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Abstract : The herbicide mixture of 7 triazines and 9 phenoxyalkanoic acid esters was
simultaneously separated and determinated with the selected ion monitoring by using gas
chromatography / mass spectrometry. The extraction recoveries of those herbicides from the

reagent water were studied for the organic solvent extraction(LLE) with methylene chlor-

ide. The calibration curves of them showed good linearity over the concentration range of
0.2~5.0ng/ml and the detection limits were 0.2~0.5ng/m/ for 100m/ of water. This ana-
lytical method could be applied to the drinking water and biological sample.
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2.1. 27| % FX|

2 Aoy 214 71712+ Hewlett-Packard
(HP) 5890 Series I Gas Chromatograph(GC)ell di-
rect interface® <172 ¥ HP 5970 Mass Selective De-
tector(MSD)& Alg3ledi, Al Flele HP
7673A Autosampler® AF&3}sith. Data FAole
HP 7946 Disc DriveZ} <12 % HP 59940 MS Chem-
station(Unix series) & AF8-3}913. chromatogram¥}
mass spectrat> HP Rugged Writer Printer 2 %-E}
dgich AR 33 wE FHFHAHAA SR A
Z ¥ Rotary Vacuum Evaporator{Bichi, 292,
Biihler 7400 Tubingen %187](Edmond, ¥4) $°I

ot} 8lw Alge] HEM FHAoAE Heating
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anol #] %898 WHEo] 4T PYAale] BET I8
% o Ay ¥ 8 F Agskdct

Acetone, methanol, methylene chloride, n-hexane
o $7)8viFE  BakerAH(®]F)2] Resi-Anal
grade £+ HPLC#& AM43lsich =M & wHE7]
2%} ethyl iodides= SigmaAlel A 4] 3Fsic}.

Z 24+ MilliporeAte] Milli-Q Water Purifica-
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GC/MSE

Table 1. GC /MS Operating Conditions
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GC
- Column :

Ultra-2(Cross-linked 5% phenylmethyl silicone)

25m X (0.2mm L.D.x0.33um film thickness

- Carrier gas : He at 0.50m// min
- Split ratio : 1/10

- Injection port temp. @ 280TC
- Transfer line temp. : 300C

- Oven temp. program

initial temp. initial time rate final temp. final time
() (min) (¢ /min) (c) (min)
170 10.0 5.0 200 0.00
300 1.00
MS . ¢

- Ionization energy : 70eV

- Ion source temp. @ 200TC

- Ion Current @ 3002A

- Scan Range : m/z 40~600

- Run time : 21 min.
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EgjolzlFo A5 AELHE 2R GC/ MSe
2pl Fd3le] FMF) A2 dolA] A
uhajol uhe} o {2 2 whE obg GC/ MSd| F4)
shod -4 g

32 F 249 74 E55d 2 ol 247l |
ol FEAHE AXA 9L FEFde] FYdo2 A
& B-gel9 o] &A7] Holo} vl wEte} FEHEE T
gt}
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Fig. 1 GC/MS Total Ion Chromatogram for Standard Mixture of Triazines and Phenoxy Acid Esters. Peak

Identity : 1. 2, 4-D Methyl 2. 2
hyl 6. 2, 4, 5-T Methyl 7. Silvex Ethyl 8.2,4, 5

2, 4-D Ethyl 3. Simazine + Prometone 4. Atrazine 5
-T Ethyl 9.2, 4-DB Methyl 10. Ametryne 11. Prometryn + 2,

5. Propazine + Silvex Met -

4-DB Ethy! 12, Terbutryn 13. Silvex Propvleneglycol Butyl Ether Ester.

