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W E: BE B etk =4 A 588052 4 BBl (three-dimensional graphene nanocomposite, 3DG)-f [ #H < i -
SR ETE R BN e KR 8 P HLEAR 2R . sk R LIRS0 %5 Fe;04/3DG A1 Ay i [ AH 2
AR B AU A, B T8 e A IBORE i v A LR 253K B, T PR PR LA, AR 28 0.22 pm GBS
SR, RSG5k (gas chromatography-electron capture detector, GC-ECD)43 460, Mgy
ik, £ER NN =40 B E A PR =4 SR R B R FesO4 MM . BB T IkXT 8
il A LS A 24 B G 1 BRAE B 0.015~0.070 pg/L, 7€ 4t BRYE B 0.05~0.23 pg/L, AR X A5 E (i 22 4
4.93%~9.42%, 8 FIATHLBEAR 2575 25 H LR M T R DG R AT, SRIMEADCR L 2>0.9950. H5A )5 i I F
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ABSTRACT: Objective To establish a method for the simultaneously determination of organochlorine pesticide
residues in water samples by magnetic three-dimensional graphene nanocomposite (3DG)-magnetic solid phase
extraction-gas chromatography. Methods The Fe;0,/3DG was prepared by self-assembly redox reaction and used

as the extraction materials of magnetic solid phase extraction, which was used for vortex extraction of organochlorine
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pesticides in water samples, and then the extraction was desorbed by acetone, separated and detected by gas
chromatography-electron capture detector (GC-ECD) and quantified by external standard method after the desorption
agent was filtered by a 0.22 pm filter membrane. Results The prepared Fe;04/3DG presented both high adsorption
of 3DG and strong magnetic of Fe;04. The limits of detection (LOD) of the proposed method for 8 kinds of
organochlorine pesticides was 0.015-0.070 pg/L, and the limits of quantification were 0.05-0.23 pg/L, the relative
standard deviations were 4.93%—9.42%, the linear relationship of 8 kinds of organophosphorus pesticides was good
within their respective linear range with linear correlation coefficients of *>0.9950. The method was applied to the
determination of organochlorine pesticide residues in environmental water samples, and the spiked recoveries were
75.1%-122.4%. Conclusion The method is simple, accurate and sensitive, and suitable for simultaneous
determination of 8 kinds of organochlorine pesticide residues in water samples.

KEY WORDS: three-dimensional graphene; magnetic solid phase extraction; gas chromatography; organochlorine

pesticides; water sample
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A WL 4 2 (organochlorine pesticides, OCPs)t&—2&
I RO R, R RO AR T BB R SRR AR 7 A
i 75 & PR C BE (8 R 7S 7S 7S, hexachlorocyclohexanes,
HCHs) 1 X X & K & = & & be (18 Bk % i o6,
dichlorodiphenyltrichloroethane, DDTs)&:4 ML &4 24121,
SR, JREEmFFE R LAAR G RAFe Ak . BRI
A E FE RS FE M SR AL, WO RS AKE I T 1 PR 58
e AR DTS Yt 7)o o K b 5% BR 1A B 2 2k
B A E AR, TERE YRR E AR, X AR A AE
WIEfEE . Bk, dwsl, i, vERR KA A AL
TR 7k, X ORIER M R EEE L,

B A LA 25 A I AR DL e 3808wy L 4Gl
& 5 2 8w <M 635k -l 7 Al R G AR (gas
chromatography-electron capture detector, GC-ECD)® %%
E, FEELAAE AR A T AR Tk bR AN 4
BESE., WEAHZERS AR (magnetic solid phase extraction,
MSPE)!" TR — R o 85 . R U B Ak AR
AT B, HETC M TAIULEY . =Y RIF .
TJLR NI 43 B L o, ELURE P22 BRUM R (9 38 43 X0
IE] AR A SRR AL BUACR AU T RE T2 ik . = 4E
SRS R o Y BRI R 4 A L RN A, BT AR
L ) SE R LRSS R, TR R AR
FEVE. Gyt R HE R IR PR A SO A R 1 R R

il

AESFAEIURAE, (RIS e T 4l A 209 B M % A 2R 1 ) AL

DRI 72 i T A R 4038 W B O TS 7. HAO 45120
R =4 f1 2R J5 (three-dimensional graphene, 3DG)5| A |
FE AT B AR A5 ILAE S WA AR TR 2 A TR
N ZEBU T, ik RUE s . IR KBS
AN, =2 SR B N T PR B 2RO Hh N R R 2 ik
B IR IF IR PR RN R, (R = g SR

