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Determination of 7 organophosphorus pesticide residues in water by -NH2
functionalized graphene solid phase micro extraction-gas chromatography
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ABSTRACT: Objective To establish a method for determination of 7 organophosphorus pesticides (cadusafos,
fonofos, isazofos, chlorpyrifos-methyl, phosphamidon, quinalphos and fenamiphos) in water by-NH, functionalized
graphene solid phase micro extraction-gas chromatography. Methods The organophosphorus pesticides remaining in
the water samples were enriched with 25 mg amino functionalized graphene, eluted with 6 mL acetone, and determined

by gas chromatography-flame photometric detector (GC-FPD), and then gas chromatographic conditions and various
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factors affecting extraction efficiency were optimized. Results Under the optimum conditions, the standard curves of 7

organophosphorus pesticides had good linearity, and the correlation coefficients were 0.9905-0.9988. The limits of

detection were 0.025-0.04 pg/mL, and the limits of quantitation were 0.08—0.12 pg/L. The enrichment factors (EF) of 7

organophosphorus pesticides were 183-307, and extraction rates were 45.8%—76.8%. The average recoveries of 3

spiked levels (1, 5.0, and 50 pg/L) were 70.0%—-105%, and the relative standard deviations were 7.98%—14.5%.

Conclusion The established method has the advantages of simply, rapidity, high accuracy and sensitivity, and less

reagent consumption, which is suitable for the determination of 7 organphosphorus pesticide residues in water samples.

KEY WORDS: -NH, functionalized graphene; solid phase micro extraction; gas chromatography; organophosphorus;

pesticide residues; water sample

1 5 &

TEMY ERRE A HUBE A 2, AR oy A4
THEH, 2B e e e U, il R TREA
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S WBCEEIAE LSRR R R B0k, ARBRINHAIG |
FUFEA R, 22 5 05 B — A 2R R4 . [ AE
BT RAOCR Y, (AT SLBORARE b TR, FEIRHS . ORI B
BB TG ZRR RS L, ANE S SR, S
L, BARBAEBOS B2 S W) . RERIEIR . LImuEs . A
DUBERZS . Z5IOR . 207 RAF I a AR,
I HARE S TR AEGITHAE R | P . H bRy s 44
B RO IR EACHE . RIEE R | TR S
DL, TR i 1 R AT BEAL B o 7 [ AR AR
h, CA SCRRARGE P 2 RERR AR | Rl A7 BB
SEVE N AR AR IBOR) o SR RS RE AL AT S A1 2 UM Rk
AR RE KR PP A LA 25550 SCRRAGE

AR AR A 77 B 2, T N E Ty i
WFTERD 1 7 T HUBEAR 25 RIVBR Al | 3t BT B | S e |
HISLREAEIE . M . MEBRBE R MO &, 752
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Agilent 7890 B TAHEIEAY, A7 JHDEEERIIAS, 625 nm
BRIEE A, Ho A shilb RS . fhsE AR, A kA
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RIR G (S In T BT ER A BRA ), LP AR ek 7 75 (18
B R R AHED).

HILDIREA A 2507 #4 #H(-NH, functionalized graphene):
W e R B AR A AL 2= A BR A R, 4l BE>98%; JELE:
0.55~3.74 pm; B8 0.5~3.0 pm; ZH<10 J2; BESR:
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AT RREEE LK L(E SR SE S o
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Fig.l1 The scan electron microscope picture of -NH, functionalized
graphene
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150 °C{44% 2 min, L) 8 °C/ min FHEZ 250 °C, {44%F 10 min;
A MRS, Wi 10 mL/min; BT KAEEEER 2% 19 R
A HihE 75 mL/min, 25 A 100 mL/min ARG, B
FEE 1 pL. LAPRE IR G, DGR AMRIE & o
2.3 FRERRAIECH

7 FI MLBEAR 24 R S Mk B2 43318 1000 mg/L. 435
U1 mL BT 25 mL AT, FTIME 2, Bk R
40 mg/L MHARERTR, B TAROMBR T 4 CUkFE 7
TEo T3k 1 ECH] 7 P A2 IR B AR VA

F1 7 HRGESITERRAVEH

Table 1 Preparation of mixed standard solution of 7 pesticides

s JRde s AHUATL AR i3S
/(mg/L) /mL /mL /(mg/L)

T 2k 40 1.25 25.0 2.0
b H G 40 1.25 25.0 2.0
AT 40 1.25 25.0 2.0
FH LA AL 40 1.25 25.0 2.0
T i 40 1.25 25.0 2.0

