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R 9 : Triazole A2l HE A Q] ¥°F F 31}4<) amitrole (3-amino-1,2,4-triazole)-& g A}& 5T
e AzAR, 873 Fo #9€ ZF Asks 2 AXFE LIGANHoEZN FIFHoE &5
o 29742 ded F Atk o] EAL ol o &wst & whd, /7] Lol BiE &
SSsk Wi F4ol By WEe] £ ARLPH 2287 oS otk E ATodE &
2 A8 F9 amitroled GC/MSE ©| &3l ppb & olate] Fo|F7tx] E48t7] 935 iy
& zAtES 10 mlel £3 ARE AFHAFUIZ 9W8 FWAZ F, isobuyl
chloroformate (iso-BCH)E AF&3te] AoA 15~2083 whgAA F=A3 stk 1 23,
N-isobutoxycarbonyl amitrole derivative® AT ZH GCMSoiM e w7l FAEH S #F2%
% 9Tk 10 L, 100 gl ¥ 1000 gl 29 SN B BAMYY H5ge 717}
98.0%, 94.9% 2 1053% %3, RSD= 2.4%, 2.8% H 15%AUr}t 10 mLe] 3 A g2 RE Ao
A AFAE) FBAFE 0.1-1000 pgfle] F= HANA 09972 et H 4ol $5aie
o, A&8AE 0.1 w/LE Ve

Abstract : Amitrole is well-known as a non-selective herbicide and it is able to cause contamination
of driking water as well as pollution of ground water and surface water. However, it is difficult to
extract from water because it has a high solubility for water whereas a low solubility for general
organic solvents. This method is described for the determination of amitrole in water samples by
GC/MS. After evaporation of 10 mL water sample by a vacuum evaporator, amitrole was derivatized
with isobutyl chloroformate (iso-BCF) on room temperature for 15~20 min. As a result, the sensitivity

for GC/MS was improved as N-isobutoxycarbonyl amitrole derivative was formed. The linearity of the
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calibration curve showed good as 0.997. The recoveries were obtained more than 94.9% and relative
standard deviations were less than 2.8% at 1.0 pg/L, 10.0 gg/L and 100.0 yg/L. The limit of detection
showed 0.1 gg/L with a signal-to-noise ratio (S§/N) of 3.
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Q79 Z7lel BEo] WAlEE AEhdg &3
skl T e wEs FYHT Jn 2 FRH
AHE RlxTL Zotste FAlolth wmebs Feke] ARES
2 opy|H= Ao dd vigk £40 BaA E3F Fo}
i glek 53] o]dd wekH FolA WHEHIA Aol
EAz RFyo] 443 747t 983 &2 F st
amitroleo]t}. B Z8A XM 5 (US EPA)Y w=®, &7
)7 el &4 (endocrine disruptors)o] “H o] 34
(homeostasis) X<} L2 #}A-S ZHs}= WA W &
2R A, Hul, o, AL, AFAE F wAdE T
Al AYEd olztu Aostn vk

Amitrole (3-amino-1,2,4-triazole)& 1952\ v]= Am-
chem Product A}7} 3802 /pugt A2A 8 Z7jde
o1& th3l EAo] i whd, A8 Aul9] ojghde] 7
A el Bz A de] AHHo] gk B o
3 4ozl 280 g/ 2 2 WS AXM £ A4 {4E
72392009 o) #AFFo M FHHOR &, 2
o8 o7 7PsAe] okt US EPAY)AE amitrole
QYA kel shs Ao e BT BRsia 91’ 9
B 2y ook AE A drad AT amimoled WE
HA gl gdz BFa wAE ZAgstn ok w5l
A 1971 ol¥el] At B AMES ¢d FTebdan’
dr o] AT 1975 Ak BujE FAGAE ¢
glueloll e 1984 AYgltoll M S2EdS F5HA
(S EE 40% + MCPA 20% + oleldl 20%) 59 A&
o2 gasEgon e Aol EAHYW 199
W Y SR A T Ao 24N vl w2 W F
2 gk 1g]ln Ao FAXFAM 0.16-13.94 pgLo)
Fx H92 A2d Akt Aok’

71&9] amitrole?] EAPEHL UL RN AGHE
A BAol SPEED 98¢ Jelsle Wiz, it
ZHe o83l pHE 4008 283 § TR 2
7498 wreAlA ODSH 14 AYE AMB-ete] w3

ChS, HPLC/FLDE A #she #oln}” 1eju} of Hhy
& E3% Alg AXE @AE AMoE sk BAATe]
e dee 59 o8 @yol o] amitroled 43}
e B2 olglgol w2n] LOMS 58 AMgste A%
£l 2% amitrole #lo] 875tk

2 Aede ZAazepE - A 44 (GO
MS)E o] &3t amitrole 2 414, F&etA A 5 3l
E feAg s #9sta, olF olgst sAMR
oA #5735t amitoles HF BAstaat Aok

