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ABSTRACT

The purpose of this study was to find the exact status and problems of
pesticide use by examing the field use assessment of environment
impact(EIQ) and risk exposure to operators of pesticides in citrus orchards,
and to provide basic survey results data for the system establishment of
pesticide management by policy matters.

In chapter 1, the survey result for three awareness of pesticide use and
actual spray status are as follows. On the survey of pesticide selection,
purchase by pesticide shop recommendation was account for 55.9%. On
survey of the actual state of pesticide mixing two types among insecticides,
fungicides and miticides was account for 59%,; 86% for three mixing and
21.2% for single spray. On the survey of annual number of sprays, 9 times
per year was highest showing 26%. A 68% of farmers sprayed between 8
and 10 times per year.

In chapter 2, an environmental impact quotient (EIQ) was developed based
on the EIQ model of Conell University for the EIQ of pesticides in citrus
orchards. In the case of insecticides, EIQ values of 32 active ingredients in 49
commercial product were suggested. Among them, higher EIQ were 36 for
sulfoxaflor, 32 for Gamma-cyhalothrin and 31 for Phenthoate, which were over
average EIQ of 22.

On Fungicides, EIQ values was calculated for 25 active ingredients in 28
commercial products. EIQ values were 35.2 for Metiram, 34.2 for Iminoctadine
tris(albesilate) and 30.7 for Metconazole, which were evaluated over average
EIQ of 21.7.

On miticides, EIQ values was calculated for 6 active ingredients in 6

commercial products. EIQ values were 44.7 for Etoxazole, 37.3 for Spirodiclofen

- viii -



and 37.3 for Tebufenpyrad, which were evaluated over average EIQ of 31.

Field use EIQ was evaluated using annual spray records of 157 farms in
citrus orchards. Cumulative field use EIQ by Cornell showed highest proportion
of 21.7% in 900 section. And a 71.4% of farms was included into the section
between 700 and 1100. In the present improved EIQ model, the highest
proportion of 31.2% was observed in 600 section of cumulative field use EIQ. A
69.5% of farms was included between 500 and 700. Consequently, the Cornell

model seems to over estimate EIQ compared to the present model.

In chapter 3, farm worker’s health damage was examined. On survey for
farmer’'s Syndrome, 27 of 137 respondents (19.7%) answered ’'a positive
reaction’, 42 (30.7) answered ’a suspicious nature pesticide’, and 68 (49.6%)
answered 'a negative reaction’.

A risk quotient(RQ) was calculated for 83 commercial products of citrus
pesticides after estimating each exposure value that is specific to each product.
Without personal protective equipment(PPE), RQ of several pesticides was
excessed 1.0 or more; 6, 6, 1 and 3 products of insecticide, fungicide, miticide
and herbicide, respectively. In the assessment for the combined RQ during full
season using 157 citrus orchards, all farms excessed the combined RQ 1.0, and
a 22.9% was included combined RQ value between 10 and 15 when PPE was
not equiped with PPE. When operator equiped PPE, a 83% of farms showed
lower combined RQ less than 1.0. Also, the highest proportion of 35% was

located between | and 2 of the combined RQ value.
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Pesticide purchase by other ways

Pesticide purchase by the PR material

Product purchase by acquaintance used pesticide

Pesticide purchase by salesperson recommendation

Pesticide purchase by pesticide shop recommendation

Pesticide purchase by instructor or researcher recommendation

Pesticide purchase by pest control material for dissemination

purpose

2016 year
M 1971 year

0 10 20 30 40

Rate fo survey reply(%)

Fig. 1. Factors affecting the decision to selet pesticides.
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Fig. 2. Spray rate concentration of pesticides.
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Fig. 3. Decision making method of pesticides spraying time.
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Rate of survey reply (%)
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Fig. 4. Satisfaction of citrus growers for pesticides.
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96), Chlorpyrifos+Diflubenzuron WP(20+7%), Imidacloprid WP(10%), Clothianidin
SG(8%), Deltamethrin EC(1%), Esfenvalerate EC(1.5%), Cypermethrin EC(5%),
Thiamethoxam WG(10%), Methoxyfenozide WP(4%), Imidacloprid+Methoxyfenozide
WP(4+8%), Acetamiprid+Methoxyfenozide WG(6+7%), Acetamiprid+Diflubenzuron
WP(5+14%), Acetamiprid+Flufenoxuron WP(8+5%), Acetamiprid+Buprofezin EC(4+
15%), Tebufenozide WP(8%), Acetamiprid+Lufenuron WP(8+5%), Chlorantraniliprole
WP(5%), Chlorfenapyr SC(5%) <o & A& HIE7} =gkom o]#|3k 207) A&
o] ZF A= HAXE HFo] 90.% o] A AT

Acetamiprid SP(8%)+ 5¥FH 99714 AFERIE7E vl 2817
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o= WaslF (el ul AEmdd), 643 7€l ATk T

=
T,
fol= A EF FFY, 09l FAMY UE FER ASF Ao B

SV

Ht}.  Acetamiprid+Etofenprox WP(2.5+8%)9} Clothianidint Methoxyfenozide
SC(7+8%)+= 5¥ ol AF&H|so] 77} 482%¢t 33.3% = Wrabafl o (of W 2 w31
) WAStE 5= Wol AHEst Aow AZEHT, 695y 7974 = AW
I R, EEuy) BAEEE ANESE Ao R e
Chlorpyrifos+Diflubenzuron WP(20+7%)x= 79| AF&H]Fo] 423% 2 Z A

i

HelF A ge2 o] Ag3 Aow AZbHETTE Imidacloprid WP(10%)= 8¢

ALY

of A nFo] 328%= U=fFo #uEul §EE AREete Aer A7d
t}h. Clothianidin SG(8%)+= 69, 7274 Ab&RIFol 515%= ZAEe A

TE ol AME Y, 9Y AIEM|FE 273%E w=UAF WA EoR ALE

o

rob

Ao 2 Fdrdt} Deltamethrin EC(1%), Esfenvalerate EC(1.5%)¢} Cypermethrin
EC(5%)v= Awrd o s WiF(hphdwel =) WA ER ARE3 Zo=
A Zy=] ™ | Thiamethoxam WG(10%) &= G &/, vy, SAH YR/, 24X de
F oSS A WA 7Hed AFoR 6¥95EEH S8¥7A ol dFo] wAstE
Al 7o ®HA] H]lFo] 783%% EFWTE Methoxyfenozide WP(4%)= W (AF
UahF, FEuh) BA g o7 ALge Aow Ay
Imidacloprid+Methoxyfenozide WP(4+8%)2} Acetamiprid+Methoxyfenozide
WG(6+7%)= AW EFoF iR gF, f=2wl) BAE fete] ARESE A
o2 AZtHEAY Acetamiprid+Diflubenzuron WP(5+14%) ¢} Acetamiprid+Flufenoxuron
WP(R+5%)+= 59 AF8H]Fo] 7+7t 375%9F 208% = Wslsls WA§&oz A&
shlar, Wi et 62 R E 8E /A= Wirek A wAlgo® AREFE Ao

2 FrEYl Acetamiprid+Buprofezin EC(4+15%)= 693 79 & ARgH|Fo

_—

89.5% = 7ZtA e ot T e 7T WALS AR Aom AztEn
TebufenozideWP(8%), Acetamiprid+Lufenuron WP(8+5%)¢} Chlorantraniliprole

WP(%)= At oz R EF, Ea3ud) A& AHSd Jez A7

. Chlorfenapyr SC(5%)+= 8¥€3 9¢ ¥ H|&o| 7%= Fadz e} &

7 EA BAgeR Hx slow wohdn
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Al 28709 AlFo]l AREEASH, HAetAl FFH OH AR A7 wWE
WA 5252 o33 ZtH(Table 2). Mancozeb WP(75%)7} 8083 2] AF-&Wl%=
7HE Eo] AREE o, Streptomycin WP(20%), Copper sulfate basic WP(58%
(CU32)), Fluazinam WP(50%), Copper oxychloride+Kasugamycin WP(45+5.75%),
Propineb WP(70%), Imibenconazole WP(15%), Bordeaux mixture WG(76.2(Cu20%)),
Dithianon WG(66%), Metiram WG(55%), Difenoconazole WP(10%) =S &2 A& ¥l
T7F =mokom, ol 117 AlFo] Axe AwA=E AxE vFo] 914%E A
A8t

Mancozeb WP(75%)+= 5¥ % 109 & X M &o] 43%= Sofl7F WAE

N

e Ax3 Zlow AZEH, 625FE €A AE H[ES BI%E HA2FTF
He wkA fx2 Ay ZAog FukEt Streptomycin WP(20%)2 793 89
T WA Eo] T41% = w7tsol AYH WAE 7~89 FF WAHE Fow
YElbst Tl Copper sulfate basic WP(58%(CU32)= tlelo| W3} #Aldy WAl g =

2 ARgeglom, s WAVIZE 445 TEAE T A vlEo] 924%=E
vebykth gdol®  WhA-8<l  difenoconazole  WP(10%), Thiophanate—methyl
WP(70%), Benomyl WP(50%), Dithianon SC(43%), difenoconazole DC(5%),
difenoconazole SC(10%) 5€ o 717 Wol A xstdtt gwloly, Al9dsH WA S
o1 Copper sulfate basic WP(58%(CU32)), Copper oxychloride+Kasugamycin
WP(45+5.75%), Bordeaux mixture WG(76.2(Cu20%)), Copper hydroxide
WP(77%), Tribasic copper sulfate SC(15%(CU)) 49 5E 69 A}go] H=
At

Fluazinam WP(50%)%= o, Al
H|Zoll A 783%7F 59l HTHo] A FFoly WAl == Bo] AR&st= A

2 3

o7 ¥t Propineb WP(70%): tldolH 7 &7 Fy

i

AZF A HFolA 731%7F 7T~8€el HFHo ASHFHY WA §2= @

ALg3tE Aow Addrct Imibenconazole WP(15%)E A& Fojy vhA| 8 o
% 69.8%7F 69l ARREHO] H2AHAFHE WAl §om Bo] AMRste
@HE T Metiram WG(55%)= BRol 3 A4 Aol Art 24X 7|3t
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ol TE5FH 9€7HA] AEH H2AHAFHH N} WAL R Bol AHEShE AoR

=]
n
A7t} Cuprous oxide+Streptomycin WP(30+8%)+ #l%H WA go =

Iminoctadine triacetate SL(25%)% AW &%= 929%7F 99 ¥ dt= Ao
2 YEes Y Copper oxychloride+Dithianon WP(42+13%)+ 649 -
S50 HA2AFHH WA Sx=2 AEEHE Ao=Z AZbEr. Dithianon
WP(75%)+= A8l wdols froltf 6o AR W=7l Eof 57H7F 235
B OHAZE 7bed Ao R ddstal AMERE Ao E AZE

Cyprodinil WG(50%)9} Iminoctadine tris(albesilate) WP(40%)= o] ¥,

Aoy WAl ol 5 AHSE Ao mol AWFFoY WASE

2 Wol| AlgslE Ao g #urHEt} Carbendazim+Kresoxim—methyl WP(40+20%)
= A48 ARy 852 Trifloxystrobin WG(0%)E tdol &: 2 A3

3 A A

A= 6709 Aol AHgEHA e, AEA FF R ARE A7 ©E B
A EAHLe &3 ZrR(Table 3). Spirodiclofen SC(22%)7F 263]¢] Al &R =2
7Hd @ol AMgE %o, Propargite WP(30%), Etoxazole SC(10%), Pyridaben
WP(20%), Cyhexatin WP(25%), Tebufenpyrad WP(10%) o2 A& HIE7}

ujAl= F 9 AR HlE&o] 8¥ 25%, 99 432%, 10¥ 205%% 89
M)A E AREsESiom, 993} 1092 E&of oAl &
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A zA= 49702 AFo] AgEdow, AFA T/ 2 AFE Al7]e] wE
WA E24e tpe-3 ZtR(Table 4). Glyphosate—potassium SL(44.75%)7} 523]
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o] AREHIERE  JFF wol] AEF S om  Gyphosate-ammonium+oxyfluorfen
WG(36+2%), Glufosinate ammonium  SL(18%), Glufosinate ammonium
SL(41%), Glufosinate ammonium SL(16.2%), Flumioxazin+glyphosate-IPA
SC(1.5+28%), Glyphosate SL(41%), Glyphosate+pyraflufen-ethyl SC(30+0.15%)
TO R AR W7 =Sk

