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Abstract

Considering the antibiotic exposure in humans, a magnetic solid-phase extraction technology based
on Fe30,@PDA magnetic nanomaterials was developed to enrich three kinds of chloramphenicol
antibiotics (chloramphenicol, thiamphenicol, and florfenicol) in urine samples for biomonitoring.
Firstly, the morphology and structural properties of Fe;0,@PDA magnetic nanomaterials were
characterized by SEM and TF-IR techniques, and the results showed that the prepared PDA nano-
particles was connected to the surface of magnetic Fe304 nanoparticles through Fe-0-C chemical
bonds, and modified on the outer layer of Fe30,. In addition, magnetic strength experiments showed
that the prepared Fe;0,@PDA material has high magnetic reactivity in a magnetic field. Under the
optimal conditions as follows: 20 mg of Fe;0,.@PDA were added, pH of the solution was 7, the ad-
sorption time was 15 min, 10 mL of 5% (v/v) ammonia methanol solution used as the eluent, and
the ultrasonic elution time of 10 min, the average recovery rate of the target compound was above
90%. The limit of detection and quantification was in the range of 0.10~0.16 pg/L and 0.30~0.47
png/L, respectively. When applied to detect actual urine samples, the recovery rates of the method
ranged from 95.95% to 117.64% for three targeted chloramphenicols. It suggested the proposed
method can effectively enrich chloramphenicol antibiotics in urine, thereby having a great poten-
tial for application in the biomonitoring of actual urine samples.

Keywords

Magnetic Nanoparticles, Polydopamine Modified, Urine, Chloramphenicol, Thiamphenicol,
Florfenicol

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

BUAE R B I B R AR VAl 2 A 4 AR SIS A i . R R MAERTEATFAEER
(chloramphenicol, CAP). H#1 %% & (thiamphenicol, TAP)F14 H #1%F & (florfenicol, FFL). ‘EAT2KE H i
BEPIRPIE N EE Y, N RIS AT = AP 1] [2] [3] [4] [5]. AR ANETENE
K, AT5 RN RS M, 3% IARC #124 Group 2A BURYIEIXT N KT ReEUEY) . FINERIERN
AERBMRY), RemdlzLgani. Sanfmni MR, H Az fE H L s R 6 f5[6] [7]. K
JEEERNTRERIER, stk ML — €M R IRia 2, R IR ER TR e %)
e B L U A F K 2R S SR I (RSSO [8] o PRVBAE 0 M 2 N S8 R P N R R VA (A 2K
FB&[3] [4] [5].
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PRIGFEASE G 4 EREA T AR & BAC. SRCERURBE A P & R R ER I RIRB A S
TR RGT 2 o A2 495 AT T 26 B 45 - [ M A U R (solid-phaase extraction, SPE)BRAE EEH,  HLAMCK ZRLAR IR Bt 7]
MZERUSCRA R — 03 m. G5 A AR R a2 BRI M A Ak B A 167 168 S5 e AR R P [ A AR R R
(magnetic solid-phase extraction, MSPE), & SZHLfif# w1 R0 s e AF 25 1) A 2L i S5 PR RE A AT A B R
. MSPE CAH M T ARG A &Y hRESTAEZR9] [10] [11]. MPSE HORMEHIAR R &, T
W AN AR B PR 772 MSPE A% 0

T4 A 44 2K 4 KL (magnetic nanoparticles, MNPs) Bl 45 & 1 e B P F0 g Kb+ I KR 21, 2 AE R
MSPE W IR B 3% [12] o AOKM BT EE R IARR, WP 25 By, WRPRs R P, 2D ) W B 77148 T 6 A )
1) A AR R B2 B [13] . 28 £ T2 i (polydopamine, PDA)E 25 [ 78 5 AT i 55 Bk 4642 1 804k B8 4 T
BF=4, PIEAS IR B b T B EAT RN M 25 (AT (FR BB, TRk PDA & — /N i MR B 7 A A5 B e
1 RIHEMIMEL. PDA B2 AR A A Rt 5 &R B IR RO B, DR & S A TR E A RLR T,
BT UL AT ) R AR R, Bl FesO,@PDA REMEGNK KL, 5T PDA HEMEG KA B & F T3R5/
TG IR ZEE[14]. PDA I& A IR A e VERI E MDA PE[L5], & & TLEMIA R PRI 5 G AL