O FH T P T AR A HOA WL SR 2555 B I

DRI, ASBIRSE  A B 1 o 25 2 R e P — 2 2k
AR, PRE = Hef Ssim AL RHERI . ML A
RIS, IRFEH FesO4 BORMIRENE, FFXF L8 2 F AT,
R I FERBEKAE A HLERAR 25 5% B A I, R4 51
ARG 35 HL Tl RS I B8 LA TR I, ST AT PR v
VL. RO KR A LR 255 B S i, SRR
KL ] 5 Z ARSI B AR BT A AR AR I T B

1 RS

1.1 MR5RF

E Ak A #8475 (graphene oxide, GO)(F & SEE 4 KA B
B A BRAF]); FeCly4H,0, AT . A EALHI(NaOH)
WBL R S N (NaHSO5) . AL . AL BR (M al, va R
P A PR W), FeCly- 4H,0(00 M, il =ik 1A
FRATED, IECRE(Grbral, mEmRHek Tk ), O
(faiial, el se s Rt A R |, F (M4t
E 25 A 2G0T IR R, 8 Fi LR 2R AR HE W
a-7537575(a-666, 40 pug/mL) ., f-757575(8-666, 100 pg/mL) . y-
IN7N7N(p-666, 60 pg/mL) . 5-757575(6-666, 60 pg/mL) . p,p’-
14 % B (p,p’-DDE, 80 pg/mL). o,p - ii% # (o,p’-DDT,
100 pg/mL) ., p,p T (p,p’-DDD, 100 pg/mL) . p,p -
#i(p,p’-DDT, 150 ug/mL)(7Hréli, GYINTHERRHS I H AA
PR D)

1.2 UFE5E%

GC-2010Plus SAHEIEY[ALE ECD Kxill#f . RTX-1
FYERMEFEBO mx0.25 mm, 0.25 um), HBHAVEFCH
FENABRA R, ME104E J5 032 —HL TR (45 84T R &
A R F]); KQ-500E HUA RS i i veHL(R L i B 7 R
A BRAA H]); HH-4 BUR H IR K5 (832 X PG I0HG (R8));
FD5-2.5 HA IR T4 00 3 A a3 A BRA A ;
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XW-80A FERIREA & ( RIFHE M PE{LAY); TDL-60B I
LR G B O IR Z SRR ); TS-2000A i
FEIR (it 1T AR DL R il i A BR A H]); TESCAN MIRA
LMS & 4 A [ 2 8 (A R A H .
1.3 XWHE
1.3.1  ARAZRR 6 B h

10 pg/mL A HLEAR 2 TR A PRS2 0O th A HLA
A 24 b 1 i 28 R RE R RE E AN AR, IR B T Ok A8 IR
—4 CIRATFE o AHLE R SR ME T AR HER S BUR R 4
T EIR 10 pg/mL IR SR UERE &R RAR RS, FTm ki
KA 0.5, 5.0, 20.0, 50.0, 100.0 pg/L, EEELH
132 AA&igitt

K GC-ECD Z3 Bl A WA 28R /) ; RTX-1 A B
AAEFE(30 mx0.25 mm, 0.25 um); HEREDIREE 190 °C; ECD
TIEHREE 280 °C; AAAR,; BAH 3.0 mL/min; FBRS,
TiEE 30.0 mL/min; A3FRIERE, SMRLE 10:1; SFREAFR 1.0 uL.

