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JE EETE A Y R % - o] RE SR A
REAEE: BEtes  BAME
RZEEEE > REIERT > B0 BN RE
i AN N KBS R e 6
BEE R o (NI R B A R SR AR PR I
thZ 8 RatHE Hz 2t EREFERESE
[ERSRE LR 25 -

=R Y 1969 30 - EEA
R NIRBS BRI i - TR 2 1973 -4 1
FrEsE B Z R > HAE AR 22
IR A PR A E R SR 12 R
B HEEEBEEFRSEEM - B
FRTE RGN - AR T =R EE R
FERELZEZEM  UAEEYRES S
HEAE - 7E 1990 )5 > =M AR
BEHE 2 SRR E T 58 2% 50%
DLE®

SRR A BRI o 2 R R A K o
K 3B A Gl BRI -
BREE b IRE M BE 1R R I B A
TIOKEE o = METEE R o B ER v 8 R 1B
Vit - H R IRGESR) (United States
Environmental Protection Agency, USEPA) 7|
R EBEN > 7 e LIES EamF
VIR R R G 2 2 o AT B =5
P EEEER SORMENENE - H=
2551 USEPA 51| By B AT REELHE T (probable
human carcinogen) » fEERIE 4 FIGfES &
AHRALEY) R B M S5 1 RS LI =
RIEEV L2 & - (5 BRE R

e ORMEYIEN - f5E R EATREEENE
Ere R BREE BRM - Bt KORMENY)
T CRRGEEER R we ek © .

Ccanccapa J¢z Masia % A\ 3 & FH I 5
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Gy Al W E /A ND ~ 15.38 ng/L > f&
HH 33% » [E]4F)A Guadalquivir A7 JEE)JE %
HIS A8 & 7172 ND ~ 12.7 ng/g > fath
R 13% o {F 2013 4F Turia 8] 7K £ 55 tp 7R A
fe AR > R E ST ND ~ 21 ng/L %
R 449 > B R =R EEIT DT TR - B
M PR AR 8 - LA — iR s
HAEHL T /K R ol A =22 - HRR AR
T TR Wb 1 438 [ A BRI I BT 2 I
SEAIEL =255 90 ~ 100% F]HEARHT 2K -
- rp R E) > i A T 7K > Singh 5
M= Ry TR 2 B R g
TR AR - EE P T o T
Wb I rl e > FEvEA] > Hre k] > =55
TR IR Ry = AR > SETEE RN 1Y o
Lucini % A 7528 A A PE AL EE S FH 5 R
Rl e FE T IO et - HAERAH
i~ R A A A B (o A% T AR 2R OIS F
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Table 1. Recommended uses of fungicides difenoconazole, hexaconazole, and triadimenol

Pesticide Bacterial or fungal disease Targeted crop
difenoconazole Plant rust maize
Anthracnose asteraceae, avocado, banana, chrysanthemum, cruci-

fers, dragon fruit, legumes, litchi, mango, mugwort,
nightshade family leafy vegetables, nightshade fam-
ily root vegetables, papaya, passion fruit, peach,
pear, persimmon, shallot family leafy vegetables,
shallot family root vegetables, spinach, strawberry,
sunflower, tea, water chestnut, watermelon, wax ap-

ple, yam
Powdery mildew legumes, mango, western melon, yam bean
Angular leaf spot kidney bean
Alternaria spot garlic
Gummy stem blight western melon
Sheath blight rice
Scab pear, plum
Sclerotinia rot peach
Leaf freckle banana
hexaconazole Sheath blight rice
Basal stem rot sweet potato
Powdery mildew cucumber, grape, legumes, mango, peach, pear,

sesame, strawberry

Plant rust daylily, leek, peach, peanut, shallow family leafy
vegetables, water bamboo

Crown rot peanut

Scab pear

Anthracnose grape, mango, peach, pear

Leaf curl peach

Sclerotinia rot peach

triadimenol Powdery mildew carrot, cowpea, cowpea, grape, mango, pea, peach,

watermelon

Plant rust peach, shallot

Leaf blight cercospora




& EmREHEKEY

ZMOERREER I R R AR 29

Table 2. Number and regions of samples collected

Mango farming area

Mixed cropping area

Rice culture area

County . — . — . —
Soil  Irrigation water Soil  Irrigation water Soil  Irrigation water

