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Determination of 34 pesticides in urine with QuUEChERS-on line gel permeation
chromatography-gas chromatography/mass spectrometry
RONG Wei-guang, RUAN Hua, WU Jian, MA Yong-jian, JI Wen-liang, LIU Hua-liang, SONG Ning-hui
(Jiangsu Center for Disease Prevention and Control, Jiangsu Nanjing, 210009)

Abstract ; Objective A method for the simultaneous determination of 34 pesticides in urine by QuEChERS coupled with
on line gel permeation chromatography-gas chromatography-mass spectrometry ( GPC-GC/MS) was developed. Methods

The effect of extraction and purification which the extraction and combinations of sorbent involved were investigated. The
identification and quantification were performed by GPC-GC/MS in SIM mode and external standard method. Results The
LOD of this method ranged from 0. 05-3. 2 pg/kg (S/N=3) in urine, the average recoveries of 34 pesticides for samples
spiked at 0. 05 pg/g ranged from 81. 1% -108. 8% with the relative standard deviations (RSD, n=6) less than 10.4%.
Conclusion The convenient operation and versatility of this method is suitable for the fast screening and detection of 34

pesticide residues in urine.
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Tl VO AR N AR DRV R B AR 25 5% B T R R
o RETE 28 & v B = i A DR YA A R B
ELAR A, SR FH A% Gt wir b BE RS 0 4 R S 58 K BE
FEER . ARBEGE N E KR A QuEChERS 4 45
BTE 2R IR S -SOM 3%/ 5E  (GPC-GC/
MS) St A A R I 11 R 25 5% BR 2E AT R 3K 56 iE
By 1% B E AR R T v 1 e 2 5% BR | R
B e 2 T AR I, X T R kR B R AN &
WhE TAERAEZEWE X,

1 #R5FE
L1 AR Sk

TELREE S 0 1% - AH €8 35/ 0 335 A6 U A3 ( Prep-
(02010, H 4% Shimadzu ) , Shodex CLNpak EV-200AC
B34 (150 mm x 2 mm, 3% [ Dikma) , 154
H (5 m x0.53 mm) DB-5SMS A HEEHMEF (5 m
x0.25 mm,0. 25 pum) ¥ [ L E Agilent, 5205 3
RSO AIL, =T BEA AL

N N OE C %8 3R C e I A £ [ Merck
(g4l | 2k B (GCB, & H Supelco) , N-TH %
R (PSA) /e st A kM (C g ) BRI B
K Agilent; TT/KBRBREE | JC/K BEFR AN\ D- 1L AL i 1
W F L it [ 2 45 T (3% o P 9 4, R AR 43 O 9
F), P RS VA IR R | H X AR
Wl X AR W AR TR L £ I B L M R L 2K G
F S 2k B v A R, U (190 100 me/L,
1 ml) B R (200 mg/L, 1 ml) brifEd B3 A 4
b EBEREE LRI BRI W I T, AR | R A | P
0/ UL N B~ L 7| 7 R AR 1 /NN A
Bl FH RS A B RSB DN TR B S FERE N
SR EE AP UL AR . p,p’-DDD p,p'-DDE |
0,p'-DDT p, p’-DDT #5 £ ¥ Jit 24 W A 1% [ Dr.
Ehrenstorfer (45 0. 1 g [E&, 2lif =99. 0% ) ,
1.2 Hik
1.2.1 A RTALEE

TERRARIBUR WRE i 2.00 g, A E] 10 ml 3 5
WA HIKANA 2.00 ml Z i .0.50 g NaCl, % JiE
%7 1 min,2 000 r/min Z5.0> 1 min; % 1.00 ml 3%
W AN 25 mg PSA 25 mg C,, .150 mg MgSO,
() 10 ml BEIGIRAE IR ERE P 1 min, H— IR MEE
AR LR R 0. 45 wm (1AG HLAHIE
B IR 2 10 ml BEFG L FRIC0. 50 ml A
A W B0 A T R ERE — G A IR IR
CNESE IS W, AWK T, U 3l A3 T -4 C e
(3:7,V/V) L4 ZE 1.00 ml, #4T GPC-GC/MS 347,
HMRIE R

