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[$E] LU FeCl, MEUR, IR PGE A LT i Fe, 0, 99K0E0 T, T LAAG 250 A IR K B0 45 T Fe,0,/C
AORE SR BN B (TEM) X-STAT 55 (XRD) (ZLAMERE (FT-IR ) F122 4 - #4HE (TG-DSC) % 7047 T
BOGAPRNHEAT T 2RAE. PRSP B 6 TS24 W) B2 U IS TR T4 T | I5C 2R 2 T 19 4 FEV A A8 B, 5 88 T 4
B EL  pH  AEERA [E]  BERLA R | 5 A A X AU s ) ZEAR AL I SC I8 A5 F T, K% 07 YR B T B
FRAERIE B B INAR TSGR TE 82.9% ~ 106.2% , AHXT AR IR 220 2.1% ~9.6% , Ut BRI 43 A1 75 vk i ]
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Combination Technology of Magnetic Solid-Phase Extraction and
High Performance Liquid Chromatography and Its Application in

Detection of Termiticides Residues in Aqueous Solutions
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(1.Xuzhou Termite Control Station , Xuzhou 221000, China)
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Materials, School of Chemistry and Materials Science, Nanjing Normal University , Nanjing 210023, China)

Abstract : Fe, O, nanoparticles were prepared by solvothermal method with FeCl; as the iron resource. Carbon coated
Fe; 0, nanocomposites( Fe,0,/C) were prepared by hydrothermal reaction with the glucose as the carbon resource. The
nanoparticles were characterized by transmission electron microscopy (TEM) , X-ray diffraction spectra( XRD) , Fourier
transforminfrared spectra( FT-IR) ,and thermogravimetry mass-differential scanning calorimetry spectrometry (TG-DSC) .
The nanomaterial was then applied in the magnetic solid-phase extraction of termiticides in water such as chlorpyrifos,
deltamethrin and bifenthrin. Various MSPE parameters were optimized including amount of Fe;0,/C nanoparticles, pH of
sample solution, adsorption time, elution solvent and reusability. Good recoveries (82.9% ~ 106.2% ) were achieved with
the relative standard deviations range from 2.1% ~9.6% with the optimal conditions. It is confirmed that the analysis
method is accurate and reliable. The combination of Fe;0,/C nanocomposites and the high performance liquid chroma-
tography can be used in the determination of termiticides in water.

Key words : magnetic solid-phase extraction, carbon coated Fe, 0, nanoparticles, Pyrethroid , Organophosphorus pesticide,

high performance liquid chromatography
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LN A T AR 2 M5 R G €0 B P 5 K AR B R 25 5%

FA 25 2 IR IR S AR AR BERR IR , R 2 2 2530  FEB IR A Y L R S N Az (e TR
NG FEW K FEE IR SIf R, ™ 5 B mT R B ok RIS vly T AT T 40155 He 4 R 2 2 i 2 A
PAT IR Bk R AGBR Ak 2= G5 A A 2B 1) B R 2, L B fid R K 8 B0 I T A b Bl 36 2 R U 0 H 25
ek AE BT a5 I e 22 A 2 ) A% T S BOVL IR ER AR R B ) B R 1 IR AT 5 R b g e 4y
ST LR PR, e RO MR R A T ik X RS K AR R A DL R ALk U TR e 2y
Yygk B8 s EA TR DU LA A B X

