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ABSTRACT. The optimum resolution condition of 11 organophosphorus pesticides by gas-liquid
chromatography was studied using a capillary column. The injection mades and types of vaporization
tubes were evaluated in relation to pesticide analysis. The best reproducibility of peak heights of
pesticides was obtained by the split mode with the vaporization tube packed with quartz wool. A
25m SE-30 capillary column provided better resolution than SE-54 column for their optimum reso-
lution. The column at 200°C initially was heated by 5°C/min to 230°C, followed by 10°C/min to
270°C, and the temperatures were held constant for 5 minutes at 230°C and 270°C, respectively.
The relative standard deviations of their retention times were less than 0.19%.
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(1) /1A 282tz =z,

Varian Vista 6000 % 6500 & 1839z A
FE deol e 54 RS (TSD =& NPD,
Varian Inc. )¢} Vista 402 3 20} 23] = o o] ¥
Al 2l g A3 T

(2) £=)484.

27 A4 (0V-17): Chromosorb W, A/W
DMCS(60-80w41) o] OV-17 & 3% A 5| ¥3
o 4mX4/1” o.d. F2| o] F213HAct

2 A3 A8 (immobilized SE-30) : 8 A&
7t ZAR BHeE 12m, 25mAFold] WHo}
0.32mm Q] ol F F7 0.5um 2 I EH A
(Varian Inc.)=} 50m Zo]o)] B 9] 0. 22mm )
] VEFA 0.25¢mE F 25 A(Varian
Inc.} & AH83t

2A2 A4 (immobilizedSE-54) : &§ A&7}
A} AR LE 25m Zojd WA e] 0.32mm <)
Fol| H§]5A 0.50m 2 3] 55 2 (Varian Ine.)
g A9,

3) A& =4 F4.

2 uty o 24 7532 Varian Inc. 9] empty
tube, frit tube, baffle tube, packed tube 5-&
AL§-R th,

EEES W Al

FAJA EEFF 115 A 1 Lol A 9} o)
5 BARITAHAA AFue Aolx triphenyl
phosphate & E#90} 32 £ ¢ n-hexane & nano-
grade 8] AH-5F B4 &o)dct

HE wy
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ARE F4EE EH 2ol FAE Ao
n-hexaned]| %< vb& 9 Eepizd] 100ml

g B4 o} {9 10.0ml &

2 B33
s e el 100mi2 FIA HILAL
S o
Diazinon 12. 72¢ Disulfoton 16. 4mg
Methyl parathion 13.9m¢ Fenitrothion  12.8mg
Malathion 24.1m¢ Fenthion 11.9mg
Parathion 10.1mg Chlorfenvinphos18. 5mg
Phenthoate 23.8m2 Phosmet 32.(ymog
EPN 16.4m¢

99 $9¢ A4 Lom Y Az A4 As
EHeA Wy FTEEE AGIT  triphenyl

phosphate & 10xg/m! A 5o 9bZ a-hexane
9 2.0ml & Hale] Fubeh Folzze 4
I 40°CE Sdeq A FE712  n-hexane
& I plict o] ® Aol n-hexane 5.0ml &
Agz 74g o kA3 Ho GCol FYdhe
9 o2 AL g3t

(2) 713 ZEote 2 2o FF =4, =2an}
Eodze] AR ¥ 2EE 280°C, HEV
2Ev 300°CE #A%R e, SE-30 24}
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min FEZ 230°C 747 F5A7 2 5872 4
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SAA 587 AR SE-30 74 (50m) ol
A= 150°C ol A 5°C/min £ 5.2 225°C 73 A
FAY = 1037 FH A t’r° 15°C/min %%
2 270°C 77 454174 1087 A A H e, SE-
54 A #F (23m)ef A = 150“0011/11 A 2}
o 5°C/min =2 200°C 742 4447 32 Z4
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FAAAAA 22etE 7 & 2},
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AA W08 FAANDA 22228 E 44
o},
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FE 54 2ol 233, A HFe
omi/min, AR $E& 3mi/min, 227 W]
7] $5-L 40mi/min, B3 7] &2 30mi/min
2.8 3tHet, TSDoA F719 #%5& 175mi/
mino| 2 49 {5& 4.5m!/min 22 3t

#a N @

AR =Y Al2aH

A AEE Ao FAY e A9
A5 gl Au(ngAT) FW71AY FEE
L8 (0.5~4ml/min} V& A ZrpE 2l A
2] B¢t dE 3] Wiel ANEE B =
Atz 1Ex JrtA7t o] &34, =g =7
9 A9 9 zdo] Bt =dsEzE £
ul-2) (split mode) ® uv] 2] nwl-4] (splitless mode)
£o) o] $xch B fdub e A A 5 g3k,
Aol A, 4G A5, FubrlAe &
%, A¥ Ao, A2, t’ﬂ"é{ﬂc-‘q ek, &
AR 44 dAE 24 g2 435S =8
dle] A 3A o