12,2 FRuEss i ny B i

FH Rl b A Bt i v I | R el | HH R
Bl X B Wl RE T BB 2 B | R R L K G
F KR o H R UG AE 13 A 2 R bR o
AU 2 52, B AR EBUT 1 52, 2R E] 50 ml &
P, AREE NI T e Ak T
WERERE RO | SBUBE AT | T EE ST A AR
AW NIREE S FERE IR B | = SR R
HX A B . p,p'-DDD . p,p'-DDE 0, p"-DDT p, p'-DDT
85 20 PR 24 B AP AR HE S PRHL 10 mg T A E] 10 ml
i S A BN IR, SRS HIE O e e 2%
e ) ok B 2 v A4 R 1 000 mg/ L Ao ik 45 T, T B
200 wl it & GRS B[R] — 50 ml 2R Bl %
34 FARZTIR A AR MRV W, L R B 4 png/ml,
FRELS. 00 g D-1L AL P (AR A3 e A4 30 ), K
fif, 555 50 ml 25 BLH K 100 o/ L I
FRAE A7 2, FH < T i B Jr 0 e B P VR 5 s
W, BEFARUEA R TP 1 mg/ml D-1L A4
1.2.3 AU 2%t

BEREB 5 (1% (GPC) 518 : Shodex CLNpak EV-
200AC EEIE (O3 AE (150 mm x 2 mm) , G sh A M N
- B (3: 7, V/V) IRA VW, JiE 0. 1 ml/min,
FEIR 40 °C L, HEFER 10 pl,

ARSI BEAE 1 AR - AR B A
H (PTV-LVI) ; FHEFR Y R B 120°C, PR 17
5.0 min, FFLA 100 °C/min 3 RFE 5 THE 2 280 °C
PRFF 33, 4 min; A RHERE , 2SR 30 ml/min;
PRI R 5 ml/min R E 1. 75 ml/min; #EFE
FUHE 1 120 kPa; (34 A M A 959 (5 m x 0. 53
mm) , T A 24 DB-SMS A % EMEH (5 m x0.25
mm,0.25 pm), 5 B4~ DB-5MS (25 m x 0.25
mm 0. 25 pm) ; @3 THEFE Y B I5EE 82 C,
P45 5 min J5 LA 8 °C/min 3 FFEFFHE E 300 °C,
PR¥F 7. 75 min; AN, 2E =99.999%

G S B TR AR (ED) 70 eV B TR
200 °C ;#% MR FE 300 C 5 BEHE R 7 WA=t

2 BR5HWH
2.1 FEBGR KA BOT se %

AT AR IR & A KK, IE S e N T K,
5KZ 00 )2 , HAFE R, R IE C e d2 st ] i
SRR RS R VR (4 IR A 2 TP AR
JEAG, ZE WG R AT BRI, PR AR 36 e T E
CLEF CIEE R ZEBGR I ZEBCBCR . I 2 A7 TR
FEAAS 2,00 ml, 23 IMAE] A B P52 10 ml BEEERK
b RS AN 50 wl FRUEE R (2 pg/ml) |
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Figure 1

Purifying effect after urine extracted with two

different extractant spiked at 0. 05 pg/g

TER 5 AEBGAIR ] 206 BB hly 1, AR 58 5 He
T —WRKFEBUR Z2 0 R B B SCRR[ 10 ] 90 (1 2 Uy
X 34 FhA S [EICR A FZ IR . FRER 3 03 JRVBURE i
£-2.00 ml, 2 A IAE] A B(ELAEEI A 10 ml) . C
(KLAE R 50 ml)3 SZBEESIRAE 2SN A 50 ul b
WA (2 mg/L) A IEHRAERE 1. 2.1 6473 B
REE 12,1 $a 2 [ 2.00 ml ZHESCH
4.00 mlJiE, 532 ERHL, K 2. 00 ml, Hrfb 35 AE
A 1. 2. 1 345 kA CaRAF H i A 6. 00 ml H,0
4.00 ml ZJi5.0.50 g NaOAc.2.00 g MgSO, . i JiE
1 min,2 000 r/min &.{> 1 min, B 2.00 ml 5,
FALERAER] 1. 2. 1 343,108 A (B .C 43 B R A HL
T A B.C, Z5REM, R 3 FORE AT %
PEATREES IR AT 6 IR, 34 FhA 24 5% B3 i [mlili
KA RSD R A, RS 1.2, 1 5650 7 1201 #E ik
F AT AR H AR, W3R 1,
2.2 LRI BERE O
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fdiFH d-SPE Ak (7501 150 mg MgSO,) . iR & HL,
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F 1 3 FRNTE 3 FORF 2T A BUAL S 1
[ESR K RSD(n =6, % )
Table 1 Recoveries and relative standard devitions( RSD)

after urine extracted and purified with 3 different extraction

methods spiked at 0. 05 pg/g

e Fk A : Tk B Ik C :
ElYe  RSD IR RSD ISR RSD
FH el 97.4 9.4 96.9 6.7 97.4 5.8
TN 2k 108. 8 4.3 104.5 4.8 106.0 5.4
TR 104.0 8.2 99.6 6.0 97.4 9.1
AR 96. 3 4.9  100.0 6.2 98.5 4.9
e 99. 1 8.7 94.2 6.1 9.8 8.3
7 o 108.0 2.9  102.4 5.6 109.2 7.8
B A 105.5 3.2 103.6 4.8 105.8 7.
ST 98.7 5.9 99.9 3.3 98.3 7.