FEFP TR %14 190 °CHERE 7 min, ZJFLA 20 °C/min
BRTHE R 240 °C, 1#4% 8 min, FLL 10 °C/min MR THE
% 250 °C, 144 1 min,
133 B =Z 5 B e 5 &

Fe; 0, /K IRIE Il 451225 fERIFRET 2.6 ¢ FeCls-4H,0 1
1.59 g FeCly-4H,0, ¥ 12.5 mL #8417k 043 mL 12 mol/L HCl
PR GV, RIS ENUMBE RS T % 125 mL
1.5 mol/L NaOH ZK¥A& . WA B EATTET 4000 r/min
B0 5 min AR, WA By PR ETTTE FAKETE 3 KA,
FH 250 mL 0.01 mol/L HC1 ¥ H Al ™™ ¥ Fe;04 44K b T
AWM. W IE AT FesOy 94 KKF I A TE
4000 r/min 3 T 2.0 20 min IWERE, MALBKER
7 I B HHE 611 FesO4 7KV B

Fe;04/3DG il #2529 6 20 mg GO M A 8T
10 mL #4ti7kh, Bl 2 mg/mL GO 430K, ¥ 1.0 mL Fe;0,4
KERMAZE 10 mL GO #HUE S, WERGHS), K5
JIA 0.044 g NaHSO; iR J7 5. KRG E T 90 °COKIEH#
KGR TR S b, 1351357k A Fes04 b2 10 IR A AL
11 BIFIKBENE . 5 Fes04/3DG KB B T TR
TR T, AR B =2k A SRR E A 41 EH(Fe;04/3DG).
134 mEEABFEIR

HEWIFRIL 0.01 g i Fe;04/3DG, MASHAN ALK
FRE S VAR PR FEZE B 5 ming ZEIEE RS, FHRERR ARE S
AN AE Fe;04/3DG, FEAEBIRE, Z/FMA 1 mL A
T R )R E AR S mine fRTRES S, A RIRZE 0.22 pm
VB U 5 H R S S - F AR A B AT
1.3.5 Ak =45 B 6 FAE

X H TESCAN MIRA LMS 37 % 57141 85 (scanning
electron microscope, SEM)XT il 5 1 14 = 4k 5245 2 A M
RLBEAT 25 F FINAH R R AE, 153 SEM E A fiE % 1Y (energy

dispersive spectroscopy, EDS)¥IHi & .
1.3.6 #ELE

R Origin 2017 BRAFXT 3573 85 45 R BRI %L
WEATAEEL, I3 DA IR TAE IR T R A
YRR, 133D RE B A G R B

2 HFR55H

21 BIEEHFRRE

ARG R (535 73 B BOR I GRS | R A
PP FHR SR TR . AL A BUREIA I, PSR
iR RTX-1 AR BAEH(30 mx0.25 mm, 0.25 pm)HF
SRR A HLSAR 2 SO G35 4385 o HERE SR PRI 7 T Hii
SAFSCHRI9), FEILC1.3.2 SAHGBE &1, P AHLA
RS A EREEIE 1R, 8 FAHLEKZITE 15 min N
Bpml 4 i, HAYBIERT 15, #E iR H T, 8 Ff
APERA AR08, ASEMT.

2x10° L

23 7

RBE/MHz
=

10 15
£ B s} 8] /min
TE: 1: a-666; 2: B-666; 3: y-666; 4: §-666; 5: p,p’-DDE; 6: p,p’-DDD;
7:0,p’-DDT; 8: p,p’-DDT,
K1 APLERARZRY GRS

Fig. Chromatogram of organochlorine pesticides

2.2 WM =HEAEBMRIERIE

il £ Pk = 4 A BB AP UL = AR TRAR S5 4, R
B2 Al i B 2 ST, ASBIFS A5 A 1 = A B
PRRE T 05 A B0 1 2 RRIR 25 MR AE, H R i 5 01 38
TF% 50~150 nm B A2 Fe;0, (3K . i1k EDS RETG44,
ASREYE = 26 B SRR 42% , B YA R
WAL F9-OH, -COOH 25 F M K Fes0, 49K B
R ABFSE R SEM F EDS FAFZ, B 5 SCk[25-26]]
P REE = 2 1 BB IR A S5 A
2.3 HAEIMEZEERSEHRYIERE
231 #HRE#KE

