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BpAs . LLASHUBAS AR 28R B (1 4 5 W

X8I Pl et RZGEREE, SOM RS- SRR

Determination of multi-pesticide residues in tea by two-step clean-up and gas
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for determination of multi-pesticide residues in tea based on
polyphenol-calcium precipitation and magnetic adsorption material two-step clean-up and gas chromatography-tandem
mass spectrometry. Methods According to the principle of action of polyphenols and metal ions, especially calcium
ions, anhydrous calcium chloride was introduced into the pretreatment method for preliminary clean-up and water
removal, followed by secondary clean-up using magnetic graphene and graphitized carbon black. The extraction
method and conditions of the two-step clean-up method were optimized, and 22 representative pesticide compounds
were selected, and the linear range, detection limit, limit of quantification, precision, and recovery were verified. The
feasibility of clean-up using only magnetic graphene was discussed. Results The established method had a good
linear relationship in the concentration range of 0 to 200 ng/mL, and the correlation coefficients were all greater than
0.995. At the addition levels of 0.01, 0.05, and 0.10 mg/kg, the average recoveries were 63.03%-98.69%, with

relative standard deviations of 2%-21%, and the range of Limits of detection and limits of quantitative were 1~

EETR: HEE AW AL (No.2017YFF0211304) . #7844 BH5 55 H (No.201710021)

Fund: Supported by the National Natural Science Foundation of China (No.2017YFF0211304), Fujian Science and Technology Project
(No.201710021)

*EWEE: %77, EALEIN, RO AN, E-mail: 964890740@qq.com
*Corresponding author: Yang Fang, Chief Technician, Technology Center of Fuzhou Customs, Fuzhou 350001, China. E-mail: 964890740(@qq.com



555

WREEAH, 55 2Pl -~OM G- A B B I 2 i v 22 Bl 25 5% B 1355

10 pg/kg and 5~35 pg/kg, respectively. Conclusion The method is simple, accurate and fast, and suitable for the

analysis and monitoring of 22 pesticide residues in oolong tea, black tea and black tea.

KEY WORDS: two-step clean-up; tea; pesticide residues; gas chromatography-tandem mass spectrometry
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1 5

He B A 25 5% BE () A — Az B SR, 45 ik DU 4% B
A EE AR A2 AR ZF U A A — A S 06 HLA T ARG AL
AR R 2R MRE Sy, BAESEERERAE, T
MR e, TS ANUALE RIS 450 2R, AL o
R 40 ZFh, FANRE Y £, KRB0 R, ZXkzy
5 BR RS s 1 T P AT 22 5 R RGN et 4 1 T
FIRE PRI e ik 2B B DL Bk T3, (HA5 AT AL 340 B %
Wi, R A . SRR . U BARAE A B
AHZEIBE (solid phase extraction, SPE)®), P, FF & B
BALERER, T EIEE X TR i, AT EE
(P9

AT AL, AT A BRAR U SR T KR X
— RO K R AR U P 2 T &, L
FKzmhEL, CAMRENRZEBEH LA mEE, A
A BRI TRIRZE vhEe J1, AIE R Z AR S )R & 745,
TR B S P, HoA BARE R RE, DRt aT LA
AT ) 4 R S A A WA A A B O R e A R
FEASR IR h Z B o, kB3R

AR, BEEAORM RIS Z 2 T =W, BIE1EN
HAb R T AR B b b U7 e R E, B
RERAT 53R B A B L, BR 2L E L. W
&, AR, JUIGE F FHCE AR BN . BEPE DY AL
RGN T BT LU R L RO i B SRR s A
PR, (HHRE X, 58 AERGIR . AAHT
AFRE, XTPUSA AL =B T Dy Re Ak I 5 R mE M bR A
SR A SR P (B . 2RI S TR DO SR = kg KoL
F 5 84k % 2 (graphitizing of carbon black, GCB). Ji/K
MgSO, HHIRA Tl TR A8 U E A 2 BOHE, &S N-
N 3t 2 —Jfif (N-propylethylenediamine, PSA)Z3 i 3 5 2K L
HHEG, BB EROR . (%R Rt AL =
RO RLF- AT B g . AR & G A BHE & R
SRR T B A T N o A BRI S — o T
BRAVKAT R, A R PR kA o R A
RAFM b2 PERER e k. B EH Bz AR e A BRI
AL B T 3 r 4 R R A BRI TR S A W D [
FAAE R A SEL FE A4 20220 B H i 0 T PRl B A b Tk
FEL KR BREER, ML R

