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A gas chromatography-high resolution mass spectrometry (GC-HRMS) method with solid-phase extraction
has been developed to simultaneously quantitate pyrethroid pesticides in water samples. Target compounds in
this study were permethrin, cypermethrin, fenpropathrin, cyhalothrin(-1, -g), cyfluthrin, tefluthrin, flucythrinate
and bifenthrin. To improve sensitivities of the method for pyrethroid pesticides, framgment ions were surveyed
to select a quantification mass with the second prior mass or molecular mass as a qualificator. Deuterium poly
aromatic hydrocarbons like phenanthrene-d10 and perylene-d12 were added as a internal standards. Prior to
sample analysis, disk type solid-phase extraction was validated using RPS and C18 for raw and treated water.
Higher average recoveries ranged from 80% to 87% were observed in C18 disk for raw and treated water. Per-
formance test of SPE-GC-HRMS method for pyrethroid pesticides were carried out with samples spiked with
target compounds at 5 ng/L. each. Method detection limits (MDLs) were 0.90~7.45 ng/L with the accuracy of
71~98% and the precision of 7.2~10.4% exept for cypermethrin(21.8%). The developed method was applied
to quantitate the residual pesticides in river water (n=3), surface water from apple farm (n=2) and tap water
(n=5). Target compounds were not detected from all samples, but interfering peaks caused by similar fragments
with different retention times were observed.

Key words: high resolution mass spectrometer, water, pyrethroid pesticide, solid phase extraction(SPE)

Ad
Ax

1. M 2 = At AEE<] fenvalerate(1972), permethrin

(1973), cypermethrin, deltamethrin(1974) S-©I

20

e AR2ol=e F3hF(pyrethrum) 5 Chrysanthe-  HATh T H LRl e FHEORE NEE oL,
mum cinerariaefolium 2 C. coccineumP7} 3ol A F=A, 7S ASA 5o Be FH7b
Agehs Aol el HA sietEeln E2f B oM {EHIL Jdow dPAlFFol= phthalthrin,
of EeFgide] At 7)o Z.“?l% A 01 7@~ allethrin, permethrin 5°] &= o] AMEshs 4%

ZolEgA] A= A=) "o stk ol

"To whom correspondence should be addressed.
Tel: 82-42-629-2041, Fax: 82-42-629-2079, E-mail: choyw@kwater.orkr

=

e et Stk T ARelE AlFe] FES f71HAM
oo E77F EEe] guk AYFOoRE 19499 EE f7IA FekRel HlE) <A, B2 nxle
allethrin(pynamin)°] 14t %*MﬂléiOlEi S tAHQl BAo] WomA L Rl st FHelst
o 24|t¢l tetramethrine] 196530 2A1EAQ3,  Ao] AAH o] WL o] HFHo=Z Algd
7090 SolMA AFE HAAHORE Wol A& FWHo] glow, H Afutielrs f710Al Bk

- A}

ol ;2 B F



56 AL - HEH

ug B3 AH5AS
o] sk, Bhanoo¥el ¢|shd
o], 27150} (gadflies) X F-AHFEE XAl
°olF & Jrhal BB FAATH =R =]
4 B AEFFAEL F719407, F71A SirERT
vk Holgt B0 FuFoer EXNT /1A
o] Fu® 7|9 GC-MSE o83t BAuel A%
A 71 Bol fETh

FH QoA skFe FuEF B4S s 34
Alg7]3ol aEsls A3EAH (high resolution mass
spectrometry, HRMS)°] =571 21251992 HRMS
£ AMgehe A = AaAa el EdoA fE
= wol2E AAsk=d BEs a3t slojx] &5

ol

A% Folgos EAske S FYRY B

o e AEIAE AT 5 Ak BARAA 2

& AFIRYILBED FINNEIS f7194A 5

oFfol B9 BAYE AMegE, US EPAE %

4 R710980e TPF F o HE Wee) )

¥ FR BHE AT PHe wEsom, 1 9o
1

dicamba, MCPP,
5~0.05ng/Le] A=
FAE AAE AR, BB 0.16~1.5ng/ge]
Z3A7 To| LEA Jrt A FfolA F2 ARgst
= F7107 FekR 4045l sl AAE] Wy FH
H3}3t HRMS 24 274 9 7&38A 7f4d89) na
AT
2 ATtE el S5Eo] e - AR F<l 94
| a2ole ¥k = Tefluthrin 5 & 72 tial
Aol AAe Wi Iwsls AR %6t
FAEA Al ng/L ~ sub ng/L WY Fm| Eao]
7Festes EAx HAEE HAoR stk AA
g e taa B aFFES(disk type
solid phase extraction, SPE)!?& A}-23}%132, RP
C18& MAsted o wokfol gt 3+&S Hlws
o] SPE-GC-HRMS & 53k 37 A5 4
831t

2
w
i
2
oo
Ol
ol
-8
Ho
N
2
)
i off
£
rO

{1
o

¥

[¢]

f
o
o

2. Mz A OY

cyhalothrin, cyfluthrin, tefluthrin, flucythrinate, bifen-
thrin (ZF 100 ug/mL) ¥ W53%522 Phenanthrene
-d10, Chrysene-d12, Perylene-d12 (Z} 10 pg/mL)S
Dr. Ehrenstorfer (Berlin, Germany)ol|A F+438ked A}
L3tk A WA AMEg AAFEALE
(solid phase extraction, SPE)2 Horizon(CA, USA)
9] SPE-DEX (47 mmID &) AFs5=74X5 A3
3, IAAFE t23+= 3M (MN, USA)9] C18 ¥
SDB-RPSE ARE-3IST). oMAlE, o|HolAlHo|E, 1
e 5 #7180+ J.T. Baker (NJ, USA)e] HPLC
gradeE AH&-sH3itt.