Taoyuan - - - - 4 4
Miaoli - - - - 5 5
Taichung - - - - 6 6
Changhua - - 37 37 15 15
Nantou - - - - 1 1
Yunlin - - 58 58

Chiayi - - - - 9 9
Tainan 34 12 - - 16 16
Kaohsiung 1 1 - - 8 8
Pingtung 31 14 - - 15 15
Yilan - - - -

Hualien - - - -

Taitung - - - -

Total 66 27 95 95 104 103

=~ BREBIEh SRR F R
B Rl

=R EE AR LR 26 22 (bitertanol,
99.30%, Sigma-Aldrich fluka) ~ & 3% J& (bro-
muconazole, 99.30%, Sigma-Aldrich fluka) ~ &
5% JE (cyproconazole, 98.50%, Dr. Ehrenstorfer
Gmbh) - 55 Fl] (difenoconazole, 99.00%, Dr. Eh-
renstorfer Gmbh) ~ 72 7 #l| (diniconazole, 99.00%,
Dr. Ehrenstorfer Gmbh) ~ {{<E5J4 (epoxiconazole,
99.00%, Sigma-Aldrich fluka) ~ 73 5 Jf (fenbu-
conazole, 99.60%, Sgima-Aldrich fluka) ~ FERY 15
(flusilazole, 98.00%, Dr. Ehrenstorfer Gmbh) ~
K 5 (flutriafol, 97.30%, Sigma-Aldrich fluka)
JE T2 F] (hexaconazole, 99.50%, Chem Service)

S EE (imibenconazole, 99.00%, Dr. Ehrenstorfer
Gmbh) + # ¥ J& (myclobutanil, 98.00%, Chem
Service) ~ E25¢Z (paclobutrazol, 98.50%, Dr. Eh-
renstorfer Gmbh) ~ EHEEE (penconazole, 99.00%,
Dr. Ehrenstorfer Gmbh) ~ 3% 5¢4] (propiconazole,
99.00%, Dr. Ehrenstorfer Gmbh) ~ 15 & £ (te-
buconazole, 98.50%, Dr. Ehrenstorfer Gmbh) »
PU 5¢ K1 (tetraconazole, 99.00%, Dr. Ehrenstorfer
Gmbh) + = Z& [# (triadimenol, 98.50%, Dr. Eh-
renstorfer Gmbh) ~ =Z&4¥ (triadimefon, 99.00%,
Dr. Ehrenstorfer Gmbh) ~ 7 E57 2% (uniconazole,
99.50%, Chem Service) » 2% Z&75 57 7l DL PN e i
IECPORER (1:1, viv) BopCEE R (7
K BN ES @C ) HH -

7K i T =M R B AR U5 0% ¢ HU Su-



30 =EREEREE E 2]

pelelean ENVI-Carb [EFHZEHVE (0.5 g, 6 mL,
SUPELCO US.A.) #EE R EMHAZENE L E
(Solid Phase Extractor, J&W SCIENTIFIC) »
DAEZ2 4l 5@ B Of (BUCHL, V-800) fli 5/ = K
FEIIA & )% 10 mL ~ FHEE 10 mL ~ 47K
5mL ~ 20 mL fe4EAEZE CIEl (JRIE 1g/100
mL - pH 2.0) ¥/ ERE({E{& - HL 1000 mL
KB B ABMEZERE B 0 fR P R 10
mL/min > AEFREE > H5EEFEA 3 mL
Gi/KEDREMHZHVE - HEEHEZ 20 min
EREANHIKTY » BIRFLLZEE 285 10
mL > Z % 2085/ & T (1:1, v/v) 10 mL
Je Z @ E 10mL RfE - W > DA
10 s fie /KA EESN - DUBACEIE - U 100
mL BT - DURBRRYE 252 - AN
B / IECRE (11, v/v) EE %2 1 mL > ££ 045
pm JEARAETES - DURAMEEITE R =B
VU i A5 & {H i@ 85 (Gas Chromatography /

"=~ ZWHERERAZ &SRR

Triple Quadrpole Mass Spectrometry, Waters
Quanttro micro GC/MS/MS system) fig il 2 &%
B =MBR SR s R RN R
= MRS S O T R R ] R E
AEHIE R R R -

