides of non-interest to this study)
as needed. The rough was maintained at a height
of 8.5 cm.  It was mowed three times a week, with
water and pesticide applications (i.e., pesticides of
non-interest to this study) being made as needed.
Irrigation was not applied to this area during sam-
pling.

With the lone exception of determining
dislodgeable residues from a chipping club face
from rough mowed turf, all of the dislodgeable
sampling was conducted on putting green turf.
Dislodgeability samples were taken from the put-
ting green and the rough over a two-day period
beginning on  June 3, 1997 and ending on June 4,
1997.    

There were five 1 x 12 meter plots.
Chlorpyrifos (Dursban) and isazofos (Triumph)

were applied at 1:00 p.m. (ambient temperature
32C; calm conditions).  Following the first set of
samplings, approximately 0.34 cm of irrigation
was applied to the putting green.   Thereafter,
samples were taken at approximately four and 24
hours after pesticide application. Samples were
taken from randomly selected, undisturbed loca-
tions on each plot with five replications taken in
all cases.  On October 29, 1997, a second applica-
tion of chlorpyrifos and isazofos were applied to
the rough to determine the quantity of residues
dislodged by a single golf swing.  The pesticides
were applied at 10:55 a.m. (ambient temperature
21C; calm conditions).  Samples were taken from
randomly chosen, undisturbed locations within
the treated area over a 24-hour period. 

All insecticides were applied using a one-
meter wide, two nozzle (flat fan Tee Jet 8006),
CO2 backpack sprayer at approximately 30 psi.
Chlorpyrifos and isazofos were applied at the
labeled rate of 0.229 g ai m-2, with total applica-
tion time never exceeding 15 minutes.

Several methods of sampling were used in
determining dislodgeable residues.  They were: 1)
damp cheesecloth wipe, 2) golf ball putt, 3) golf
grip roll, 4) chip and wipe I, and 5) chip and wipe
II (single swing of the club).  Each method was
replicated five times for a given sampling time.
The areas sampled were marked with orange
spray paint to prevent overlapping of sampling
areas.  Samples were placed in glass jars follow-
ing collection, sealed, and immediately stored at
-20C until extraction.

The damp cheesecloth wipe method was
executed by firmly wiping a dampened piece of
cheesecloth four times in four directions over a
603 cm2 area of the plot demarcated by a tem-
plate. The cheesecloth was held firmly in place
using an aluminum holder.  A 10 x 10 cm piece of
aluminum foil was placed between the cheese-
cloth and the holder, reducing transfer of pesticide
onto the holder which could lead to the contami-
nation of subsequent cheesecloth samples.  Both
the cheesecloth and aluminum foil were placed in
the glass sampling jar.  

The golf ball putt method was executed by
putting a golf ball 36 times over a 0.5 x 4 m area
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of the putting green.  The golf grip roll method
was executed by placing and rolling (three revolu-
tions) a standard size rubber golf grip on the turf
surface.  A metal rod (0.218 kg) was inserted into
the grip to insure firm contact with the turf and to
allow the grip to be rolled and transported without
being touched.  

The chip and wipe I method was executed
by swinging the golf club (pitching wedge) in
such a manner that the club face made contact
with the blades of turf without penetrating the soil
surface.  The club was swung five times over a
new area of turf each time.  After each swing, the
club face and back was wiped with a single, damp
piece of cheesecloth.  No attempt was made to
remove any blades of turf which may have
become attached to the club face and back while
swinging before wiping with cheesecloth.  Five
swings constituted one replication of which there
were five.  A second version of the chip and wipe
method (chip and wipe II) was conducted in a
similar manner as the chip and wipe I method
described above except that one swing constituted
a replication rather than five swings.

Dislodgeable residues of chlorpyrifos and
isazofos were determined by various methods in
an attempt to simulate a golfer's dermal and oral
pathways.  Damp cheesecloth wipe residues were

used and adjusted based on one-third the surface
area of a man's hand (23), to estimate the quantity
of residues dislodged by human hand to turfgrass
contact.  Residues dislodged by the golf ball putt
method served to provide the quantity of residues
available for both dermal and oral exposure.  The
golf grip roll and chip and wipe II method provid-
ed the quantity of residues available for dermal
contact.

For purposes of this study, a theoretical
golfer was generated.  This theoretical golfer was
intended to serve as an extreme case of dermal and
oral exposure.  It is likely that most golfers will
not exhibit all the same behavior or receive as
high a level of exposure as the theoretical golfer
developed in this study.