I FIFH TR A AL S A0 Bk 48 TG 2 25 W ) T vk R B SO A3 E 1 (GC) L RO vk
(HPLC) JJRUMH (3% - B K FH L (HPLC-MS) 45, Bl SRR =B R 1 & R, S 2= FE b (A ok |+ 45
Z50) SRR il B AR SRR ARG NN, 45 2RV B 190 23 AT A it kot 5 A DR 0 2 198 5 SR A A 3 ) R e Xt
XS 21 A EAT A A A e, A 2 DR S R A AN B o o B B IR L 3 FH A 3 AR R
RTACER 7k, nT LA o LA b ) FU, O 58 55 43 i 45 SR A0 o e 7 R ] S k11070 [ R 4K B ( Solid-phase
Extraction, SPE) S H AT &) 12 69 B SRR HERE S T B o0 e Rk gaE R 2 —. FER S
SPE A (4 B R AR B AE RO B, FOS {6 /D S A HLIES SR B B mT |, G (ml iR 5 SR A R AR e A W 2
HOA T v, TR PR 4385 e PR 7 (8 S a5, 6 WA 2 A 8 T 2 W L DA s T i Ak
BRI RA RHAE Ay A S 7500 5 5 11— o 3 00 15 R 4 B ARk A i 361 AH 25 BUEE R ( Magnetic: Solid-phase Extraction,
MSPE) . SEAF AR M7 T2 B4 o T3 B P BREA R A A BS54
THERR' (C60'™ | ZRERRYNKAT (MWCNTs) 1070 8 ) AL TR & @A HLHEZE 41
B S Razmi %7 LA Fe, 0, R4S R JFURL R FH/K A 0TA 46 T A BB LR AL Fe,0,/C RETEYN K
K F , FRFEBUKFE R A WLBEAR 25 s Wang 26 i s Ak 22 L U0TE L A 0 T e E 6 B IR R A # R G-Fe,0,
FEH R K A 1 B R RIS 24 0 1) AR B ki A 2 2> 4 48 1 2 0 R R R RS R L SR W ek 1
TR Fe,0,/P (St-co-MAA ), FFA45 AR Ay i [ RH A% BRI B 500 2 BBCR T b AT AILBE A 25, AR T Al A%
B AT, MSPE A W R A a5« OBk ) 46 7 B[R] s B R 4 R sl T e Rk B 0 2 TS i) 4, 45
WA IS RN 7= A R TG Y s 2R 1T 5 TB A, A ES305 A %) 2 IO o 7], LB ki A4l P /0 A L 71
BV AT 5 R e B 14 ol A L, e — PR A e B A B 3 .

HHij Fe,0,/C @GR FTEAU R 2 AG TR 259 )7 T A2 1 R4 3 AR PR £ 22 0E 5T Fe,0,/C 2
KL XA T B i PG ) AT TR EUAE TR DR 48 TR 1) G [ RE A G R, 9 5 HPLC B X LA T
3T, AL BT (TEM) X-SFRATH (XRD) (ZLAMGIE (FT-1R) 122 -3 FE (TG-DSC ) 454341 F BE b1
RHIEFT T BRAGE BT FRAE , 2558 T AR it pH AR HRASS [] | Pk i 7] | 75 5 1 5 2% A4 % A8 BBUOR 1 5% ]
N7 T MSPE-HPLC BX AR 53 R /KAE T 7 36 1 24 4 5% B 1) k.

1 SEUSEs

1.1 SEIed R

=&k (FeCl, - 6H,0, AR) | i iR £ ( CH,COONH, , AR) . i 8 ( CH,COOH, AR) . Z, ¥ ( C,H,0,,
AR) HIZHE(CH,, 04+ H,0, AR) 14T 25 £ A fb 2= 0700 45 B 23 W], RSB ( Chlorpyrifos, CP,99.0% ) (IR
341 ( deltamethrin, DM, 97.4% ) 35 £ 24 1i& ( Bifenthrin, BF,97.3% ) W4 T~ I i 17 4 25 0F 58 T 5 (1% 4% 2 5 Wy
T3 KA 7] 5 S50 K O G I 2l oK (BTN RS I A BN D) . R KAE T 2015 4F 11 A RE T4
MITT, FR7ZK R AKCR B AN T X, KB A AR N T = e . T KA BT IEFH 0.45 um SLFLIE RS L 08
BRI-EIEY), 76 24 h SE AT
1.2 {Y=§

YK A BHE S5 LSS HOUL 45 F R AE R ] TEM—200CX 335 5 i, 7 @ 158 ( TEM, H 7S JEOL /A w1, it i,
JE 200 kV) 5 X FHZB AR NI EI7E 5 HE XRD-6000 Fy AR AT AL _E IS (XRD, H A 5t ) ; B A8 e 21 4
JG1E% EITE Tensor 27 BILLAMEIEAL (FT-1R, 2 E A1 & 58 ) b R ik DA% ; H] STA449 F3 $AH 73 SO0 1K
PEAT IR - 25 0T (PRI ), 20U, FHIRE R 10 C/min, B i R 1000 °C. By iR FH 29
FE T HTTEZ (R 1100 BY S 80RO (35 (HPLC , B R A ] ) AT
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1.3 Fe,0,/C HKFRIHIH &

AR SCHR [ 22,31 ] B RS AR e e IS #5 1.5 g FeCl,-6H,0 F13.3 g LK ZERENIMAE] 40 g 2.
Bt R P R T 18 P2 HEA T 30 min 5, AR VUFR LRI 198 COKIASR 6 h, /=¥ A SRR )5,
AR TR CBEERZ I, TS Fe, O, METEDIARLF. K HITHAY Fe 0, 43-HT 0.5 mol/L H %M
W, SRR S AR 30 min, F5 RS BRI LA AEF 180 C/KINIZ I 5 h, 7=H) A SRS E G, 2tk
TR CEEHTEZ W, T AT Fey0,/C BETEANI KA EL.