A=A AHEES 39 HH 9€87hA] AEHEH 0w Abgsts Aowm A4 HAH

A = IRl 59N H A vt 8A7HA A xAE HEshe AL Ax

NS A At oS AFE T 2 ted ZuhFig. 8). 393
el sofs dxsts gr7hs Hlso] seker, 29 F77F 585 H 9¢
5

7HA A Ak Aem E4%AT A AMgse Hles B 39 Ax

1

A7F 05%, 492 A A7F 22% =, AzA7F 0.7%, 24F5A7F 0.3%4] H&S B
e, 5d AT 9.8%, ASATF 6.9%, AMEATE 0.7% = YEFET 692
A A7E 11.3%, A7 8.3%, A xA7F vEbskth 792 AtA 7F 12.6%,
FSA7F 9.2%, AzA= 1%, A¥lAl= 0.1%9] AMEHI &S ESh 8€2 6¥€3
I w2t Al At Al 7E 115%, 2 A7F 8.7%, A=A 7E 0.8%, AHlAl 7} 0.4%2
AFEHI &S BT 99 AdA7E 6.9%, HEA7E 55%, AHATE 04%E =

e 1088 27te] $EME e ALg HES ug

o

a4 AetAle AFA L] AFE W&o At e By ASAEY 2
A ARER| ol Al 138 B2 Aor F4 AT
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Fig 5. Frequencies for the number of pesticides combined per spray in citrus orchards.
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Fig. 6. Classification of formulation type for pesticides used in citrus orchards.
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Fig. 7. The number of annual sprays in citrus orchards.
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Table 1. Monthly distribution of insecticides used in citrus orchards.

NO Common Name Apr. May. Jun. Jul. Aug. Sep. Oct. Total %
1 Acetamiprid SP(8%) 1 36 40 32 50 29 188 155
2 Acetamiprid+Etofenprox WP(2.5+8%) 2 68 27 19 19 6 141 116
3 Clothianidin+Methoxyfenozide SC(7+8%) 1 30 28 18 20 99 8.2
4 Chlorpyrifos+Diflubenzuron WP(20+7%) 8 16 41 18 14 97 8.0
5 Imidacloprid WP(10%) 1 11 11 14 22 8 67 55
6  Clothianidin SG(8%) 4 9 25 9 18 1 66 5.4
7  Deltamethrin EC(1%) 1 6 9 9 15 13 4 57 4.7
8  Esfenvalerate EC(1.5%) 2 11 12 7 7 7 1 47 39
9  Cypermethrin EC(5%) 4 13 8 9 10 2 46 3.8
10 Thiamethoxam WG(10%) 2 9 16 11 8 46 3.8
11  Methoxyfenozide WP(4%) 3 12 12 14 4 45 3.7
12 Imidacloprid+Methoxyfenozide WP(4+8%) 6 15 5 7 6 39 3.2
13 Acetamiprid+Methoxyfenozide WG(6+7%) 1 2 13 11 2 29 24
14  Acetamiprid+Diflubenzuron WP(5+14%5) 10 5 5 7 1 28 2.3
15  Acetamiprid+Flufenoxuron WP(8+5%) 5 5 6 24 2.0
16 Acetamiprid+Buprofezin EC(4+15%) 6 11 2 19 1.6
17 Tebufenozide WP(8%) 6 4 8 1 19 1.6
18  Acetamiprid+Lufenuron WP(8+5%) 1 5 4 5 1 1 17 14
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NO Common Name Apr. May. Jun. Jul. Aug. Sep. Oct. Total %
19  Chlorantraniliprole WP(5%) 5 2 7 14 1.2
20  Chlorfenapyr SC(5%) 1 6 6 1 14 12
o1 Lambda-cyhalothrin+thiamethoxam 5 ] ! ] 3 19 10
WG(1.4+6.7%)
22 Alpha-cypermethrin EC(2%) 2 2 3 1 3 11 0.9
23 Chlorfenapyr WP(5%) 9 1 1 11 0.9
24  Etofenprox+Imidacloprid WG(8+4%) 2 5 4 11 0.9
25  Buprofezin+Tebufenozide WP(12+5%) 6 3 9 0.7
26 Indoxacarb+Teflubenzuron WP(1+2%) 1 1 2 1 5 0.4
27  Acetamiprid WP(8%) 1 3 4 0.3
28  Gamma-cyhalothrin CS(1.4%) 1 2 1 4 0.3
29  Phenthoate EC(47.5%) 1 2 1 4 0.3
30  Benfuracarb WG(30%) 1 2 3 0.2
31 Buprofezin+Thiamethoxam SC(20+3.3%) 1 2 3 0.2
32  Chlorpyrifos+Alpha-cypermethrin EC(10+1%) 2 1 3 0.2
33 Clothianidin SC(8%) 2 1 3 0.2
34 Lambda-cyhalothrin EC(1%) 2 1 3 0.2
35 Lambda-cyhalothrin+Imidacloprid WP(1+10%) 1 1 1 3 0.2
36  Methoxyfenozide SC(21%) 3 3 0.2
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NO Common Name Apr. May. Jun. Jul. Aug. Sep. Oct Total %
37  Acetamiprid WG(8%) 2 2 0.2
38  Buprofezin+Thiacloprid SC(20+5%) 1 1 2 0.2
39  Chlorfenapyr EC(5%) 1 1 2 0.2
40  Chlorfluazuron EC(5%) 1 1 2 0.2
41  Dinotefuran+Methoxyfenozide SC(10+4%5) 1 1 2 0.2
42 Esfenvalerate+Fenitrothion EC(1.25+15%) 2 2 0.2
43  Amitraz+Buprofezin EC(12.5+12.5%) 1 1 0.1
Total 9 218 259 288 273 155 11 1,213  100.0
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Table 2. Monthly distribution of fungicides

used in citrus orchards.

NO Common Name Mar. Apr. May. Jun. Jul. Aug. Sep. Total %
1 Mancozeb WP(75%) 32 188 258 198 129 808 47.2
2 Streptomycin WP(20%) 2 8 48 55 26 139 8.1
3 Copper sulfate basic WP(58%(CU32)) 36 36 36 13 6 4 131 7.6
4 Fluazinam WP(50%) 1 72 15 2 2 92 5.4
5  Copper oxychloride+Kasugamycin WP(45+5.75%) 3 19 30 25 6 83 4.8
6  Propineb WP(70%) 2 6 10 47 13 78 4.6
7  Imibenconazole WP(15%) 9 60 5 2 76 4.4
8  Bordeaux mixture WG(76.2(Cu20%)) 14 24 14 1 2 55 3.2
9  Dithianon WG(66%) 8 30 3 2 43 2.5
10 Metiram WG(55%) 9 9 16 34 2.0
11 difenoconazole WP(10%) 1 3 22 1 28 1.6
12 Thiophanate-methyl WP(70%) 5 15 1 2 2 25 1.5
13 Benomyl WP(50%) 1 4 3 4 16 09
14  Cuprous oxide+Streptomycin WP(30+8%) 6 6 16 09
15  Pyraclostrobin EC(22.9%) 2 10 2 15 09
16  Iminoctadine triacetate SL(25%) 13 14 0.8
17  Copper oxychloride+Dithianon WP(42+13%) 2 2 4 1 9 05
18  Dithianon WP(75%) 1 6 2 9 05

_24_



NO Common Name Apr. May. Total %
19  Cyprodinil WG(50%) t 04
20 Iminoctadine tris(albesilate) WP(40%) 7 0.4
21  Copper hydroxide WP(77%) 6 0.4
22 Tribasic copper sulfate SC(15%(CU)) 2 6 0.4
23 Dithianon SC(43%) 1 5 0.3
24  difenoconazole DC(5%) 3 4 0.2
25  Metconazole SC(20%) 3 3 0.2
26  difenoconazole SC(10%) 2 0.1
27  Carbendazim+Kresoxim—methyl WP(40+20%) 1 0.1
28  Trifloxystrobin WG(50%) 1 0.1
Total 1,713 100.0




Table 3. Monthly distribution of miticides used in citrus orchards.

NO Common Name Jun. Jul. Aug. Sep. Oct. Total %
1 Spirodiclofen SC(22%) 2 1 9 12 2 26 59.1
2 Propargite WP(30%) 1 4 5 114
3 Etoxazole SC(10%) 4 4 9.1
4 Pyridaben WP(20%) 2 2 4 9.1
5 Tebufenpyrad EC(10%) 1 4 9.1
6 Cyhexatin WP(25%) 1 1 2.3

Total 2 3 11 19 9 44 100.0
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Table 4. Monthly distribution of herbicides used in citrus orchards.

NO Common Name Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Total %
1 Glyphosate-potassium SL(44.75%) 6 8 5 13 6 8 4 2 52 30.8
2 Gyphosate-ammonium+oxyfluorfen WG(36+2%) 5 6 8 9 7 5 3 43 254
3 Glufosinate ammonium SL(18%) 2 4 8 6 11 9 1 41 24.3
4 Glufosinate ammonium SL(41%) 1 2 4 3 5 2 2 19 11.2
5  Glufosinate ammonium SL(16.2%) 2 1 1 1 5 3.0
6 Flumioxazin+glyphosate-IPA SC(1.5+28%) 1 1 2 4 2.4
7 Glyphosate SL(41%) 2 1 1 4 2.4
8 Glyphosate+pyraflufen—ethyl SC(30+0.15%) 1 1 0.6

Total 16 21 29 3% 30 26 10 2 169 100.0

_27_



Rate(%)

= Miticide
14 7

® Herbicide
H Insecticide
| ¥ Fungicide
12 -
10 |]

o N B O @
e —

Fig. 8. Monthly distribution of fungicides, insecticides, herbicides and miticides in citrus orchards.
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A= 4971 A)Fo] AFEEH I 9o o] F Acetamiprid SP(8%)¢} Acetamiprid
+Etofenprox WP(25+8%) A8 H]To] 155%F 11.6%= 74 =ken,
Acetamiprid SP(8%)+= 5¥ 58 9971A] @Wol Abgste AFo =, 89ol 7MW
o] Alg¥+= Aow EAEAT) Acetamiprid+Etofenprox WP(2.5+8%)+= 54 9|
7HE Wol Abgste Alow FAHA. AAls 287 Aol A& AN
m, o] & Mancozeb WP(75%) AF& H|Fo] 472%= 7Fg =gtk I 5o =
= Streptomycin WP(20%), Copper sulfate basic WP(58%(CU32)) A& H]F2
Zt 7 81%, 76%= AHES ®Wol sty AFoE FAEHAT. Mancozeb
WP(75%)2 695-E 997HA] A|&£4 08 H3FHH
£33l AFolem, Streptomycin WP(20%)S 693 79 AYHS 2A5H7]
A Fo R Wol AHEHE Aor E4EAT.

AHA) A = Spirodiclofen SC(22%)7F 59.1% % AF-&H]Fo] 7H4 E=kom 9¢
of Sl WAl HWol AHEH AT

A ZzA)+= Glyphosate—potassium SL(44.75%), Gyphosate-ammonium+oxyfluorfen
WG(36+2%), Glufosinate ammonium SL(18%)7} Z+Zt 30.8%, 25.4%, 24.3%<]
AL-&-H] 5 ow, MRk o AzxA AR Al7]E 39 FE 9¥7HA] A EA
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Full Formula:
EIQ={C[(DT*5)+(DT*P)] +[{(C*((S+P)/2)*SY) + ()] + [(F*R) + (D*((5 +P)/2)*3) +(Z*P*3) + (B*P*5)]}/3

| EIFarm Worker = EI Applicator: C x (DT x 5)
El Sprayer + EI Picker EI Picker: C x (DT x P)

Environmental EI Consumer = { EI Consumer: C x ((S + P)/2) x SY

Impact Quotient | — El Consumer + ;
(EIQ) £ Grodfid Watsr EI Ground Water: L

[ EI Farm Worker + EIFish: Fx R

EI Consumer + El Ecology =

El Ecology) /3 ] L | E Fish + EI Bird + EIBird:Dx ((S+ P)/2)x 3

El Honey Bee +
El Natural Enemies

ElHoney Bee: Zx P x 3

EI Natural Enemies:B x P x 5

Fig. 9. Environmental impact quotient (EIQ) components and formula.