ABIFEHSL TR 22 R 255 B QuEChERS-
S AE 8 3 - 5 BB T % (gas  chromatography-tandem mass

spectrometry, GC-MS/MS) 6l 77 . BEdh LM A EEh
KR, CIEHEARIUS, BMICKEI S T g4
1k, Fi GCB FIREMEA 884 —kigrk, ZRROTERESR . AT
PR T PO AT AL By 2k TP SR AN R IR, i ]
EPEE, EHT et 2025, WA 3 B5Emrhy 22
FhAe 258 B8 1 4B 5 e, S A G M B2 9 H R M T
(Brle =8

2 MREREE

21 4. AFI SR

TQ8040 S AH (i - — VUM AT BX % A (H A< &
HA T, CR22G B0 AL(H A H LA F]); HN200 £ 168
RIRAL GRS B A FRA D), AG245 HLF 21T K
(Bt L M 45 B R 228 w1); S900H 875 I i e s (B 111 4
AL A RA A

M. ECki. ZRROEE . MR, %£H
Thermo Fisher /A wl); SALEN . oK S A4S | JC/K b iR B¢
(G, EZGERARAF); N-NEZ ZHEPSA)FIE
Ak BB (GCB) R 1 2 RE R FHE A IR | ), #E bk
A SR CEAUR M R E A R FD); 0.22 um A HLET Sk U8
JI6E (3 i % e B A BRZA Al ); Cleanert TPT SPE /MHE(1 g/
6 mL, THINCAIRA D).

R hRE S (B4R, 10 ng/mL, % [# Dr. Ehrenstorfer
N TDY) o HR AR A 5 0 A R S T R R
B S IR RS, B DL L S BE R 1 pg/mL MR A
FRUEE I, 4 °CF BEOGIRTE

AR SR T B H RIS Y BHMERE Ao B R AE, B
PSR C AT H A%, B8 R R BT, R
P V] W 304 it D O 8 PO AR R M AR 2, 8 R A S L T B
o IMERE SO 2 B BR Jr 75 GB/T 23204-2008 (it
H 519 Bl 25 B b2 S Ak B S I SO B -5
L) BIBIER S 2% . LLAS R IR RE A
22 WA
221 Hepara

FRECY RS 928 HRER 2.0 ¢ T 50 mL B0, i
A 3 mL HURIEEIK, #E 20 s; A 10.0 mL ZJiF, 1#5],
AP 10 mine MIA 2 g oK FEALES, JAKE 2 min, BL
5 min(4000 r/min), B EIEW T 10 mL B .08, ARE
EF, WA 2 mL ZBRZ M, A 80 mg GCB, 40 mg f4 1k
BN, e 30 s, AR B )E, B ERRGT 0.22 pm
HEME, GC-MS/MS Hll%E .
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222 BEH

3 4 0 Rtx-5MS B 40 & #F (30 mx0.25 mm,
0.25 pm); FHEFEF: 50 °CEEF 1 min, LA 25 °C/min FHi
FIFE 125 °C, LA 10 °C/min T+ = 300 °C, {44 8.5 min; i
FER R A, BEAE R 1 pl; K 1.0 mL/min; %
S HR, 4iE =99.999%; JEEE TR 250 °C.

&M BFREEFHED; BTREE: 70 eV,
P BB B 200 W (multiple-
reaction monitoring, MRM); #FHSMEES: EA; &F
U 230 °C; AR4ZRIR L : 250 °C; ¥ FIAEIR: 5 min; —
KGR EAMEE: mz 50~600; ISR
FEl: m/z 50~400; K % 3. 2 spectra/s; % i} [A] :
200 ms/spectrum,

Kl AR GC-MS/MS FHEBHUSBIWE 1.

3 HER5HH

3.1 REFEHHMK

Ze S T, AR 2 BHAE AR 2 E 2 A [0
J7 AR L2 75 R W $ R BEAT T RS, Aok
BRSSPI R, H 2853 kiR e )5 S 8
PRI 7 o LA AG B B R BT 2, A9 )R Sk
B, BB L, A ORI RS Y B
AT, ZUREW, AT S AR 22 Ry, HiZ
P8 700 R BB A I 45 SR IR T SRR iR R, X 5 25
it P e R A A R i A G, 250 SRR ZE &
AR, ARG S A0 A B 35 A A b T, D T E
PRI 20 PRIBGR TR  (8 H A5 24 [N Sk 5 I 245 1 5 B 1
KA 7]

F1 2MREFMEKRAEXEZRUR GC-MS/MS TESHR
Table 1 Totally of 22 representative pesticides information and GC-MS/MS main parameter
75 LA &S P4 % B4 Bsf [A]/min BEE T (m/z) THET(mkz)

