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Risk Assessment of Pesticide Applicators and Passengers
of Fungicides Registered for use on the Lawn
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Abstract There are about 1,900 pesticides registered and 280 pesticides are using only grass protection in
Korea. In this study, we evaluated the risk of applicators and passengers exposure by fungicides registered on
lawn. Based on this study, we intend to contribute to the establishment of non-agricultural pesticide safety
management system. The toxicity of acute oral and dermal exposure was investigated for major 29 fungicides
registered for lawn. Restricted entry interval (REI) were set according to the degrees of toxicity were used in
USA and Canada. We also assessed the risk of the fungicide applicators and passengers exposure with the
current Korea pesticide operator exposure model (Ko-POEM) and US standard operating procedures (SOP)
for residential pesticide exposure assessment guideline. The 29 pesticide products consisted of 24 active
ingredients, and all 24 were classified as acute toxicity categories III, and REI was set to 12 hours. 12 hours
REI can not be accessed until 4 hours after application. However, the certified farmer who wears protective
clothing and personal protective equipment can enter for an hour after 4~8 hours and can do works that does
not have direct contact with the pesticide sprayed crop after 8~12 hours. As a result of evaluating Ko-POEM
using 6 hours 8 hectors spraying a day scenario, 7 items were evaluated as requiring additional high tier test.
In the scenario that US SOP for residential pesticide exposure assessment guideline was applied, Hose-end
sprayer and 4 hectors spraying a day were used. Results of evaluating, both the applicator and passenger
were required additional test on 11 items. Because these results were evaluated using the worst case scenario,
it was judged that further detailed study would be necessary.
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ARH7F A =2 Aol ulg} $AFo g Hrrke US EPA, 2017).
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Table 1. List of fungicides to be evaluated on lawn (29 items)

Azoxystrobin 50% WG Diniconazole 5% WP Myclobutanil 6% WP
Azoxystrobin.Cyproconazole® 25.27% SC Etridiazole. Hexaconazole 23% EC Tebuconazole 25% EC
Bitertanol 25% WP Hexaconazole 5% SC Tebuconazole 25% EW
Carbendazim.Kasugamycin 43.45% WP Hexaconazole.Tebuconazole 10% EC Tebuconazole 20% SC
Chlorothalonil.Kresoxim-methyl 42% SC Imibenconazole 30% WG Triadimefon 5% WP
Cyproconazole 40% WG Imibenconazole 15% WP Triadimenol 5% WP
Difenoconazole 10% EC Iminoctadine tris(albesilate). Thiram 68% WP Triforine 19% DC
Difenoconazole 20% EC Iprodione. Thiophanate-methyl 70% WP Triforine 17% EC
Difenoconazole 5% EW Kresoxim-methyl 44.2% SC Triflumizole 30% WP
Difenoconazole.Polyoxin D 6.5% WP Metconazole 20% SC -

9 Pesticide mixtures were evaluated by active ingredients and concentrations
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Table 2. Acute toxicity categories for pesticides (US EPA, 2017)

- ZR0| - 0[Lt] - 1017

Hazard indicator 1 I I v
Oral LDs <50 mg/kg >50-500 mg/kg >500-5,000 mg/kg >5,000 mg/kg
Dermal LDs, <200 mg/kg >200-2,000 mg/kg >2,000-20,0000 mg/kg >20,0000 mg/kg
Inhalation LCs, <0.2 mg/L >0.2-2 mg/L >2-20 mg/L >20 mg/L

Corrosive: Corneal opacit Corneal opacity reversible No corneal opacity;
Eye irritation ’ ca’ opactty within 7days; irritation irritation reversible No irritation

not reversible within 7days . oy

persisting for 7days within 7days
Skin irritation Corrosive Severe irritation at 72 hours Moderate irritation at 72 Mild and slight irritation
hours at 72 hours

o, o9} 72 HIWE toxicity exposure ratio (TER)Z}s}
3, TERO] 1.0 o)/deld kst 2oz Acteisict. & W
A vl RSN sdste] AREstaL e FEA|
e 5 FAA FokeE: a7 2EAEAH(US
EPA, 2012)° &ate] S=3lqict. flaAds37ke] /ide &
Y7t =238 FHAOEL)S =2 Hlwst] =&
Fol AOELS st fald Aoz At At 37}
o] o] 8H AU2] 9= KoPOEM2 speed-sprayer applicator
(S-87)E 94 6A17F 8ha AXEdk= A& o83k, US
EPA A3& w2074 A3E7|(hose-end sprayer)S ©|-23F
UY 4ha FE7FORE Ve ZUEL defaultthS 283}
: : A& kg mgl 2 e}