i)ropazine?Jf Silvex methyl ester7} 3t -#-2]1=) %] ¢fat
4-DB] ethyl
A

al, 17.6min o4} prometryn} 2,
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m/z 158(M7-43)2] 21%% [CHsNsCl] o]m o7
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2,4-D2} 2, 4, 5-T2] methyl ester2] 73-¢ Exjo]-&
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Compound R, R, R M.W.
Prometone (CH:J.)QNHCH:g NHCH( CH;;)Q OCH(; 225.29
Simazine C;Hs;NH NHC:Hs Cl 201.67
Atrazine C;H;NH NHCH(CHs), Cl 215.68
Propazine (CH3),CNH NHC(CHjy)s Cl 230.09
Ametryn C:Hs;NH NHCH(CHz3), SCH;4 297.35
Prometryn (CH;),CHNH NHCH(CH3)» SCH; 241.37
Terbutryn C;H;NH NHC(CH3)3 SCHj 241.36
Fig. 2. Chemical Structures of Triazines.
Table 2. Mass Fragment lons of Triazines.
Compound Mass Fragment Ions(m/z)
Ametryn 227 212+ 185 170 99 68 53 43
(100) (55) (24) (30) (22) (25) (35) (35)
Atrazine 215* 200%* 173 1538 93 68 58 43
(65) (100) (28) (10) (22) (28) (51) (42)
217 2029 175 160
(21) (34) (9) (3)
Prometon 295* 210"+ 183 168 141 98 58 43
(98) (100) (50) (76) (33) (34) (74) (34)
Prometryne 241* 226** 199 184 106 68 58 43
(100) (50) (24) (78) (33) (26) (50) (39)
Propazine 229* 214+ 187 172 100 68 58 43
(69) (100) (32) (60) (26) (26) (69) (42)
Simazine 201 186** 173 158 138 132 68 44
(100) (57) (43) (22) (21) (11) (33) (83)
203 188 175 160
(34) (19) (13) (M
Terbutryn 241* 226+ 185 170 106 71 68 43
(77) (100) (80) (54) (17) (18) (20) (27)

( ) : Relative abundance to base peak(100%)

* ¢ molecular ion
**: [MT-15] ion

Vol. 7, No. 1, 1994
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Fig. 3. Mass Fragmentation Pattern of Simazine.

O-[CH,]n-COOH

R1
R
Cl
Compound R Ro n MW
2,4-D Cl H 1 221.04
2,4-DB Cl H 3 249.10
2,4,5-T Cl Ci 1 255.49
Silvex Cl Cl 2 269.53

Fig. 4. Chemical Structures of Phenoxy Acids.

o 2¥8El Cl 99219 lossol} 8} m/z 1992} m/z
233¢] 7}7} base peak 2 vheRE L, ¥-zje] & (MT), 71
gzt Falo]ollA COCHz2l loss2 AZE &
MT-59], & m/2z 175 ¥ m/z 211% ztzt Abeds] =
Al vtelytel 3§ phenoxy butyric acid?) 2, 4-DB2]
methyl ester= ether bond9) z-cleavageol| 2|¥ m/z
101, [CH.CH,CH»CO,CH;]" o]¢-] base peako]™
Bapol&(MT)el m/z 262, [M'-59]21 m/z 203& o
2 zte 712 bebstclh. Phenoxypropionic acidgl
Silvex¢] methyl ester = ether bond cleavageol ©}&F
aromatic ring?| loss®EHE A7l m/z 196°] base
peako]m FAlo]&-(M*)al m/z 282 % [M-59]7<
m/z 223% A 717} AA3s) =4 2.9}, Silvex prop-
vleneglycol®] butylether esters= M*Y*(m/z 384) %
m/z 309(M*-OCH,CH,CH,CH;) &5 47|7} #=
o alkyl chain?! ((CHz)3CHjy ¥, m/z 57¢] base peak

drt. 283 4 E Ll Edte]2EL FHAUL
A3E vehfigdch

EFEA dAEAAE " FEAZE HE ethyl
ester59] Mg Eto] L2 Tuble 42 Zrl. 2, 4-D, 2,
4, 5-T, Silvex 5& 25 EAlo]&(MP)o] & 4712
Uebt s [M-35]79] m/z 213, m/z 247, m/z 261°)
Ztzd B 02 9l ether bond cleavage®@ A7}
chlorinated aromatic ringell 2% Euto]2-Eo] of¢
7} vheht slck 2, 4-DellAE m/z 111, m/z 145 5
2 2, 4-DBoldE m/z 145, m/z 162, 2, 4, 5-Tel &=
m/z 109, m/z 145, m/z 181, 1212 Silvex¥ m/z
143, m/z 159 S-o] B gvte| 2Eo|c}.

Silvex propyleneglycol butylether ester+= &%t
zlgfo] -2 713 F 7|9 peak® HepHA HEEA
th 1A o] Ad Al 23 AHE AR ke B
alajjof & Zlelel.
7t EAE9] AgEo)lR I base peak, ¥Ato]
£ o) 24|77} & EAlol &S I MeYsta v F
A7 2 &8 o 9 X &, Selected Ion Moni-
toring(SIM)& #1%} Macro Program® AH&38led &4
2= BAAAE Fig 5ol dehiich SIM w2 %A
ol &g B &3l AH} Er) ol Fobaly
AR FE7 & HA s BEEY Ao, AFE
vto] -2 o} 2 7] ol 2} EHe| 7 el ¥ A
gko} 7hgsiet.
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et e SIM Mo 2 e E FREAS F4
8l 1 7+ B3 9] base peak7r-2 o] &3l L o] 22 A
7| 24 QA FAE A sk

7k Fepd 2 ol i EAQ HAAFAN T HEWA
E Tuble 50| 72319t} Table Holl A Hxo] oty
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Table 3. Mass Fragment Ions of Phenoxy Acid Methyl Esters.