1 AR LI 2-phenylphenol 8.855 170.00 141.20%,115.10,115.20
2 H AT chlorothalonil 12.03 264.00 228.90*,231.00,167.90,133.00
3 HiRR metalaxyl 12.98 249.20 190.10*,146.10,217.10
4 BEIEM chlorpyrifos 13.64 313.90 257.90*,285.90,193.90
5 L fipronil 14.39 367.00 213.00%,178.00,245.00
6 gl procymidone 14.68 283.00 96.00%,255.00,68.00
7 2R paclobutrazol 15.01 236.10 125.00*,167.00,132.00
8 alpha-fifi FF a-endosulfan 15.14 207.00 172.20%*,159.00,160.00
9 T IR profenofos 15.49 336.90 266.90%,308.90,294.90
10 i TR e myclobutanil 15.67 179.10 125.00%*,152.00,90.00
11 AR flusilazole 15.70 233.10 165.10%,152.10,91.00
12 I 2% i buprofezin 15.72 172.10 57.00%,131.10,116.10
13 ik i chlorfenapyr 15.94 247.10 227.00*,200.00

14 beta-fift S} B-endosulfan 16.31 195.00 159.00%,160.00,172.20
15 T P+ R i endosulfan-sulfate 17.05 272.00 236.70%,238.60

16 IR EG R bifenthrin 17.96 181.10 166.10%,153.10,179.10
17 RS iR fenpropathrin 18.14 265.10 210.00%,152.00,181.00
18 SR TR gamma-cyhalothrin 18.94 197.00 141.00%,161.00,91.00
19 ik 2 pyridaben 19.90 147.10 117.10%,132.10,119.10
20 AT AG R cyfluthrin 20.45 226.10 206.10%,199.10,151.10
21 AT R cypermethrin 20.77 163.00 127*.00,152.10
22 i gl indoxacarb 22.06 264.00 176.00%,232.00,148.00

fE*FonE T

o
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AR SCHCRE T M Al K 5 0 0 K A2 K R BOR 4 R
B, ol PR BRI AR K BB A R RRAR L AR IO 2 o . KA 404k
G PRBCSCE SR A TR A AR B2 IE A, 28/
HIFD NaCl VBT 1 g/1 mL I, A8 {14 i i 2T
URINE . IEAh, KPR 2y, Ao DU {E ] G Bl £ R 7K
INASE R A, Wi KM SUKE RN AL S P
BRI, ZZEHE, ROPRRLERE 1 g RFEN/
1.5 mL {8 NaCl iF 7K .

800 | ;
600 | B
400 | G P
__200F
S
on
2 150
BX
§
= 100
ﬁ
50
0
HEERESFIFHEEEELER T L
FEREFIRFEERRERH B H
ERREERNEEREHMERSE B iD
X K THE W
® B g
P13 FRBOT AR 45 2R (n=3)
Fig.l1 Detection results of three extraction methods(n=3)
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H AR 24 5% B 4R Oy 30 R AR R
MR 2l R SR I HR SRR 2 15 R PR BRI
Y1, SCRAG, BUARBOF R RZHURY . Bk, BE%
FR o ARSOFIRGE, ¥ FAHEF X 3 FOR FRBOT X pE
BUSCR AT o KIS SRANPE 1 B, TRERI R —
AR, ARG AT 340 2 ROy = s Al
BI04 RO B2

A BB, %o R RO X A AR U
AT TR BRI (RN B R, SR 2. G
R RIS T, BB BOT A IS5 R R B, M
YEJ5 5 18, RS B O SAE HEAT AR bl A B AT £
B, PRVET(E; T4 B BE A A BRHE R, DRI 3 0k 0T 3k A
WSS IG Yy, BRI RAERTRE S, BRI, AR
PEEGER, IF g 7RI A], FRZH%E R 10 min,
32 ETZB-eRETFHITENVIAWL

ASMIERT A A%, OLASR N EM 2B Y B At
hi FER S, TR TAERE 18%~35%. Z2HE
W IR AT 5 JCHLER 42 TR B T Ca® L Mgt AR L A T
PO FEMIRISEIR A E R, BT Ca®t . Mg TR,
SEIREH, B -EiTiE e (LK 2A FflE 2B).

