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o E MR S-SR =Bk (GO-Fe, 0, ) kA% W2 55 HEAT T [ A AR I ( MSPE) &5 4 #E L AR B HF-
M - = T DU AT HB IR B R SE(TD-GC-MS/MS) JEAL 1 — Pl S A7 HLIE 7 4 s A K 75 5K 7S 7R 75 A
TR T LAl T GO-Fe, O, B HI ik ASIR ] v pH 4558 Wi 1 I A AR UICR DG BE I 2 AR AR Y 2
PET ZNEIR ZR78 75 R 8 6 76 2—100 ng - L7 0 [ 9 5 R 20k Bk ASGAR L () KT 0.99. 16 1 BR
(S/N=3) HIZEHFR(S/N=10) 735 0.04—0.26 ng- L' il 0.13—0.86 ng /L2 MR IIKF- ) F- 3 [l i 5 oy
88.1%—105.8% , AHXI BRI 22 (RSD) 2 2.8%—11.3% %77 TEHRAF R 5. PRt R A0 REAfy FRAR, ol I Tk RE
RN SR 7SS R I B 15 e e .
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Determination of HCB, BHCs and DDTs residues in water by
magnetic solid phase extraction/thermal desorption-gas
chromatography-tandem mass spectrometry

FU Shanliang ™" LU Jing CHEN Lian CHENG Jing ZHU Shohua

LUO Fang FU Qiong Y1 Xi LIANG Xiang
(Technology Center of Changsha Customs, Hunan Academy of Inspection and Quarantine, Changsha, 410004, China)

Abstract: Magnetic solid phase extraction ( MSPE ) based on Fe, O,-grafted graphene oxide ( GO-Fe, O,) was
combined with thermal desorption-gas chromatography-tandem mass spectrometry ( TD-GC-MS/MS) to develop an
organic solvent free quantitative analysis method for the determination of hexachlorobenzene ( HCB ),
hexachlorocyelohexane. (BHCs ) and dichloro-diphenyl-trichloroethane ( DDTs) residues in water. The factors, such
as amount of GO-Ke;0,, extraction time and pH of water sample, were investigated. Under the optimized conditions,
an excellent linearity was observed in the range of 2—100 ng+L™", with the correlation coefficients (r)>0.99. The
detection limits(S/N=3) and the quantitation limits(S/N=10) were 0.04—0.26 ng-L™' and 0.13—0.86 ng-L™",
respectively. The mean recoveries at 2 spiked levels ranged from 88.1%—105.8% with the relative standard deviations
(RSD) of 2.8%—11.3%.The proposed method was simple, rapid, sensitive, accurate and environmentally friendly,
and could be used in the monitoring of trace HCB, BHCs and DDTs contaminants in water sample.
Keywords : magnetic solid phase extraction ( MSPE) ,Fe;0,-grafted graphene oxide ( GO-Fe;0, ) ,thermal desorption-
gas chromatography-tandem mass spectrometry ( TD-GC-MS/MS)
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B DU S KA K B A 200045 101 SR A B AL GE M RORAE B (LLE ) 2 & SR 5 I T B s 2 s A AL ), %
K N 5% B R D 2 SLFRBE A ) AR A X AR ZE L (SPE ) 1 3 LLE RO /D 1 ¥ 57 B4 FH 4, {0 2R U AR s BN #E A
e R Bt ). AT R H B AR 52 A5 B Ak Shy R B 590 ) e A RS BGE R (MSPE) ) J&— i i) SPE T X B # K Lt 3R i
TR R 526 W R AL 8 43 43 B ARE R R v 8 153 B 5 W R 390 A 4% 5T, ROR 48 J80 T 25 G R T FE I B 1), HL AR AR
BRI E LR T AESNNEEA AE T BT SR R 5 5 A UG S5 A RE S IR 53 B, R A it A BV 43 TR 2.
ASCLLSEA A B0/ DU AL = ARG 9K BT (GO-Fe, O, ) ARG I AH AL RO Y 551, FH T 7K & 7 HCB \BHCs 1 DDTs 1R
A TR 4, £5 A TD-GC-MS/MS AR By T — Rl L2245 ML 390 (5 A G I 0 3% | I TSRkt i A AG .