The following behaviors were assumed for
the theoretical golfer:

1)   One time placement of a single hand 
on the putting green surface.

2)   Handling of a golf grip following
placement and rolling (three revolu-
tions) of the golf club on the putting 
green surface.

3)  Handling of a golf ball following two
putts on the putting green surface.

4)  Handling of a golf club face and back 
following chipping (one chip per
hole) onto the putting green surface.

5)  One placement of a golf ball into the 
mouth following its use on the putting
green surface.

6) Use of a bare hand to handle the golf 
grip and golf ball, remove debris from 
the clubhead, and touch the turfgrass
surface of the putting green.

Risk Assessment Models
Chlorpyrifos and isazofos are classified as

acetlycholinesterase inhibitors (14). Therefore,
assessing risk using the hazard index approach to
assess potential non-cancer effects is appropriate.
This approach compares the average daily intake
(dermal and oral) of each pesticide to a published
acceptable level of daily intake for chronic or sub-
chronic reference dose (RfD) exposure (1).  If the
resulting hazard index is less than or equal to one,
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After Dr. John L. Cisar swung a golf club through grass treat-
ed with pesticide (center), an analysis was made of pesti-
cides on the club head that were wiped off with damp
cheescloth by Mr. Raymond H. Snyder (right).



the chemicals are considered unlikely to represent
a risk to human health.  If the hazard index is
greater than one, a potential risk to human health
may exist (4).

In the models used in this study, a transfer
coefficient of 1.0 is assumed.  For example, 100%
of the pesticide dislodged by the golf ball is
assumed to transfer from the golf ball to a golfer's
hand.  This is a conservative estimate since in
reality, 100% transfer is not likely. Exposure also
is assumed to occur every day for a lifetime.  For
golfers this may not be entirely realistic, since
most golfers do not play daily.  The body weight
was determined for an average weight female
golfer, again to provide a more conservative esti-
mate.  The exposure points used in the models
were based on the theoretical golfer previously
described.  The following equations, which repre-
sent the dermal and oral doses, form the basis
upon which all of the equations used in the mod-
els are built.

Dermal Dose =  (QPH + QPB +QPG+QPCF) X DP 
BW

Oral Dose =  QPB X DP
BW

where:
QPH = Quantity of pesticide dislodged by a hand. 
QPB = Quantity of pesticide dislodged by a golf ball.
QPG = Quantity of pesticide dislodged by a golf grip.
QPCF = Quantity of pesticide dislodged by a golf club head
DP = Dermal permeability coefficient (0.10).
BW = Female body weight (56 kg).
Total Dose = Dermal Dose + Oral Dose
Hazard Quotient = Total Dose / RfD Dose

Residue Analysis
Methylene chloride was used to extract

isazofos and chlorpyrifos from cheesecloth and
golf balls.  Each sample was shaken mechanically
in the same glass jar that it had been placed during
sampling, with 150 ml of methylene chloride for
15 minutes and then decanted into a 500 ml
round-bottom evaporation flask. This procedure
was conducted three times per sample.  The sol-
vent extracts were concentrated using a rotary
evaporator to reduce the sample to dryness.  The

pesticide concentrate then was increased to a final
volume of 10 ml using methylene chloride and
decanted into a crimp-top vial.

Due to the presence of co-extractants from
the extraction of the grips with methylene chlo-
ride, a modification of the methylene chloride
method described above was necessary.  An
extracting solution comprised of methanol, water,
and sulfuric acid was developed.  The extracting
solution (150 ml) was added to the jar containing
the sample.  The sample was shaken for 30 min-
utes and the extracting solution was decanted
through a Buchner funnel into a 500 ml filter
flask.  This extraction procedure was conducted
three timesfor each sample.   

Solvent extracts were transferred to a 1 L
separatory funnel.  Deionized water (200 ml) and
sodium chloride (60 g) were then added to the
separatory funnel and shaken for 30 minutes.
Methylene chloride (100 ml) was added to the
separatory funnel and shaken for approximately
two minutes.  Following shaking, the separatory
funnel was placed on a holder.  The methylene
chloride phase was collected and the extracting
procedure was repeated two more times.  Prior to
transfer of the methylene chloride fraction to a
round-bottom evaporation flask, sodium chloride
(15 g) was added and stirred for three to five min-
utes.  Addition of sodium chloride prevented the
possible transfer of water to the round-bottom
evaporation flask, thus decreasing the time
required to concentrate the extract solution.
Methylene chloride was removed using a rotary
evaporator.  The sample was increased to a final
volume of 10 ml using methylene chloride, and
decanted into a crimp-top vial.