PRI INTEK CaCly A AP, ARIFRIESRR T4
BAERRE R 3 ARFEB TR AT, 258 0 E
2C. HEHAIIL, e OSSR INIEK CaCl, bR

I it v A s
] s mmin gk s s

20
15

E R £ 3 o5

® @& H & £

g B B 3 2
= 3
Bl

#HOoH £ B B KR E E & # =
HoE H R E R R E R A
2 8B X ¥ B & F B € & &
® OB ® W =3
B B ®

e ASRBUR TR INTEK CaCl, 5 J67K MgSO4: QLG MOERINIEK MgSOBEMIE/K CaCly; B. ORI HNIE/K CaCl, FIHEBOK, QU TE K
CaCl, Ja 4RI, C AT B IMICIK CaCly SR (n=3): a #FE T, b5 . c LS RE.ON )5
B2 bk

Fig.2 Purification result
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KAz, XAl REEIN D O BRI LS K T H, HEA—
SEMRANE, SEa O e, AL R K o A D,
ASINAYICAK CaCly PR /K ™2 (405 8 Tt A 4, ol
Z R LI RATHLRR A XA A AR 2 Bhis
INIEAK CaCly Jr BRI A R AEATX H, P RS I JC K
CaCly {9 1S 3R A X5 22 1) Dt D ] A 75 4 BRUR S Tl
JooK CaCly AUEATILTTRE A v 1y 26 KA ML A H,
W HA T R bR R ORGP ROPE R, 3 4RI, i
FEREFT BTN JCK CaCly FELTTHE 2% [t [F] i th, 278 2 3
S A, SRR

XA R JOK CaCly BCRUEAT T3, S5l 1.
2.3, 4, 5 g Jok CaClye KB4y AR ARORS H{EHEIC K
CaCl, FY TN SEH 5 B A SS, FEUSIE N 3 g AU
I EI R R (HRA DB E YIS, R 25wk
FGRUS TR, ST B AR 3 SR 4 T T R I 1A
Iy 2 g BRIAER f E SRR AR AN, Z5
HHIE, M I INTEK CaCl, (6 SRR i ik 45 1)
3.3 MM ZRRKE

R A SR AR U 5 P a4 R D GCB
PSA. Cig %%, [RIF X SR AL B 52 15 (6 FH AR A28
GCB 75 W B (0 58 1 FLAT S0 35 PR 2O, o A% 52 6o BT #6
AR AT RS, X GCB i AT AL . B
GCB HHERYHTIN, WRBiO Lk, 2 GCB iy
IRE] 80 mg ZJEHWEAAATIE, MR 7,

KR4 [ AE T0%~120%, AE K B4 I sk, e oh,
WA B3 AR 25 1R 1 I 8 O LA R, IR K
F 120%. BT LAAE E 1k (0 B, A 002 SR FH 5 I3 I b 1) 7
AT

P A U 0 43 8 T L 3 V1 el R R 2 s A — S 1Y
WiJe, JFELgRE . WIREE AR AT DA R OB, 4T
AR BRI ], B R REE AR K T R A =) R GCB
. PSA RE, TR BRI AT, HABERURA
FE, WOE PRI A RE T G bR . Sl ¥ A A1 SRR S PSA
(A BRSO R A T B 2 B, WEME A B8R S PSA MR B
SAHIE, W7 AR A S50k PSA Brdf i AT )5 sk ik
SEHG o XFBEIRY 22 ok 25 bR HEVA TR S TR A BILIE TR,
pog=qEEE.

ISR EERANE 3 frs: 1F OB A BRI,
BB 2 p e i, HIJGHEERL . 2B AR
HFIECEE, B4 7 MEEGWREIBCRIET 50%. 1wl
ZIRZTERIPZE: ZIE1:3, V:V)IR A VW T 28 [ 4
s, HEERAME, B 203, IREHERNE
2oL AT AR = A 5% DBCR TR A W, T DU 30k
Jii—2e4k GCB WEFfHHO-F IS5 e 592, e f
i, FHIRERERGR, BE 2 A EDSGHCR A 2E A KO
TR CTRVE VR R . @ 5 UL, 40,
60. 80. 100 mg)X ik A7 880 AT Ak, 2757 1E ik
40 mg 1E 0B 38 AN

« FEOk N
® K7k A HIZEZHE@E:, V)
120 + i %
100 F QQA e 2 ;’2 iAAAi
ii P
gof| A
s ' A
J§60-
40 A 1
I <
20 A < « 2 |
EREEBEENENERRERNBREN L L @ 9fq T
B oo B £ & F 8§ R5 £ # 3 E E R 88 E E K EE
®OEER o o/ # B € B E & & 8 § £ R IR ERRK
il Bl EEEN | EERE o [ EREEREEHEER
® RO E E % W
& e 54 ®

B3 [l R A DR IR A S5 5 L (n=3)

Fig.3 Comparison of elution recovery results for different solvents(n=3)
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3.4 FEFWIE
61 P 222k B o Dy 92 B IR S O AT R 1 A

