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Abstract Quintozene, pentachloronitrobenzene (PCNB) is a contact fungicide for control of soilborne
phytopathogenic fungi during cultivation of diverse crops. It was introduced to agricultural use around 1930’s
as a substitute for mercurial disinfectants. Although quintozene had been first registered in Korea on 1969.
However, now it was banned to use due to its high residue levels in selected harvest products. Also, high
possibility is expected that the residue may be contained in imported agricultural commodities as it is still
used widely over the world. Therefore, this study was conducted to establish a determination method for
quintozene residue in crops using GC/ECD/MS. Quintozene residue was extracted with acetonitrile from
representative samples of five raw products which comprised hulled rice, soybean, Kimchi cabbage, green
pepper, and apple. The extract was diluted with saline water, and n-hexane partition was followed to recover
quintozene from the aqueous phase. Florisil column chromatography was additionally employed for final
clean up of the extract. The quintozene was quantitated by GLC with ECD, using a DB-1 capillary column.
The crops were fortified with quintozene at 3 levels per crop. Mean recoveries ranged from 79.9% to 102.7%
in five representative agricultural commodities. The coefficients of variation were less than 4.3%. Quantitative
limit of quintozene was 0.004 mg/kg in representative five crop samples. A GC/MS with selected-ion
monitoring was also provided to confirm the suspected residue. Therefore, this analytical method was
reproducible and sensitive enough to determine the residue of quintozene in agricultural commodities.
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Fig. 1. Chemical structure of quintozene.

5o AAYPHE WAk Hol= ARS-ErhSullivan et
al. 2001). 1993 w]=o|X= quintozeneS 7]+
FalEd 2 AA8I9 5L (Howard, 1991), 2006 w|=+ EPA
o &3} quintozene®] A HAA AF7H AAE Hof 7]&
582zl sl ARg-o] AgHE A FAE vk A3, 2010
A quintozene®] FAA 54 tiaPiHEo] s o] dn) &
A HAou, o1F 20119 EPAS 98 =g 7], 74l
Hst 5 dF Aol g ARge] oA si7kE b o
(GCSAA, 2011). 2 ¥rol| T=3 &g st B2 =7}
SoMe AAAIEA LI AREEAL e AA ol
(Sullivan et al. 2001), =UolX+= quintozene®] ZHFAdo]
731 o)%57d0] 7hsted 1989l AMg-o] FAH S LH, 4
Ak St SollA AEsE o] RIMEt 20061 “2)Fe
1= 9 145 MY INZE e R s8I
< ARt WR71EE HAEL Ath(Kim et al. 2008).

Quintozene®] E|5}8H4] A4S ATEW  p-octanol/
water FHIAIS(Log P )E 4.64%2 BIZAIC] 4315150

, FEAL 146°CO| AL, AFF 29536 (C,CLNOy)=
Aol A A olth(Howard, 1991). B f71-8mjol %
=9 W (acetonitrile 70 g, cyclohexane 70 g, ethanol 20 g,
ethyl acetate 210 g, methanol 20 g, toluene 1400 g/L), =l
gk &3l
1991).

Aromatic 2FA|Ql  quintozene®] FHFEA]S

N

3] Yol 0.032 mg/Lell E-}3ltH(Howard,

= L
S T

GC-ECD
(gas chromatography-electron capture detector) £ GC-
MS (gas chromatography-mass spectrometry)s ©]-&3+ Tk
5 Ao Hard vl 9l o (Navarro et al. 2002; Nguyen
et al. 2008; Walorczyk, 2008), A8 AF+AAE=2 GA| 274
o] Al & AAl =S R diidEere] +4
271 39 9 358 Fol AEH A= A AFe 4%
ojt}.
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stazzt st

ol ML ox of
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ETE9 stock solution n-hexaned] o1 1,000 mg/L
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7+ old 7Hd 2 E4gdslste] ARS-3IITH(Ahn et al. 2014).
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FaAE 52 A FEFS ARSI B59= Eyela NE-
1000SW (Japan) 55715 ARSI, B4k Al8& 1%
S RAO| A (IKA, Ultra-Turrax T-25, USA)E o] &3] v}
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Quintozene®] ZHF ¥4 A] ECD (Electron capture detector)
2 423 Agilent (USA) 6890 GCE o], W7ol
S53mm¢l capillary columns ARE-31e] 150°C] 271
oA A BT FHEe] Mgl