1.4 HEEHZERL

PRI 30 mg Fe,0,/C BEAEAARL T B/NGEA P, A 100 mL F¢ 00 7K B 88 75 fd 94 K kL 5 1 5] 4y
5. 10 min J5 , FECRIIREER & TREbRICH , Bt R RIS AR DL 53 8, 7525 DIE W, (R P A R E 28 Srh
THRESS A 2 mL S BV BERR b /A 2 min J5, ARG S 85, B0 E I W vk W05 D8 b o B vk
B, {E MSPE S04 5250 ) DL 100 mL 0.04 mg/L 23T /K A0 100 mL /K EE.

1.5 HPLC &4

ST E BT R HPLC 325, J)OM C18 (a4 (XB-C18 1,250 mmx4.6 pm,5 wm, 3 E ),
TRENAH R 21 7K =80 : 20 (PRFLEL) , Ji#E K 1.0 mL/min, JEFE RN 20 WL, BEIR 30 °C, R H AT FE 51
(DAD) K55 , K% K - 230 nm.

2 g5

2.1 HEMESKRALTFRIRIE
2.1.1 TEM

1 & Fe,0, Al Fe,0,/C ) TEM &, t & A] 0L AR KB4 R S UT RIBRIE B4R 0 A 415]. Fe, 0, F
PIRiA2 254 100 nm~ 120 nm, Fe,0,/C FF-HPRAEZ M 150 nm ~200 nm. Fe,0, /N2 E ORI E MiRZ
ULH Fe,0,/C %5514,

100 nm

(2) (b)
B 1 Fe;0,(A)7 Fe,0,/C(B) MK THIZESTHER
Fig.1 TEM images of Fe;O,(A)and Fe;0,/C(B)nanoparticles

2.1.2 XRD
R TR EA B L XS R RRIEST T XRD 438, BBl 2A FT 2B FTHL, Fe, 0, 1 Fe,0,/C 14 20 17 41
1E 30.25°,35.58°,43.21°,54.39° 57.09° ,62.92° Fl 75.19° &k B4R AE 543 531 I J& T+ Fe, 0, AY(220) . (311) .
(400) . (422) ((511) . (440) FI(553) FEAEATE4E K7 @b B S5 FRME Fe, 0, fA& (JCPDS No. 19-0629) Fl13C
BR[32] 584 —5L. Fe,0, Fl Fe,0,/C MATHIEBAT W (4 DX 51, a6 J2 ) AL VA BUE e, O, 1 AR RL.
2.1.3 FT-IR
RIS RETEG K AL RL 2 T T RE T, XA BT T FT-1R J6i 052, & 3A F1 3B 43518 Fe,0, Al
Fe,0,/C AKHF 1 FT-IR SRS, 9 214k 2 R 588 em ™ Ab A Fe—O iR shIE ™ )il Fe,0, £
TEHL. [FBT,7E 3 400 em™ AbMRIER A O-H MP4aIR3) , A ALK B A B T34 5] o i 4t 74K
Y. Fe, 0, GUKRLFEALERR)Z)G , M C=0(1702 cm™) .C=C(1 617 em™ ) F1 C-0(1 400 ecm™") {45
B BEHIE K G R T i | 3 0B R A SR A TR 3R 1, i Fe, 0,/ C K+ A A B K P, 5 W it
B KM, kg XA HLAA R 38 T A 247 0 1) [ A 28 B T .
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0.8
F6304 0.7
B R — Fe,0,/C 06
o | : % 05
“ | 2 04
A i | 0.3
ESPR COSSR. WO A A L
- l\‘ L 0'2 o .~r"“"'“‘"‘"¢
1 1 1 1 1 1 | 0 1 - o | | | |
100 20 30 40 50 60 70 80 ‘4000 3000 2 000 1 000 0
20/(°) Wekyem™
2 Fe;0,(A)and Fe;0,/C(B) KK FH) XRD 3 Fe;0,(A)F Fe;0,/C(B) KRB FHIL S I E
Fig.2 XRD patterns of Fe;O,(A)and Fig.3 FT-IR spectra of Fe;O,(A)and
Fe;0,/C(B) nanoparticles Fe;0,/C(B) nanoparticles