The extracted solvent was analyzed by HP
5890 - A series II gas chromatography with a 10
m x .53 mm, HP - 5 cross linked 5% phenolmethyl
silicon capillary column and a flame photometric
detector.  Sample solutions and appropriate stan-
dards were injected using the following instru-
ment parameters: pressure 20 psi; oven tempera-
ture 180 - 225 C @ 10 degrees per minute; injec-
tor temperature 200 C; detector temperature 250
C; helium carrier gas flow rate 15 ml/min; on-col-
umn injection of 1µL sample-1; and retention
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times of isazofos = 0.777 min and chlorpyrifos =
1.165 min.  The detection limit was 0.1 µg sam-
ple-1. The data were analyzed over time for each
pesticide using orthagonal contrast procedures
(16).

Results

Isazofos
Isazofos residues dislodged by damp

cheesecloth immediately after application aver-
aged 194.0 µg sample-1 (Table 1) which calculates
to 3216.3 µg m-2.  Thus for isazofos, less than 2 %
of that applied could be recovered from the turf
surface by vigorous wiping action immediately
after application. Following irrigation and drying,
at four hours after application, isazofos residues
decreased 94% (0.08% of that applied) following
a scheduled irrigation event (Table 1).  At 24
hours after application, residues averaged 51.6 µg
m-2 or 0.02 % of the isazofos applied.

Isazofos residues recovered from golf
balls decreased after irrigation and with time
(Table 1).  Isazofos residues dissipated 88%

between one and four hours after application.  By
24 hours after application, isazofos residues
recovered were less than 0.5 µg per sample.
Isazofos residues dislodged by golf grips were
only recovered one hour after application (Table
1).  At four and 24 hours after application, no
residues or an undetectable amount of residues
were dislodged.

Dislodgeable residues of isazofos
decreased with time as determined by the chip and
wipe method I procedure (Table 1).  Residues
recovered within one hour after application dissi-
pated by 65% and 88% at four and 24 hours after
application, respectively. Isazofos residues also
decreased with time using the chip and wipe
method II procedure (Table 1).  After application,
residues averaged 33.3 µg per sample.  A 90%
reduction in residues was measured four hours
after application.

Chlorpyrifos
Residues of chlorpyrifos dislodged using

damp cheesecloth decreased from 155 µg per
sample to 1.90 µg per sample over 24 hours (Table

6

TIME Damp Golf Club C+W3 C+W
(hours) Cheesecloth Ball Grip I II

-----------------------------------micrograms/sample +/- S.D.1------------------------------

1 194.0 +/- 89.0 6.1 +/- 3.0 0.1 +/- 0.2      51.7 +/-12.6        33.3+/-10.9

42 11.2 +/- 3.0 0.7 +/- 0.2 0.0 18.1 +/- 2.6           3.0 +/- 0.6

24 3.1 +/- 0.8 0.3 +/- 0.1 0.0 6.1 +/- 3.7          1.0 +/- 0.6

orthagonal contrasts

1h vs. 4h   P>F   0.0005                 0.0023   0.2261              0.0001 0.0001

1h vs. 24h P>F   0.0004 0.0034 0.2261 0.0001 0.0001

1S.D. = Standard Deviation
2After irrigation
3Chip and Wipe

Table 1.  Dislodgeable residues for all parameters following application of isazofos on 3 June 1997 and 29 October 1997 (for
Chip+Wipe II only).



2).  An irrigation event occurring between the one
and four hour sampling periods likely contributed
to the dissipation of chlorpyrifos residues.  A 95%
reduction in residues occurred within this time
frame.  On an area basis, 2570 µg chlorpyrifos m-

2 (1.1 % of that applied) was dislodged from the
turf surface immediately after after application,
while at four and 24 hours, 0.06 and 0.01% of the
applied chlorpyrifos was recovered.

Chlorpyrifos residues on golf balls
decreased over time (Table 2).  Again, irrigation
between the one-hour and four-hour sampling
period likely contributed to the reduction in
residues.  At 24 hours after application, only 8%
of the residues measured one hour after applica-
tion were recovered.  Chlorpyrifos residues on
golf grips were only detected one hour after appli-
cation (Table 2).  An average of less than one µg
per sample was detected.