2 AFolAE ABEQ 2Ho] folatn A
25h £} BFol FouA & ¥euAg 4
Sotglch B gAE ol $% A= AP ¢
Aol $eolslAE JFE wANA skl
3 do] A MgFEe ARE &R A5
A7)z 718 ARz Al FEEA &
gelojof et 2@d B 479 #7104 5
e E+A4EFH F4ol Az g Afolmz
7184 3e) A Y FLago] FH AT Al
g oAk, olell Varian Inc.ol A A7, A3k
Stz Se 47X JlEag g e -
g8 e mgd ARY & ZEIAE

ALSRE 7|3t 3E Fig.1olA 25+ At 2
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g 33 AP e 7 e ¥ B9 %
o] & parathion o] # 3 AH e TR
AR E 27 13k AN EFEARE A A8
v} (Tabie 1).
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Table 1. Peak height ratios and relative standard deviations of 11 pesticides by various tubes (#=3)

tube type
pesticides empty frit baffle packed
I 11 I I I I 1 1
diazinon 0.67 5.5 1-01 5.8 0.72 271.2 0.78 11
disulfoton 0.96 5.3 1.26 5.4 0.72 20.3 1.06 0.8
methyl parathion 0.91 6.4 1.18 4.0 0.98 14.6 0.94 2.6
fenitrothion 0.86 4.8 1. 20 3.5 1. 04 15.4 0.96 2.0
malathion 0.93 5.1 0.88 2.7 0.69 22.5 0.69 1.1
fenthion 0.80 5.2 0.9% 6.0 0.93 16.4 0.90 1.3
parathion 1.00 8.8 1.00 5.6 1.00 17.7 1. 00 0.9
chlorfenvinphos 0.46 5.1 0.73 2.2 0,13 3.8 0.37 3.0
phenthoate 0.54 6.3 0.57 2.1 0.42 10.5 0.60 0.8
phosmet 0.72 2.3 0.73 2.5 0.32 10.4 0.49 0.6
EPN 1.07 0.1 1.02 1.2 0.43 13.2 1.26 1.1
mean 50 3.7 18.6 1.4

I. peak height ratios of pesticide to parathion,

o

IRI I L

Emputy Frit Baffle Packed
tube tube tube tube

Fig. 1. Various vaporizatien tubes.
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o A4 AA ez Yo A AfAol 4 A
27 EQE® S ¢ 4 Ak ol 38
B FE oFE VA FHEY B &=
7t 433 Borz dAFE FHFE 34
9] g 718 AoE Azsich  Packed
tube o] MY 2AAE silyl A¥ez HHd
Adgolet, o] & AFEo| FHE FFARE L
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II. relative standard deviation, %.
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Fig.2. NPD chromatogram of 11 organophosphorus
pesticides. column;4mXx1/4" glass, 3% OV-17 packed
column.
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Fig.3. NPD chromatogram of 11 organophosphorus
pesticides by SE-30 column; 12mX0. 32mm i.d.
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silicone polymer) 449} AFFoz A &%
A=) 7} @93} McReynolds 447} SE-30%
& SE-54(phenyl vinyl methyl silicone) 2] =.A)
T Aol Ret

AR Aot FF Reld] A L Fu
2 SE-304%4A Zo|7} 12m, 25m, 50m ]
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Fig.4. NPD chromatogram of 11 organophosphorus
pesticides by SE-30 column; 25mX0.32mm i.d., (1)
diazinon, (2) disulfoton, (3) methyl parathion, (4)
fenitrothion, (5) malathion, (6) fenthion, (7) para-
thion, (8) chlorfenvinphos, (9) phenthoate, (10) tri-
phenyl phosphate(I.S.) (11) phosmet, (12) EPN.