=}

01 913k GOMS EA9
£ Agilent (USA) 7890/7000 GC/MSDE AR&-3l9loH | 7}
Z}o] 2| g B4 % 7A-E Table 13} Table 29 VeRiATH
M 9

Stock solutiong 3]
ZA% quintozene®]
Yato] A% peake] WHE 7

Al

=
= 0052 mg/Le] =7} He=
7} 1 ¥ GC-ECDell

Ay [e)
FoR BEPPHL 2y

]

stgom, Fek B47]7]19] A& A (reproducibility)S 7%
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time) % 93 WA (peak area)e] M3} H| H 71519
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Table 1. GC-ECD operating conditions for the analysis of quintozene
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Instrument Agilent 6890 GC

Detector Ni - electron capture detector (ECD)

Column DB-1 capillary column (0.53 mm i.d. x 30 m, 0.50 pum film thickness)
Temp. Column oven : 150°C, Detector : 300°C, Injector : 250°C

Gas flow rate

Carrier : N, 10 mL/min, Make up : N, 45 mL/min

Detector purge : N, 5.5 mL/min

Sample size 1 uL

Injection mode Splitless

Table 2. GC-MS operating conditions for the confirmation of quintozene

Instrument Agilent 7890/7000 GC/MSD Triple Quad

Column HP-5MS capillary column (0.25 mm i.d. x 30 m, 0.50 um film thickness)
Temp. Column oven : 140°C, Injector : 300°C

Gas flow rate Carrier : He 1.0 mL/min

Sample size 1 uL

Injection mode Splitless

Ionization Electron ionization(EI), 70 eV

Mass range (m/z) 50~500

B2 FAH o] A =FSHA (limit of quantitation; LOQ)= W3
2% Fekel igk T Edo] EAlEHA &
Sl & BA7)7)9] HEFHA|, EARA T w5
4 ANEFS AAkste] o AlLtael efs) AlLtsllar
(Lee et al. 2011), Y 422 quintozeneS 2|3 3|4

EAR A (mgke) = [717] B (ng) / AETFAE
(RL)] x [ E&H(mL) / A2 7H(g)]
A28dol £& A =2Hf

25 9] F4HE AlZol acetonitrileS 100 mL 718}aL(E ]
o} T AlRe] A9 5% 308 A vE 20mLe] SHRTE
7¥et & WAste] F&3 §) SRAVO|AE o]gst 2%
& 224 w3 (12,000 rpm), FE3A T FEEAL o34
A|(Toyo No. 6, Japan)s A=2}gt H=190]3}7](Biichner
funnel)oll A o281, A1 &eF TRAVIA HE acetoni-
trile 40 mLZ M| 3lo] QA o] ofsfol sz} hR T §hst 5
HE 1L &3 F Zurol &A FaL Z3RIETF 50
mL % /T 450 mLE H7FsF $ p-hexane 100 mLE F
v} F&319oH, GX|3lod n-hexane STHS FH3l ¥+ &
AFEF SHAA G578 F 40°CollA A s=38te] 7
skt Aol TS AlQlg AEe] ZANE-S n-hexane
10 mLol] Aj-g3iate] florisil &% AErtEa# oo 2
AME ST ¢, ot F A9 713E-2 w2 aceto-
nitrile® Z3}A| AT n-hexane 20 mLo A&35}e] 250 mL
Lk Bol Zuj 7)o &4 =i, vg] p-hexaneC 2 E3}
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Fig. 2. GC-ECD chromatograms of quintozene using typical
capillary columns (1 pL of 0.5 mg/L in n-hexane).
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AzvtEIY oM Fa8 Vet
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AE i FEEA, ARMEIHNN [AEE 93
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AR FE=2 JePATH(Fong et al. 1999; Miller, 2005). A
GC-ECD Z7(Table 1)°-Z quintozene %3
T SN HIE A=3 A3, 7171739 Akt

A S Bzl S8l 0.5
mg/Le] EFEFS 15W d& FY Bt wFEAIE
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A2 71714 Al AEA QAL P AR BAE Ad
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A2 I8k TH(Table 3).
1, quintozene®] FFENE FEEE(0.005~2 mg/L)
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Table 3. Reproducibility of retention time and peak area of
quintozene using GC-ECD

Parameter Retention time (min) Peak Area
Minimum 7.288 28156.4
Maximum 7.367 30660.7
Mean 7.331 28813.1
SD 0.03 805.39
CV (%) 0.36 2.80

* Abbreviations : SD, standard deviation; CV, coefficient of variance.
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Fig. 3. Calibration curve of quintozene in GC-ECD.
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4 Foe] FE Al Fu AREE iEA, B2 A
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Atk FF F= A FAEERTE WIS tEo] ol
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Mg F HSA Sz

ARgsIET, o] W
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= 3ol SITHAOAC, 2000; Lee et al.
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S TSI (Lee et al. 2011) T A&l dish Bujg 8-S
HAESItH(Table 4). wHlz=AE Ol 9] Fulass
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Table 4. Efficiency of liquid-liquid partition of crude extract by different solvents for quintozene

Compound

Recovery ratio (%)"

Partition I?