HEAT IR S0 AN S5 o BC ] 0 ~ 200 ng/mL ¥ i 38 [
RIPRIEIR I TEZS FIRE AL S IR MR B Ry 22 ﬁ‘zzﬁj{tbn
PRI, 5 D7 A H FR(limit of detection, LOD)FIRE
FR(limit of quantitation, LOQ), 437l {5 HL(S/N)IF) 3 Pﬂl
10 1%, DAETHIAR Y SR9AARRR, WeEE X WREAe bRl T AR
2k M Y 22 Rl 2576 0 ~ 200 ng/mL T8l ML PE G 2R LA,
MRRBIIKRT 0995, fiilifR LODs JEFFE 1~10 pg/kg
ZIa), E#R LOQs JLHTE 5~35 pg/kg Z (W 2).

R2 2FRAMKMEERE, EY)3HE. HXRE. LODs 5LOQs
Table 2 Linear ranges, regression equations, correlation
coefficients, LODs and LOQs for 22 pesticides

T D MK e
£ I Nughke) Nngke)
1 AR Y=361x10°X+3.1x10° 09956 1 5
2 HEE Y=090x10°X-366.69 09967 1 5
3 WFHER Y=734x10°X+1401.4 09995 1 5
4 T Y=1.06x10°X-28021 09996 1 5
5 FAUE Y=746x10°X—-45583 09999 1 5
6 A Y=125x10°X+1911.3 09998 1 5
7 R Y=273x10°X+5252.8 09998 1 5
8 oS Y=2.02x10°X+12004 09979 9 30
9 NIRWE Y=535x10°X+616.15 09999 4 15
10 JEeams Y=3.17x10°X+7992.7 09999 1 5
11 SR Y=888x10°X+648.86  0.9999 1 5
12 WERERER Y=343x10°X+12944 09996 2 5
13 g Y=136x10°X+15028 09985 5 15
14 Bt Y=2.84x10°X+45.193 0999 3 10
15 BifHREREE  Y=4.62x10°X+ 11013 0.9993 1 5
16 WERAGHR Y=1.15x10X~ 14008 09973 2 5
17 WEGEE  y=697x10°X-96422 09989 3 10
18 SHEEHME  Y=175x<10°+1693 09960 3 10

19 BAER Y=746x10°X-25304 09987 10 35
20 FAFMEE  Y=921x10°X+16958 09984 3 10
21 GEZEEE y=184x10°X—1148.1 09993 2 5

22 EiduE Y=141x10°X+26722  0.9965 5 20

ISR FIRE B BUZS FURE SRR N 3 VR B 7K -1 22
AR PR AR EE IR, §8 30 min, % 2.2.1 AL BR
FESE ARSI, HEAT bR BOSGR S, TH5F 2y Rl
K% RSD. FikEH ISR AE 63%~98% 2 ], 24k
FERLAGAT(0.01 mg/kg) RSB R 6%~21%, 1At 2 vk
JE K- A 98 B HITE 2%~16%. %77 ¥k 0 DR e m] 4552
JEFE P, (HA B BRI, A0 R L P R A R
(3% 3).

AT EEE I 22 R 2 b, wERERR, SRR EE, A
RS SE TR, AR, ST RERER, a-BR SR B-A ST
Mg, mAER, N, WA R, PR, ﬂ%ﬂﬂﬁl,
B 14 MR 2578 GB 2763-2016 ( & &2 E EhrilE &
a2 R AR R BR A ) P R KR B BR L, AR5k
BEAE I L GB 2763-2016 H AR I ZESK

£ 3 22 FRANEERNEEE (n=6)

Table 3 Recoveries and precision statistics of 22 pesticides

(n=6)
0.01 mg/kg 0.05 mg/kg 0.10 mg/kg
I3 " AN FXF AT
a A ek bpk mlcR g RIKCE bR
% Wz /% WE /% IE=
1% % /%
1 ABAHFEIEE 98.69 8 84.17 13 81.91 7
2 HEWE 6644 21 6393 16  63.03 9
3 HER 6899 15 75.00 3 75.98 3
4 FAEM 7935 14 82.93 7 83.00 5
5 WAEME 6496 13 83.88 6 85.94 6
JBEM 82.12 7 76.12 4 75.62 4

6
7 2R 7175 6 80.75 4 78.53 4
8 oSt 98.51 9 9129 10  73.43 12
9

NEHE 6959 16  69.84 2 67.41 4
10 JERME  76.68 7 75.66 6 70.76 6
11 FEEME 67.62 13 66.45 7 65.12 6
12 BEWEFH 8376 18 7867 8  70.85 9
13 mUERE 9682 21 7935 6 76.76 8
14 B-BESF 7972 19 8790 9 80.75 6
15 BifHiiREs 6833 19 7269 7 74.37 6
16 HEZNE  81.25 7 7189 3 71.52 5
17 HWH4EE 8165 12 7940 2 77.90 6
18 SEFAHMmE 9412 12 7736 3 7932 6