Ag Agstga 25me) SE-54 AR o ¥
2% o] 5 wwdgvt, SE-30ZPe= &
azveayd L Fig.34 2 59 2k 12m s}
%me] APo g Jd anrrar$ vEdd
2l v @ 8] 2eA7dA 2ZmEdL 3
AY B2t AAAG Bt oAE Ve
= o)A A% 2AF ¥ ¢ gl 2R
Bm AP E AFE AR 9.2F AEdA 2
o] &= chlorfenvinphos $} phenthoate gko] 7t 3
Ax Ao RYE I 549 BedEd 2
2852 9}, Chlorfenvinphos $} phenthoate
5 3¢9 A4 AR AT A FAY
o Qe AP E F¥olvh ¥ 50m ] SE-
AP A T Bm Bt ¥ F FE RAF
2 QAT BmAPogE A 20Xt Az P
2] A zke] F- o]AFe] gek, A o] 7 SE-
54 2] 26m B ANAE Fig.694 £ 5 AT vt
S} o] wd Ha] 284 7HATE))A SE-30
A ¥ (25m)ol] ¥]3}le diazinon 7} disulfoton, fen-
thion 3} parathion, chlorfenvinphos 2} phentho-
ate, phosmet 3 EPN 2telA| 2eirt & =4 o
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Table 2. Relative retention times of pesticides to
parathion by two columns.

Pesticides S(gs-l?g ?:],‘55_]153 reference®
diazinon 0.682 | 0.697 0.76
disulfoton 0.720 | 0.701 0.76
methylparathion 0.831 | 0.831 0.85
fenitrothion 0.914 | 0.923 0.93
malathion 0.934 | 0.969 0.98
fenthion 0.988 | 0.992 0.99
parathion 1.000 | 1.000 1.00
chlorfenvinphos 1.178 | 1.145 112
phenthoate 1191 | 1.149 -
tripheny! phosphate 1.793 | 1.555 —
phosmet 1.911 | 1-613 1.64
EPN 1.960 | 1.628 —

* B.D. Ripley and H.E. Braun, J. Asssc. Of. Anal.
Chem., 66, 1084 (21983).
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Fig.5. NPD chromatogram of 11 organophosphorus
pesticides by SE-30 column; 50mx 0. 22mm i.d., peak
identity same as Fig. 4.
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Fig.6. NPD chromatogram of 11 organophosphorus
pesticides by SE-54 column; 25x0.32mm £, d., peak
identity same as Fig. 4.
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A&e vlad ¢ QAT 48 $)£A9 A
25 4E F Ao, B dTA GCHRY £
& WL SE-30(25m)e A-Fe] 200°C oA
230°C 744 5°C/min 2. Z¢A7) 2 587 &
< 4% F, 10°C/min & 270°C 744 A= A
FA72 587 5 #A3s, SE-54 %A
F BY @25m)Ae] S FAL 150°CelA
200°C 7}A 5°C/min 2 A4A7]l2 270°C A
10°C/min & 4542 ¥ 2873 XA A5
7w 2 2 A4 ARAA FHH 29e
gAsgch,  Table 204 27 FgEol £
H=2 Q& ¢4+ SE-300]Y SE-540]4 2z
A FE Az dile P RE s, 29
1} 1}Fo) 12+ triphenyl phosphate, phosmet
% EPN 52 433 q2AA vyaad, §, SE-
30 ol 4] phenthoate 7} £-2l5| = 114 919} A7}
A Aol SE-542% of A ez Yt o]
F A" Ave 4 E9) A g 8
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Table 3. Repeatability of retention times for 11 orga-
nophosphorus pesticides on SE-30 capillary column
(»=6)

pestcides | Bon e, | Sandsrd | CFLSE
{min) jon, %
diazinon 5.309 0.010 0.18
disulfoton 5. 605 0.011 0.19
methy] athion | 6463 | 0.012 0.18
fenitrothion 7.112 0.012 0.17
malathion 7.268 0. 013 0.18
fenthion 7.690 0.012 0.16
parathion 7.853 0.013 0.16
chlorfenvinphos 9.180 0.015 0.16
phenthoate 9.279 0.013 0.4
phosmet 14. 885 0.012 0.08
EPN 15. 263 0. 010 0.07

ggo] 5% F T dvkxz A4d=d,

Azatgea el Re|

SE-30 ©] 1t SE-54 Rl A8 7AA 594
$AEAE Ao Aol 2 Borel AwA F
Z7} dialkylphosphate, thiophosphate o]} dit-
hiophosphate o] iz g1 4+ o ~H 2849 Adn L
o Fa7F gl WEd Fek] g eAE
AEE A5 o7 A, z2Ev Fa2R7F &
2R FGelA A dimethylthiophos-
phate 24 methyl parathion, fenitrothion 2
fenthion o] 9] 3 diethylthiophosphate 24| para-
thion #} diazinon & & 7} ik, =3 <ol
d2H2249 #HE F2A9 FTE2E methyl
parathion o} A = p-nitro 7] ¢] 3 fenitrothion of
A& p-nitro m-methyl 7] o5, fenthion o} A &=
p-methylthio m-methyl 712] F2E 714z Q)
t}, Methy! parathion o] Fz¢} ) 3#A] para-
thion o]l A} & diethyl thiophosphate ule} v}z 3
v ] FAF2E 2o}, Diazinon o) A= para-
thion 19| H)#f hydroxypyridine 8% o]t}
olgig FiEA<l 3% Fzo AoAdH L
28 ¢A8e AAE AMerd 2L diakyl
thiophosphate 3}3-Zol| 4] A&7 v & s
$EAY Bohst 29 AN LA 247 Y
£ 444 (hydrophobicity)8) =7} Falgz &
9 A98¢ ¥ 4 sk