A g 4T

E =Exposure (mg/day), UE=Unit Exposure(mg/kg ai),
AR = Application Rate (Kg ai/ha, kg/L), A= Area Treated
or Amount Handled (ha/day)

D=E* AF/BW

D=Dose (mgkg-day), E=Exposure (mg/day), AF=
Absorption factor (dermal), BW = Body Weight (kg)

of

FPITAD S0 ANBI I FAX Fohed e
A7t B2A)% (Standard  operating  procedures  for
residential pesticide exposure assessment, US EPA, 2012)
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22 A AT

¢} o

E

-
A

HH

es

=TTR;x CF1 x TC x ET

E =exposure (mg/day), TTR,=turf transferable residue
on day “t” (ug/cm?®), CF1 =weight unit conversion factor
(0.001 mg/ug), TC =transfer coefficient (cm*hr), ET=

exposure time (hr/day)
TTR,= AR x F x (1-Fp)'x CF2 * CF3

TTR,=turf transferable residue on day “t” (ug/em?),
AR = Application rate (kg ai/unit area), F = fraction of ai
retained on turf (unitless), Fp=fraction of residue that
dissipates daily (unitless), t = post-application day on which
exposure is being assessed, CF2 =weight unit conversion
factor (1 x 10°pg/kg), CF3 =area unit conversion (1 x 107

m%cm?)
D= E x AF/BW

D=dose (mg/kg-day), E=exposure (mg/day), AF=
absorption factor (dermal), BW =body weight (kg)
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Table 3. Acute toxicity of active ingredients and restricted entry interval of major fungicides registered in lawn

Pesticides Classification Acute toxicity LDsy(mg/kg) REPP
of toxicity Dermal Oral

Azoxystrobin I >2000 >5000 12 hr
Bitertanol I >5000 >5000 12 hr
Carbendazim I >2000 >5000 12 hr
Chlorothalonil 111 >2000 >5000 12 hr
Cyproconazole I >2000 350 12 hr
Difenoconazole I >2000 1450 12 hr
Diniconazole 11 >5000 474 12 hr
Etridiazole I >5000 945 12 hr
Hexaconazole I >2000 2189 12 hr
Imibenconazole il >2000 2800 12 hr
Iminoctadine tris(albesilate). 11 >2000 1400 12 hr
Iprodione I >2000 >2000 12 hr
Kasugamycin I >2000 >5000 12 hr
Kresoxim-methyl I >2000 >5000 12 hr
Metconazole I >2000 660 12 hr
Myclobutanil I >5000 1600 12 hr
Polyoxin D I >2000 21000 12 hr
Tebuconazole I >5000 1700 12 hr
Thiophanate-methyl I >2000 >5000 12 hr
Thiram I >2000 210 12 hr
Triadimefon I >5000 250 12 hr
Triadimenol 11 >5000 700 12 hr
Triflumizole 111 >5000 695 12 hr
Triforine I >10000 >2000 12 hr

 Restricted entry interval

s Aglolslel A4S 9% 2%0] P55k Ontario
pesticide education program, 2017).
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22 iminoctadine tris(albesilate)-thiram WPS] iminoctadine
tris(albesilatey’d & 0.043, Iminoctadine tris(albesilate)- Thiram
WPS]  thiram’dE 0.148, chlorothalonil-kresoxim-methyl
SCS] chlorothalonil /34 0.15, carbendazim-kasugamycin
WPE] carbendazim 3% 0.18, bitertanol WP 0.28, tebuco-
nazole EC 0.36, triflumizole 0.49, triforine DC & EC z}z+
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kasugamycin (3.45%) WP 1.03, tebuconazole (25%) 1.06,
tridiamefon (5%) 1.06, etridiazole (20%)-hexaconazole EC
1.37, tebuconazole (20%) 1.6, imibenconazole (15%) WP
1.8% 6F50] siB=Art. 2 919 FE2 TER 2.001%
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FEANAE Tt F7F B s steoksith. TER
1.0~2.0& g o2 AdEY /RINSATF 28 F
FHEAG 7 BA8] st ARgaloRsitt.