Dislodgeable residues of chlorpyrifos
recovered via the chip and wipe method I proce-
dure decreased with time (Table 2).  Residues at
one hour after application averaged 41.7 µg per

sample.  A 72% decrease in residues was observed
four hours after application.  By 24 hours after
application, chlorpyrifos residues had decreased
by 80% from the one-hour sampling period.

Chlorpyrifos residues recovered by the
chip and wipe method II procedure decreased with
time (Table 2).  Dislodgeable residues averaged
29.0 µg per sample one hour after application.
Residues decreased 94% and 95% by four and 24
hours after application, respectively.

Dislodgeable residues of the two pesti-
cides decreased rapidly after application.  The
rapid decline of chlorpyrifos residues is in agree-
ment with the findings of Goh et al. (8), Sears et
al. (17), Murphy et al. (14) and Snyder et al (18).
Several factors may have contributed to their
rapid dissipation.  Irrigation applied after applica-
tion likely washed a portion of the applied pesti-
cides from the turfgrass canopy into the soil and
thatch.  The insecticides are adsorbed and/or
absorbed by the plant.  

Finally, both pesticides have shown some
degree of volatility.  It should be noted that isazo-
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TIME Damp Golf Club            C+W3 C+W
(hours) Cheesecloth Ball Grip I II

------------------------------------micrograms/sample +/- S.D.1----------------------------

1 155.0 +/- 80.0 5.8 +/- 2.2 0.4 +/- 0.9     41.7 +/-11.0      29.0+/-11.7

42 8.3 +/- 0.9 0.8 +/- 0.1 0.0 11.7 +/- 5.4         1.7 +/- 0.6

24 1.9 +/- 0.4 0.5 +/- 0.2           0.0 8.6 +/- 5.1         1.5 +/- 1.0

orthagonal contrasts

1h vs. 4h   P>F     0.0010               0.0016 0.2555 0.0001           0.0001

1h vs. 24h P>F     0.0008 0.0020 0.2555 0.0001 0.0001

1 S.D. = Standard Deviation
2 After irrigation
3 Chip and Wipe

Table 2.   Dislodgeable residues for all parameters following application of chlorpyrifos on 3 June 1997 and 29 October 1997
(for C+W II only).



fos and chlorpyrifos, which were applied at the
same rates, dislodged similar levels of residues
suggesting that within a particular class of pesti-
cide, application rate and not the pesticide is
important.  In an earlier paper on this subject,
Snyder et al. (18), reported that the organophos-
phate nematicide fenamiphos applied at 1.123 g
a.i. m-2 (a rate approximately five times higher
than either chlorpyrifos or isazofos) had dislodge-
able residues that were proportionally higher com-
pared to values reported herein for chlorpyrifos or
isazofos.   

Risk Assessment
The data in Table 3 indicate that even

under extreme circumstances, golfers will experi-
ence little risk from dislodgeable residues of
chlorpyrifos.  While the data for isazofos appears
more threatening, it should be remembered that
golfers are unlikely to encounter these pesticides

on every round of golf they play over a period of 
many years.

The quantity of the chemicals dislodged
was influenced by time and irrigation.
Dislodgeable residues of isazofos and chlorpyri-
fos decreased following irrigation.  In addition, a
notable decrease in dislodgeable residues was
seen 24 hours after application.  Application rate
appears to have the greatest influence on the quan-
tity of dislodgeable residues.  The higher the rate
of application, the more residues are potentially
available for exposure.  By using an application
rate sufficient to alleviate a particular pest prob-
lem without applying excessive amounts of pesti-
cides, the quantity of residues available for expo-
sure can be minimized.

Insecticide residues were recovered by all
of the dislodgeability methods used in this study.
This finding reveals that the potential for pesticide
exposure is present by means of a number of path-
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Hazard
Insecticide Behavior                                                       Quotient
_________________________________________________________________________
Isazofos          Golfer plays on 18 greens 30 minutes after pesticide application     55.12

every day for a lifetime (70 years)      

Golfer plays on 18 greens after pesticide application and irrigation    3.95
every day for a lifetime 

Golfer plays on 18 greens the day after application and irrigation      1.30
every day for a lifetime         

Chlorpyrifos     Golfer plays on 18 greens within 1 hour after pesticide application    0.31
every day for a lifetime (70 years)                                                            

Golfer plays on 18 greens after pesticide application and irrigation    0.02
every day for a lifetime                                                                              

Golfer plays on 18 greens the day after application and irrigation      0.01
every day for a lifetime                                                                              

__________________________________________________________________________

Note: Hazard Quotients of 1.0 or less indicate little risk to the golfer. 