19  WEER 83.21 9 77.94 4 76.27 5
20 AN 78.08 17 84.56 8 83.43 8
21 TR 7040 11 7093 3 71.34 5
22 EfidUE 7057 15 8493 15 8146 8
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ARSI FRBTTRENLRIE 27 BUATHRER, KA 2
FRE 96 SR, 31 RN ERBIRE S R i Bk R T R AR 2Bk, A
B EAGTR . DO AEHE . AT WEDRER , DR
Tk 25 i RSB R o AL HE AT L 10 R B4R 20 A B PR 2 T
(26 BRIR), Ko vk B TE FEIAE 0.004~0.141 mg/kg Z A, #
e 5 1 (W A 24 T TR 4 (0.453 mg/kg) o
3.6 XTURA#HMAZREFHTL

AT PR A7 BRI A AR A RS GCB 2 W]
B FH LA B4 AL . (R A5 RE R F G A 88051k,
AR IIZAR AT A AR T 3 — 2 0E5% .

KT A 50 5 LA A 22 8] (0 W B4 FE A 0 AT e
KA m-n WY, m-m AHE AR B ER R AR RN Z ], Rt
R EETIASZ TR OEZREM P UILERE TR
Z AL A YR AR I —ZK I Y B, X2
B REAE S KNS H A N-H, O-H. F-H %W
i E Ui — Ok UL, A AR 5T non B,
TR AT S R AR AE SR, TR 450 7T R Tk Ll 2
JO 0 J5R AW ) T 8 AR ) PP T AS S A B AR B, T
— SO PEART AR ES . ARETE SRR RS H A R E AR
2y e BRI, B ATE SRS, W B R g
A BRI AR 2 PTG IS HVE IR SLURIN, LS R
M E . S KOS AR L, s (AR S R
74 FARZGHEATUS N RIS, XA [ O S R A
SRV Ry R o 550 £ D R oA R VS ) B 5 2 [ 19 O A
S RIT

TEZE AR M RBUR FINAK, i ZIEMHLLFHR 10%,
IMARZFREFR, B 100 pg/L, 435 IAAE
RGP BRI, KSR IR 4, YR INEE R TSR (I
R 5)o M 4 T, MEBEMEASGHENE R, BirY
IR =, Qi 20 mg I 74 Fhfezidius
18.9% 4L & iy, HLIIMCRARAE; Tl (120 mg)
-t 0 B B R A H R 5 ) o 36 BRI & 4 SRR AT
Al 2 PG R A A R AR/, ZRR 25 R b, 1 88
FE SRV Bl 37 25 o T 3k s A R B 0 R AR S
SR L] B AE AL RIXE, 040 A 25 10 Bl A AR A Y
EXO e

W SR R A R . A 2 R O R RO fin oK i
AW ZNEAE R, bR 100 pg/L, MIA 100 mg
Wik A0, K R 6, XA, ST A (LR
Mo R 6 WL, MRS GBS, RAMKEAE, hF
- W 2Z A VE R 18055, e OB & B e, K
ARG P ALV R AR R A BRI B . E S K
(90%)FIEFI IS, BRI 74 FhA 2508 BIBCR 4 7E
60%LA I .