TIEA L T =M R AR AR T A - T
HU10 g 3% » B10.5 g Celite JE & {2 B AH
fEIJE4K (38 mm x 80 mm) 1 > LA 3 mL 4
7K > DU R FEHUEE S (Soxtec Extraction
System Model 2050 Foss/Sweden) %< H{ +
88 - ZERUR By 60 mL NEHEL I C R &
W (11, viv) > SEIEEHRE (100°C ) 40 min
FF B A HL (100°C ) 30 min > 25 HUR =4
FEHZ1% L1 mL WEEL RO &R (1:1, v/
v) EE - 02 um #IER o JER LR
JE T S R = B DU AR B (AR s (Gas
Chromatography/Triple Quadrpole Mass Spec-
trometry, Waters Quanttro micro GC/MS/MS

Table 3. Desciption of instruments used to detect triazole pesticides

Instrument Desciption
GC Agilent Technologies 6890N GC System
Detector Waters Micromass Quattro micro GC
Column HP-5MS (30 m x 0.25 mm x 0.25 ym)
Injector Temperature 250°C

Injection Volume 1 ul

Oven temperature program

Held at an initial temperature of 90 °C for 2 min; increased tempera-

ture by 7°C per min until 300°C was reached and then held for 4 min.

Interface Temperature 250°C

Ion source Temperature 180°C

Carrier gas Helium

Collision gas Argon (2.0 m Torr)
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Table 4. Parameters of instrument used to determine retention time (RT) and mass

spectrometry characteristics of triazole pesticides

Pesticide RT (min) MRM1 CE 1 (eV) MRM2 CE 2 (eV)
difenoconazole 19.95 127> 109 10 127>95 15
diniconazole 19.98 125>79 6 229> 87 7
triadimefon 20.73 208 > 181 5 208 > 111 10
tetraconazole 21.10~21.35  336>218 12 336 >204 20
penconazole 21.62 248 > 192 20 248 > 157 20
triadimenol 21.94 168> 70 5 128 > 65 18
paclobutrazol 22.15 236> 125 8 236 > 167 8
fenbuconazole 22.34 303 > 288 10 303> 154 15
flutriafol 22.44 173 > 145 15 281> 173 10
hexaconazole 22.55 214> 159 16 214> 187 12
uniconazole-P 23.06 234> 165 5 234> 137 12
myclobutanil 23.43 179> 125 14 179> 152 6
epoxiconazole 24.35~24.53  345>281 10 263> 193 12
flusilazole 24.96 209 > 181 10 181> 161 20
tebuconazole 25.32 250> 125 15 250> 153 10
bitertanol 25.74 ~26.33 170 > 141 10 141> 115 14
imibenconazole 28.30 125 >89 10 - -
propiconazole 29.12 173 > 145 12 259> 69 15
bromuconazole 31.50 173 > 145 20 295> 173 10
cyproconazole 33.32 163 > 127 5 181 >152 20

system) IR SEIERY - BRESRIFRIK =
IR SERR I T A

Y ~ FERE/K T 2 EERR BAG TRLAR
A% 4 Tik

FER e s g AT LLERE K

HE T B R E R K H 5

B R R A\ B 2 B o ot S g Az 4

4% (World Health Organization, WHO) #t /&

Tk K AR RS A ARBER
60 AT HANFRIEK2 AT KR
gt & H a2 & = (Acceptable daily
intake, ADI) =7 10% ( E[14% i 817K 56 A B 47
LB Ry 10%) FAE SR AR "0 - 518 7=k
ANEHESE & E (Maximum permissible
intake, MPI) = ADI (mg/kg) x 60 kg » Hf =
IIE L 2 ADI 2% IMPR ({8 "7 5
BX FH 7K 22 42 B #E (ug/L) = MPI (mg/person/
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day) x 10% / 2 L - fRSER/K h =PRIt 4k
AT R R e S

i e
— o~ CRA AR E R M =

AR SRS TP

3B frh R K = DR R B B S R
SR REE AR - MRS R R A E
B I ESERBE/K th 2 A R R b
RRA > 20 MR EE T A g 15 FEEER] -
55 5 FEEERANZ v A ~ SRS ~ 5EKZF - T
SO e B U B A SRR K T & Rotm Ml
AE] - FRREEBKMA A K oz
FOEAGETRE S HMERIFE - ALK
o R R R SRR AR > AT RE R E