FET B 101. 1 7.6 97.2 5.8  94.5
b o i 103.2 7.0 9. 1 5.3 100.7
W 104. 6 6.7 99.2 8.8 103.5
M 106. 0 3.5 100.3 4.4 104.5
TRBEIERE 944 4.4 97.4 6.9 92.4
X 97.3 3.2 83.7 4.9  99.5
ST AEBE  99.4 4.9 95.4 6.3 106.2

o
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_
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RIS 87.7 3.9 90. 1 3.6 93.5
ol e 99.2 6.3 97.9 5.8 99.3
CHEWENERE  104.6 3.6 99.0 6.4 103.0
U 99.9 2.9 94.1 10.7  87.0
¥ 94.7 2.9 92.8 5.5  95.1
TN Tl 100. 6 3.0 95.8 5.9 101.5
p.p'-DDE 98.2 3.3 86.9 50 97.6
2K G 93.4 3.0 84.8 4.9  88.5
SR IGH] 99.9 3.0 89.9 5.0 957
Y 102.6 3.4 97.2 5.8 99.8
p,p'-DDD 97.8 7.3 92.2 4.2 104.7
0,p'-DDT 101.0 3.1 89.7 5.1 101.1
p.p'-DDT 89.5 2.7 83.5 52 9.1
TREL 84.9 5.4 103.4 4.2 95.0

W B 100. 0 5.4 94. 4 6.9 102.9
ZEAME 9.5  10.4 82.6 15.7 99.6

—_

R 85.7 3.0 83.7 5.4 85.4
R 88.2 4.4 87.3 6.8 92.1
FURA R 81. 1 4.6 82.6 9.1 82.4

ARV N 0. 05 pe/g
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Figure 2 Purification effect by using QuEChERS
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PSA Fl C 1 FH 505 52 A0 0 5CR AN  Ek 1Y
M O T SR A R AR I T 25 mg
PSA +25 mg C; .25 mg PSA +50 mg C,; .50 mg PSA
+25 mg C 150 mg PSA +50 mg C,, 4 FlAS[A] (115
HIE G, 25 4 B AS ] A 7 406 b BT 45
34 P2 IR (b 2B 3R W) 2.1 43 ) Heir, AR
WFFT B & E#% 25 mg PSA +25 mg C,, , H AR
JEELR, HEEFTH/D
2.3 BB

AR 245 3B 7 325 T i 1 G — > i ) 2
RO o ARG 53 B v B0 7 A VA PR T A i
SR AR o 15 H AR A W 5w S R 11 Bl Sk
TR T 2 RN A TSRS, ABERY
P F i R R I, SR FH AL R O ) A b v ih R k1 7
TE I B T BB IR MR PRPE | S TR s
Wl T REST AN | £ M nE i, LAy 24 FhAe 2 (B p,
p'-DDE p ,p'-DDD p ,p'-DDT) 147 A [RI T2 BE 1) 3 Jo 4
SR, ANHFFE R FHER S DG SANCO™") Hr (lHLAE
FFHAS & AR 245 0 25 1 B o DE e bR U, i 2 15 31
A it v R 245 ) A5 o 7
2.4 JiiERbRHERNLR FHOC R ARG

KM 1201 TR A A R B, R
34 B AR 245 16 G Am TR T 25 1 R BT U VTG ) AR
0.012 5.0.025.0.05.0. 1 F10.2 we/ml AR
PRER IR RS, 22 TSR BTSN 2 15 2 34 Fh B Ax
XTI T B A OE R A () ML, 7R
0.012 5 ~0.2 pg/ml LML N 34 Ffe 21 R B
AP IER R,

F2 34 PRGN INZE AHIC R B LM
Table 2 Linear curve,correlation coefficient and linear

range of 34 pesticides

FEES EAEIES 2

R y =5. 6e +006x —47716.9 0.998 3
SR y=9.3e +006x —78447.7 0.997 2
TR y =1.0e +007x —85610. 6 0.997 1
A y=2.5e +007x —345539. 2 0.996 3
CERd T y =9. 0e +006x —85971.7 0.994 7
B FilR y =4. 0e +006x —21458. 5 0.998 4
LNEY y=1.3e +007x — 57800 0.997 5
iSEs y=5.9e +006x —41255.2 0.996 6
FET ik y =5.3e +006x —48242. 4 0.994 3
Hby A A y=3.2e +007x —267670. 6 0.997 1
ZHEE y =3.2e +006x +6941. 4 0.998 2
ST y =6. 6e +006x —44396. 8 0.998 3
AL y =8. 5e +006x - 55731. 6 0.999 2
FH LX) B y =6.9e +006x — 108550. 3 0.985 1
FH 3 ST A y =2. 6e +007x —210097. 3 0.997 3
AHEARL y=5.5¢ +006x —78113.7 0.987 4
X B y =7. 6e +006x — 110498. 2 0.990 4
LW e y =3. 4e +006x —28175. 1 0.997 8
LG y=2. le +006x — 15406. 8 0.999 1
A y =2.3e +007x —230920. 5 0.996 8
TN R y =4.9e +006x —51263. 5 0.997 5
p,p'-DDE y=1.2e +007x —61939. 6 0.998 7
2K IR y =1.6e +006x —7649. 4 0.998 8
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e EAIIES r?