Table 3.  Hazard Quotients calculated for OP insecticides and behavioral scenarios.



ways.  This knowledge enables one to reduce the
potential intake of pesticide residues by modify-
ing one's behavior in a manner such that the num-
ber of exposure pathways is diminished.  For
example, the use of towels to clean golf balls and
club heads, rather than the hand or mouth, could
appreciably decrease exposure.

The risk assessment models used in this
study indicate that golfer exposure to isazofos
immediately following application may exceed
acceptable daily intakes for chronic exposure (i.e.
hazard quotients > 1).  Following irrigation, only
isazofos yielded dislodgeable residues that may
exceed acceptable chronic daily intakes (i.e. haz-
ard quotients > 1).  Only isazofos had a hazard
quotient greater than one the day following appli-
cation. The hazard quotients for chlorpyrifos
never exceeded one.   

It is important to recognize that exceeding
a chronic RfD does not imply an acute toxic haz-
ard.  Chronic reference doses are daily doses of a
chemical that could be received every day of one's
life without producing toxicity.  Typically, acute
reference doses are many times greater than
chronic reference doses.  Therefore, golfer expo-
sures by the pathways considered in this study for
isazofos and chlorpyrifos are unlikely to produce
acute toxicity, even if exposure occurs within a
half-hour of application.  Clearly, delaying re-
entry beyond a few hours reduces exposure to lev-
els below those that may be of concern for even
subtle effects from long-term exposure.

The RfD value of a particular pesticide is
an integral part of the risk assessment model.  It
plays a large part in determining whether or not a
toxicologically significant effect will occur.  For
example, similar quantities of both chlorpyrifos
and isazofos were recovered, however, because of
the small RfD value determined for isazofos,
exposure to isazofos at similar levels to that of
chlorpyrifos is estimated to be a great deal more
hazardous.   Therefore, choosing a pesticide that is
less toxic can reduce the hazards associated with
pesticide exposure.

Acknowledgement

The authors express their appreciation to
the USGA for partial funding of this work, and to
Ms. Karen Williams, Eva Greene, Theresa
Sanford, Tracy Wise, Mr. Curtis Elliott, and Kevin
Wise for technical assistance.

Literature Cited

1.  Borgert, C. J., S. M.  Roberts, R. C. James, and
R. D. Harbison. 1993.  Perspectives on assessment
of risks from dermal exposure to polycyclic aro-
matic hydrocarbons. Page 455.  In: R. G.
M.Wang, J. B. Knaack, H. I. Maibach, H. I. (eds.).
Health Risk Assessment  CRC Press, Boca Raton,
FL.  

2.  Borgert, C. J., S. M. Roberts, R. D. Harbison,
J. L. Cisar, and G. H. Snyder.  1994. Assessing
chemical hazards on golf courses.  USGA Green
Section Record 32(2):16-19.  (TGIF Record
30089)

3.  Cahill, W. P., B. Estesen, and G. W. Ware.
1975.  Foliage residues of insecticides on cotton.
Bull. Environ. Contam. Toxicol. 13:334-337.

4.  Davis, B. K., and A. K. Klien.  1996.  Medium-
specific and multimedium risk assessment.  In
Toxicology and Risk Assessment.  A. M. Fan and
L. W. Chang (eds). Marcel Dekker, Inc. New
York, NY.  p 271.

5.  Fenske, R.  1990.  Nonuniform dermal deposi-
tion patterns during occupational exposure to pes-
ticides.  Arch. Environ. Contam. Toxicol. 19:332-
337.  (TGIF Record 82446)

6.  Fenske, R., and K. Elkner.  1990.  Multiroute
exposure assessment and biological monitoring of
urban pesticide applicators during structural con-
trol treatments with chlorpyrifos. Toxicol.
Industrial Health 6: 349-371.

7.  Golf Course News.  1998.  NGF study finds
rounds, golfers on the upswing.  June 10(6): 12.

9

http://www.lib.msu.edu/cgi-bin/flink.pl?recno=30089
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=30089
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=82446


(TGIF Record 47025)

8. Goh, K., S. Edminston, K. Maddy, and S.
Margetich. 1986.  Dissipation of dislodgeable
foliar residues for chlorpyrifos and dichlorvos
treated lawn: implication for safe reentry.  Bull.
Environ. Contam. Toxicol. 37:33-40.  (TGIF
Record 12468)

9.  Gold, R., D. Holcshaw, D. Tupy, and J. Ballard.
1984.  Dermal and respiratory exposure to appli-
cators and occupants of residences treated with
dichlorvos.  J. Econ. Entomol. 77:430-436.