2.1.4 TGA-DSC
PAIFHT 7 1 FTHFST Fe, 0,/ C 4 KL~ 3 ThT 1A Bk 11 75 it 120

BT B 4A FRZE A L Fe,0, Z0KKLTFHY TG H 100¢ —— A
28, WARTE 550 C ~600 CHEEFMAT KT, X ATRES R & ©  pppeo o B =
PRRLTBY TG #hZk , 76 170 °C i B9 5 5 2 i T 44 B 36 i 2k 20 o e
T WERK 550 °C ~700 °C A — I i 2§ 2 il Tkt 2k 2= 0 — C
PERfIRDYE E AL R B R A — IR A ([E] 4C) . %0200 400 600 800 1000 1200

TLEE/°C
4 Fe;0, 71 Fe;0,/C HKFLFHIH S HTE
Fig.4 TG-DSC spectra of Fe;O0,(A)and

2.2 EREIMRFEERNSEHMRA

ARELIGHIIE T Fey0,/C KK X CP.DM Hl BF %
[ AHAE OO, BRI BT IR IG MR BE R 0.04 mg/ L, A il v
FEFH HPLC W5 . R 145 B UL A i AL U803 FRATTRE 44 R
FHE E A M AR pH RN ) | R B B ] 45— R B S A AT T AL
22.1 MHHAE

B 5 mg~50 mg ¥ Fe,0,/C W51 H T MSPE 5250, b5 Fe,0,/C & 3G 0, 5 b9y () [l i e 34
T, 24 FH 20 mg Fe,0,/C B, FISCRIK B i RAE (K 5) . 785 2e 328 b ¥ T 30 mg Fe,0,/C LIFIEX 53
B i 72 7355 e W
222 pH #%h

Y %%¢ MSPE i3 pH %76 259 G50 | S286 HF ] 1.0 mL 1.0 mol/L ZBRE A 2 BR B /K
VR G WS R T K FER) pH Ry 5.0 31 9.0 Z[8], B 6 B, 72 R ES MRtk A 1F T, HSCR Y 7E 80% LA
I, TAE pH R 8~9 B, SRR, 3X 5 25 W e PE S5 R AR E A G, HoW T IR9IE Fe,0,/C 1fH FH %
i, LU SEE IR AE pH ol 7.0 BHIAS.

Fe;0,/C(B)nanoparticles

120 - 120 -
100 - 100
.
_ 80 - S
¥ ool £ eof
= —— ﬁﬁlﬁﬁﬁ! = —=— EAL
B 40t —— ‘Zjﬁé%ﬁ%ﬁé E 40t —e— WLEUA N
oy ot s
a0k —A— IR AR ok —— IRAEE
1 1 1 | O 1 1 1 |
0 10 20 30 40 5 6 7 8 9
PR it /mg pH
B 5 Fe;0,/C HHAETHIE REHER 6 A% pH XEIR REHEE
B 3B 0 B R B SRR EEUH R
Fig.5 The extraction effect of the amount of nanopartides Fig. 6 The extraction effect of solution pH on chlorpyrifos,
on chlorpyrifos, deltamethrin and bifenthrin deltamethrin and bifenthrin
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2.2.3 BRBLIEA LE

SEG e B I S PRI I 4 AR Ry 0 T R0 A 6 1 e ot Il 3. [T 7 3R, S TR B ) 15k
ISR B 22 T S VR IR AR S f2 , AT BE T 6 5 40 B W =2 1) ) i KA FH B 5 525 2 4 0 ) AR
BRIV T K, A2 H 2 mL B S RE AT PRI SE G, 3 A 25 W ) [BDSCR YT T 80% , PR e 2 G VE A
VR .
2.2.4 R AT

9T BFFEAT R 28 W B 1] B 500, 43 5113% 2 min.5 min .8 min 10 min F1 15 min W FRF T[] , 25
FEWIE BAFEF I A 8 min A DA L BF ) X7k v (8 2450 Wi B 2858 B A T3 R 80% LA 1 (181 8) , kT ARAEXT
ST FE 53 B, 5 2 S e v B[R] E S 10 min.