& ;ﬁr
i
o Mo
oo I
o Rl
P‘L
ﬁ 2
1S
>
o B
LZ z
A
o o
b B
Rl
N 2>~
13
[e5 =
i
o %
off ofy

B
3

[ex]

A=
USRS, 2RS4 s ERREEAL
Gare 718l pHE
152 SPE o9} 2 Ak Az
SPEel) 33 5okr olE % o doaelol=

nLHu__QC;’nEianJg:\mﬁ
<3
HUOIN
BN du -
oy
Olll
fu
FT‘
=

rlo
j>
i
tlo
2
)
ok
39
L O
b o
off
J{;’
rlo
£
o3
5]
<
3
=2
2
—

IN-HCI (pH 2.5)
Water sample (1,000 mL) [ Add Native standard (100 ng) J

| oo
1 1 Acetone 20mL
Methanol 20mL
SDB-RPS (47mm) C-18 (47mm)

D.W. 30mL
__________ > Acetone 10mL
Na,S0, column PU— Ethyl acetate 40~50mL
(dehydration) 1
Concentration by Turbo Vap (1 mL)

!

GC-HRMS

Fig. 1. Validation procedure of disk type solid phase
extraction for RPS and C18.
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Table 1. Instrumental conditions of gas chromatography coupled with high resolution mass spectrometer (GC-HRMS)

for the analysis of pyrethroid pesticides

Condition for GC (Trace GC2000, Thermo, Germany)

GC capillary column

DB-5MS, 30m X 0.25 mm i.d., 0.2 um film thickness

Ramp of oven temp.
Injection port temp.: 240°C

90°C (1 min)-25°C/min-180°C-5°C/min-270°C (5.9 min)-30°C/min-290°C (1 min)

Injection mode : Splitless mode
Carrier gas : He, > 99.9999%

Gas flow mode: constant flow (1.0 mL/min) with vacuum compensation mode

Condition for HRMS (Finnigan MAT95XP, Thermo, Germany)

Ionizing current: 0.5 mA
Ionizing energy: 42 eV
Ion source temp.: 230°C

Accelerating voltage: 5.0 kV
Ton multiplier voltage: 1.80 kV
Resolution: 10,000 (10% valley)
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Table 2. Chemical formula and molecular information of target pyrethroid pesticides

Compound CAS Number Chemical Formula MW
Tefluthrin 79538-32-2 C,;H,,CIF;0, 419
Bifenthrin 82657-04-3 Cy3Hy,CIF,0, 423
Fenpropathrin 39515-41-8 CyHy3NO, 349
Cyhalothrin(g,l) 91465-08-6 Cy3H,oCIF;NO, 450
Permethrin 52645-53-1 Cy1HyCl,04 391
Cypermethrin 97955-44-7 CyH,4CL,NO, 416
Flucythrinate(a,b) 71611-31-9 CyeHysFaNO, 452
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Fig. 2. Chemical structures of target pyrethroid pesticides.
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Fig. 3. Assessment of exact mass of fragments.
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Fig. 4. Chromatograms of permethrin and cypermethrin.
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Table 3. Exact masses and retention times for pyrethroids and reference gas for GC-HRMS measurement

No Compound PFK Retention time Mass 1 Mass 2
1 Phenanthrene-d10 10.6 188.1565 -

2 Tefluthrin 10.8 197.0345 176.9964
3 Bifenthrin Lock mass 20.7 181.1017 165.0704
4 Fenpropathrin 180.9883 20.9 265.0739 349.1678
5 Chrysene-d12 20.5 240.1878 -

6 Cyhalothrin 22.6 197.0345 208.0762
7 Permethrin Calibration mass 24.0 183.0810 163.0081
8 Cypermethrin 268.9819 26.0~26.8 163.0081 181.0653
9 Flucythrinate 26.8~27.3 199.0935 157.0465
10 Perylene-d12 20.36 264.1878 -
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Fig. 5. Representative chromatograms of standard mixtures of target pyrethroids.
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Table 4. Average recoveries between RPS and C18 disk

for selected pyrethroids

Treated water Raw water
Compounds
RPS C18 RPS C18
Tefluthrin 97 104 87 93
Fenpropathrin 67 73 88 89
Cyhalothrin 71 75 78 81
Permethrin 86 938 99 34
Flucythrinate(1) 66 75 72 78
Flucythrinate(2) 67 76 71 79
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Table 5. Coefficient of determination, recovery rates and method detection limits achieved for the pyrethroid pesticides
disk SPE and GC-HRMS

Compound R? Recovery Precision MDL
(0.2~200 ng/mL) (%) (%RSD) (ng/L)
Tefluthrin 0.998 90 10.2 1.44
Bifenthrin 0.999 75 7.2 0.90
Fenpropathrin 0.999 88 9.8 1.66
Cyhalothrin(gamma) 0.997 71 104 2.04
Cyhalothrin(lamda) 0.995 76 9.9 3.59
Permethrin 0.998 98 9.3 1.76
Cypermethrin 0.999 76 21.8 7.45
Flucythrinate(1) 1.000 82 8.7 2.67
Flucythrinate(2) 0.998 88 10.2 3.70
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