10. Gunther, F., Y. Iwata, G. Carman, and C.
Smith.  1977.  The citrus reentry problem:
Research on its causes and effects and approaches
toits minimization.  Residue Rev. 67:1.

11.  Knaak, J., and Y. Iwata.  1982.  The safe lev-
els concept and the rapid field method.  Pages 23-
39.  In: J. Plimmer (ed.).  Pesticide Residues
Exposure;  ACS Symposium Series 182:
American Chemical Society: Washington D.C. 

12. McCall, P., L. Stafford, and P. Gavit.  1986.
Describing the foliar behavior of tridiphane on
giant foxtail.  J. Agric. Food Chem. 34:229-234.

13. McEwen, F. L., G. Ritcey, H. Braun, R. Frank,
and B. D. Ripley. 1980.  Foliar pesticide residues
in relation to worker reentry.  Pest. Sci. 11: 643-
650.  (TGIF Record 82447)

14. Murphy, K., R. Cooper, and J. Clark. 1996a.
Volatile and dislodgeable residues following
trichlorfon and isazofos application to turfgrass
and implications for human exposure.  Crop Sci.
36:1446-1454.  (TGIF Record 39466)

15. Murphy, K., R. Cooper, and J. Clark. 1996b.
Volatile and dislodgeable residues following tri-
adimefon and MCPP application to turfgrass and
implications for human exposure.  Crop Sci.
36:1455-1461.  (TGIF Record 39508)

16. SAS Institute.  1989.  SAS/STAT user's

guide.Ver. 6.  4th ed. SAS Inst., Cary, NC.

17. Sears, M., C. Bowhey, H. Bruan, and G.
Stephenson.  1987.  Dislodgeable residues and
persistence of diazinon, chlorpyrifos, and
isophenphos following their application to turf-
grass.  Pest. Sci. 20: 223-231.  (TGIF Record
13166)

18. Snyder, R H., J. B. Sartain,  J. L. Cisar, and C.
J. Borgert.  1999. Dislodgeable residues of
fenamiphos applied to turfgrass and implications
for golfer exposure.  Soil and Crop Sci. Soc.
Florida Proc. 58:51-57.  (TGIF Record 82448)

19. Southwick, L., J. Yanes, D. Boethel, and G.
Willis.  1986.  Leaf residue compartmentalization
and efficacy of permethrin applied to soybean. J.
Entomol. Sci. 21 (3):248-253.

20. Staiff, D., J. Davis, and A. Robbins. 1977.
Parathion residues on apple and peach foliage as
affected by the presence of the fungicides maneb
and zineb.  Bull. Environ. Contam. Toxicol.
17:293-301.

21. Templeton, S. R., D. Zilberman, and S. J. Yoo.
1998.  An economic perspective on outdoor resi-
dential pesticide use. Environ. Sci. and Technol. / 
News, Sept. 1.  p. 416 - 423. (TGIF Record 82449)

22. Thompson, D. G., G. R. Stephenson, M. K.
Sears.  1984.  Persistence, distribution, and dis-
lodgeable residues of 2,4-D following its applica-
tion to turfgrass. Pest. Sci. 15:353-360.  (TGIF
Record 444)

23. U.S. Environmental Protection Agency. 1989.
Exposure Factors Handbook.  EPA/600/8-89/043.
Exposure Assessment Group, Office of Health
and Environ. Assessment: Washington, D. C.

24. Zweig, G., J. T. Leffingwell, and W.
Popendorf.  1985.  The relationship between der-
mal pesticide exposure by fruit harvesters and dis-
lodgeable foliar residues.  J. Environ. Sci. Health
B 20(1):27-59.

10

http://www.lib.msu.edu/cgi-bin/flink.pl?recno=47025
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=12468
http://turf.lib.msu.edu/cgi-bin/starfinder/0?path=msufast1.txt&id=flink&pass=quidnunc&search=R=12468&format=wallsegfl1
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=82447
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=39466
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=39508
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=13166
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=13166
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=82448
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=82449
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=444
http://www.lib.msu.edu/cgi-bin/flink.pl?recno=444