Partition I1

Partition I1I Partition IV

Quintozene 99.0+0.4

98.7+0.8

954+15 91.0£0.8

! Mean values of triplicate samples.

? Partition mixture : 150 mL acetonitrile+50 mL saturated NaCl +450 mL distilled water.
I, 100 mL n-hexane, II, 100 mL »-hexane/dichloromethane (80/20, v/v), 1II, 100 mL #-hexane/dichloromethane (20/80, v/v), IV, 50 mL

dichloromethane (x2 times).

Table 5. Efficiency of n-hexane/acetonitrile partition for
quintozene

Recovery ratio(%)"
Partition I? Partition I1
842 +1.2 90.6 £0.9

Compound

Quintozene

! Mean values of triplicate samples.

? Partition mixture : 20 mL #-hexane saturated with acetonitrile.

I, 40 mL acetonitrile saturated with n-hexane (x2 times), 11, 40 mL
acetonitrile saturated with n-hexane (x3 times).

n-hexane/dichloromethane &34 (80/20, v/v)o-2 E231%
S wj2] I8 98.7%, 100 mLe| n-hexane/dichloromethane
SN (20/80, vV)OE wHBIUS W= 95.4%, dichloro-
methane 50 mLZ 23] WHEslo] 28351902 wle 91.0%S
Yeple], 7H 73 3148 YER n-hexane £
100 mLE8& 1) Z27S quintozene FH]-&vj2 X735}

k.

i
Aoty diE wAE &+ vl
1~3% 2 20% T Z3E 0] = AlEo|2
B AAE $151] n-hexane/acetonitrile -2 EHjH-S- 7}
SIATHUS FDA, 1999; AOAC, 2000). Table 50 A%
ulo} 7ol mE] p-hexane® 2 E3FA|AE acetonitrileS ©|
§3tod 33] #H) A quintozene®] A 357} 7Fs IS
g2, fAAES HSA8 HEEAS AA}] g s

’87] n-hexane HHl & B3l Al THE B2 4
EQ3 71et delEde] AASHNE Aoz A=Y, fA
2 ¥3)3k B]2A AEL prhexane $O0E A ES HE
o] BulElEg A|ALA] et} 53], vF4 74 AR
717184 e Al A 7 S l‘i:ﬂ% 4y dE
71 djal F4% g3k et A Azl ok 2

C_)_]I:
3

hexane/acetonitrile EHH-& FEujz7 1= At $
A, FAAE] g0l 0.1~04%Z HFA] A5 sfFshe
At 23 g ujSll M AAEE BS54 EeE E A
o] ol =98] o, AZufETHA 1 GA|e a3
TSk njn|3l S22 p-hexane/acetonitrile Sl 42 A=k
SISt

Florisil 2t 3 Z20IEJHI S

FAME S quintozene®] 4] A] Ab79] o Rl
3} n-hexane/acetonitrile ¥8]34S 53l v|=4 7HEEA
2 ETEEY el AN AdEY, 7} F
AHEERY s e EeEEe] o8] SAlERE,

k:o
e
=,
o
fru
>,
fl
=
I]:1011
Y

2,47].140 ;H;q]y}z%g] ilgo] g
azrlEd g o) g3 YA
Ee)E ol b Ao i
H]—tH QE

mlo
\l
%‘?.
2
&
ok
by
1
fu
=)

Ao 7 o]&E= A
ZHA) = florisil, alumina ¥ silica gel 5°] &
AFeE) ] FEA & florisik A 2 A4 A A H
o]} US FDA (1999) 2 AOAC (2000) 5olA 713 &3]
ARS8k WHoth 2 A 9A] quintozened] S E Al
59 EAS e FRAE florisilz A stAoH, n-
hexane/dichloromethane &3t ¢] GujAAZ Guje] 4
245 53l #A 3} sl th(Table 6).