Z2H 2 Y& (ElI Consumer) #*< AH|ZHEI Consumer)oll ™3k == gk}
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HA=HC)9 FAA 7Hsd 3 AFolAE(SY)S FAA tedes w3 ge=

O

AElA AFED 2 ofFol uigk JFEI Fish), =7l st JFEI
Bird), =] 3t JH(EI Bee) 12831 Aol tht < H(EI Natural Enemies)

HZ EIQ #& H#AY9A 9P (EI Farm worker) 3k, 282 93 (EI

Consumer) # 283 AEA 1F(ED &= &olo] 322 v o] & EIQ @
o2 AAHY
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Table 5. The rating system used to develop the environmental impact quotient of pesticides (EIQ) model.

Variables Symbol Score 1 Score 3 Score 5
Long-term health effects C Little-none Possible Definite
Acute Dermal toxicity (Rat LD50) DT >2000 mg/kg 200-2000 mg/kg 0-200 mg/kg
Birds toxicity (8 day LC50) D >1000 ppm 100-1000 ppm 1-100 ppm
Bees toxicity Z Non-toxic Moderately toxic Highly toxic
Beneficial arthropods toxicity B Low impact Moderate Severe impact
Fish toxicity (96 hr LC50) F >10 ppm 1-10 ppm <1 ppm
1-2 weeks 2-4 weeks >4 weeks
Plant surface half-live P
pre—emerg. Herbicide post—emerg. Herbicide
Soil residue half-live (TI/2) S <30 days 30-100 days >100 days
Non-systemic;
Mode of action SY Systemic
all herbicides
Leaching potential L Small Medium Large
Surface runoff potential R Small Medium Large
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Table 6. The rating system of the improved EIQ model.

Variables Symbol Score 1 Score 2 Score 3 Score 4 Score 5
Long-term health effects C Group E Group D Group C Group B Group A
Acute Dermal toxicity (Rat LD50,

ma/ke) DT >2000 2000-201 200-51 50-5 <5
Birds toxicity (8 day LC50, ppm) D >2000 501-2000 500-51 50-10 <10
Bees toxicity Z Non-toxic Moderately toxic Highly toxic
Beneficial arthropods toxicity B Low impact Moderate Severe impact
Fish toxicity (96 hr LC50, ppm) F >100 100-11 10-1 <1-0.1 <0.1
Plant surface half-live(days) P <25 26-50 51-75 76-100 >100
Soil residue half-live(days) S <7 8-29 30-180 >180

Mode of action SY Non-systemic Systemic

Leaching potential L Small Medium Large
Surface runoff potential R Small Medium Large
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Table 7. EIQ estimation of active ingredients for insecticides in citrus orchards.

NO Chemical Composition

Original EIQ vlaues

Improved EIQ values

Farmworker

Consumer

Ecological

Farmworker

Consumer

Ecological

Component Component Component EIQ Component Component Component EIQ
1 Acetamiprid 6.9 74 72.0 28.7 12 4 28 14.7
2 Alpha-cypermethrin 18.0 7.0 49.0 24.7 36 55 375 26.3
3 Amitraz 21.0 2.5 46.0 25.2 54 4 25 21.7
4 Benfuracarb 30.0 31.0 71.0 44.0 24 7 43 24.7
5  Buprofezin 12.0 19.0 73.9 35.0 24 5 17 153
6  Chlorantraniliprole 6.9 6.5 41.7 18.3 6 14 30 16.7
7  Chlorfenapyr 3.6 3.9 120.8 46.1 24 7 45 25.3
8  Chlorfluazuron 72.0 13.0 99.0 61.3 18 4 32 18.0
9  Chlorpyrifos 6.0 2.0 72.6 26.9 18 7 59 28.0
10 Clothianidin 10.4 8.2 77 32.1 12 12.5 55.5 26.7
11  Cypermethrin 13.8 59 39.4 36.4 36 7 41 28.0
12 Deltamethrin 18.0 2.0 65.2 284 12 25 375 173
13 Diflubenzuron 8.0 3.0 65.0 25.3 12 2 24 12.7
14 Dinotefuran 6.9 7.5 52.4 22.3 12 11 39 20.7
15  Esfenvalerate 6.9 3.5 108.4 39.6 6 3 47 18.7
16  Etofenprox 6.0 2.0 46.0 18.0 12 25 375 173
17  Fenitrothion 18.0 4.0 36.0 19.3 18 4 46 22.7
18  Fenpropathrin 6.0 2.0 68.0 25.3 18 39 19.7
19  Fenvalerate 6.9 3.5 108.4 39.6 18 41 20.7
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Original EIQ vlaues

Improved EIQ values

NO Chemical Composition Farmworker Consumer Ecological EIQ Farmworker  Consumer Ecological EIQ
Component Component Component Component  Component Component
20 Flufenoxuron 8.0 4.0 96.0 36.0 12.0 3.0 29.0 14.7
21  Gamma-cyhalothrin 13.1 5.0 114.0 44.1 21 3 72 32.0
22 Imidacloprid 6.9 10.4 92.9 36.7 6 125 63 21.2
23 Indoxacarb 6.9 2.5 34.2 31.2 2.5 46.5 18.3
24 Lambda-cyhalothrin 20.7 35 108.4 44.2 36 5 41 27.3
25  Lufenuron 6.9 8.4 33.6 16.3 24 10 135 15.8
26  Methoxyfenozide 10.0 8.0 78.3 321 7 75 495 21.3
27  Phenthoate 150.0 6.0 37.0 64.3 48 3 42 31.0
28  Sulfoxaflor 21.0 14.5 75.5 37.0 21 14.5 71 355
29  Tebufenozide 6.9 5.5 37.0 164 12 25 135 9.3
30  Teflubenzuron 6.9 8.4 56.6 23.9 24 4 275 185
31  Thiacloprid 16.0 150 63.0 31.3 36 145 37 29.2
32 Thiamethoxam 104 12.0 715 33.3 12 11 45 22.7
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Fig. 11. Three dimensional distribution of farm worker, consumer and ecological effects for insecticides on active ingredient.
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Table 8. EIQ estimation of active ingredients for fungicides in citrus orchards.

Original EIQ vlaues

Improved EIQ values

NO Chemical Composition Farmworker Consumer Ecological EIQ Farmworker  Consumer Ecological EIQ
Component Component Component Component  Component Component

1 Benomyl 13.80 13.60 63.32 30.24 18 10 29 19.0
2  Bordeaux mixture 21.00 12.50 81.50 38.33 24 7 34 21.7
3 Carbendazim 25.00 40.50 86.00 50.50 36 185 275 27.3
4 Copper hydroxide 24.30 9.05 66.25 33.20 24 6 455 25.2
5 Copper oxychloride 18.00 10.00 56.00 28.00 24 6 455 25.2
6  Coppersulfatebasic 24.30 13.15 148.25 61.90 24 6 455 25.2
7 Cuprous oxide 35.00 18.50 68.50 40.67 24 6 38 2.7
8  Cyprodinil 12.15 14.73 53.45 26.77 12 7 29 16.0
9  Difenoconazole 15.00 23.50 86.00 41.50 36 235 285 29.3
10 Dithianon 24.00 10.00 105.00 46.33 36 5.5 335 25.0
11 Fluazinam 8.00 4.00 58.00 23.33 24 4 18 15.3
12 Imibenconazole 21.00 14.50 46.50 21.33 14 7 24 15.0
13 Iminoctadine triacetate 21.00 9.50 67.50 32.67 14 7 54 25.0
14 grilsir(lgl%tggilgfe) 21.00 11.50 80.50 37.67 14 35 35 U9
15 Kasugamycin 18.00 4.00 28.00 16.67 12 2 22 12.0
16  kresoxim-methyl 9.00 4.50 31.70 15.07 36 10 22 22.7
17 Mancozeb 20.25 8.13 48.79 25.72 48 5 10 21.0
18  Metconazole 35.00 57.50 89.50 60.67 14 14 64 30.7
19  Metiram 21.00 5.50 54.50 21.00 56 7 42.5 35.2
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Original EIQ vlaues

Improved EIQ values

NO Chemical Composition Farmworker Consumer Ecological Farmworker  Consumer Ecological
EIQ EIQ

Component Component Component Component  Component Component
20 Propineb 9.00 2.50 39.20 16.90 18 5 11 11.3
21 Pyraclostrobin 8.10 4.05 68.87 27.01 12 7 27 15.3
22 Streptomycin 24.00 19.00 51.00 31.33 21 7 22 16.7
23 Thiophanate-methyl 16.20 15.30 39.95 23.82 18 11 22 17.0
24 Tribasic copper sulfate 35.00 18.50 110.50 54.67 24 6 455 25.2
25 Trifloxystrobin 12.15 10.23 66.95 29.78 12 12 9.3
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Fig. 12. Three dimensional distribution of farm worker, consumer and ecological effects for fungicides active ingredient.
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Table 9. EIQ estimation of active ingredients for miticides in citrus orchards.

NO Chemical Composition

Original EIQ vlaues

Improved EIQ values

Farmworker

Consumer

Ecological

Farmworker

Consumer

Ecological

Component Component Component EIQ Component Component Component EIQ
1 Cyhexatin 21.00 8.50 80.50 36.67 28 3.5 61 30.8
2 Etoxazole 6.90 2.45 30.92 13.42 24 2.5 135 13.3
3 Propargite 20.00 9.00 177.00 68.67 9% 9 29 44.7
4 Pyridaben 6.90 2.45 84.52 31.29 24 3 41 297
5  Spirodiclofen 21.00 5.50 66.50 31.00 84 55 22.5 37.3
6  Tebufenpyrad 13.80 3.90 62.03 26.58 72 145 25.5 37.3
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Fig. 13. Three dimensional distribution of farm worker, consumer and ecological effects for miticides active ingredient.
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Fig. 14. Comparison between improved EIQ and Field use EIQ value for insecticides used in citrus orchards.
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Fig. 15. Comparison between improved EIQ and Field use EIQ value for fungicides used in citrus orchards.
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Fig. 16. Comparison between improved EIQ and Field use EIQ value for miticides used in citrus orchards.
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Links to Internet Resources

EIQ

Cornell EIQ website:
http://www.nysipm.cornell.edu/publications/eiq/

Cornell EIQ list:
http://www.nysipm.cornell.edu/publications/eiq/files/EIQ_values_09.pdf

FAO Review of the use of EIQ in IPM programmes in Asia:
http://www.vegetableipmasia.org/ImpactAssessment.htm

Planteforsk EIQ website:
http://fou02.planteforsk.no/eiq_english/

General Search Sites

USEPA: Models and Databases (starting point):
http://www.epa.gov/pesticides/science/models_db.htm#databases

Material Safety Data Sheets on the Internet:
http://www.ilpi.com/msds/index.html

Compendium of Pesticide Common Names:
http://www.alanwood.net/pesticides/

National Pesticide Information Retrieval System : NPIRS Public:

http://ppis.ceris.purdue.edu/npublic.htm

Pesticide Fact Sheets
Bio—Pesticides DataBase:
http://sitem.herts.ac.uk/aeru/bpdb/index.htm
International Programme on Chemical Safety:
http://www.intox.org/databank/index.htm
The EXtension TOXicology NETwork:
http://extoxnet.orst.edu/

_75_



Pesticide Properties DataBase:
http://sitem.herts.ac.uk/aeru/ppdb/en/index.htm

Pesticide Reregistration Status EU:
http://ec.europa.eu/sanco_pesticides/public/index.cfm?event=activesubstanc
e.selection

PAN Pesticides Database:
http://www.pesticideinfo.org/Index.html

Scorecard. Pollution Information Site of the Environmental Defense Fund:
http://www.scorecard.org/chemical—profiles/

Northwest Coalition for Alternatives to Pesticides:
http://www.pesticide.org/factsheets.html

USEPA Pesticide Programme:
http://www.epa.gov/pesticides/

USEPA Integrated Risk Information System:
http://www.epa.gov/iris/

WHO Classification of Pesticides by Hazard:

http://www.inchem.org/documents/pds/pdsother/class.pdf
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Table 10. Age-standardized mortality rates per 100,000 population by cause of pesticide poisoning and calendar year in

Korea, 1996-2005(Lee et al., 2009).