WA L 40 1.25 25.0 2.0
AR 40 1.25 25.0 2.0

24 HGEILERE
241 RAAD s BHEEN

FHBRRACFREL 25 mg 2 SLTh AR fb A B8543, BCA 10 mL
PR, A 5.0 mL NEE, IWHEIRAS 0.5 min, HCE
5 min JEFRIENER; A S mL £8 7K, W24 0.5 min,
BCE S min FHEE LEK, BMA S mL X TFKER
WY 1K,

242 % %

L 100 mL /KFEE T 150 mL HLZEE I, FKiGfk
RIS R BIR R RIK AR, BB TR R %
% FIRIEE 30 mim, BUETEEFREL 1 h, 7= L
ZEAKAH, T2 5 mL a2 BT Re b S0 K A5
F) 10 mL B &0, FRCE 30 mim 5 _BJEKFES R,
BT E YR SRR 12 1.0 mL /K AH
243 % M

TEREH IR b A S8 00 B0 N A 6 mL N i,
PATE 1 min, JE 10 min, Wi FIEEEZ 6 mL & T —Z)
FEE.OE T, IMAZ0.5 g Ak, 1 min, JE 10 min
JaW i FEZWEIA 5 mL, AR TESCEVEUE, HABRE
HEDRIR IR 1| mL YRV AR, 48 0.22 pm A7 DA U8
J& LHLAEI

25 FEMBEUAERENKES 7 MRASER
HANZERNERNE

IS FUREE 100 mL, ITAGE 2.3 BLilhriy 7 Fice HLsE
TRAPRUEA 0.20 mL, BIASAIREEN 4 pg/L, FEoMRATHCE
30 min 5t 2.4 ABRIEATAR I, A SCHRAC) Jr Pk T SR
$i(enrichment factor, EF) 5 #H{#(extraction rates, ER)"*):

_ Cof
EF = Caq (D
oy — CofVo.f
ER(%) Caglag 2

FH, Co.f Fl Ca.q 435278 TN R AR 4340 0 7 R IR i
WA, ug/L; Vo f F Va.q 43 532K PSR IR TR
FIRE S A AR FR, ng/L.

3 HRESR

3.1 BIERHHMRL

F 3 PSR E R B AIEHE TR DB-1(30 mx0.53 mm,
1.0 pm). HP-5(30 mx0.32 mm, 1.0 pm)Fl DB-17(30 m x
0.53 mm, 1.5 pm)X} 7 Fa HUBEAR 2510 7 BR80T Ehds .
45 RFL VR DB-17 BB SR IS o ST R A
FERE O S O 2T Tk 76 2.2 ffbry i
ZAFF, WP N 0.2 pg/mL i 7 FhoA MU AR 2547 7 0 0 1
FIWLE 2(a); A 7 BT HLBEAR 25 (K FE 2 1 i & 0
B 2(b); FEAKFEHRES I 7 FAT HLBE AR 2, 1 7 R AT HLBE AR 24
HIMRBE N 4 ng/L, SRJF 1 2.4 b BRI 7 Rl MLERAR 24 i £
TR ULIE 2(c) o ATLAE H, SRAIASSC 2.2 SAHEIES I 2,
7 LB R I AT, 158 TR .
3.2 ERMERZHNHE
321 IR ey ik

AE IR ) 2 5 i AL BOSCR B R 2 . R A 2.0 pg/L
() 7 R HLBE AW (100 mL), 8T AR A% 4% 24 04
AR, 25 SRR i AU R AE K, 7 Ao B
RIS THT AU TR 0, {EL 30 min Ji5 04 T AR EEAS (- H A28 L U
7E 30 min BFA] SR BB, RIHGE PRI TR] ) 30 min.
322 MBIEF 0L

ZEETIECKE . N . 250 B 4 R ALV 700 00 A
W R . S5 R AR, IE O be R B A HLBE AR 25 A e
BORBZE, IS C G BEBARCR BT, I EE/ N T2
JiE, R8I FH P AR A B 7 7
323 MRECERR ks

XN A T T 9208, 4N A 6 mL i, 4%
FPA HLBE A 2 e T AR K, WO I8E F 6 mL PSR
3.2.4 fREETIE 64k AR

A2 i W EF () X6 AE RO I 52 . IR ERFRIZ 1.0 min,
P AL AR 24 7T 58 4 NS L T R Ab A7 S0 I ik 0 38 P )
o UL, RIS RIS R 1.0 min.
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Fig.2 Chromatograms of (a) standard solution (0.20 mg/L), (b)
blank water sample and (c) spiked standard water sample (4 pg/L)

3.2.5 #ALEAR T NaCl 49N

B 2.4.3 LA IA NaCl, H 08 K A7 B R i
F1 NaCl ZKAH, BT FIE B A AS 2040550 . BT
20 °C4A4F, NaCl 7E /K H i ## 4 36.0 g/100 mL (K I,
£ 1 mL KAEHFIIA 0.5 g NaCl, ik ## NaCl ik 5
ML,
33 EEMFEHMEFERE