7} Table 59} ko] 918 217121 1.0 o azoxystrobin
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Table 4. Risk assessment for applicator of major fungicides registered on lawn using KoPOEM

Pesticide Concentration (%)  Application rate (kg/ha) Dose” AOELY TER®
Azoxystrobin WG 50 0.75 0.0491 0.21 4.28
Azoxystrobin.Cyproconazole SC 18 0.21 0.0073 0.21 28.77
Azoxystrobin.Cyproconazole SC 7.27 0.21 0.00295 0.02 6.78
Bitertanol WP 25 0.75 0.0352 0.01 0.28
Carbendazim.Kasugamycin WP 40 1.5 0.113 0.02 0.18
Carbendazim.Kasugamycin WP 3.45 1.5 0.00971 0.01 1.03
Chlorothalonil.Kresoxim-methyl SC 35 1.5 0.0585 0.009 0.15
Chlorothalonil. Kresoxim-methyl SC 7 L5 0.0117 0.92 78.63
Cyproconazole WG 40 0.15 0.00786 0.02 2.54
Difenoconale EC 10 0.75 0.0114 0.16 14.04
Difenoconale EC 20 0.375 0.0154 0.16 10.39
Difenoconale EW 5 1.5 0.00935 0.16 17.11
Difenoconazole.Polyoxin D WP 1.5 0.0113 0.16 14.16
Difenoconazole.Polyoxin D WP 2.5 L5 0.007 0.5 71.43
Diniconazole WP 0.75 0.00704 0.046 6.53
Etridiazole.Hexaconazole EC 20 0.75 0.0227 0.031 1.37
Etridiazole.Hexaconazole EC 3 0.75 0.00341 0.0082 24
Hexaconazole SC 5 0.3 0.00247 0.0082 3.32
Hexaconazole.Tebuconazole EC 2 0.75 0.00227 0.0082 3.61
Hexaconazole.Tebuconazole EC 8 0.75 0.00908 0.03 33
Imibenconazole WG 30 0.375 0.0147 0.038 2.59
Imibenconazole WP 15 0.75 0.0211 0.038 1.8
Iminoctadine tris(albesilate). Thiram WP 20 1.5 0.0563 0.0024 0.043
Iminoctadine tris(albesilate). Thiram WP 48 1.5 0.135 0.02 0.148
Iprodione.Thiophanate-methyl WP 30 1.5 0.0845 0.19 225
Iprodione. Thiophanate-methyl WP 40 L5 0.0013 0.08 61.54
Kresoxim-methyl SC 442 0.75 0.0468 0.92 19.66
Metconazole SC 20 0.5 0.0138 0.01 0.72
Myclobutanil WP 6 1.5 0.00704 0.031 4.4
Tebuconazole EC 25 3 0.0835 0.03 0.36
Tebuconazole EW 25 0.75 0.0284 0.03 1.06
Tebuconazole SC 20 0.75 0.0187 0.03 1.60
Triadimefon WP 3 0.0282 0.03 1.06
Triadimenol WP 1.5 0.0141 0.05 3.55
Triflumizole WP 30 1.5 0.0845 0.041 0.49
Triforine DC 19 1.5 0.0317 0.02 0.63
Triforine EC 17 1.5 0.0318 0.02 0.63

9 Dose (mg/kg/day) are calculated as D = exposure x application rate/body weight

» AOEL (mg/kg/day) are calculated as AOEL =NOAEL of appropriate toxicity tests (90 days feeding studies or teratogenicity test)/

uncertainty factor
9 TER = AOEL/Dose

% Application scenario : 1500 L/ha, 8 ha/6 hr/day with speed-sprayer

3¢ Concern criteria : 1.0 < TER

WG 5 26%50]%7, 1.0 ©]3}= bitertanol WP 5 11Z%
Lo e Fok

(albesilate)-thiram WPS] iminoctadine tris(albesilate)’d ¥

o]¢ltt. TERO]

iminoctadine tris

0.04, chlorothalonil -kresoxim-methyl SC2] chlorothalonil /g
£ 0.087, Iminoctadine tris(albesilate)- Thiram WP2] thiram

AJ% 0.14, carbendazim-kasugamycin WP2| carbendazim
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Table 5. Risk assessment for applicator of major fungicides registered on lawn using US EPA standard operating procedures for
residential pesticide exposure

Concentration  Exposure  Application rate

Pesticides Dose” AOELY TER?