Causes of death Total pesticide Self-poisoning Accidental Assault
(ICD-10) poisoning (T60) (X68) (X48) (X87)
Year Cases ASR+ Cases ASR Cases ASR Cases ASR
1996 1,900 442 1,405 3.26 439 1.03 1 0.00
1997 1,710 3.91 1,216 2.78 419 0.96 7 0.01
1998 2,048 4,57 1,595 3.55 407 0.92 1 0.00
1999 1,904 416 1,495 3.26 330 0.73 2 0.00
2000 1,789 3.81 1,487 3.16 130 0.28 4 0.01
2001 2,126 4.40 1,712 3.55 154 0.32 6 0.01
2002 2,875 578 2,631 5.29 95 0.19 9 0.02
2003 3,591 7.03 3,301 6.47 74 0.14 10 0.02
2004 3,890 7.34 3,536 6.69 93 0.17 8 0.02
2005 3,527 6.42 3,126 5.71 110 0.19 10 0.02
Total 25,360 532 21,504 4.52 2,251 0.47 58 0.01

*Age-standardized mortality rate per 100,000 population.
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Table 11. Pesticides associated with selected chronic diseases in the Agricultural

Health Study(e]€1%l, 2011).
Diseases
Cancer
L chlorpyrifos, diazinon, dicamba, dieldrin, metolachlor,
e pendimethalin
Pancreas EPTC, pendimethalin
Colon aldicarb, dicamba, EPTC, imazethapyr, trifluralin
Rectum chlordane, chlorpyrifos, pendimethalin, toxaphene
Leukemia chlordane, heptachlor, diazinon, EPTC, fonofos
Al o alachlor, chlorpyrifos, diazinon, permethrin
lymphohematopoietics
Non Hodgkin's .
lindane
lymphoma
Multiple myeloma permethrin
Bladder imazethapyr
Prostate fonofos, methyl bromide
Brain chlorpyrifos
Melanoma carbaryl, toxaphene

Respiratory system
Chronic bronchitis

Farmer’s lung

dichlorvos, DDT, cyanazine, paraquat,
carbaryl, heptachlor

DDT, lindane, aldicarb

24-D, glyphosate, carbaryl, coumaphos,

methyl bromide,

DDT, malathion,

Asthma parathion, permethrin, phorate,
metalaxyl
Wheeze chlorpyrifos, malathion, parathion, dichlorvos, phorate
Rhinitis malathion, permethrin, metolachlor
Others
) insecticides, organophosphates, organochlorines, fungicides,
Depression .
fumigants
) aldrin, chlordane, heptachlor, dichlorvos, trichlorfon, alachlor,
Diabetes

Retinal degeneration
Delayed menopause
Abnormal menstrual

cycle
Myocardial infarction
Rheumatoid arthritis

cyanazine
fungicides
hormonally active pesticides

hormonally active pesticides

no
no
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Table 12. Distribution and exposure levels for spray applications(Hong et al.,
2007)

Vehicle-mounted(with cab) and hydraulic nozzles; volume of surface contamination, 10ml/h;
inhalation exposure, 0.0lml/h

Distribution(%) Hands, 65 Trunk, 10 Legs, 25
Clothing None Permeable Permeable
Clothing penetration (%) 100 5 15
Dermal exposure (ml/h) 6.5 0.05 0.375

Vehicle-mounted(with cab) and rotary disc atomizers; volume of surface contamination,
2ml/h; inhalation exposure, 0.005ml/h

Distribution(%) Hands, 75 Trunk, 15 Legs, 10
Clothing None Permeable Permeable
Clothing penetration (%) 100 5 5

Dermal exposure (ml/h) 15 0.015 0.010

Vehicle-mounted(without cab) and air assisted with application volume of 500L/ha; volume
of surface contamination, 400ml/h; inhalation exposure, 0.05ml/h

Distribution(%) Hands, 10 Trunk, 65 Legs, 25
Clothing None Permeable Permeable
Clothing penetration (%) 100 2 5

Dermal exposure (ml/h) 40 5.2 5

Vehicle-mounted(without cab) and air assisted with application volume of 100L/ha; volume
of surface contamination, 50ml/h; inhalation exposure, 0.02ml/h

Distribution(%) Hands, 10 Trunk, 65 Legs, 25
Clothing None Permeable Permeable
Clothing penetration (%) 100 15 20
Dermal exposure (ml/h) 5 4.875 2.5

Vehicle-mounted(without cab), air assisted and rotary disc, with application volume of
50L/ha; volume of surface contamination, 20ml/h; inhalation exposure, 0.02ml/h

Distribution(%5) Hands, 10 Trunk, 65 Legs, 25
Clothing None Permeable Permeable
Clothing penetration (%) 100 20 15
Dermal exposure (ml/h) 2 2.6 0.75

Hand-held outdoor hydraulic nozzles with low-level application; volume of surface
contamination, 50ml/h; inhalation exposure, 0.02ml/h

Distribution(%) Hands, 25 Trunk, 25 Legs, 50
Clothing None Permeable Permeable
Clothing penetration (%) 100 20 18
Dermal exposure (ml/h) 10 2.5 45

Hand-held outdoor rotary discs atomizers with low-level application; volume of surface
contamination, 20ml/h; inhalation exposure, 0.0lml/h

Distribution(%6) Hands, 10 Trunk, 5 Legs, 85
Clothing None Permeable Permeable
Clothing penetration (%) 100 5 20
Dermal exposure (ml/h) 2 0.05 3.4

Hand-held outdoor rotary discs atomizers with high-level application; volume of surface
contamination, 50ml/h; inhalation exposure, 0.01ml/h

Distribution(%) Hands, 10 Trunk, 65 Legs, 25
Clothing None Permeable Permeable
Clothing penetration (%) 100 15 20
Dermal exposure (ml/h) 5 4.875 25
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Table 13. Application method on UK-POEM for occupational exposure
level(Hong et al., 2007)

Tractor-mounted/trailed boom sprayer: hydraulic nozzles
Tractor-mounted/trailed boom sprayer: rotary atomisers
Tractor-mounted/trailed broadcast air-assisted sprayer: 500 1/ha
Tractor-mounted/trailed broadcast air—assisted sprayer: 100 1/ha
Tractor-mounted/trailed broadcast air-assisted sprayer: 50 1/ha

Hand-held sprayer (15 1 tank): hydraulic nozzles. Outdoor, low level target
Hand-held rotary atomiser equipment (2.5 1 tank). Outdoor, low level target
Hand-held rotary atomiser equipment (2.5 1 tank). Outdoor, high level target

Home garden sprayer (5 litre tank). Outdoor, low level target

Vo m AA e = 20 L T A 5 AMSEH o] AR RS
o]-&sto] FAAA === AW Y 23T F A (Agrochemical control act)
of wet 5 7] (moter sprayer)E ©]-&3te] ofAlE 5 A5 FAHAIL
S =E2HE ds AEsdT. sAYA §F =E BUbAA FHETT]E
% UK-POEMol+= $8uzte] H85E5F7](moter spray)el W3k Alvg] 27t
Aguo] A kol sked UK-POEMel Hong(2007)%°] AI¢tg ‘w4 &2 =)
=EE A A WEe wrgdste] MPAA vhE Ko-POEM #7F BHlg 7HA]
A gEd AR o =ERHME sk e, W dA= Fig. 183 #Z

Syt 857 (moter spray)ol W3k Alyg] 27t ¥kl ®l Ko-POEM

Auel Q= & 1 has & xst, dd AFZAZ 613 A, 95 FF&2 oF

sprayer—high level target) AlU#] o= AA T Zof 10%, w8 65%, thel el
25% F#ZEH, & oJalA = 001 mL/h =55 Aoz Aoy, Alx
A Abgoll o FHHFA FF & HIUME fdl ST (Moter sprayer-low
level target) AlUg] e+ AlAl T Zo 10%, EHE015%, thg]ol 85% H-zH% ),

T&ol oAM= 001 mL/h =F5H= Aoz AvbEATHTable 14).
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Formulation DEXPOSURE EXPOSURE
- » - PPE
, ai(%)
Pesticide
Dose/ha » + PPE

Fig. 18. Method for agricultural operator’s exposure dose and estimation.

RG] gk S FokY A dig =S
A s AAe] FA4S Blasto] HIEeu oju] wm=E ) v alE =
2k 2o 3k =4 7]15+S AOEL(Acceptable Operator Exposure Level)o]2kal
Fau dixow ofgA ST Ay T APsE datd Mg e F

oA dgFE YedE FAA0 HAAF 001 #sk A& $TH(European
Commission, 2006). & °Fell g w=ZFFo] AOEL Ett AW F2d Aol ik 9
el e AeR Fosrh gy BE Fok didk AOELe] A3lA U=

PR
AL ohm, AAS wepEsbReE w@st RelM PG Fopel ojshol

5o

M
off

o

off

H

7] = (exposure reference) .= A AstTh zF 7139 Axm T AOELe] AA

=
Ho] = 4% AOELS Abgstlem, AOELe] A s o] A &2 AdFol=
L
|=]

it
rx
o
ol
o
32
£ o

FAAA 918l 7HRisk accessment) FF AFE H AT A 3

A Hr7te= AEE AEE == %S AOEL(exposure reference) #OE 179
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(RQ, Risk Quotient = Exposure/AOEL)E #7}stgdth. o] RQ7F 1
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Table 14. Exposure absorption rate according to the Application method

Surface contamination Distribution of contamination Pentration through clothing
Application method
ml/h Hands Trunk Legs Trunk Legs Inhalation ml/h

Speed sprayer 400 109 65% 25% 2% 5% 0.05
Moter sprayer—high

50 10% 65% 25% 15% 20% 0.01
level target
Moter sprayer-low

20 10% 5% 85% 5% 20% 0.01

level target
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AFEAe] Ay 5L thg¥ ZtH(Table 15). A#-2 40ti7F 1374
T 6oz 7 wokth AW 1374 SHA T gAol 108W <l 788%E
24 s o, o g2 29" o= 21.2%9] oIk SHA T 21.9%% A F<
S 3, 504%7F &5 st Ao vt Az 20008 o4 4000
3 vlgro]l SwtAl 1379 F 53WOo® 387%= 7P ®ekow 20009 mwFo]
407 Q1 29.2%, ‘40003 o]’ 6000 W RFZ} ‘60003 ©]4F 80003 wmwFe] z+7h 19
g el 13.9%, ‘100008 o]4e] 6W o & 44% <ol Aw A=Y 5d mnlo]
52 ¢l 38.0%= 7k wekon 5~10d wwFo] 2799l 19.7%, ‘10~20 W wF
o] 2472l 17.5%, 20~30d wwFo] 109l 7.3%, 30 o] 244 17.5%
ol Atk

>M

r

HEd FAGA AT
A5 A A= 83 2oi(Table 16). 555 8/ &% 5 ‘Bol o
$1TH(Triedness and languor), ol AWES RH7|9&] 7zt
wol EIAY o] drh(Watery eyes), ‘&@o] At
(Numbness in extremities)’, %ol & Z Xt} (Sleeplessness)’, ™ 8] 7} o} 3t}
(Headache)'#t+= S7< & =7+ &7 vlsol =4 vskew, g7t o=t}
(Lumbago)’ 2ol 71 7} A 2] tH(Shoulder pain)'#tE 42 27+ 133 284S &
st F7F 247y 438% = LEFS
HRANBAS SHeE iH e 37HA Sl tall SHAE S8 X
7= W&ol Hit 85% oo w Eokow 15Ud 13 T 23] oA 7=