4L 243 tdoiAl A florisil F2HAZAIE L
g &ufE ©]&3t] quintozene®] 35&S HESH A,
100 mL2] n-hexane/dichloromethane &3 (98/2, v/v)e-2
pre-washinggt %, 150 mL®] n-hexane/dichloromethane &
M (92/8, vv)O.E £EE ¢, quintozene?] 3|4E0]
96.3%% Weht AEd riAA T 7 9 daege
Uepigle B g ZHEA AAE A% 7R BAE R

Table 6. Elution profile of quintozene on florisil column chromatography

] Recovery (%)"
Elution solvent (v/v)
0-50mL 51-100 mL 101 - 150 mL Total
98:2% 0.0 0.0 0.0 0.0
95:5% 17.7 68.7 9.2 95.6
92:8% 66.8 29.0 0.6 96.3

Y10 g of activated florisil (60 - 100 mesh) was packed without solvent.
? p-Hexane/dichloromethane (v/v).
) Pre-washed with 100 mL of “solvent system, and then eluted n-hexane/dichloromethane (v/v).
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Fig. 4. GC-ECD chromatograms of typical agricultural commodity extracts for the analysis of quintozene, fortified at ten-fold of

LOQ level.
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0
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0
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4
Mo

AME & quintozene®| =4
£ 53l
=

~
uintozene 4] Al A5 F&, GA| &

[e}
oF T3 T4 AlEE2N5E HIEF] glas 9l
3t & M=EH quintozene®] G #HIA = 0.004 mg/kgO]

Aom, AFFH ] AFFHEAY AT 344 (Lee, 2012)

oM AAskE 31871F9 1/2 ©38F T 0.05 mgkg ©l5t
o] A 71Es st Z44e FAlE] sk A
Soll HuFkeHAl, AesAle] 108 2 Sou]e] st HEE
quintozene FFENS H7lelar, o9 g3 B
we Ul S 3 RAs] S5a ZAAI,

2 A, AR FEollA ] 3482 87.0~102.7%= |
Rk o, AestAle] 108] FEolA = 82.4~93.7%, 4 &t
Al S0u) oM E 79.9-91.2%2] 5SS B, B4
Q= Al 43%E 2AbE| o] HAH R F5e 3rEd
AdEE JepiTh mEfA, s4kE AR TF 2 A
ol AAgle] ZHEA 7189 398 70~120% H919)
A 10% olWE W3t th(Table 7). ol/de] %=
uf, B Ao o5 FHE quintozened] 5+ FHREY
2 SU9] FHEe] 2HREek AAF Al s8] A
7FsEhes ERlststt

GC/MSE 0|28} quintozene HE2| &0l

7] FgollA] &3t quintozene EAIHE] A1E)Ad 3
4L AATE] 3l GOMSE o83 gl A
7}et3ith. Table 29] GC-MS #AZ2700A 2F89
4J3te] TIC (total-ion chromatogram) % mass spectrum=
Ao, miz 118.99 142.95 selected-ion monitoring (SIM)
€ ion® = A7 th(Fig. 5 & 6).

Fig. 7& & A7) AMESF tiE 54k AlE 5 Av]olA]
quintozene®] FHFES AEAg SIM chromatogram®]iL,

T Al o
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Table 7. Recovery of quintozene with different crop samples
Crop Fortification (mg/kg) Recovery (%)" CV(%) LOQ (mg/kg)
0.004 102.7 £ 3.6 3.5
Apple 0.04 93.7+3.6 3.9 0.004
0.2 912 +£2.0 2.2
0.004 93.8 £ 1.0 1.1
Kimchi cabbage 0.04 893 +26 29 0.004
0.2 85.0+£22 2.5
0.004 101.6 £ 4.3 4.3
Green pepper 0.04 922 +£32 35 0.004
0.2 89.0 £2.6 2.9
0.004 93.0 £3.2 34
Hulled rice 0.04 873124 2.7 0.004
0.2 852 +£20 23
0.004 87.0+3.2 3.7
Soybean 0.04 824+£15 1.9 0.004
0.2 799 £+ 1.8 2.2
! Mean values of triplicate samples with standard deviations.
Quintozene Hulled rice control

Fortification |

T

Fa—

Fig. 5. Total-ion chromatogram (TIC) of quintozene in GC/

MS.
+ MRM (7.843-8.141 min, 831 scans)
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Fig. 6. EI mass spectrum of quintozene.
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Fig. 7. SIM chromatogram of hulled rice extract for the
confirmation of quintozene, fortified at ten-fold of LOQ level.
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