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Determination of Residues of Hexachlorocyclohexanes and
Dichlorodiphenyltrichloroethanes in Rice by QUEChERS Combined with GC-MS/MS
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Abstract: [Objective] To establish a method for the quantitative detection of residues of hexachlorocyclohexanes
(BHCs) and dichlorodiphenyltrichloroethanes (DDTs) in rice by combining QuEChERS with gas chromatography-
tandem mass spectrometry (GC-MS/MS). [Method] Rice samples were mixed with water and extracted with
acetonitrile-acetic acid solution. The extracts were purified by PSA/C18 solid phase extraction. After high-speed
centrifugation and concentration by nitrogen flushing, the samples were detected by GC-MS/MS, and the internal
standard method was used for quantitation. [Result] Four BHCs and four DDTs showed excellent linearity within the
mass concentration range of 6.25~100.00 ng/mL, with R* greater than 0.999. The limits of detection and quantitation
were within the ranges of 0.000 2~0.000 5 mg/kg and 0.000 5~0.002 0 mg/kg, respectively. The average recovery
rates of matrix addition were between 92.27% and 98.76%, and the relative standard deviations (RSD) were
between 0.44% and 1.88%. Quality control samples for validation were detected by the established method, and
the results were within the true value range. The comparison results of the samples participating in the assessment

were all satisfactory. [Conclusion] The established method demonstrates high sensitivity, good repeatability, and
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high accuracy, being suitable for rapid determination of residues of BHCs and DDTs in rice.
Keywords: hexachlorocyclohexanes; dichlorodiphenyltrichloroethanes; QUEChERS; GC-MS/MS; rice
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Table 1 Parameter settings of mass spectrometer
RE| ZH
B i A ST 99.999%)
B TR EI
2T IR 230 °C
R 280 °C
[Zi o Al Gl LAl 99.999% )
H# 7T % N M I CMRMD
HL T fE 70 eV
AL IR 5 min
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Fig. 1 GC chromatogram of the mixed standard solution of

BHCs and DDTs
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Table 2 GC and GC-MS/MS parameters for determination of BHCs and DDTs
GC GC-MS/MS L .
et CASH et R ERET %Zi;f]m e B T E;i;\im
min min
a-7NISIN 319-84-6 4.122 216.0 7.963 1 688.6 218.9~183.0 5 216.9~181.0 5
Y S AVAVA 319-85-7 4.879 65.9 8.350 3543.1 181.0~145.0 15 216.9~181.0 5
I SAVAWA 58-89-9 6.550 158.9 8.594 3849.6 181.0~145.0 15 216.9~181.0 5
B AVAWA 319-86-8 6.986 116.7 9.133 17255 217.0~181.1 5 181.1~145.1 15
p>p -DDE 72-55-9 8.412 128.2 13.138 4384.4 246.1~176.2 30 315.8~246.0 15
psp’-DDD 72-54-8 9.458 134.1 14.247 1 049.6 234.9~165.1 20 236.9~165.2 20
0,p’-DDT 30667-99-3 10.331 333 14.394 908.9 235.0~165.2 20 237.0~165.2 20
p:p’-DDT 50-29-3 10.676 81.8 15.377 334.8 235.0~165.2 20 237.0~165.2 20
HHE LB 1024-57-3 7.265 454.8 11.994 1118.3 352.8~262.9 15 354.8~264.9 15
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24 ERYNER
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Fig. 3 Effects of pre-treatment methods on the recovery

rates of BHCs and DDTs

VHE T 28, K 2 2 A v ol 2 1 AR R A B R B T AL
N EE(ME) . 24 ME<-50% 8% ME>50% B} , N o8



Vol. 44 No. 1

B RN 5 24 -20%<ME<20% I,y 55 5 5N
2 -50%<ME<-20% 5% 20%<ME<50% i , Jy 1 25
ST G AR £ - B I 51 I AN AN AN
p-p’-DDD ] ME ¥J/N T 50% H KT 20%, Jy 1 55
FETRRUBL 5 a-7N NN B-ISNIN AN y-75 NN S
p>p’ -DDE.o,p’-DDT.p,p’ -DDT #] ME #] K T
50% , N 5B R T RN o DNy T JRE B 2 5T KR 6 8 A H
B W) € & 45 B AR R R, O 3 I E g5 SR R A 1
P, 306 43 DR K B Joi ¥ Y TR, °1) b oE V
2.5 tERZ% SRS

A8 ROK 23 1 ik Jo 3 R TBC 1) 4 7 7N 7N A
4 07 i O B A VRS A VEE VR R I o R R T N

%*=3

FZEEF: QUEChERS A GC-MS/MS M KK P ARANANFEEBZRBENHEEN

6.25~100.00 ng/mL , K UL AL J5 1 5 3 2% 1F %F 8 Fi
bt TAEWHEAT EALIE o R A A5 72000 H AR )
BEAT 5 & DL AR5 AR P s R FE B (oo A B
A, AR5 A bR 0 T R LG () S A8 b 22
e 2 . 225 A A S5 U5 7, L 0.02 mg/kg
IR 7K B A i EAT 43 A, DU 5 45 M L, 23 il BAOS
7N 7N AU 6 3 A% L 10 5 15 e bk B PR R 58
MR, R WK 3. 8 FlhR ik T AE W a1 A i 2k 5 72
) R ¥ K T 0.999, £ tH BR 24 0.000 2~0.000 5
mg/kg , & & P 4 0.000 5~0.002 0 mg/kg, & & fi
i F GB 23200.113—2018 H () F 3K , & W1 i% J5 %
(1) R B