% H&2 ‘50| 7tMti(Dyspnea), ‘Zthg] 5o] "HdtH(Muscle tremors in

d

23t 3ol

¢

(Nocturea)’,

[r

arms or legs), ‘Wj7} E#A3}cH(Gastric discomfort) F4+o] Z+z; 13.2%, 17.5%,
95% = YEMYE
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L

3% @A Avke Ug3 2rH(Table 17). 8714 4ol st 747ke] A
FE A FPE CPY, AT, A4S BAY A, 394 1379 F 279

%1 19.7%7F ‘47, 429891 30.7%7F ‘o5, 687 %1 49.6%7F ‘5’ o2 LERRkT

HH(Eye glaring) = 4ol 94 1374 +F 57.7% = 714 =%ko 1

2 ‘vE7F vt 7k Y okdtching sense of skin)'+ A4S 51.1%9 Hd &S
B ‘M) 7) o} th(Dizziness/Headache) = S7d°] 29.9%, ‘=50l dlo] mx
tH(Fatingue)' &= S4°] 24.8%, ‘w&o] s & A tH(Visual distruance) = <740]
29.2%, ‘T do] wWi(Nausea)T= TA°] 19.0%, ‘AHS 34 &S W= & =
= w50o] TP H(Sweating or Lacrimation)+= &7°] 18.2%, ‘T&tgto] gkt}
(Dyspnea) = Z73°] 10.2%, ‘AFA7d@o] ¢t (Cramps in Limbs)e 4ol
58%, ‘H%o] <AtH(Abdominal pain)E  Fo] 8.0%, ‘TFEE A4
(Vomiting)' = Z7d°] 6.6%, ‘9]4& elx 228 HtHSyncope), ‘FAlo] wln] =]

UHQuardriplesia)’, “&o] A7) Yo A e 9kth(Dysphasia)’= S8 247 4.4%

Sob 4EA £5a4 dde thew 2th(Table 18). $RA & Fopdx

% nlg 2895 3ti(Take a bath after spraying)' ¢} ‘“HoFa¥ 3 vz 25 7

o}l +=tHChang clothes after spraying)® 7% 27z} 98.8%, 86.6%7} ‘&4 A
VAL sto] E4Eo] =4 vEhd v Y EnS =4 FoF AXE A
% +=t}(Don't spray when feeling fatigue), ‘EFA¥X & WS H7] do &5
M E=TH(Wash hands before urinating after spraying)' @l 72-$¢% Z+zF 44.2%,
454%7F A A SHEte B FrE&S Kol wST|ddA s S
Al FFAY S R9F o] dasirhal AzbE
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Table 15. General characteristics of the Subjects.

Variable Category N %
Age 20729 14 10.2
30739 39 28.5

40749 56 40.9

50759 27 19.7

60< 1 0.7
Subtotal 137 100.0

Gender Male 108 78.8
Female 29 21.2
Subtotal 137 100.0

Smoking Yes 30 219
No 107 78.1
Subtotal 137 100.0

Alcohol drinking Yes 69 50.4
No 63 49.6

Subtotal 137 100.0

Agricultural area(pyeong*) >2000 40 29.2
200074000 53 38.7

400076000 19 139

600078000 19 139

10000< 6 4.4

Subtotal 137 100.0

Farming career(years) >5 52 38.0
5710 27 19.7

10720 24 175

20730 10 7.3

30< 24 175

Subtotal 137 100.0

Working hours per day Half day 43 314
All day 94 68.6

Subtotal 137 100.0
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Table 16. Number and ratio of Scores on chronic symptoms.

Score(N) %
Chronic symptom
0 1k Dotk 0 1 2

Triedness and languor 88 36 13 64.2 26.3 95
Lumbago 77 40 20 56.2 29.2 146
Nocturea 93 24 20 67.9 175 146
Shoulder pain 77 39 21 56.2 285 15.3
Watery eyes 97 28 12 70.8 20.4 8.8
Numbness in extremities 89 30 18 65.0 219 13.1
Sleeplessness 112 14 11 81.8 10.2 8.0
Headache 105 24 8 76.6 175 0.8
Dyspnea 119 12 6 86.9 8.8 44
Muscle tremors in arms or legs 113 15 9 825 10.9 6.6
Gastric discomfort 124 9 4 90.5 6.6 2.9

* If the frequency of each symptom is 0 days/weeks for last month

## If the frequency of each symptom is 1 days/weeks for last month

%% If the frequency of each symptom is 2 or more days/weeks for last month
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Table 17. Prevalence of citrus farmer’'s syndrome by age groups.

N(%)
Age group
Positive Suspicious Negative Total
30739 3(2.2) 6(4.4) 6(4.4) 15(10.9)
40749 4(2.9) 11(8.0) 24(17.5) 39(28.5)
50759 14(10.2) 16(11.7) 26(19.0) 56(40.9)
60~ 6(4.4) 9(6.6) 12(8.8) 12(19.7)
Total 27(19.7) 42(30.7) 63(49.6) 137(100)
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Fig. 19. Experience rate of acute symptoms while spraying pesticides.
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Table 18. Extent of keeping safety rules for pesticide spraying.

Always Usually Sometimes Never
Safety Rule Total

N % N % N % N %
Take a bath after spraying 137 123 89.8 9 6.6 4 2.9 1 0.7
Chang clothes after spraying 134 116 866 10 75 4 3.0 4 3.0
Don't spray after drinking 115 75 65.2 22 19.1 9 7.8 9 7.8
Wash hand with soap before eating after spraying 134 82 61.2 30 22.4 12 9.0 10 75
Rinse out the mouth after spraying 134 83 61.9 26 194 13 9.7 12 9.0
Keep wxplanatory notes and doses 135 99 73.3 29 215 5 3.7 2 15
Don’t spray when feeling fatigue 129 57 442 37 28.7 19 14.7 16 12.4
Wash hands with before smoking after spraying 85 52 61.2 10 11.8 9 10.6 14 16.5
Read labels or manuals 135 77 57.0 32 23.7 18 13.3 8 59
Don’t drink and smoke while spraying 124 92 74.2 17 13.7 4 3.2 11 8.9
Don’t spray at midday 132 71 53.8 42 31.8 14 10.6 5 3.8
Wash hands before urinating after spraying 130 59 454 31 23.8 20 154 20 154
Launder protective equiments 135 85 63.0 30 22.2 16 11.9 4 3.0

_98_



7h ASA == A

FEAC g AFE =EF S A tHTable 19). 791X 570 (PPE,
personal protective equipment)& #8384 %2 A9 4970 AFe] =F3 ©4H
+ 0.00013~0.02955 mg/kg b.w./day Th x=F HgkE 0.00342 mg/kg
bw./day® H¥ olAel AEL F 187 AFSE Benfuracarb WG(30%),

Etofenprox+Imidacloprid WG(8+4%), Phenthoate EC(47.5%), Acetamiprid+Diflu—
benzuron WP(5+14%), Chlorpyrifos  WP(25%), Dinotefuran+Methoxyfenozide
SC(10+4%), Acetamiprid+Methoxyfenozide WG(6+7%), Chlorpyrifos+Difluben—
zuron WP(20+7%), Amitraz+Buprofezin EC(12.5+12.5%), Buprofezin+Thiametho-
xam SC(20+3.3%), Thiamethoxam WG(10%), Buprofezin+Thiacloprid SC(20+5
96), Lambda—-cyhalothrin+thiamethoxam WG(1.4+6.7%), Buprofezin+Dinotefuran
WP(20+15%), Acetamiprid WG(8%), Clothianidin SG(8%), Esfenvalerate+Fenitro
~thion EC(1.25+15%), Acetamiprid+Etofenprox WP(2.5+8%)% 2., Benfuracarb
WGB0%)2 =Z7ko] 0.02955 mg/kg b.w./day® 7} =& Aoz ey

= =3k ®9ls= 0.00~

AJALZHH(PPE)E 283 3% 4971 A&
0.00183 mg/kg b.w./day® *=% H#k2 0.00322 mg/kg b.w./daydth Hd =

ke

=3 =L AFEL 1570 A¥Eo = Phenthoate EC(475%), Benfuracarb
WG(30%), Chlorpyrifos WP(25%), Amitraz+Buprofezin EC(12.5+12.5%),
Chlorpyrifos+Diflubenzuron WP(20+7%), Buprofezin+Thiamethoxam SC(20+3.3%),
Esfenvalerate+Fenitrothion EC(1.25+15%), Buprofezint+Dinotefuran WP(20+15%),
Acetamiprid+Etofenprox ~ WP(2.5+8%),  Buprofezin+Thiacloprid = SC(20+5%),

Etofenprox+Imidacloprid WG(8+4%6), Chlorpyrifos  +Alpha-cypermethrin
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EC(10+1%), Acetamiprid+Buprofezin  EC(4+15%), Acetamiprid+Diflubenzuron
WP(5+14%), Chlorfenapyr SC(5%)% 2™, Phenthoate EC(47.5%) X% %kol
0.00183 mg/kg b.w./day® 7} =& Zo =2 yelyt. /X1 3N (PPE)E 2

|3HA] e A FE AT =E232 65~1614 =2 AR EY:

Al digh AEE =EF AHEES s th(Table 20). 791K 57 (PPE,
personal protective equipment)E 2F-&3tA 2 A-F 2871 AFY =E3 HY
+ 0.00702~10.53267 mg/kg b.w./day ATt =F HihS 1.26932 mg/kg
bw./day® Hit o]Ae] AEL F 57 AF S ZE Propineb WP(70%), Metiram
WG(55%), Dithianon WG(66%6), Iminoctadinetris(albesilate) WP(40%), Iminoctadine
triacetate SL(25%)%1 2™, Propineb WP(70%)2] +=%ko] 1053267 mg/kg b.w./day
2 7MY =2 Ao® YEwTth

MARSTHAR(PPE)E 283 45 287) A7 &3 W= 0.00101~
151550 mg/kg b.w./day2 =% H¥ a2 0.13052 mg/kg b.w./dayAth B =
=4 =2 AE2 5/ AFESE Propineb  WP(70%), Iminoctadine tris(albesilate)
WP(40%), Metiram  WG(55%), Iminoctadine  triacetate SL(25%), Dithianon
WG(66%), Dithianon WP(75%), Mancozeb WP(75%)%1 2™ Propineb WP(70%)
w2zko] 151550 mg/kg bow./day® 74 =2 o=z vEYTE QB S A

(PPE)E #8314 e 499 H83 499 wdgre ™) 22 Aoz ey

AulAl gk AEE =& AAS skvH(Table 21). 70912 5 78] (PPE,
B A o Al =E@ Hele
0.04442~0.50156 mg/kg b.w./day St =% Hi ik 0.27068 mg/kg b.w./day
2 PG oA AEL F 37 AE S EPropargite  WP(30%), Pyridaben

Ll
N
ofo
ol
o
B
o
2
Io

personal protective equipment)

WP(20%), Spirodiclofen SC(22%)% 2™, Propargite WP(30%)2] =% %ko]
050156 mg/kg b.w./day® 7} =& Aoz vehyit)
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e

MABSHR(PPE)E #E&3 45 671 AFe =7 WHes 0.00420~
0.07217 mg/kg b.w./day® =% Hi#2 0.03590 mg/kg b.w./dayH vt Hit =
Zgko] =& AFE 2/ AESE Propargite WP(30%), Pyridaben WP(20%) %1

o

Py

©o 1 Propargite WP(30%) =%%ko] 0.07217 mg/kg b.w./day® 7}F =&
2 Yelgt MABSHH)(PPE)E #8384 &2 H59 A8 A9 =
2 6.9~1064 = AHow LEYL

AEol Axstes AvAE AR SN (PPE) 2H8-o F-<F A

AFAFRQ7ZE 1 olst= H7HE At

i
N

glol

r
tr
e

AzA digh A =& S st tHTable 22). QRS R (PPE)&
2835k g2 A9 8 AEY =3 HeE 0.00252~0.00696 mg/kg
w./dayi o, NAESHR(PPE)E &3 A% ==3 9= 0.00028~
00076 mg/kg b.w./dayAth. 7NJAREGH(PPE)E &34 &2 45 =5 3
2 0.00503 mg/kg b.w./day$lal, 7N EHB(PPE)E #83% F¢ =& ¥
T3S 0.00055 mg/kg b.w./dayAth. ZF 7oA Hat o]l AF 2F 471 A
+# © Z(Glyphosate—potassium  SL(44.75%), Glufosinate-ammonium  SL(41%),
Glyphosate SL(41%), Gyphosate-ammonium+oxyfluorfen =~ WG(36+2%) %3 2.
Glyphosate-potassium  SL(44.75%)¢] *=Zzgke] 7JA RS H|(PPE)E 283514
%2 4% 000696 mg/kg b.w./day, /NJ1ESFH(PPE)E 838 749 0.00076

mg/kg b.w./day® 7} =2 Aoz eyt A E 5 HH(PPE)E #8314

A w2 =FTgto]l =on, AAVE mEgko] wol AtAl WAlAl TS

A AHgeta AgEolop & Aoz weHt
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Table 19. Exposure value of insecticides application using motor sprayer in jeju citrus orchards.