71

Compound Mass Fragment Ions(m/z)
-2,4-D 234* 199 175 161 145 133 111 73
(51) (100) (44) (21) (17) (15) (22) (20)
236 201 177
(33) (34) (27)
2,4-DB 262* 231 162 145 133 101 74 59
(1) (5) (19) (3) (6) (100) (4) (96)
233 164
(3) (12)
2,4,5-T 268* 233 211 195 181 179 73 59
(34) (100) (40) (15) (32) (25) (68) (36)
270 235 209 197
(32) (60) (37) (13)
Silvex 284+ 282 225 223 198 196 87 59
(18) (19) (31) (31) (94) (100) (28) (60)
Silvex -Pr** 384* 225 223 198 196 114 112 57
(3) (33) (34) (12) (12) (37) (37) (100)
{ ) : Relative abundance to base peak(100%)
* ! molecular ion
** . Propyleneglycol butylether ester of 2-(2, 4, 5-trichlorophenoxy) propionic acid.
Tuble 4. Mass Fragment Ions of Phenoxy Acid Methyl Esters.
Compound Mass Fragment Ions(m/z)
2,4-D 248* 213 185 175 162 145 111 73
(70) (41} (83) (100) (38) (60) (54) (14)
250 215 187 177 164 147
(47) (15) (34) (60) (25) (46)
2,4-DB 276> 231 162 145 115 87 69 43
(1) (17) (27) (4) (74) (100) (22) (36)
233 164 147
(11) (18) (3)
2,4,5-T 282* 247 219 209 181 145 109 74
(62) (46) (100) (88) (49) (62) (28) (17)
284 249 221 211 183
(53) (28) (61) (74) (21)
Silvex 296* 223 195 181 143 101 73 45
(29) (49) (100) (10) (11) (20) (45) (21)
298 225 197
(28) (48) (99)

() : Relative abundance to base peak(100%)

: molecular ion
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Fig. 5. GC/MSD /SIM Screening Profile for Standard Mixture of Triazines and Phenoxy Acid Esters.
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Fig 5. Continue
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Tuble. 6. Extraction Recoveries of Triazines and Phen-

TERBURYN -
oxy Acids and Their Methyl Esters in Water.
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Tuble 5. Typical Calibration Equations of Triazines and Phenoxyalkanoic Acid Esters.

Y=aX—+b* Concentration Detection

Compound Range** Limit**

a b r ng/ml ng/m!
Simazine 3.88%10* ~1.47 x 10* 0.999 0.5~5.0 0.5
Prometone 2.21x 10" ~060x10* 0.997 0.5~5.0 0.5
Atrazine 595x10° ~1.71 x 10* 0.997 0.5~5.0 0.5
Propazine 4.44x 10" ~1.17x 10" 0.998 0.5~5.0 0.5
Ametryn 248 %101 —0.55x10* 0.997 0.5~5.0 0.5
Prometryn 2.55 % 10* —0.95 % 10* 1.000 0.5~5.0 0.5
Terbutryn 3.15x 10t ~0.92x10° 0.999 0.5~5.0 0.5
2, 4-D methyl 6.75x 101 -0.81 % 10* 0.992 05~50 0.5
2,4-D ethyl 2.34% 10} ~0.02x10* 0.998 1.0~50 1.0
Silvex methyl 7.41%10° —0.83x 10° 0.990 0.5~5.0 0.5
2,4, 5-T methyl 4.72x 10" +0.23x 10° 0.996 0.2~5.0 0.2
Silvex ethyl 5.89x 10 ~ 15510 0.999 0.5~5.0 0.5
2,4,5-T ethyl 1.36x 10° 267 1.000 0.2~5.0 0.2
2, 4-DB methyl 2.31% 10" =291 %10 0996 0.2~5.0 0.2
2, 4-DB ethyl 1.30x10° ~1.95% 1 0.994 0.5~5.0 0.5
Silvex-Pr 8290 -1370 0.998 0.5~5.0 0.5

* Y : Peak Area Counts.

X @ Concentration, ng /m/

» . Correlation Coefficient.

** For 100m/ Water Sample.

(Journal of the Korean Society of Analytical Sciences)