ARARTERBUEMHNESR

Table 3 Determination results of BHCs and DDTs

Jnks 0.02 mg/kg

Jns 0.10 mg/kg

Jkr 0.50 mg/kg

" .
XTI T B O N e ksy fmE RsD RE RsD
5 2/% % W2 /% %  WCE% %
a-AN78  y=11.1851x-02728 0.9994 173.5 0.0004 0.0010 88.0 9227 1.39 93.25 1.44 9471 0.70
BN/ 3=13.1594x-02213 09995 3441  0.0002 0.0006 948  93.69 1.44 94.07 1.76  95.27 1.18
PN y=14.6902x-0.2910 0.9995 4069  0.0002  0.0005 50.6 93.13 1.88 9417  0.66  94.67  0.99
SN y=13.1711x-0.2822 0.9994 1887  0.0003  0.0010 49.7 9437 1.02 95.22 1.16  95.58 1.27
p,p’-DDE  y=31.2829x-0.4879 0.9997 381.5 0.0002 0.0005 91.4 95.40 1.19 95.90 113 9651 1.26
pip’-DDD  y=65.788 2x-0.0422 0.9992 360.7  0.0002  0.0006 36.8  96.04 1.18 96.32 126 9731 0.80
0,p’-DDT  y=32.0325x-0.4359 0.9999 310.5 0.0002 0.0006 70.1 96.64 1.17 97.47 044  98.19 1.08
pop’-DDT  y=24.8303x-02213 09993 110.6 0.0005 0.0020 60.1 97.98 1.60 98.44 130  98.76 1.17

26 EEMAERMLER

M AN A M A B SR 3 PR, 7E AR K
-4 0.02 mg/kg B, 4 Bl 7S 7N 7S A 4 B T i
P 24 [\ 0 N 92.27%~97.98% » RSD N 1.02%~
1.88% ; 7E 1l #% 7K “F 29 0.10 mg/kg I, *F %) [\ Yt %
N 93.25%~98.44% , RSD N 0.44%~1.76% ; 1L JIll b5
KN 0.50 mg/kg BF . “F 35 [\ UK % R 94.67%~
98.76% » RSD N 0.70%~1.27%. 3 /™ il A5 /K °F F
() ~F 2 8] Y 2R B T 90% , 8 B % 7 ik B T
P B3 s RSD /8 F 2.0% , 15 B 1% 75 v 1 B 8 1
BT, Be 0 2 S bR A I R 4 Ff S S S R 4 F i
T T R BR B AR R
2.7 ERREES S
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W A& A p,p’-DDE Bt #5 £ dl, 8 Ik 5T 4% FF
AT 7 7 A AR A, e A5 R AR 4. D EAE
B rE B0 B A, AR ZE BN T 5%, B B A
B0 T RO e A R AE R . R AR O R
ST 7R R 2 A ROK K BE 0 B8 IR 2 A% RE N
7N 7S R PR AT D E L W e g R LK S H
o, Z B Jy S B R I 45 IR 55 48 e 1E W 2 A R DA
b HE R 22, S VE A S 58 = 50 UF A W Ae 7 1
S8, M1 Z)<2.0 I 3R BT SE 00 = AR S O T R .
207 0 5E 1) 2 A ROK K L RE b 4 Bl S N
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Table 4 Determination results of quality control samples

AR/ E S M/ (me/kg) #H/(mg/kg) & {8 /(mg/kg) AH SR 72 /%

AVAYA 0.23 0.19~0.27 0.240 4.3

S AVAVA 0.35 0.28~0.42 0.361 3.1

NV AVAWA 0.29 0.24~0.34 0.302 4.1

[ AVAVAS 0.41 0.34~0.48 0.423 3.2

p-p’-DDE 0.36 0.30~0.42 0.369 2.5

psp’-DDD 0.31 0.26~0.36 0.318 2.6

0,p’-DDT 0.43 0.36~0.50 0.439 2.1

=5 ERERPARAANTBEEHNER
Table 5 Determination results of BHCs and DDTs in test samples
. ‘ VAVAVA @%%
e fE/(mg/kg) 18 & H/(mg/kg) VAL W5 B /(mg/kg) 182l /(mg/kg) VAL
G 1 0.256 0.218 0.5 0.535 0.517 0.2
F R 2 0.498 0.422 0.5 0.394 0.374 0.3
3 é;i:]:i/lz SHI S X, LU W Y,SHAO D D,et al. Studies on residues
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