Exposure(mg/kg bw/day)

NO Common Name - -

without PPE Total with PPE Total
1 Acetamiprid SP, WP(8%) 0.00090 0.00090 0.00013 0.00013
2 Acetamiprid WG(8%) 0.00394 0.00394 0.00015 0.00015
3 Acetamiprid+Buprofezin EC(4+15%) 0.00065 / 0.00244 0.00309 0.00008 / 0.00029 0.00037
4 Acetamiprid+Diflubenzuron WZP(5+14%) 0.00246 / 0.00689 0.00936 0.00009 / 0.00026 0.00036
5  Acetamiprid+Etofenprox WP(2.5+8%) 0.00181 / 0.00181 0.00361 0.00026 / 0.00026 0.00052
6  Acetamiprid+Flufenoxuron WP(8+5%) 0.00090 / 0.00056 0.00147 0.00013 / 0.00008 0.00021
7  Acetamiprid+Lufenuron WP(8+5%) 0.00090 / 0.00045 0.00135 0.00013 / 0.00008 0.00021
8  Acetamiprid+Methoxyfenozide WG(6+7%) 0.00295 / 0.00345 0.0064 0.00011 / 0.00013 0.00024
9  Alpha-cypermethrin EC(2%) 0.00045 0.00045 0.00007 0.00007
10 Amitraz+Buprofezin EC(12.5+12.5%) 0.00281 / 0.00048 0.00329 0.00281 / 0.00048 0.00329
11 Benfuracarb WG(30%) 0.02955 0.02955 0.00112 0.00112
12 Buprofezin+Dinotefuran WP(20+15%) 0.00226 / 0.00169 0.00395 0.00032 / 0.00024 0.00057
13 Buprofezin+Tebufenozide WP(12+5%) 0.00135 / 0.00056 0.00192 0.00019 / 0.00008 0.00028
14 Buprofezin+Thiacloprid SC(20+5%) 0.00325 / 0.00081 0.00406 0.00039 / 0.0001 0.00048
15 Buprofezin+Thiamethoxam SC(20+3.3%) 0.00450 / 0.00074 0.00524 0.00067 / 0.00011 0.00078
16  Chlorantraniliprole WP(5%) 0.00045 0.00045 0.00006 0.00006
17  Chlorantraniliprole WG(5%) 0.00246 0.00246 0.00009 0.00009
18  Chlorfenapyr SC(5%) 0.00225 0.00225 0.00034 0.00034
19  Chlorfenapyr WP(5%) 0.00038 0.00038 0.00005 0.00005
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Exposure(mg/kg bw/day)

NO Common Name - -

without PPE Total with PPE Total
20  Chlorfenapyr EC(5%) 0.00071 0.00071 0.00010 0.00010
21 Chlorfluazuron EC(5%) 0.00081 0.00081 0.00012 0.00012
22 Chlorpyrifos WP(25%) 0.00715 0.00715 0.00103 0.00103
23 Chlorpyrifos+Alpha-cypermethrin - EC(10+1%) 0.00225 / 0.00022 0.00247 0.00039 0.00004 0.00042
24 Chlorpyrifos+Diflubenzuron WP(20+7%) 0.00451 / 0.00158 0.00609 0.00065 0.00023 0.00088
25  Clothianidin SG(8%) 0.00394 0.00394 0.00015 0.00015
26 Clothianidin SC(8%) 0.00054 0.00054 0.00015 0.00015
27  Clothianidin+Methoxyfenozide SC(7+8%) 0.00114 / 0.00054 0.00168 0.00013 0.00015 0.00029
28  Cypermethrin EC(5%) 0.00013 0.00013 0.00003 0.00003
29  Deltamethrin EC(1%) 0.00013 0.00013 0.00003 0.00003
30 Dinotefuran+Methoxyfenozide SC(10+4%) 0.00492 / 0.00197 0.00689 0.00019 0.00007 0.00026
31  Esfenvalerate EC(1.5%) 0.00024 0.00024 0.00003 0.00003
32 Esfenvalerate+Fenitrothion EC(1.25+15%) 0.00028 / 0.00337 0.00365 0.00005 0.00058 0.00063
33  Etofenprox+Imidacloprid WG(8+4%) 0.00788 / 0.00394 0.01182 0.00030 0.00015 0.00045
34  Fenpropathrin WP(5%) 0.00113 0.00113 0.00016 0.00016
35 Fenvalerate EC(5%) 0.00112 0.00112 0.00019 0.00019
36 Gamma-cyhalothrin CS(1.4%) 0.00021 0.00021 0.00002 0.00002
37  Imidacloprid WP(10%) 0.00113 0.00113 0.00016 0.00016
38  Imidacloprid+Methoxyfenozide WP(4+8%) 0.00045 / 0.00090 0.00135 0.00006 0.00013 0.00019
39 Indoxacarb+Teflubenzuron WP(1+2%) 0.00023  / 0.00045 0.00068 0.00003 0.00006 0.0001
40 Lambda-cyhalothrin EC(1%) 0.00022 0.00022 0.00004 0.00004
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Exposure(mg/kg bw/day)

NO Common Name without PPE Total with PPE Total
41  Lambda-cyhalothrin+Imidacloprid WP(1+10%) 0.00011 / 0.00113 0.00124 0.00002 / 0.00016 0.00018
42 Lambda-cyhalothrin+thiamethoxam WG(1.4+6.7%) 0.00069 / 0.00330 0.00399 0.00003 / 0.00013 0.00016
43 Methoxyfenozide WP(4%) 0.00090 0.00090 0.00013 0.00013
44 Methoxyfenozide SC(21%) 0.00280 0.00280 0.00026 0.00026
45  Phenthoate EC(47.5%) 0.01068 0.01068 0.00183 0.00183
46 Sulfoxaflor SC(7%) 0.00114 0.00114 0.00013 0.00013
47  Tebufenozide WP(8%) 0.00181 0.00181 0.00026 0.00026
48  Thiamethoxam WG(10%) 0.00492 0.00492 0.00019 0.00019

- 104 -



Table 20. Exposure value of fungicides application using motor sprayer in jeju citrus orchards.

Exposure(mg/kg bw/day)

NO Common Name
without PPE Total with PPE Total
1 Benomyl WP(50%) 0.00752 0.00752 0.00108 0.00108
2 Bordeaux mixture WG(76.2(Cu20%)) 0.15010 0.15010 0.00495 0.00495
3 Carbendazim+Kresoxim-methyl WP(40+20%) 0.00903 / 0.00451 0.01354 0.00130 0.00065 0.00195
4 Copper hydroxide WP(77%) 0.01738 0.01738 0.00250 0.00250
5 Copperoxychloride+Dithianon WP(42+13%) 0.01896 / 0.00587 0.02483 0.00273 0.00084 0.00357
6  Copper oxychloride+Kasugamycin WP(45+5.75%) 0.02031 / 0.0026 0.02291 0.00292 0.00037 0.0033
7  Coppersulfatebasic WP(58%(CU32)) 0.01309 0.01309 0.00188 0.00188
8  Cuprous oxide+Streptomycin WP(30+8%) 0.01129 / 0.00226 0.01354 0.00162 0.00032 0.00195
9  Cyprodinil WG(50%) 0.02462 0.02462 0.00093 0.00093
10 Difenoconazole WP(10%) 0.00113 0.00113 0.00016 0.00016
11  Difenoconazole DC(5%) 0.00112 0.00112 0.00017 0.00017
12 Difenoconazole SC(10%) 0.00162 0.00162 0.00019 0.00019
13 Dithianon WG(66%) 0.06500 0.06500 0.00247 0.00247
14 Dithianon WP(75%) 0.01693 0.01693 0.00244 0.00244
15  Dithianon SC(43%) 0.00966 0.00966 0.00144 0.00144
16  Fluazinam WP(50%) 0.00564 0.00564 0.00081 0.00081
17  Imibenconazole WP(15%) 0.00169 0.00169 0.00024 0.00024
18  Iminoctadine triacetate SL(25%) 0.00406 0.00406 0.00048 0.00048
19  Iminoctadine tris(albesilate) WP(40%) 0.00903 0.00903 0.00130 0.00130
20 Mancozeb WP(75%) 0.03386 0.03386 0.00487 0.00487
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Exposure(mg/kg bw/day)

NO Common Name

without PPE Total with PPE Total
21 Metconazole SC(20%) 0.00283 0.00283 0.00029 0.00029
22 Metiram WG(55%) 0.10834 0.10834 0.00411 0.00411
23 Propineb WP(70%) 0.03160 0.03160 0.00455 0.00455
24  Pyraclostrobin EC(22.9%) 0.00305 0.00305 0.00040 0.00040
25 Streptomycin WP(20%) 0.00451 0.00451 0.00065 0.00065
26 Thiophanate-methyl WP(70%) 0.01580 0.01580 0.00227 0.00227
27  Tribasic copper sulfate SC(15%(CU)) 0.00337 0.00337 0.00050 0.00050
28  Trifloxystrobin WG(50%) 0.01313 0.01313 0.00050 0.0005
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Table 21. Exposure value of miticides application using motor sprayer in jeju citrus orchards.

Exposure(mg/kg bw/day)

NO. Common Name
without PPE with PPE
1 Cyhexatin ' WP(25%) 0.00376 0.00054
2 Etoxazole SC(10%) 0.00133 0.00013
3 Propargite WP(30%) 0.01129 0.00162
4 Pyridaben WP(20%) 0.00226 0.00032
5 Spirodiclofen SC(22%) 0.00293 0.00028
6 Tebufenpyrad WP(10%) 0.00113 0.00016
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Table 22. Exposure value of herbicides application

using motor sprayer in jeju citrus orchards.

Exposure(mg/kg bw/day)

NO Common Name

without PPE Total with PPE Total
1 Flumioxazin+Glyphosate-IPA  SC(1.5+28%) 0.00023 / 0.00435 0.00459 0.00003 / 0.00048 0.00050
2 Glufosinate ammonium SL(16.2%) 0.00252 0.00252 0.00028 0.00028
3 Glufosinate ammonium SL(18%) 0.00280 0.00280 0.00031 0.00031
4 Glufosinate ammonium S1.(41%) 0.00638 0.00638 0.00070 0.00070
5  Glyphosate SL(41%) 0.00638 0.00638 0.00070 0.00070
6  Glyphosate+pyraflufen—ethyl SC(30+0.15%) 0.00467 /  0.00002 0.00469 0.00051 / 0.000003 0.00051
7  Gyphosate-ammonium+oxyfluorfen WG(36+2%) 0.00563 / 0.00031 0.00595 0.00058 /  0.00003 0.00061
8  Glyphosate—potassium SL(44.75%) 0.00696 0.00696 0.00076 0.00076
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L el A AMgEE T AFE s Hot

AEdo] AHgE e wHAEE FdxAe mA= s s AF[RQ,
Risk quotient)®2 H7}stA . &l A+(RQ, Risk quotient)= ¥ 7}gk 4 7H(RQ
71 olatd A AR Aol Av= As rsty, AW 55 913

@© 2FA f:4d A+RQ) H7t

Aol ARRE = 49708 AdEAl Al wigk e AHRQE H 7
A2y JHIJQESHH(PPE)E #EeA 22 45 RQkel 142l Aol 671
2 Chlorpyrifos WP(25%)2] RQ#t2 79|74, Chlorpyrifos+Diflubenzuron WP(20
+7%)=  4°]%, Phenthoate EC(47.5%)= 3°]%}, Benfuracarb WG(30%)%}t
Chlorpyrifos+Alpha-cypermethrin  EC(10+1%)% zHzF 20]4F o]l o1 Lambda
—cyhalothrin+thiamethoxam WG(1.4+6.7%)E 1S Z5 433t} /Helw s
H(PPE)E #&3 %9 Chlorpyrifos WP(25%) 1719] Aol RQ#kel 1017
e}y oh(Fig. 20).