FERTHE AR SE IG5 T, 5 2.5 BT A%
7 P LA 2] B SRR A RO . = (D) FIK
QTSR 7 B ML 2 1 & SRR RO 2E IR L3R 2. thak
2 ATLUE Y, EIRRE LA SBIE X 7 R WLBE AR 2w AT
BUh 183~307 £, ZEBUR Ny 45.8%~76.8%.
34 JFFEEFWIE
34.1 RBRGATE. AFAEmE. BHERFTER

HERIRZIN 5.0, 50, 250, 2500, 4000 FI 5000 pL fF#
2.3 il 7 Foa HLBHR AR ER I 150 mL HIEHE N
B, R EEL 100 mL 7K, BAR—HEEHTP, T
Fic sk e 43 o 0.1, 1.0, 5.0, 50.0. 80.0 F1100.0 pg/L
M RINRAARMER IR . BRESLHE 2.4 15 Finid Jy ik 7 [T 4H
AR IEFE T, S ETE S HTES R LA IR (pA*s) W ¥k
JE (ng/L) bR 2R, e Sk Il )y R FIAH DG R B ik
Koy B 3 A5 (M EU T FARL, D vk ik PR 10 A5 (5 R i3
L ) B AR TR TR S AR AR 2 I PR R s I, S5 SRR 3. 7 b
LA R BCH 0.9905~0.9988, i i FE K 0.025~0.040
ng/L, ERMN 0.080~0.12 pg/L, 8] 7 FENLBERZTE
0.1~100 pg/L W EVu RN EA RIFMEELR, i EAR
=R
342 A AN B L A

WSS RN 250K EE 9 £y, A0 100 mL, 434 3
2, R3O EE LB R 1 pg/L; 5524058 5.0 pg/L;
%53 4070 50 ng/L, BPUSINE . . AR 3 NEREE, RS
Je i 2.4 ME, TS INER R AR X AR E I 22 (relative
standard deviation, RSD), Z5RWFE 4. fE 4 v LIFH, 7
P AT LB AR 25 ZE AR @ 3 AN ok R AR Rk R AR
70.0%~105%Z [6]; FHXIFRUE(RZE RSD £ 7.98%~14.5%2
], VA A B B R B RS 2

4 % B

AWFFEHESL T A B T RE AT S [ A A -
FEEIE KRR R 7 A HLBEAR 2555 B R 5 ik . TEIRARRY
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Table 2 The enrichment factors (EF) and extraction rates(ER) of 7 organophosphorus pesticides
ey T 4 b A AR L LIS A W I AR
B 307 278 270 183 192 212 292
ERIEI 76.8 69.4 67.5 45.8 48.0 53.0 73.0
£3 THENBRARSEEE, ZMEEEFHE. HXRH, RERMETER
Table 3 Retention time, linear regression equations, correlation coefficients, limits of detection and limits of quantitation of 7
organophosphorus pesticides
fe2G 4 4y A B 5F ] /min e alEpiyi KRB K HBR/(ug/L) FEHPR/(ug/L)
LR 7.54 Y=27.6X+44.7 0.9938 0.025 0.080
b G 9.55 ¥=50.1X+101.1 0.9960 0.030 0.10
S 10.28 Y=49.7X+45.0 0.9939 0.030 0.10
FH B 57 LI 10.95 Y=26.3X-1.96 0.9988 0.040 0.12
W 11.13 Y=2.83X+13.8 0.9946 0.040 0.12
WS L Tl 13.34 Y=57.8X +143.3 0.9924 0.040 0.12
p <=7 14.19 Y=456.4X +829.4 0.9905 0.025 0.080
Y AETRG X k.
F 4 7HENBRARKERMBRRERENELSRM0=3)
Table 4 Results of recoveries and relative standard deviations of 7 organophosphorus pesticides (n=3)
BHAKE 1.0 pg/L WIS 5.0 pg/L WIS 50 pg/L
REGZFR
RIS 2 2 {8/ % RSD/% [l 2B % RSD/% BT - 2B/ % RSD/%
fim 2k 75.5 12.4 81.0 14.0 88.7 10.8
b BB B 77.7 13.4 84.6 13.9 90.4 11.0
T 77.3 9.80 73.9 8.89 87.7 9.90
FH JL B2 AL 91.6 9.50 82.7 11.0 97.5 12.5
W 70.0 10.1 83.2 113 77.3 145
T L 70.5 11.1 81.8 8.40 93.8 9.80
IR W 71.7 8.90 81.5 7.98 105 10.0
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