P TR R FE S S LR 2 VA R R AV b ).
U R S IACA MLER A AR B R P R s, A
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AT i P = 41 SR XA LA 2 A ORI,

R BE B BG RS PR MR AR YRR, S A HLE A2
FE AR I WEVE = 4 SRS R L Tl AR, AR
#2257 AR NaCl ¥JE O, 5%. 10%. 15%. 20%. 30%)
XA HLEAR 2 ARG R, 25 R ER, ANFERRE
ST WEE = A BRI W LA 2 1 2E B i B AR AR
K, AHXTFRUEIRZELE 10% AP, SHI0 R ¥ A B R s R 2k 1
XoF A USRI 5 W RE IR, 2 B3R Bt b Ve 32 A8 A 1) 5 i)
BN BAT SE BE R S AN N8R -

b C

30 |+
@ 20 |
o
;é 0
=

10 + ‘ n

WJ .. FeFe

6
S /keV

B2 bk =47 22051 SEM (a)fl EDS (b)RIER
Fig.2 SEM (a) and EDS (b) phenograms of Fe;04/3DG

232 FRHyX#)ikiE

AWFFEHELE T INHE . MR | 4R 3 Frw R B0 206
8 P A HLEAR 2 AL BRI o 10 e 26 RO 1) FH O e
e A R LR R TR, DT RGP = 4 A SR S A
ERVA TR T TR, A DR 25 W 2R BOH0R B AR
FF R 2 A0 . MUBRIR SN . B8l i 45 2 o 3
KAWEARL IS IR T, TN s vk =4t
SN TUR B; HRAR A U 8 i MU IR 33 1 U ek =
Yot BIH SRR RS TR AR A, DT BILGEA 24 DARE
VPR B E M G AR AR R0 R EOR, A
ZETLATIA] 5 min 2cfF N, WRHE T ENA MLEEAR 24 1) 25 LI
UK, eI S Re I8 I R = 4 B0 S5 e
WA HLEA TR E L, TSI 2 ROy, 4%
ZETPURST (], 7 6 7 R R 4 1 25 O AR R R, TR e K

HETRCAT ] LA S AL IO o DR AR BIF 9 SR AR £ U 2K
233 FIafla9ikdF

AR ZLE T AFEZERES (2, 5. 10, 15 min)XfZE
ISR 52 . Z5 5T %0, ZEU ] 2 min X 8 FPAT AL
KRG EEBGCRBY I, G A TAE K 2 S min, ZEHGEE)
A, Z R REBICRAR AN K, 3 TR BEAEBOY X P
i PR IR S RENE = Y B SR, A PLE RS
DARE SV TR 0 G Pk = 40 SR A R A B AR, DT
ZEPOTAT . B, ARFFEBERE AR S min,
234 MERA i dE

AT MU L) (R AR AR, AR HE (LA
wWRI, mTAIERYETHREAE S, Fit, 4
WoEIERE T . IEC S, ZAGFHESE 4 Rl A AL,
FHE SR XA MU 2 A R e TR 5200 . BT 3 R0 4 Fif
AW 8 P LA 2 A R s TR AR MR N R> 2,
> B> O e, BB Bk, o BV AH X R M 22 (relative
standard deviations, RSDs)<3%., [KlItt, AHF5E RPN EE A
W5

20 - l:l a-666
B-666
18 |

16 |
14} g i
512 Lff I
10} M :
§ :
6+
4l
2+
0
PR k6 ZhE FH
AL

V13 fifp W A AL s A 24 ) ARG e T AR R 52 1) (n=3)
Fig.3 Effects of desorption peak areas on desorption of
organochlorine pesticides (n=3)