E vE Ao 720 dE 34 =2
7143 A (capacity factor)-2 dimethyl 2.5} diethyl
thiophosphate 2] &4 7918+ a7|4A »,
o A g vl Agscl =2 dia-
zinon 9| %A= 919 AFe} piE & A
£ 2o FHEW ol AE =242 hydroxy
pyridine XA ¢l A A=A (hydrophilicity) o] =t
A 449402 4249t

HEE AlZie| By

Ripley 5'°& SE-30 ¥ (15m) & A&t &
AdaA, #7194 4 47 AeFds U F
8] ¥FES parathiono] D v FE A7 &
ot B3 vt 2 dzdE B A7 ¥
A el 1159 #7123 %% phenthoate
92+ EPN & A9 9%l 3¢ Aust A=
2 vk, Diazinon 3 phosmet § A2 §} £} & 6
74 FeklAe AR & A7k felEA 0t
¥ 479 A3st 2ot 28y 2 dFol A
+ diazinon 3} disulfoton 7} #&]7t o) £8-&
& g A, ol 2AD A YA ¢ A
o], AAF FA R woe Y, zeElx F
24 5] Aol A= Aoy A9

7 F%e ol v T8 Az 93ld o] &
AAE Aoz v F-E A7le] HIFZo] F&
T& AL A2 L ¥ F Ax o] 2A
AFEA T 758 RAelvh, vty e 270
2 e $AY% AnpEel ARAUA efor
e o] F dotnH A HAYHE T o 3
o, AR ALGI o] WE 27 Iz Q)
T oFE A7 FolE A3 T 9dtd u)
FEFEE A8 ok shavl £ dFdA = ip-
henyl phosphate & 4¢84}, Triphenyl phos-
phate & 11 %8 f7dA o=} 9 F-& A 7o)
AAA %x 44 IBEE M3t FHgg)
Rez PALe, & 2302 63 243
Z gFdE v FE Az g% 2E93}
& TR Table 3).

Table 304 Bad 7}z & BFHUAE vepd
36| chlorfenvinphos ] 0.015 $22 BE o}
oA AP & vFE ARE B FY
BEH el o] M2 QA3 2o 2
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Srol of@ QdelA = B9l mgoly FEe
A8 J&& wi=rh. Ripley %] 4L 254
AE 001 AR don, 2 dFA79) vl
gt o] Axe FFEAANE =¥ gy B
g7} 7bA ¥ chlorfenvinphos £} phenthoate 2)

AS 0|22 A7 Fol7t 0.1% ojPoeu o
¢ Fldped b Ty ZAA AE Aoz A
Z+E o},

2 E
A% A%8E A48 GC2 1159 F7id

A FAE FAA FA}A A% 7 w4 §
A g 2 AY 2EEY A4S AE¥ Ao
& e AE2eg 298 4 Ut

(1) Asgqe Fq1¢ £ d4E Astdn

ol AstHe vl el AF HAEE FR
#H3} frie o} Fokd F-98) Folo wvh & 3
€ 2o 28] AQJRAAE FAF ol o
g 2HEF Fo

(2 &9 2 FYelA FA FIRco w
A Ade] % & 22 F dehged, 2
A= Ag% SE-54 Bz SE-30004 $%= 2
ol 25m & FUHZ 88 T F ddd
=},

(3) SE-30 GC AR F&4] 200°C o) A
230°C7HAl 5°C/min 2 J5A73 547 5
€22 §4% ¥ 10°C/min & 270°C 74 A%
AFANZ 587 5L A A At Y
W 2o el Aol 24 2709,

@ 1NF FA9 22, FEAY L A4S
719) A9 47 Fes dxg A3 tiphenyl
phosphate 7} -2 &2 24 7M1 43

(5) SE-30 2413 P& AHd3te A& 74 5
9l og A7 ARFe e P FEAS}
7t £0.19% ol3te 3%e RPod, o Wew
oA B8] FHEAHE FEE F A

20 8 & 8

1. 28, AllR, £%H, K8LragiE 30
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