@ AtA fsd A5(RQ) H7F

Aol AR E = 28708 At Al Al gk e AH(RQE H 7S
B A3 B EHR(PPE)E #8354 &2 4 RQFke] 1o]ddl AlsFol 674
2 Propineb WP(70%)2] RQ#2 10014, Metiram WGGBE%)E=  6°]7%
Dithianon WG(66%)+ 4°]%, Iminoctadine tris(albesilate) WP(40%)+= 39|74,
Iminoctadine triacetate SL(25%)<%}Dithianon WP(75%)+= 77} 1& Z+ &3] s)
At AR EHH(PPE)E 283t 749 Propineb WP(70%) 1701¢] A& o] RQ%k
o] 1o]% yebwkth(Fig. 21).

@ uAl 93 A(RQ) B 7t
Aol AHEEE 6719 A AFel de s AFRQE BUheE
A3 7R EAN(PPE)S Z&alA &2 499 7R3 4H(PPE)S &3

37 RQgLo] 1o14<! A& gl= Aoz H7kE v

_{
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@ A=A 84 ARQ) H7F
o] AbEHE 8719 AatAl AlFel dEd s AFRQE H7heE
A NABSHH(PPE)E 2ZH&etA] 22 45 RQ@te] 1017442 AlFeol 3=
Glufosinate ammonium SL(41%)¢] RQ#t= 3174, Glufosinate ammonium SL
(18%)¢} Glufosinate ammonium SL(16.2%)E 1S 25 438ttt Mawnz3
3

H(PPE)E #83% 4% RQ#te]l 10]4< Al = Aoz B/ A (Fig. 22).

7

S8k B A 1olske] H7F Wlel siFE = ks slien, 10~15v vk
229%% 7Hd WlTol =okth 3Tov|nkel ffsiA HIF Welel sy Fh=
1.3% %1 em, 57101 vk 17.2%, 15720792 21%, 20725792 10.2%, 25730M]
T2 9.6%%, 307351 vk 6.4%, 357407 RE2 5.7%, 40745W] whe 2.5%, 457504
e 06%%= B7HEAY. I B S AN (PPE)E 283 8% 1oldte] H7F ®» 9
o sMFEE= Tk 83%E Aom, 1~2vRke] flsjAd Hr WHelel sEEHE
E7Fh= 3% ®E HlFol 7H E=dorn, 1727 vk 26.8%, 374W| Wk 15.9%, 4751
e 6.4%, 5761 RES 51%, 6771 R 25% %2 H7HE A H(Fig. 23).
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RQ value of product
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__/ /-’
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Chlorpyrifos
WP({25%)

PPE(-) | PPE(+)

Chlorpyrifos+
Alpha-
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PPE(-) | PPE(+)
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PPE(-) | PPE(+)

Lambda-
cyhalothrin+
thiamethoxam

WG(1.4+6.7%)

PPE(-) | PPE(+)

Phenthoate
EC(47.5%)

Fig. 20. The operator’'s exposure RQ(Risk Quotient) of insecticides in high rank.
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RQ value of product
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Fig. 21. The operator's exposure RQ(Risk Quotient) of fungicides in high rank.
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RQ value of product

25 7
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Glufosinate ammonium
SL{16.2%)

PPE(-) PPE(+)

Glufosinate ammonium
SL{18%)

PPE(-) PPE(+)

Glufosinate ammonium
SL{41%)

Fig. 22. The operator's exposure RQ(Risk Quotient) of herbicides in high rank.
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Fig. 23. Frequency distribution of combined RQ(Risk Quotient) in individual farmer a year(n=157).
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Appendix 1. Questionnaire
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Appendix 2-1. Eco-toxicological data for the calculation of EIQ, insecticides.

C DT D Z B F P S SY L R
Long-term Dermal Bird Beneficial Fish Plant Soil . Surface
NO Chemical Composition health toxicity toxicity B,e? arthropod toxicity surface residue Moéeof Leachllng runoff

effects  (RatLD5)  (8dayLC50) oY toxicity  (96hrLC50) half-live half-live action potential ential

1  Acetamiprid Group E >2000(rat) 98 Moderate ~ Harmful >100 2.3 10 Systemic Low Low
2 Alpha-cypermethrin Group C >2000(rat) >2025 High Moderate 0.0028 7.3 28 Non-systemic Low Medium

3 Amitraz Group C >200 788 Moderate  Harmful 0.74 11 0.2 Non-systemic Low Low

4 Benfuracarb X >2000(rat) HT High Moderate HT 473 5 Systemic Low Low

5 Buprofezin Group D >2000(rat) >2000 Low Harmless >0.33 6.08 50 Non-systemic Low High
6  Chlorantraniliprole Group E >5000(rat) >2250 Moderate  Moderate >12.0 5.4 523 Systemic High Medium
7  Chlorfenapyr Group D >2000 10 High X 10 3.62 14 Systemic Low Medium

8  Chlorfluazuron Group E >1000(rat) >2510 Moderate  Moderate >300 8.22 100< Non-systemic Low High

9  Chlorpyrifos Group E >1250(rat) HT High Moderate 0.00013 6.7 30.5 Systemic Low High
10  Clothianidin Group E >2000 430 High Harmful >104.2 4.63 214 Systemic High Medium

11  Cypermethrin Group C >2000(rat) >10000 High Harmful 0.0028 7.3 69 Non-systemic low High
12 Deltamethrin Group E >2000(rat) >2250 High Harmful 0.00026 3.2 13 Non-systemic Low Medium
13 Diflubenzuron Group E >2000 >5000 Moderate = Harmful 0.13 18 3 Non-systemic Low Medium
14  Dinotefuran Group E >2000(rat) >2000 High Moderate >100.0 10 75 Systemic High Medium

15 Esfenvalerate Group E >5000(rat) 1312 High Moderate 0.0001 3.6 38 Non-systemic Low High
16  Etofenprox Group E >2000(rat) >2000 High Harmful 0.0027 2.3 11 Non-systemic Low Medium

17 Fenitrothion Group E 890(rat) 2.3 High Harmless 1.3 1.6 2.7 Systemic Low Low
18 Fenpropathrin Group E 870(rat) 1089 High Harmful 0.0023 6 28 Non-systemic Low Medium
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C DT D z B F P S SY L R
Long-term Dermal Bird Beneficial Fish Plant Soil . Surface
NO Chemical Composition health toxicity toxicity B.ee. arthropod toxicity surface residue MO(,jeOf Leachl.ng runoff

effects (RatLD50)  (8dayLC50) toxicity toxicity (96hrLC50)  half-live half-live action potential potential

19 Fenvalerate Group E >1000 9932 High Harmful 0.0036 3.2 40 Non-systemic Low High

20  Flufenoxuron Group E >2000(rat) >2000 Moderate  Mortality 0.0049 135 42 Non-systemic Low High
21  Gamma-cyhalothrin Group E 1643(rat) >2000 High Mortality 0.000035 X 30 Non-systemic Low Medium
22 Imidacloprid Group E >5000(rat) 31 High Mortality >83 2.97 997 Systemic High Medium
23 Indoxacarb Group E >5000(rat) 98 High Mortality 0.6 2.88 27 Non-systemic Low Medium

24  Lambda—cyhalothrin Group D >632(rat) >3950 High Harmless 0.00021 4 27 Non-systemic Low High
25  Lufenuron X >2000(rat) >2000 Low Moderate >29 9.8 20 Systemic Low Medium
26 Methoxyfenozide Group E 5000(rat) >2250 Moderate  Harmless >4.2 X 133 Non-systemic High Medium
27  Phenthoate X 72 300 High X 25 10 2 Non-systemic Low Medium

28  Sulfoxaflor Group C >5000(rat) 676 High Moderate >101 X 8 Systemic Low Low
29  Tebufenozide Group E >2000(rat) >2150 Low Moderate 3 44.3 32 Non-systemic Low Medium

30  Teflubenzuron X >2000(rat) >2250 Moderate  Harmful >0.0065 28 17 Non-systemic Low High

31 Thiacloprid Group C >2000(rat) 49 Moderate  Moderate 24.5 75 27 Systemic Low Low
32 Thiamethoxam Group E >2000(rat) 576 High Harmful >125 4.2 72 Systemic High Medium
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Appendix 2-2. Eco-toxicological data for the calculation of EIQ, fungicides.

C DT D Z B F P S SY L R
Long-term Dermal Bird Beneficial Fish Plant Soil . Surface
NO Chemical Composition health toxicity toxicity B.e(? arthropod toxicity surface residue Moqeof Leachl.ng runoff
offects  (RatLD50)  (8dayLC50) Y toxicity  (96hrLC50) half-live half-live action potential  tential
1 Benomyl Group C >5000(rat) 1000 Moderate =~ Harmful 0.17 7.2 0.79 Systemic Low High
2 Bordeaux mixture Group D >2000(rat) >616 Moderate  Moderate 0.086 X 1600 Non-Systemic X Low
3 Carbendazim Group C >2000(rat) >2250 Moderate ~ Harmful 0.19 22 Systemic High High
4 Copper hydroxide Group D >2000(rat) 223 Moderate  Moderate 0.017 X 2600 Non-Systemic Low High
5  Copper oxychloride Group D >2000(rat) 173 Moderate  Moderate >43.8 17.71 1600 Non-Systemic Low High
6  Copper sulfate basic Group D >2000(rat) >72.4 Moderate  Moderate 13.2 X 1600 Non-Systemic Low High
7  Cuprous oxide Group D >2000(rat) 1183 Moderate  Moderate 0.207 X 1600 Non-Systemic Low High
8  Cyprodinil Group E >2000(rat) >500 Low Harmless 241 2.8 20-60 Systemic Low High
9  Difenoconazole Group C >2010(rat) >2150 Moderate  Moderate 1.1 7.8 318 Systemic Low Medium
10 Dithianon Group C >2000(rat) 309 Moderate  Moderate 0.07 14.85 21 Non-Systemic Low X
11 Fluazinam Group D >2000(rat) 1780 Low Moderate 0.055 4.3 265 Non-Systemic Low Medium
12 Imibenconazole Group E >2000(rat) >2250 Low Moderate 0.67 X 4-28.0 Systemic Low Medium
13 Iminoctadine triacetate Group E >2000(rat) >985 Moderate  Moderate 36 X 145 Non-Systemic High Medium
14 Imjno?tadine tris Group E >2000(rat) >1827 High Moderate 45 X 90-122  Non-Systemic Low High
(albesilate)
15 Kasugamycin Group E >4000(rat) >4000 Moderate  Moderate >40 3.78 391 Non-Systemic Low Low
16  kresoxim-methyl Group C >2000(rat) >2150 Moderate  Moderate 0.19 6.52 <1 Systemic Low Low
17 Mancozeb Group B >2000(rat) >2000 Low Moderate 0.074 13.87 2 Non-Systemic Low Low
18 Metconazole Group E >2000(rat) 787 Moderate  Moderate 201 X 265 Systemic High High

- 141 -



C DT D Z B F P S SY L R
Long-term Dermal Bird Beneficial Fish Plant Soil . Surface
. L. . . Bee . i Modeof Leaching
NO Chemical Composition health toxicity toxicity o arthropod toxicity surface residue . . runoff
toxicity - . . action potential .
effects (RatLD50)  (8dayLC50) toxicity (96hrL.C50)  half-live  half-live potential
19 Metiram Group B >2000(rat) >2150 Moderate  Moderate 0.33 X 7 Non-Systemic Low Low
20  Propineb Group C >5000(rat) >5000 Low Harmless 0.4 2.43 3 Non-Systemic X X
21 Pyraclostrobin Group E >2000(rat) >2000 Moderate = Moderate 0.006 4.3 32 Systemic Low Medium
22 Streptomycin Group E 325(Mouse) >4640 Low X >180 2-3w 25 Systemic Low X
23 Thiophanate-methyl Group C >5000(rat) >4640 Moderate  Harmless 11 29.6 1 Systemic X Low
24  Tribasic copper sulfate Group D >2000(rat) >T72.4 Moderate  Moderate 13.2 10,000 Non-Systemic Low High
25  Trifloxystrobin Group E >2000(rat) >2000 Low Harmless 0.015 5.44 7 Systemic Low Medium
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Appendix 2-3. Eco-toxicological data for the calculation of EIQ, miticides.