RS A R AE — E R R E T SCHED, 7S
BRI R, i SR AT AR 255k B, I TR
PLEFIGEDE, SEBUAERCR o 3R AE BN, 3 TR
HEERE AL A AL B

F4 ERESHMEOEHRAEBNXR

Table 4 Relationship between recovery rate and the amount of
magnetic graphene

M3/ %

=) 20 mg 80 mg 100 mg 120 mg
FEORRE e me ome m

Al AREE S YaE-th
1 R 05 i 63.0 77.3 90.7 90.8
2 FUTMERIME  REH SRR 64.1 62.5
3 JI5E -3 A 75.1 93.2 88.4
4 M il e A 71.1 83.1 86.3
5 AR AAGE 66.0 71.3 71.9
6 3 ok A 77.7 85.9 88.2
7 LN 66.0 72.6 81.5 77.9
8 AN 89.9 98.1 109.0 111.8
9 X L AAGE 66.1 76.3 80.2
10 RAGBE A 65.4 71.4 74.1
11 TR T A 67.3 78.5 85.4
12 A REHlE 793 91.0 105.7 108.7
13 EN A 68.8 77.5 AAE
14 7R gk A 68.1 76.3 78.7
15 BEALIR A 57.0 63.7 60.3
16 SIICH] 67.3 66.8 76.1 723
17 PR A 66.1 74.7 76.5
18 P HLi A 53.8 63.1 68.4
19 Rk A 59.9 68.2 65.0
20 HWAEEEE Rk 54.1 67.4 72.2
21 o-fi F+ A 57.9 65.1 68.2
22 B-BiSF AAE 59.1 68.7 71.0
23 o,p-ii s 64.3 67.7 77.6 84.3
24 pp-EEE Rk 71.4 80.8 82.9
25 ARIFLF 72.8 63.6 68.4 66.6
26 RER A 76.5 85.3 89.8
27 WRAEMHER AAGE 58.0 65.8 65.7
28 JIGH 63.6 63.5 73.2 66.6
29 S AR KKl KA 63.7 62.9
30 HIIESIANEE R 52.6 60.4 AAE
31 WA AAE 51.9 60.3 66.7
32 Hulgh gk A 68.4 75.0 73.2
33 KR 75.4 72.4 81.3 84.1
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k4 k4
Bl /% B %/%
AElE ARk Ak ASRE AEGE ARE ARG ASE
34 WFHREREE Rk 58.2 66.3 72.1 55 KR A 57.5 68.5 79.1
35 L& A 58.2 66.9 A 56 K A HS 56.2 63.3 70.5
36 R H Akt 67.3 77.9 84.4 57 WR e ARH 53.0 68.6 75.2
37 (R A 57.6 65.0 66.3 58 T M A 69.8 64.6 70.2
38 RHER A 69.4 83.8 82.8 59 LRy Ktk kA 98.6 101.6
39 Io3  k AAr 59.1 66.1 63.0 60 M P ik A H 76.4 82.3 83.8
40 EilEER T A 52.4 63.9 64.0 61 LS i A HS 57.0 69.2 AAE
41 ZTHEA A 51.1 60.7 A H 62 WEMRE  REh KK 60.6 62.7
42 IR 67.2 75.0 82.0 80.5 63 e ARAG 64.8 74.2 75.5
43 NFEK LK 72.4 74.5 84.9 83.1 64 W Rty 61.8 62.3 66.0
44 FMLHORR O ORAH R 610 64.5 65 mEEER 613 84.5 100.5 100.3
45 WER AK 61.1 69.2 63.8 66 WiNwE £ 725 85.0 84.1
46  BER AR RKH 66.4 71.0 73.7 67 EIE Kl 685 741 778
47 BB AR 589 66.0 63.6 68 KW Kid 734 81.1 82.3
48 DU At 629 69.8 69.6 69 Kt 720 82.8 86.9
9 AR 66.1 672 70 P8 70 SEUREET REEH 66.0 71.5 75.9
50 PR} AA 69.6 79.9 89.6 -
51 B A 66.6 76.6 732 ! R AL 613 631 702
. Sk Fv 536 66.9 648 72 DOSECAEENE R 65.1 74.8 75.6
53 TR Skt 672 75.8 79.9 73 k2R KA 63.2 72.6 82.8
54 JIE i Sk 54.4 68.7 73.6 74 ik 5 1 70.4 66.5 73.7 73.1
x5 BWRERSHMEARHEAEXRSEITR
Table 5 Statistical table of the relationship between the recovery rate and the amount of magnetic graphene
20 mg WEMEA B8 80 mg Wit A 295 100 mg 1A 205 120 mg B A 200
=15 285 /%
A% L1 AL L1 AL L1 AL L1
AAG 60 81.08% 5 6.76% 0 0 5 6.76%
<60 0 0 22 29.73% 0 0 0 0
> 60, <80 13 17.57% 44 59.46% 55 74.32% 45 60.81%
>80, <120 1 1.35% 3 4.05% 19 25.68% 24 32.43%
*6 EIWESHHAERBFFMENXR ke
Table 6 Relationship between recovery rate and solvent I8 15 2% /%
environment of adsorption system v
—— B R &S 50% 30% 20% 10%
I3 s . . = — ZIEK LIEK WK ZBEK
N WK IR WK ZEK 4 MR AR 308 drs 83
1 WL i 252 47.6 88.6 90.7 3 A 15.3 32.1 38.8 1.3
2 TR ORKh kKR 282 64l 6 HMEEE REit 298 372 859
3 JiALRTH FA: H 44.0 58.9 932 7 L R I A 35.1 56.2 81.5