2. HE ¥ Hy

2.1. AleF % 717

B2 Ao AMR-E amitroleS Dr.Ehrenstofer A (Aug-
sburg, Germany)ollA T¢l&}e 001 g& A3 FA
gol tigrE 10 mLo] =o] 1000 pymLe] EFENS
mEo| #Male] AMEEENL, WHEREEEAR pyrene-dio
£ Aldrich A} Milwaukee, W1, USA)ol| A ~)&k] 0.01
g A3 FA dop ofMELMY 10 mLef] =
1000 gymL2 RHE TG FAsle] ARSI Th FEA]
3} AJeko g AME3H isobutyl chloroformate (iso-BCF)
98% &ML Acros Organics A} (Geel, Belgium)olA] 7
Aty YA g ARSI, wHEEulR AR
U222 S Baker A} (Philipsburg, NJ, USA)9] #H
FHE A AREEeH, FRec MiliQ %

Mili-RO system & F#3 33} SH8 AH3ATh

2.2. B4717] ¥ &x|

Aol AT AEE 5 BE FE 7l7e AHdn
33 £FFE A T ARSI AMgsEI, A8 §
2 98 ARES FFIAFUVE Buchir} (Flawil,
Switzerland)®] A|F-& AM-SIATE FA% % 7)< Zymark
A} (Hopkinton, MA, USA)9] TurboVap LV evaporator&-
AH8-3Hgl

B A AHEE GCMS Agilent A} (Palo Alto,
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F4H A GC/MSE ol &3 +

CA, USA)9] 6890 GC2} 5973N mass selective detctorS
direct inleto2 HVZAF HAOZAM Al 7683 autoin-
jector & controllerE ARE3tY FYsigch dF b~
£ 99999% £%E AgSAT 7 BAzde
Table 13} 2t}

Table 1. GC/MS operating conditions for amitrole-
isobutoxycarbonyl derivative
- GC/MS : Agilent 6890 Gas Chromatography/5973N
Mass Selective Detector
+ Column : Ultra-2(Cross-linked 5% phenylmethylsilicon,
25 m x 0.2 mm LD x 0.33 ym film thickness)
+ Carrier gas : He at 1.0 mL/min

- Splitless
- Injection port temp. : 250 C
- Transfer line temp. : 280 C

- Oven temp. program
initial temp. initial time rate

final temp. final time

(T) (min)  (C/min) (T) (min)
100 0 10 260 0
- Run Time : 16 min
- SIM mode (solvent delay : 4.0 min)
Group Start time(min) Selected Ions, m/z
1 4.0 57, 84, 106, 127, 184, 212
2.3. &Y 4y
2.3.1. Az HXE|

EAIZ 10 mLE #H3t 20 mL A8 B e,

10 ﬂg/mL«l WEREEERS 100 wE Yerk 233
ZH718 olfsle A|HE 93 AN F, 2F

goﬂ tZz2oe 200 e 2ol =9 oL S5 3}
AloF iso-BCF 50 wl& ¥eth A&oA 2087 ¥H-gA]
2 F ZAFEF7)E oj8sld AzA UR AHRES
o} EAbOE 100 wE T =9 F AFAE 397
£ upoldel &A ©ol 2 @E GCMSH| FYsle] &
A3ttt

2.3.2. GC/MS 24

Ag AAME B8 4 89¢ Table 10 e
7171274 we} amitrole- S £33t} WA isobutoxy
carbonyl = A3E amitroled WHEFEAES AF F
AP $] 40-700amue] scan modeZ HFAHEHL #Q
& o, 3709 S4ol&g HEEted SIM modez ¥4
3k
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2.3.3. H3H Y A&

EAE 10 mLol 10 pgmLe] WEEZEZE 100 0
He X, amitrole FF LA FEHEE 0.1-1000 gl
7] HEE ARt el HuE Wyos AgE
A2 ¢ o, GOMS| F9lste 2ok &9
9 7 AR Fxo W Fo|z WAHuld w7
FE A48 SN natioz} 30|14 He HAFEE
EAE Atk

234 MUz 9 NEg

EAE 10 mLo)] WEEFZEZEN (10 pgml) 100
£ Y2 ¥, amitrole EFEAE 742H 1.0 g, 100 pg
/L, 1000 pglo} EJE2 Hrlelx ¢o AEyHy %
Ak HAHE) 3 F, GOMSE 2 AHEsid AAgk
¥} wjmstsick

3. €t ¥ ¥

3.1. GC/MS 24 2
& d79 EHL GOMSE o|&3te] amitroled 4
g3t B ¢ s feAds wyge gys)
ol o] &3l FAAF A AF35 amitroled
el ok B dpdMe 3 AREREH F
Z HA g amitroleS AT AFELI|Z MRS
S48 FHAIZl F, iso-BCF 50 wE& AHE-8le] AL
M 208 Bt FrEAS} st GOMSE et WS
AHgE T FAsh whe-2 Fig. 1o YERARITH
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Amilrole
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O/Y C >’
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Iso-BCF Isobutoxy carbonyl amitrole

Fig. 1. Chemical reaction of the derivatization of

amitrole with iso-BCF.