C DT D Z B F P S SY L R
. Long-term Dermal Bird Beneficial Fish Plant Soil . Surface
Chemical . o Bee o ) Modeof Leaching
NO . health toxicity toxicity . arthropod toxicity surface residue . . runoff
Composition toxicity . . . action potential .
effects (RatLD50)  (8dayL.C50) toxicity (96hrL.C50) half-live half-live potential
1 Cyhexatin Group E >2000 520 Moderate  Moderate 0.06 X 50 Non-systemic Low High
2 Etoxazole Group E >2000(rat) >2000 Low Harmful 2.8 2.73 19 Non-systemic Low Medium
3 Propargite Group B >4000 >4640 Moderate  Moderate 0.043 (2.73—5.21) 40 Non-systemic Low High
4 Pyridaben Group E >2000(rat) >2250 High Moderate 0.0007 11.18 55 Non-systemic Low High
5  Spirodiclofen Group C >2000(rat) >2000 Low Harmful >0.035 X 7 Non-systemic Low Medium
6  Tebufenpyrad Group C >2000(rat) >2000 Moderate = Moderate 0.023 (2.46—10.54) 14 Systemic Low Medium
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Appendix 3-1. Field use EIQ values by insecticides Products in citrus orchards used.

NO Common Name First Material =~ Second Material Fir.st Sec?nd Rate F.irst Material Sef:ond Material Field use
EIQ EIQ ai ai Field use EIQ Field use EIQ EIQ
1 Acetamiprid SP, WP, WG(8%) 14.7 - 0.08 - 1.5 1.8 - 1.8
2 Acetamiprid+Buprofezin EC(4+15%) 14.7 15.3 0.04 0.15 15 0.9 35 4.3
3 Acetamiprid+Diflubenzuron WP(5+14%) 14.7 18.0 0.05 0.14 15 1.1 3.8 49
4 Acetamiprid+Etofenprox WP(2.5+8%) 14.7 17.3 0.03 0.08 3.0 1.1 4.2 5.3
5 Acetamiprid+Flufenoxuron WP(8+5%) 14.7 14.7 0.08 0.05 15 1.8 11 2.9
6 Acetamiprid+Lufenuron WP(8+5%) 14.7 15.8 0.08 0.05 15 1.8 12 29
7 Acetamiprid+Methoxyfenozide WG(6+7%) 14.7 21.3 0.06 0.07 15 1.3 2.2 3.6
8 Alpha-cypermethrin EC(2%) 26.3 - 0.02 - 3.0 1.6 - 16
9 Amitraz+Buprofezin EC(12.5+12.5%) 27.7 15.3 0.13 0.13 3.0 104 5.8 16.1
10 Benfuracarb WG(30%) 24.7 - 0.30 - 3.0 22.2 - 22.2
11  Buprofezin+Dinotefuran WP(20+15%) 15.3 20.7 0.20 0.15 15 4.6 4.7 9.3
12 Buprofezint+Tebufenozide WP(12+5%) 15.3 9.3 0.12 0.05 15 2.8 0.7 35
13 Buprofezin+Thiacloprid SC(20+5%) 15.3 29.2 0.20 0.05 15 4.6 2.2 6.8
14 Buprofezin+Thiamethoxam SC(20+3.3%) 15.3 227 0.20 0.03 3.0 9.2 2.2 114
15  Chlorantraniliprole WP, WG(5%) 16.7 - 0.05 - 15 1.3 - 1.3
16  Chlorfenapyr WP, SC, EC(5%) 25.3 - 0.05 - 1.0 1.3 - 1.3
17  Chlorfenapyr SC(10%) 25.3 - 0.05 - 1.0 1.3 - 1.3
18  Chlorfluazuron EC(5%) 18.0 - 0.05 - 1.5 1.4 - 14
19  Chlorpyrifos WP(25%) 28.0 - 0.25 - 3.8 26.6 - 26.6
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First Material Second Material First Second First Material Second Material Field use
NO Common Name . . Rate . .
EIQ EIQ ai ai Field use EIQ Field use EIQ EIQ
Chl ifos+Alpha- thri
op - OrPYITIOSTAIDRATCyPErmEtinn 2.0 2.3 010 001 3.0 84 0. 9.2
EC(10+1%)
21 Chlorpyrifos+Diflubenzuron WP(20+7%) 28.0 12.7 0.20 0.07 3.0 16.8 2.7 195
22 Clothianidin SG, SC(8%) 26.7 - 0.08 - 15 32 - 3.2
23 Clothianidin+Methoxyfenozide SC(7+8%) 26.7 21.3 0.07 0.08 15 2.8 2.6 5.4
24  Cypermethrin EC(5%) 28.0 - 0.05 - 3.0 4.2 - 4.2
25  Deltamethrin EC(1%) 17.3 - 0.01 - 3.0 0.5 - 0.5
Dinotefuran+Methoxyfenozide
26 20.7 21.3 0.10 0.04 15 3.1 1.3 4.4
SC(10+4%)
27 Esfenvalerate EC(1.5%) 18.7 - 0.02 - 3.0 0.8 - 0.8
Esfenvalerate+Fenitrothion
28 18.7 22.7 0.01 0.15 3.0 0.7 10.2 10.9
EC(1.25+15%)
29  Etofenprox+Imidacloprid WG(8+4%) 17.3 27.2 0.08 0.04 3.0 4.2 3.3 74
30 Fenpropathrin WP(5%) 19.7 - 0.05 - 3.0 3.0 - 3.0
31 Fenvalerate EC(5%) 20.7 - 0.05 - 3.0 3.1 - 3.1
32 Gamma-cyhalothrin CS(1.4%) 32.0 - 0.01 - 1.2 0.5 - 0.5
33 Imidacloprid WP(10%) 272 - 0.10 - 15 41 - 4.1
Imidacloprid+Methoxyfenozide
34 272 21.3 0.04 0.08 15 16 2.6 4.2
WP(4+8%)
35 Indoxacarb+Teflubenzuron WP(1+2%) 18.3 185 0.01 0.02 3.0 0.6 1.1 1.7
36 Lambda-cyhalothrin EC(1%) 27.3 - 0.01 3.0 0.8 - 0.8
Lambda-cyhalothrin+Imidacloprid
37 271.3 27.2 0.01 0.10 15 0.4 4.1 45

WP(1+10%)
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First Material ~ Second Material First Second First Material Second Material Field use
NO Common Name . . Rate . .
EIQ EIQ ai ai Field use EIQ Field use EIQ EIQ

Lambda-cyhalothrin+Thiamethoxam
38 27.3 22.7 0.01 0.07 15 0.6 2.3 2.9

WG(1.4+6.7%)
39 Methoxyfenozide SC(21%) 21.3 - 0.21 - 3.0 13.4 - 134
40  Methoxyfenozide WP(4%) 21.3 - 0.04 - 3.0 2.6 - 2.6
41  Phenthoate EC(47.5%) 14.3 - 0.48 - 3.0 20.4 - 20.4
42 Sulfoxaflor SC(7%) 35.5 - 0.07 - 15 3.7 - 3.7
43 Tebufenozide WP(8%) 9.3 - 0.08 - 3.0 2.2 - 2.2
44 Thiamethoxam WG(10%) 227 - 0.10 - 15 34 - 34
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Appendix 3-2. Field use EIQ values by fungicides Products in citrus orchards used.

First Material Second Material First Second First Material Second Material Field use
NO Common Name . . Rate . .
EIQ EIQ ai ai Field use EIQ Field use EIQ EIQ
1 Benomyl WP(50%) 19.0 - 05 - 2.0 19.0 - 19.0
2 Bordeaux mixture WG(76.2(Cu20%)) 21.7 - 0.8 - 6.0 99.1 - 99.1
Carbendazim+Kresoxim-methyl
3 27.3 22.7 0.4 0.2 1.2 13.1 5.4 186
WP(40+20%)
4 Copper hydroxide WP(77%) 25.2 - 0.8 - 3.0 58.1 - 58.1
Copperoxychloride+Dithianon
5 25.2 25.0 0.4 0.1 6.0 63.4 195 829
WP(42+13%)
Copper oxychloridetKasugamycin
6 25.2 12.0 05 0.1 3.0 34.0 2.1 36.0
WP(45+5.75%)
7 Coppersulfatebasic  WP(58%(CU32)) 25.2 - 0.6 - 3.0 43.8 - 43.8
8 Cuprous oxide+Streptomycin WP(30+8%) 227 16.7 0.3 0.1 3.0 20.4 4.0 244
9 Cyprodinil  WG(50%) 16.0 - 05 - 15 12.0 - 12.0
10 Difenoconazole DC(5%) 29.3 - 0.1 - 3.0 44 - 44
11  Difenoconazole SC(10%) 29.3 - 0.1 - 15 4.4 - 44
12 Difenoconazole WP(10%) 29.3 - 0.1 - 15 4.4 - 4.4
13 Dithianon WG(66%) 25.0 - 0.7 - 3.0 495 - 495
14  Dithianon WP(75%) 25.0 - 0.8 - 3.0 56.3 - 56.3
15  Dithianon SC(43%) 25.0 - 0.4 - 3.0 32.3 - 32.3
16  Fluazinam WP(50%) 15.3 - 05 - 15 115 - 115
17  Imibenconazole WP(15%) 15.0 - 0.2 - 15 34 - 34
18  Iminoctadine triacetate SL(25%) 25.0 - 0.3 - 15 9.4 - 9.4
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NO Common Name First Material ~ Second Material Fir‘st Sec?nd Rate F.irst Material Se?ond Material Field use
EIQ EIQ ai ai Field use EIQ Field use EIQ EIQ
19 Iminoctadine tris(albesilate) WP(40%) 34.2 - 0.4 - 3.0 41.0 - 41.0
20 Mancozeb WP(75%) 21.0 - 0.8 - 6.0 94.5 - 945
21 Metconazole SC(20%) 30.7 - 0.2 - 1.0 6.1 - 6.1
22 Metiram WG(55%) 352 - 0.6 - 6.0 116.1 - 116.1
23 Propineb WP(70%) 11.3 - 0.7 - 6.0 47.6 - 476
24 Pyraclostrobin EC(22.9%) 15.3 - 0.2 - 0.8 2.8 - 2.8
25 Streptomycin WP(20%) 16.7 - 0.2 - 3.0 10.0 - 10.0
26  Thiophanate-methyl WP(70%) 17.0 - 0.7 - 3.0 35.7 - 35.7
27 Tribasic copper sulfate SC(15%(CU)) 25.2 - 0.2 - 3.0 11.3 - 11.3
28  Trifloxystrobin WG(50%) 9.3 - 05 - 0.8 3.7 - 3.7
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Appendix 3-3. Field use EIQ values by miticides Products in citrus orchards used.

NO Common Narme First Material =~ Second Material Fir.st Secs)nd Rate F.irst Material Se(.:ond Material Field use

EIQ EIQ ai ai Field use EIQ Field use EIQ EIQ
1 Propargite WP(30%) 30.8 0.30 5.0 46.3 46.3
2 Cyhexatin WP(25%) 13.3 0.25 2.0 6.7 6.7
3 Pyridaben WP(20%) 44.7 0.20 15 134 134
4 Spirodiclofen SC(22%) 22.7 0.22 0.8 4.0 4.0
5 Tebufenpyrad EC(10%) 37.3 0.10 15 5.6 5.6
6 Etoxazole SC(10%) 37.3 0.10 0.8 3.0 3.0
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