1362 B A TR R ) EERE
HRe gk 6
RT3 /% RIS /%
ol 4 0 0 0 0 il P4 0 0 o o
" 50% 30% 20% 10% B 50% 30% 20% 10%
s ZlEK 2K ZlEK ZEK K 2Rk 2K
8 AR A R 19.3 74.1 84.0 109.0 42 IR 28.6 56.3 64.0 82.0
9 POg iR Rkt R 37.3 76.3 43 NEEZK 17.9 56.0 64.9 84.9
10 R 17.5 30.1 30.3 71.4 44 FMLERRR FA 21.9 36.3 61.0
11 TR0 g HA 24.4 42.5 78.5 45 s R FA 28.6 48.4 69.2
12 RAFAENE RS 71.0 75.9 105.7 46 IR =R 15.1 29.1 33.7 71.0
13 PN N A S o ] 29.8 77.5 47 TR 18.6 36.8 44.0 66.0
14 7% H ik Kkt R 499 76.3 48 T EN oY 37.4 42.8 69.8
15 AL 14.0 32.2 40.1 63.7 49 RAIE 7.2 34.3 51.0 75.0
16 SR IRH] KA 36.4 54.9 76.1 50 TR Y A 26.0 473 79.9
17 DAPLY G 11.1 25.0 30.8 74.7 51 B 22.6 47.0 54.4 76.6
18 7 HAr 12.6 19.7 63.1 52 5% g FA 24.1 48.7 66.9
19 B2 13.4 36.7 522 68.2 53 I E N oA 19.1 24.9 75.8
20 WA R KK KK 34.1 67.4 54 N5 A iR P4 s S 4 31.8 68.7
21 a-fii f+ KK KK 23.7 65.1 55 TG P4 s S 4 46.7 68.5
22 B-fift Kkt R 28.8 68.7 56 K EN 8 S odi 20.9 63.3
23 o,p-THiHETH A 39.3 60.6 77.6 57 IR 1 ER 8 I S od 32.8 68.6
24 p,p-iETETE KA 36.4 56.7 80.8 58 25 A PR S N oA 25.4 64.6
25 PN yis 38.4 54.4 58.1 68.4 59 L A 133.1 266.7 33.5 98.6
26 RER 15.1 423 52.8 85.3 60 L A ik E N oA 26.4 27.9 82.3
27 AR R Kl REH 31.9 65.8 61 LS 31 FA 31.4 51.0 69.2
28 SEH AH 33.7 54.1 73.2 62 HIEABEEL EN i 17.8 27.9 60.6
29 S S KEH KK 30.5 63.7 63 e EN 8 S od 43.0 74.2
30 HFENT AL EN oA 28.0 39.5 60.4 64 W i Akt 23.4 28.6 62.3
31 TR Kkt KK 20.3 60.3 65 i A H 11.7 65.2 100.5
32 Ha it 33.4 54.9 59.9 75.0 66 Tt N T 18.7% 50.1 58.8 85.0
33 KR 8.6 43.6 52.3 81.3 67 RNE 12.4% 27.6 34.7 74.1
34 BiPHERERER Kl Kk 24.5 66.3 68 R A 33.7 38.7 81.1
35 L AHr 24.6 43.6 66.9 69 = i EN oA 48.4 57.3 82.8
36 D FE Wl N GRS 49.8 77.9 70 SEUREER 11.0% 28.1 33.2 71.5
37 f i A H 27.7 383 65.0 71 =R AN 17.9 22.0 63.1
38 RNER Kk R 53.4 83.8 72 USRS A 26.2 46.8 74.8
39 Io ik A 11.8 26.3 66.1 73 AR B K KAt 29.7 72.6
40 EilR 7 Kk R 38.4 63.9 74 ik 55 i 22.8 48.8 53.2 73.7
41 LT HA A 11.5 32.5 60.7
=7 EWERSEMERBFIFEN LRSI
Table 7 Statistical table of the relationship between recovery rate and solvent environment of adsorption system
L% AWso%aﬁﬁvk Awm%&%m [wm%aﬁm A”1()<%)Z}1?’.-?—7J<
(8 Lt i) (48 Lt i) (48 Lt 5] ™5 Lt 451
ARA H 52 70.27% 21 28.38% 0 0 0 0
<60 21 28.38% 50 67.57% 67 90.54% 0 0
> 60, <80 0 0 2 2.70% 5 6.76% 55 74.32%
>80, <120 0 0 0 0 2 2.70% 19 25.68%
> 120 1 1.35% 1 1.35% 0 0 0
4 2 B - T T . FERAIEA KR, g

ARSI T 2R M R 2R AR 25 B 1 - A

PBIUR, BhInoK &S T w44k, F GCB Mgk
B WAL, GC-MS/MS E, XTIk, a4, &
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