EE8A] GOMS| EMANE Fig. 29 ABME
ages Vehliien, Fig. 3olle Zhzte) AR bl
mass spectrum™ WERHRATE Mass spectrumol| 4] B
uke} o], amitrole®] #-2}gFE 840]L} amitrole?] -NH;
groupol| A} H'7} isobutoxy carbonyl groupS @ X|§hE]o]
Bxlole M9 mjz 1842 Uehdth of7|dlA ThA]



486 fnd -
isobutoxy carbonyl groupo] Bolx UrlHA H'7F 2|8
Hol Uehe miz 847} FHolag Ueds 2 ¢
th. 28]n FEAE Aoz formate AHQ A&
AME-Eto] mass spectrometry & H41519-S uf RAAH O
2 carbonyl group3} alkyl groupe] ZAgto] oA alkyl
group®] m/z7} UEh = EAo] leul, o] ALl
-CH;CH(CH:):9] myz 57°] Yejrhs A& &dd + 3l
o E Ao Xe amitrole®] F#FE ) Fujojaz
Uehd mjz 845 Aol o ol B, FHE 9
& myz 57, 84, 1845 AAel2 R o] &3t BT} A
83] amitrole®] #& ARE 1T + U=E AT

Abundance Isobutoxy carbonyl amitrole
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Fig. 2. Total ion chromatograms of the isobutoxycarbonyl
amitrole and its blank.
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Fig. 3. Mass spectrum of amitrole-isobutoxycarbonyl

derivative.

AL

3.2. M U HESA

Amitroled] AFAY AEIAE TF3l7] Y8l 0.1
- 1000 pgLel 5% WM 1072 w8 st
AYslg o, Table 26 HgAo] FaAs 9 H&dh
AE Jehdck 10 mLe] £3 AMERRPE dojFl #H
2 o] AFASE 0.1~1000 pglLe] HjolA] 09978
XX o] $aldoen, HEFAE SN HIE 3 oo

2 39E A 01 pylE Ve

Table 2. Calibraton table
amitrole in 10 mL of water samples

and detection limits of

y=ax+b MDL*

(¢g/L)

Calibration range (ug/L) :
a b T

0.1 - 1000 0.156 -0.00174 0997 0.1

* MDL : method detection limit

Yol YEuA FolEde] #AHPH]l SPEED '98
o] amitrole #4130 w2, AJF 20 mLE AFE&td] of
AEAAZA O Z pH 4008 238 & fluorescamine 7}
HHS-A|A ODSAl 1Al PG ARS8t w53 Uy
HPLC/FLDE & %3} wh-& A&l Qe 1efu o)
Wee B8 AR AP 9AE AXot dta 44
7to] 23 Hzle 9 o8 @0l don HETA
7H10 pgloz, B A3 el Aits} nlaste] & o
AN w2 AEIAE BT ok w3k B A4
= EAEE 10 mLtt AREsl L AFHAFE7E AL
83t A FEE vy 2 jhE ARMge] A8 HE
2 Alg9 HAYY AHe @& 4 AUk

3.3 FHUT ¥ iz

2 A0y Age 9 A4S FEEr] A
A #2518 FPSUG 10 mLe 33 SFHTd ®E
&84S 10 pgl, 100 gyl R 1000 pyl7t H=5 3
7beba 9ok FEE AFyer 4 wxd 33 4
At A8 da, 72 FxelAM FHesol 44
98.0%, 949%, % 105.3%Z Uehgi, HUEE 146
~ 284%, AT + 200 ~ 526%2 e 2 4
o g amitroled] F&AF HFEAo] Thedts &

3ttt o] AAE Table 39 YEPNSITE
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Table 3. Quality controle data of amitrole (n=3)
Target value Measured value (ug/L) Precision Accuracy
(ng/l) 1 2 3 Average (% CV) (% Bias)
1.00 1.01 0.97 0.97 0.98 2.35 -2.00
10.00 9.25 9.78 943 949 2.84 -5.10
100.00 104.46 104.29 107.03 105.26 1.46 +5.26
4. 4 2 T. van Leerdam, J. Chromatogr. A, 938,

B dFdae FEAANRY AFde AxRAQ
amitrole S GC/MSE 3] 45k Wye A8t
Amitrole 2 FZAFolA FEo] F FHA Y] wE]
2 ddMe AEE IFHATENE 48] FUA

FE5EE WS AHEYe =8 GOMSE o] &3}
o X387 93] iso-BCFE2 f=a8t § A7 71&¢]
HET dE AEIAE A8 4 A%t VIEY B
Al ol Yk ol SPEED '98 Agubyol AZ3A)7} 1.0
pgl Adl Wigte, B A7 S Bl 4 HE&g
A 0.1 wLE Jelgth 3488 A 2, 3749
TEAM BT 949% o oE eI oH, JuEEFH
AE 5 2.84% o8t2 $4% AAE 4L 5 Uk
I8]3 10 mLe] AAE F amitroled #2431 A,
0.1 pglL - 100 pgLo] A @A S7E 09972 3
Hge] ¥z

z of

#Al2| 2

B ATE Bpe) FAARAFANG A @A
W : 2000-N-NL-01-C-045) 0.2 3 5|glon, o]d 7}
AL

L uhzR, o5w), AR, AAY, $AW, ©
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