(%) (E) (AR)
Azoxystrobin WG 50 44.25 0.375 0.074 0.21 2.84
Azoxystrobin.Cyproconazole SC 18 4.56 0.039 0.008 0.21 26.25
Azoxystrobin.Cyproconazole SC 7.27 1.84 0.016 0.003 0.02 6.510
Bitertanol WP 25 22.1 0.188 0.037 0.01 0.270
Carbendazim.Kasugamycin WP 40 70.8 0.600 0.118 0.02 0.170
Carbendazim.Kasugamycin WP 3.45 6.14 0.052 0.010 0.01 1.000
Chlorothalonil Kresoxim-methyl SC 35 61.95 0.525 0.103 0.009 0.087
Chlorothalonil. Kresoxim-methyl SC 7 12.39 0.105 0.021 0.92 44.55
Cyproconazole WG 40 7.08 0.06 0.012 0.02 1.67
Difenoconazole EC 10 8.85 0.075 0.015 0.16 10.67
Difenoconazole EC 20 8.85 0.075 0.015 0.16 10.67
Difenoconazole EW 5 8.85 0.075 0.015 0.16 10.67
Difenoconazole.Polyoxin D WP 4 7.08 0.06 0.012 0.16 13.33
Difenoconazole.Polyoxin D WP 2.5 44 0.038 0.007 0.50 71.43
Diniconazole WP 5 44 0.038 0.007 0.046 6.57
Etridiazole.Hexaconazole EC 20 17.7 0.150 0.030 0.031 1.03
Etridiazole.Hexaconazole EC 3 1.77 0.015 0.003 0.0082 2.78
Hexaconazole SC 5 1.77 0.015 0.003 0.0082 2.73
Hexaconazole. Tebuconazole EC 2 1.77 0.015 0.003 0.0082 2.73
Hexaconazole.Tebuconazole EC 8 7.08 0.060 0.012 0.03 2.50
Imibenconazole WG 30 13.3 0.113 0.022 0.038 1.73
Imibenconazole WP 15 13.3 0.113 0.022 0.038 1.73
Iminoctadine tris(albesilate). Thiram WP 20 354 0.300 0.059 0.0024 0.04
Iminoctadine tris(albesilate). Thiram WP 48 85.0 0.720 0.146 0.02 0.14
Iprodione.Thiophanate-methyl WP 30 53.1 0.450 0.089 0.19 2.13
Iprodione.Thiophanate-methyl WP 40 70.8 0.600 0.118 0.08 0.68
Kresoxim-methyl SC 442 26.2 0.222 0.044 0.92 2091
Metconazole SC 20 11.8 0.100 0.020 0.01 0.50
Myclobutanil WP 6 6.90 0.059 0.012 0.031 2.58
Tebuconazole EC 25 17.7 0.150 0.030 0.03 1.00
Tebuconazole EW 25 88.5 0.750 0.148 0.03 0.20
Tebuconazole SC 20 17.7 0.150 0.030 0.03 1.01
Triadimefon WP 5 17.7 0.150 0.030 0.03 1.01
Triadimenol WP 5 17.7 0.150 0.030 0.05 1.67
Triflumizole WP 30 53.1 0.450 0.089 0.04 0.45
Triforine DC 19 30.1 0.255 0.050 0.02 0.40
Triforine EC 17 30.1 0.255 0.050 0.02 0.40

 Dose (mg/kg/day) are calculated as D = exposure x application rate/body weight
» AOEL (mg/kg/day) are calculated as AOEL =NOAEL of appropriate toxicity tests (90 days feeding studies or teratogenicity test)/
uncertainty factor
9 TER = AOEL/Dose
ME=UExARXx A
E = Exposure (mg/day), UE = Unit Exposure (mg/kg ai), AR = Application Rate (Kg ai/ha, kg/L)), A = Area Treated or Amount Handled (ha/day)
D=Ex AF/BW
D = Dose (mg/kg-day), E = Exposure (mg/day), AF = Absorption Factor (dermal), BW = Body Weight (kg)
% Application scenario : 1500 L/ha, 4 ha/6 hr/day with hose-end applicator
¢ Concern criteria : 1 <TER
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Fig. 1. Risk assessment for the passenger in the spraying area of major fungicides registered on lawn.
% Application scenario : 1500 L/ha, 4 ha/6 hr/day with hose-end applicator.

¢ Concern criteria : 1 <TER
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