LA E WP (5 P 2 BE R - 7K o by HH B A o
LIBTIE 75.3 pg/L Ry - H R =3F1%
(74.0 ug/L) ~FETTH] (73.6 pg/L) ~ 155241 (55.2
ng/L) - BER e R E MR B ¢
A (70%) > BRE = 53 (59%) > &5
B = el (37%) > 155ehl] = =Z#fE (30%)
> FTERE (19%) > {REE = EEZ% R (11%) >
RO = =355 (7.4%) > FETA] = G =
SPTEHE (3.7%)

66 (T S A 7 B R I I A v T e
g th DL =230% - D5 R ESER 2 Mt
A oAl Ry 97 ~ 29 Fe 24% 5 MR HIRE
HILIE 5522 46.3 mg/kg s ~ HU = %%
15.3 mg/kg » HIEETRAIS FEY G R =%
75 o HEF 16 THEERIE Y B AT 1 mg/kg -
R RR /BT MR g r R g

&O OEBKP=WERE R L2 MEE

Table 5. Risk assessment of triazole pesticide in irrigation water for drinking

Pesticide MPIV Quantity of Pest.icide estimated tg be
(mg/person/day) safe in drinking water (ug/L)
bitertanol 0.6 30
bromuconazole 1.2 60
difenoconazole 0.6 30
epoxiconazole 0.48 24
fenbuconazole 1.8 90
myclobutanil 1.5 75
paclobutrazol 1.32 66
propiconazole 4.2 210
tebuconazole 1.8 90
triadimenol 1.8 90

" MPI (mg/person/day) = ADI (mg/kg b. w./day) x 60 kg (average adult weight).
? Quantity of pesticide estimated to be safe in drinking water (ug/L) = MPI (mg/person/day) x 10% / 2 L/day

(amount of drinking water/person/day).
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Table 6. Recovery values (%) of triazole pesticides added in soil or irrigation water

Pesticide — Recovery (%)" -

Irrigation water Soil
bitertanol 90 +4 94 £ 10
bromuconazole 90 +2 97 £10
cyproconazole 89 +8 96 + 6
difenoconazole 85+5 91+2
diniconazole 90 +3 95+7
epoxiconazole 99 +3 98 +1
fenbuconazole 87+3 96 +9
flusilazole 877 84 £7
flutriafol 89 +£2 92+2
hexaconazole 92 +7 90=+5
imibenconazole 88+ 1 89+ 8
myclobutanil 87+4 90 +2
paclobutrazol 90 +4 91+10
penconazole 95+6 93+3
propiconazole 98+4 98 +8
tebuconazole 92+3 97 £10
tetraconazole 100+ 3 83+3
triadimenol 95+4 95+3
triadimefon 93 +4 91+4
uniconazole 87 +8 98+9
Y Mean + SD.

FE B R R SRR /K R L e tH R m 5
BAE 3 B s i R 2 S8 By =R %
B -~ Brf] » R ERE -

~ RAEVIHEEE ER
FEEEEREH G TE

BRI 95 (st T /Kb =0
SRS EE 2 M RIAE BRI 20 =

R IR =

AR =R Lo R AT AR
MR A R 2 ~ 2 2 8% > sFIFRL - BIE
ViR & = F AR B2k B E ARG 22 84D
FTRAD 2 FEEE (FoK ~ T4 ~ KRB RER
) 0 REIT AR 0.09 K2 0.11 pg/L - fgti
S 2 M /KRR B B EH AL AN A &
S EFE SRR 0.06 K2 0.13 pg/L - A
ool Z AKBEER H I ~ — % ~ 275~ T
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Table 7. Detection rates of Triazole pesticide residues in the irrigation water of various

cropping systems

Mango farming area Mixed cropping area Rice culture area

Pesticide” wN=27)" (N=095) (N=103)
esticide - . -

Detection Range Detection Range Detection Range

rate (%) (ug/L) rate (%) (ug/L) rate (%) (ug/L)
propiconazole 70 ND ~21.1 2 ND ~0.13 3 ND ~0.18
myclobutanil 59 ND ~75.3 0 ND 0 ND
paclobutrazol 59 ND ~52.3 0 ND 2 ND ~ 0.06
bromuconazole 37 ND ~20.9 0 ND 0 ND
difenoconazole 37 ND ~55.2 8 ND ~0.11 1 ND ~0.16
tebuconazole 30 ND ~ 3.67 0 ND 3 ND ~0.10
triadimenol 30 ND ~ 74.0 2 ND ~0.11 0 ND
fenbuconazole 19 ND ~ 10.6 0 ND 0 ND
bitertanol 11 ND ~ 12.1 0 ND 0 ND
epoxiconazole 11 ND ~ 8.68 0 ND 0 ND

" The detection rate > 10% of pesticide in irrigation water of cropping systems.
? Values listed in parentheses denote sample size.