1 ZLI§E4 ( Experimental section)
L1 AXES A S8

Shimadzu GC-MS TQ 8040 < AH (a3 - — T PUMAT B IBC BT 13545 ; Shimadzu TD-20 #4824t

BHCs .DDTs {##5 (135 a-BHC 8-BHC ,y-BHC .8-BHC .p,p’-DDE, p,p'-DDD, o,p’-DDT Fl p,p’-DDT, FA 4 43 ¥ &
100 pg-mL™" FEFIA IEC BE, W4 A AL RS LA B VI AT) s HCB (W EE R 1 mg-mL™" &5 TS EA, 14 H JEE o2si
ocwl) TR R (92 HPLC 03, 00 H 22 [ Tedia 28 /], FATEE %) ; $hR (400 4h, W 1 [ 25 5 P4k 22300 A FR A
A)) s G AN (o Brat, W [ E 2545 AR FRA R s S8 /K R Milli-Q #B 47K (Millipore 2AH] ) .

GO-Fe, O, BRI T (XFO18, 14 F M 5L S FE AR MR B FRA R s &2 86w i ( A2 2 mm, K& 2 om) 508
FHRE S 3 A B H S250 2 0 [ SRk e AR TT (0 ke i S RN R A T ik

¥ HCB BHCs F1 DDTs bR N ERAG BERC AL 10 pg- mL™" AT Bl 7 W
1.2 RE T AHAE BRI B 53 BT

B 50 mL AR AET 125 mL AR, INA 10 mg GO-Fe, O, MR T AREE 20 min, FH 5540 T iR mi A ( AR %
DUSE AR 8 ) W2 B 427 B AR AT GO-Fe, O, RETEARL T, 5588 2825 1 B BRH b A5 W ( 9 0t 45 2538 B A A L 7 1k 4
TR B TD-GC/MS/MS 43#r.

PBLR A PBERRREE 340 °C ; AU 18] .8 min; HUBERH R (He) i : 60 mL - min™" ; 3 5E P41 B} . Tenax; i 42 B
BRAETE .40 °C BRI 1300 °C 5 I RV . 280 °C ;AR BRI BT IR . 300 °C 5 FRUBERH 11 3528 . 300 °C.

GC-MS/MS %/ f83% 4. DB-5MS (30 mx0.25 mm, 0.25 wm JEJE) ; B 5 i ¥R H 90 °C, {4+ 1 min, U
20 °C-min"' FF & 200 °C, FLA 5 Comin™ FF 2 300 °C 14455 min; 20 : He, 41 EF =99.999% , i i# M 1 mL-min™" ; Biig 0
TR 280 °C ;B TR L FSRE R (ED) IR N 230 C, B RER N 70 oV REH 2. £ 00 B T WALzt (MRM) , £1 5
T/ F B X R R A LR 1.

1 HCB BHCs Fl DDTs I {r BEE] (Ris) BFESF/F 214 S H i g i

Table 1 Retention times(Rts) , precursor ion/product ion pairs and collision energy( CE)

N Precursor Product Precursor Product
festy 1%%%,]@] ion 1 ion 1 CEl ion 2 ion 2 CE2/eV
Componds Rts/min (av/z) (m/2) /eV (m/2) (m/2)
HCB 8.09 284 249 24 284 214 28
«-BHC 7.97 219 183 8 219 145 20
B-BHC 8.29 219 183 8 219 145 20
y-BHC 8.39 219 183 8 219 145 20
6-BHC 8.68 219 183 8 219 145 20
p,p'-DDE 11.75 246 176 30 246 211 22
p,p’-DDD 12.67 235 165 30 235 199 16
o,p’-DDT 12.77 235 165 30 235 199 16
p,p’-DDT 13.56 235 165 30 235 199 16

2 #Z R 51418 (Results and discussion)
2.1 WAL
2.1.1 GO-Fe,0,H 4

S5 IS 5.10,15.20 mg [ GO-Fe, O, I HEAT T 258,50 mL JIBR/KRE (&L REEN 2 pg-L71) | AEHUH i)
720 min. Z5 R KM, Y GO-Fe,0, M FHRIEH] 10 mg B}, 23 B AR AL O 3855 3 F5 sy, $90m e B 7] FH ook 25 B R TG
WA S B2 . [R I, 29 GO-Fe, O, YT 10 mg.
2.1.2 T A AE I )

AR S 48T AN [ 22 BT[] X6 25 20 43 S 1) SE ), 25 BB RHA F 324 10 mg, 50 mL JINBR KRS (5 45 4153k B oy
2 g L) TR B 4150 20 min P 1K 2 W FFFEA . R R 2K B E] A 20 min.
2.1.3  pH £

FBEET KA pH E 51 3.5.7 F19 I AYZEIR I | A ORI 10 mg, ZEHRURF ] 9 20 min, 50 mL fiidrok
FECE AR 2 pg- L) L5 RIT, S8R5 pH 3—7 B, ZEBURIC R JG I 22 5], B % 1R A6 B IRl Ac 2R s [ A1