120 - 120
O
100 O LA 100
s 80F B R4 R = 80+
ﬁ 60 L %j(' 60 - —=— REAEIR
= = N=E=1 =3
Ba
Al FHT 1
0 1 1 1 1 1 1 |
H e i RNEE LR 0 4 8 12 16 20
VERLIA A R[] /min
7 SERAFNEEME RAHEMRKERENERRR 8 MRMIR AT B ILeE IR MB AR B R W B R R
Fig.7 The extraction effect of elution solvent on Fig.8 The extraction effect of adsorption time on
chlorpyrifos, deltamethrin and bifenthrin chlorpyrifos, deltamethrin and bifenthrin
225 FRAEAMK
R T R R PR AA Xk 245y [ AR 2 U 10 5 A2 00 ] 120
P, SRR I Y Fe0,/C AR bR FIZK AN 2 B I 00— ¢ o o

g = . =
R EVE G, TP E . S8 R W [F — 5 b ———

Fe,0,/C AP MRS 6 Y LI, 404 i el i % L ooor —— I

WA B 9). A B R TR 5 Y0 Dl

fr e T P 20}

2.3 WEKEHST R S S B S
LELL AL MSPE A% 404 T, 3 3 2k S TAL YA

TR, BB R (2,0, x,) 40000 3 Fizi iy B0 EEABMERE RAAMMBE RN RALR
E ’ ${jﬂ~j mg/L, ?}}\Qé*/f\‘(yl s ) ﬁj\%[[j'wj 3 ﬁ%%{/ﬁi Fig.9 The extraction effect of times of repetition on
AR 04 T AR B Ry mAU, b il 2 i £R PR L B ol

0.01 mg/L~0.1 mg/L, I ERE(R*) 4 0.999 1~0.999 5, #iMFR (LOD,3 {551 ) 7E 0.2~0.3 ng/L Z Al
(W& 1). -

chlorpyrifos, deltamethrin and bifenthrin

F1 B REHEEMBERGEEMNIREHRE ﬁgy‘m{%a U A E e WKz
Table 1 standard curves of chlorpyrifos,deltamethrin and bifenthrin .E:', )‘:".‘I B %E':,-‘ —— k10 uLjJM/]:?
S BRI P L LR | B — S\ 270 WPk4O L
Ay, =2 446.8x,-3.161 7 0.999 1 0.2 S N
WEAE v, =2 765.7x,+12.817 0.999 3 0.3
B 25 i ¥3 =2 939.5x,+0.905 0.999 5 0.3 3 6 9 12 15 18 21
B4 B R] /min
W27 FH TSNS [R) RO PR B KRE (A RIK FZK A 10 TRRkEEh ST S 2
W) 25, S BT 45 59 F 3% 2, R RiE i vk i vl B 3R 0 IUAR U 2 15
ﬁt@ ’ij:_l:ﬁ? T 0.01 mg/L 1 0.04 mg/L 7J(S|Z i #r ik o6 Fig. 10 HPLC-UV chromatograms of lake water
( lzl 10) ,3 ﬁﬁ*ﬁ%ﬂ’ﬂﬂﬂﬁlﬁl%%% 82.9% ~106.2% , *H and lake water spiked with 0.01 mg/L

and 0.04 mg/L of each analyte

XPRUENZE A 1.4% ~9.6% , ) AE IR EKFEF ARG 3 Ff
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Table 2 The detections of chlorpyrifos,deltamethrin and bifenthrin in real waters

b AT A/ (mg/L) IS5/ 9 (ARX AR 22/ % )
KEE (mg/L) e BRI WA HIE B BRI WA T
EES/ 0 nd * nd nd
0.01 0.009 3 0.010 1 0.008 3 93.4(8.2) 101.2(9.6) 83.3(2.1)
0.04 0.037 6 0.039 0 0.033 2 94.1(2.0) 97.6(2.9) 82.9(3.0)
K 0 nd nd nd
0.01 0.009 3 0.009 9 0.009 1 93.1(7.9) 99.5(3.6) 90.8(4.9)
0.04 0.036 8 0.040 0 0.037 4 92.1(6.6) 99.9(8.2) 93.5(8.8)
FR7K 0 nd nd nd
0.01 0.009 3 0.010 6 0.008 5 93.2(8.8) 106.2(8.5) 85.4(7.8)
0.04 0.037 4 0.039 2 0.035 0 93.5(4.0) 98.0(6.3) 87.4(1.4)

3

* nd:not detected ARK H
:l: »
a5k

Fe, 0,/ C ZRRLTHAT RAF (00 BE AW PR RE , T T T35 A BILRAE A1 465 18R 26 25 9 b 2 SE I 550 44 P A

WX A4 T8 (0 B [ AR AR B, FEAR S, Fe, O,/ C AR B D) I 1 RS /KRR P RE AL I T4 502 T R EER 4
HITREY MSPE-HPLC-UV Z3A A , S8 18 1 A4 R pH IR B A 8] | A% I 30 | 3 52 4 28 A% 1 0 A6 B
IR B RENR , ALAE T MSPE 250, SEUa45 3R o %050k IR i L A2 P
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