&N\~ ZWEREEARIHERR DBERE R NG EE

Table 8. Detection rate of triazole pesticide residues in the soil of cropping systems

Mango farming area Mixed cropping area Rice culture area
o (N = 66)” (N=95) (N=104)

Pesticide - : -

Detection Range Detection Range Detection Range

rate (%) (mg/kg) rate (%) (mg/kg) rate (%) (mg/kg)
triadimenol 97 ND ~15.3 35 ND ~0.11 0 ND
tetraconazole 29 ND ~0.07 15 ND ~0.07 4 ND ~0.01
paclobutrazol 24 ND ~46.3 45 ND ~0.11 0 ND
tebuconazole 20 ND ~ 0.42 35 ND ~ 0.09 1 ND ~ 0.01
propiconazole 12 ND ~0.80 80 ND ~ 0.06 3 ND ~ 1.04
myclobutanil 12 ND ~0.19 37 ND ~0.08 2 ND ~0.01
hexaconazole 9 ND ~0.19 93 ND ~0.74 36 ND ~0.10
difenoconazole 8 ND ~0.78 59 ND ~0.55 7 ND ~0.21
bitertanol 8 ND ~0.02 42 ND ~ 0.005 0 ND
epoxiconazole 6 ND ~0.08 43 ND ~0.16 9 ND ~0.02
flusilazole 0 ND 31 ND ~0.01 2 ND ~ 0.02

! The detection rate > 20% of pesticide in soil of cropping systems.
? Values listed in parentheses denote sample size.
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% 0.11 pg/L »

95 {EEFYHE(F & 458 > 20 fE=
MRS S T (E S v R AR O 0 TR L
Z/D AT R 2 TEEER - SERIE LR A
FRHEMEKE Ry © FEFA] (93%) > E5efl]
(80%) > fiF 5 Al (59%) > 70 (45%) > (R
JBE (43%) > ELZ5 /2 (42%) > #vefE (37%) > =
Z2bE (35%) = 1350F1] (35%) > M5 (31%) >
PRI (19%) > PUSTA] (15%) > 578755 (14%)
> JRTEIE (12%) > ZHEEE (9%) > ERTEEE (7%)
> BTEER (6%) > =55 (4%) > EE5ifl] (2%)
T HHURE PSS R DATE 5o Fl R A58 e Al e v > 5 Al
Ky 0.74 J2 0.55 mg/kg » FrA SRS EH EHYK
7+ 1 mg/kg » FEAIFR/\ -

B AR > #EH 0.05

= AR A A S W BR B R A —

AR SRR (R

JK AR FEEEE TR 103 (M T /KR
ORI 20 T =P RR 2 - G RBEIRILA 6 i
B i R B > SpnHE Sy Rk E =
FREFN G “REMEL R R
i o KR BRI AR HRAK T Ry ER v I
(3%) = 155081 (3%) = EHTFl] (3%) > L
(2%) > FFETAI (1%) ° 3t N 7K g o 4 1
1 DA 5E R 0.18 pg/L Fyd s ~ HR B
1 0.16 pg/L K555 0.10 pg/L -