568 57N 5% 1k 2 39 %

2.2

R DA 45 S0 52 TR A IR ) e A 25 1R £ 10 mg BETEASIBUBRL(GO-Fe; 0,) (AEHX 20 min, i pH 3—7.
Tk G BR A i FR
FIROEAL I SC IR A5 1F, X HCB BHCs Al DDTs FYZE M AHSC R 50 KD BRI 1 BRAEAT 1% %8, 25 2R DLk 2. AT

gli/KBe il — & 517 HCB BHCs H1 DDTs Frufili 45 W, 76 OL A0 i 25 14T 2RI, 346 52 19 400 B R €38 2% 1 44l 2, LA
AT R T AR AR B | A IO P B AR AR b, ST R o AT 2R 3% 2 VT, HCB  BHCs Al DDTs #£ 2—100 ng-1.7' &
BRI ML, R LRI KT 0.99. 5 5L 3 f5(E M HL (S/N=3) Fil 10 F5{5 M L (S/N=10) T8 J7 i Ay K 0 KR
(LOD) FIFE HBR (L.OQ) 4 0.04—0.26 ng-L ™" 1 0.13—0.86 ng-L™".

T2 LMEVEREI(LR) M R E(r) KBE (LOD) g 7 FR (LOQ)

Table 2 Linear range (LR), linear correlation coefficients(r) , limits of detection (LOD) and limits of quantitation (LOQ)

LR/ L.OD/ LOQ/ LR/ LOD/ LOQ/
(ng17") ' (ng-L7")  (ng-L™h) (ng-L7") ' (ng-L™")  (ng-L™h)
HCB 2-100 0.9993 0.08 0.26 p,p'-DDE 2-100 0.9932 0.16 0.53
a-BHC 2-100 0.9995 0.06 0.19 p,p’-DDD 2-100 0.9994 0.23 0.76
B-BHC 2-100 0.9945 0.11 0.36 o,p’-DDT 2-100 0.9922 0:11 0.36
y-BHC 2-100 0.9997 0.04 0.13 p,p'-DDT 2-100 0.9937 0.26 0.86
5-BHC 2-100 0.9991 0.06 0.19

2.3

S BRAE ARSI B N [0 Se S5 A1 9 4
SRFARITIE DM T Bk JREBEG SRR FHIKEE 3 FhkRE i R KA H) HCB BHCs 1 DDTs 4% 85 . % 3 Fil

IKFESEAT IR ISR SR, AR KSR 2 ng - L7 A1 10 ng- L7, ARSI IUK AT RE 3 WK, TR 3549 [ Se S 0 A X6 s o M
Z(RSD) . F 3 3 A1 A5 3 YR RISCRTE 88.1%—105.8% 2 [8] K5 LN 2.8%—11.3%.

R 3 SLBREE SR ARINGS SR IR TR AR X b7 v 22 (RSD)

Table 3  Test results of actual samples, recoveries and relativé standard deviation (RSD)

(ii'k:‘_i]/) HCB a-BHC B-BHC y-BHC 8-BHC ~.p,p'-DDE  p,p'-DDD  0,p'-DDT p,p'-DDT

0 ND ND ND ND ND ND ND ND ND
FokoK 2 98.6:33  1003+7.1  89.5:9.4 98464  (90.5+7.1  1055:9.3  $8.8:2.9  97.48.4 95.6+6.7
10 90.4+47 105775  105.6+9.1 1032445 99.6:9.6  97.7+9.7  103.1x4.0 105.3:10.7  103.4%55

0 ND ND ND ND ND ND ND ND ND
ik 2 96.3:55 101233 9073, - 99.7+[1.1  99.6£62 10532  88.7+5.6  91.6+8.5 88.129.2
10 99.5:9.7  89.7+73 882854  OL9%7.7  102.6:9.5  90.3:42 975897  105.85.8 89.8+2.8

0 ND ND ND ND ND ND ND ND ND
Wik 2 04.5:3.7  88.1x57 _ 101.9+7.6 7 96.5:9.7  99.48.9  94.4x59  1057+113 90.8+10.5  105.2+3.3
10 98+113  90.3:8,1°. 94104  104.8:9.8  89.8+5.4  101.7¢4.2 1018459  96.4+9.5 105.6+6.3

ND. A4 Not detected

3 458 ( Conclusion)

AN T —Fh MSPE 75 BRI T/KKE IR £ HCB . BHCs 1 DDTs F 8 4 | 45 57648 TD-GC-MS/MS #7407 A J7 s

JLETCA T A NS IEAE , e Fhiay 5 Mot 8 MERf IR RIREIN T3 3%, il Tk R HCB .BHCs 1 DDTs [ 1.
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