SR y =2. 0e +006x — 10365. 5 0.998 5
.G y =1.2e +007x — 144640. 0 0.994 6
p,p’-DDD y=2.0e +007x - 163947. 5 0.997 6
0,p’-DDT y=1.3e +007x —93319. 9 0.998 1
p.p-DDT y=1.5e +007x — 146108. 2 0.996 3
L y =1. 6 +006x —22865.2 0.996 1
R y =2.2e +007x —306592. 7 0.995 8
BN i y =3. 3e +006x —36621. 4 0.995 6
INZN y=7.9e +006x —101443. 5 0.996 1
e R y =4.7e +006x — 63491. 7 0.994 7
FUX AT y=5.5e +006x —71618. 8 0.994 1
FH JHe e y =2. le +006x —24970. 0 0.993 5

2.5 OJ7TEERY R GRS R

AT N FR KR 0. 05 pe/g, FEASHFIT 1%
L 8 B AR 2R A X DROVBRE it 2R A7 RS, 0 6 UK, HH
3 AEENE AR B kR R (LOD) | 10 55 ME L
B ENE IR (LOQ) |, I8 5 ik s [0 i
RHAFHRIARMEN 22 (RSD) o PRIBAE S 34 Ff H AR
SYHTIRY LOD 73 0.05 ~3.2 peg/kg, LOQ H 0.2 ~
10.5 pg/kg, MRy 81.1% ~ 108.8% , RSD K
2.7% ~10.4% , W3 3,

R334 PRGN BRBRE G A PR S BRIl |
FAXS AR UES 2 (n = 6)
Table 3 Limits of detection, limits of quantification, recovery
and relative standard deviation for 34 pesticides spiked

at 0. 05 pg/g in urine

3 %7 v A\ e =N

K2 ¥ EIR  RSD KR iR
/(ng'kg) /% /% /(pgkg) /(pg'ke)

PR e 48.7 97. 4 9.4 1.1 3.6
MELEET 52.0 104.0 8.2 0.2 0.5
AR 48.2 96. 3 4.9 0.8 2.6
PR Pl 49.6 99. 1 8.7 1.5 5.0
7 o 54.0 108.0 2.9 3.2 10.5
B H AL 52.7 105. 4 3.2 0.4 1.2
Mt 49.4 98.7 5.9 2.4 7.9
FET BB 50.6 101. 1 7.6 0.9 3.1
i HR B A 51.6 103.2 7.0 0.4 1.2
V%2 52.3 104. 6 6.7 0.06 0.2
E 53.0 106. 0 3.5 0.7 2.3
T M R 47.2 9. 4 4.4 0.05 0.2
PP %o} i 48.7 97.3 3.2 0.07 0.2
FH L ST A 49.7 99. 4 4.9 0.2 0.6
ARMERR 43.9 87.7 3.9 1.4 4.6
X B 49.6 99.2 6.3 0.4 1.3
L HEMEWE 52.3 104. 6 3.6 0.07 0.2
TG 50.0 99.9 2.9 0.2 0.8
N 47.4 94.7 2.9 0.4 1.2
TR TR 50.3 100. 6 3.0 0.3 1.1
p.p'-DDE 49.1 98.2 3.3 0.2 0.8
TG 46.7 93.4 3.0 1.5 5.1
FEKICH] 50.0 99.9 3.0 0.5 1.8
Y 51.3 102. 6 3.4 0.5 1.7
p.p'-DDD 48.9 97.8 7.3 0.05 0.2
0,p’-DDT 50.5 101.0 3.1 0.08 0.3
p.p'-DDT 44.8 89.5 2.7 0.1 0.4
LR 42.5 84.9 5.4 1.0 3.2
W B B 50.0 99.9 5.4 0.2 0.7
PN i 48.3 9.5  10.4 0.2 0.7
N7 42.9 85.7 3.0 0.2 0.7
W 44.1 88.2 4.4 0.4 1.3
FUK AR 40.6 81. 1 4.6 0.09 0.3

T A B AS R AR A /N T4 Y B
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