104 {EKFE4 E B LB ST > &
g 1 ~ 5 =R SR > fF IR
RS TERARFE £y © FESTA (36%) > e /i
(9%) > FF5EH] (7%) > PUSEF] (4%) > 52|

MR R R AR 35

(3%) > FEW1G 2%) = HEILE (2%) > ZHEFE
(1%) = 155 F] (1%) - tEZ & ~ R g ~ IR
GeE ~ ZEVER] ~ SRvOE ~ sEIRGY  EEREE -
SETTRE ~ ZFE - AR A
JE 8 B RN E MR > AR -
el R DA e Al ~ 75 e Fll R FE e Fll s
53R 1.04 - 021 % 0.10 mg/kg » Ha8H !
ZER IR =ML 0.1 mg/kg > FEI0FR /A -

s [ B 4
BASETERR I LU

HWERMHETBEAE - =MIHEERE
A EI IR EER B o  HH BE AR A AH ] -
SIS Z e E R o WO AR TR
B AT ~ BRI ~ FFRA]  FETEA
BYSE ~ FIE ~ HR A SR A] s U
o~ =& - =FFkERERE > REX
RIERERMETRISN > HerE RiRkE M -
FECE R A B IR P DL =28 (97%)
PUTEA] (29%) ~EEFEZR (24%) AT 5Erl] (20%)
Tt R o (AR =P R AR 0> B ac A
PRI A MR ~ KR ~ B -
F - BERE - NIRRT
R EHEEE KA EREE -
% MRS SRS e RS
Z I R A 20% SEFFRAE R IE R A
(93%) ~ E5EA (80%) ~ FFHTA (59%) ~ 5T
2 (45%) ~ fEIEE (43%) ~ EEZ A (42%) ~ 3
FJE (37%) ~ =ZR[ZE (35%) ~ 1552 fl] (35%)
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EI1S (31%) - Kigd EHFEE R H
JEvE AR 2 36% » FCAL BRI A 122 B /1N
7 10% -

=R PR 137 ~ 250d 0 1E
B UMBCE R R 65 d » HIREERIEN: -
TEAK ARG » Ko miiod 18
T BB o LI P AR S AR MR
FEHF K o FEC R EEEE IR
RS 97% - /K iR 30% > 1R
TEVIREVE & - B P AR R Ry 35% » 3 /K
Hig % 2% > KIS EEEE LR T
KRG - = REITESLHNTRA
Wymla TR EEEE YR A
MR TER » S—HH=#ELET
FRERE - R~ B~ E3EamR o 85
FEEY)RE(E G 1 88 TR R o A % 21 < i
H A KRE R B sl =2 0% - HILEK
T 2B BRI I R A 5% B 7T © Pose-
Juan 5 A 2012 4F > 38 & PE R A IR B Y
RFM A A R E T E A (La Rioja) 1%
o FE ) B R AL 22 R A3 AR B T - 1 2012 4F
NEFF AR EZ & 17 R E E L IESTE
S > GERBUR IR IERE =FE
Ho 10 A 1 R HIEGH = REEE S
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Survey and Safety Evaluation of Triazole Pesticide in
Agricultural Environments

Chien Chu', Hao-Tan Lin', Su-Wen Chen', De-Mei Hsu', Chi-Jung Shen'

Abstract

Chu, C., Lin, H. T,, Chen, S. W., Hsu, D. M., and Shen, C. J. Survey and safety evaluation of
triazole pesticide in the agricultural environment. Taiwan Pestic. Sci. 2: 25-40.

The application of pesticides can have both direct and indirect impacts on the
environment. Over the long-term, pesticides can accumulate in ecosystems and
irrigation water. We collected a total of 225 irrigation water samples and 265 soil
samples from agricultural areas in Taiwan and analyzed them for 20 triazole pesticide
residues. Our results showed that triazoles were present in cropping systems that
are dependent on soil. The triazole detection rate in soil from mango farming areas
were as follows: triadimenol (97%) > tetraconazole (29%) > paclobutrazol (24%). The
triazole detection rates in irrigation water from mango farming areas were calculated
to be: propiconazole (70%) > myclobutanil (59%) = paclobutrazol (59%). The
triazole detection rates in soil from mixed cropping areas from were: hexaconazole
(93%) > propiconazole (80%) > difenoconazole (59%), in irrigation water were
difenoconazole (8%) > propiconazole (2%) = triadimenol (2%). The triazole detection
rates in soil from rice culture areas were: hexaconazole (36%) > epoxiconazole (9%) >
difenoconazole (7%). Finally, the triazole detection rates in irrigation water from rice
culture areas were: propiconazole (3%) = tebuconazole (3%) > paclobutrazol (2%). We
also performed a safety evaluation to quantify pesticide residues in drinking water and
found that the concentration of difenoconazole and myclobutanil were above values
considered to be safe. This study establishment the background of triazole pesticides

in Taiwan environment.
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