2.3.5  FRYEETIE] 49 HAL

AR L T AFEMRE Q2. 5. 10, 15 min)Xf 8
A MR 2RISR 0, 25 R BIR, 7E 2~15 min {5
T DAY 8 R B0 o3 22 SN A, 3k g R e A W 19 1 =X mT L
TR = A7 BRI 5 R R R =2 1) FE A TR A, DT A
PLGEA 25 B N REME = 2 3805 L ok, PR, A
FEHEFE AR R 2 min.
24 FFEMEEIEMN

PRI HUE R IARIE TR 1.3.4 BERFIAERL
BEIG, TS RS- F A SRR . LA TR A(Y)
XF FRIBRE T AR BE (X, ng/mL)HA TN RS04, B4
TFBILME RPN, PRI 1. £ 8 RV ML H



2838 1% A T R A

13 E

AIZEHSE RN, 7 4 0.9950~0.9999 2 [F], AHJCHEREF, HHEFT
PHETEE G (SN 3 B PA LR 24 5 R P ARG HH B
PSR RIEME L (SIN) R 10 IR LR R o E
HRR, ATt 8 FirE ALEA 25 A BRAE 0.015~0.070 pg/L
ZIE], EREBRTE 0.05~0.23 pg/L Z [0 A5 HA H BRI T 2540
SCEREIOB TG ST 4972010 (AR RERENE K A HLA

RGHZZAAIAEY ) MAPEARL TR

AL T AHLERER SR BTERIZ N 1 pg/L
BT ARG B, SPATE00 6 WK, THEESE R AR I 22
(relative standard deviations, RSDs)A 4.93%~9.42%, Hik
FEIMERAF, 55 GB/T 277404—2008 {5502 5 4 ]
FLIEE S ARG ) AR

F1 FEFMEER

Table 1 Methodological performance results

i LR/ (pg/L) 2tk 77 Kz BR/(ug/L) E IR /(ug/L)
a-666 0.050~100.000 ¥=9277.3X+172.39 0.015 0.05
B-666 0.10~100.00 ¥=6984.34X+641.67 0.031 0.10
7-666 0.20~100.00 Y=11646X-309.57 0.061 0.20
3-666 0.14~100.00 ¥=11309.38X+726.60 0.043 0.14

p,p’-DDE 0.15~100.00 Y=5749.76X+1380.73 0.044 0.15
p.p’-DDD 0.23~100.00 ¥=5512.7X+1149.34 0.070 0.23
0,p’-DDT 0.23~100.00 Y=4613.11X+2138.50 0.068 0.23
p.p’-DDT 0.18~100.00 ¥=5299.07X+3093.67 0.054 0.18

2.5 FFiAEYE

WA & A HLGEAR 24 1 7K RE EA T I [l i 52 56, i
WM 0.5, 2.5, 10.0 pg/L, TERALENET MRS T
WEEAEZER, JF I AOM (G- T PRSI, 150K
B HLEAR 2 1 S 5 BOImbR R, S5 5L EoR, sl
WORTE 75.1%~122.4%Z (8], MIXSARUER 2E7E 1.5%~11.3%
Zl(n=3). S5FG 4 GBIT 27404—2008 3K, BilIA )y
5 RS2 A ol A 0 v 3 RO 2 LA

3 %

ARG R R IR I 2125 15 1 2% T 48047 FesO4 1
=Y a BIGE S MEL, K R RE T = A SRR
AR FREFE AR A B PR 2558 B, W oAb 2K B
WA, SREEEASINER IR BEAEI 5 min K PN R IR BEAREL 2 min
WIS, SEUA MLSEAC LI BR B A . Dt 157 5 b 43 2 A
EAE, GiA o ERCR R L R R AR AT SR - Tl
ARSI 25 3T KA TP HLEUR 23R B AR I T v . ik
X 8 FAHLEARZT IR RAG . B . MM MR
U g [T s 2% 0 KR e AL SRR 2 % B 0 A A s
JriMERET R GB/T 27404—2008 Fsk, HA& IR T
RIS AR, SRS DA e N 58 AR S P AT Bl
FACTIHE BB ARG, PRI A IS PR BT (R AR S A

SE Bk
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