AHITH 28 & Fe;0,@PDA HAVEAKIA KL, it MSPE £iR, @SZIRMPEE R FINE R
BRSSO, HTARNRERERRTER.

2. MRS 7%
2.1. (X5

8 e OB B —— = DU BT RS (A B A 7)), C18 (100 mm x 2.1 mm, 1.7 um, &[E
IRFETAE]D); 0.22 pm FUFLIERE( B G R ER A F]); KQ-100DE 7 i e a (B2 LU T 8 75 AR A
7]); MIRA3 37 & S # LA (SEM, BRI TESCAN A R]), &0 P& B 7 R B (HRTEM, #5725
LT AMEE AT (FTIR, 26 B LR G IH/RBHE A A]), MPMS3 127 & % 4t (32 [ Quantum Design 2 &),

PREY) I & 55 2 (CAP) . HIREE 2 (TAP) B FINE R (FR)AIRE > 99% (Rl Bl XA A w]): H
BNV ZE, HEE. ZJER N iEali(3EE Sigma-Aldrich A 7]); =&ALk (FeCls) (32[H Sigma-Aldrich 24
Al); SREG /K B4t K (G2 E Millipore 24 F]).

2.2. ¥REREECH)

FREUPRAEM T 4 2.5 mg F 25 mL A Rfeh, IRV 2, 18] 100 pg/mL bREf & V3L T
4°CUKFE N B CIRAE . R, FHHEEREE S EIRE.
2.3. EHIRERZ

HEMPRE: 3.8 g &AL, 859 AALHN, 2459 JRE, 1.03 g #74xIK, 0.34 g PidA MR, 1.18 g BEERHT,
1.4 g ILET, 0.64 g EAALEN, 0.47 g BRERN, LLJ% 0.28 mL fi R T 500 mL B 4K H I8 60 min [16].

2.4, BMEARMRIEOHIE

IV FIRGE TR 5 FesO AKMRL, )55 % B (PDA) R M A HY Fe;0,@PDA [17].

FesO, K MURLIA I 22 Jo T s ARER %, DU O ZREN A HGR, E iR~ & . FRE 3.60
g LR 1.0 g L WA 0.81 g SRR N IR B &, #2040 mL £, iR T34 30
min, FFEAIE T 200°C /M 12 h, FEAME =R, B SERRAT0E, K. CEZH MRS
W, HAS 60°C T 24 h F T J54E Fe;0,@PDA il 4
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VAR EAE R 4% Fe;0,@PDA: FREL 0.32 g FesOu KK 7T HAr, BN 160 mL =2 FEa 3
HBE SRRV (pH = 6), HRTIRAT, NN 0.32 g 2hER % (e, I FHEHE 10 h, SRJ5 18 I RER D B et
YD, FUKFZEER B 3 EEF Y, IS EAM AT 60CES LM T 24 h.

2.5. MSPE ZE}

Wk 1R, HEIER Fes0,@PDA THEEM A, INABHLREFEARTE W 10 mL, #JE 5 min, #H
AL 15 min; BRI Fes0,@PDA J5 £ Bk EiEWAA; MMALENF 2 mL, ¥WHE 5 min # 7~ 15 min;  #iEk
W B FesO,@PDA, WHY BiEWEIE 08, RAWKT, ARSI 100 pL ZEFr.

® GHRIE g -
o Histh °°",o; » 2om o= fom|

Figure 1. Schematic illustration for magnetic solid phase extraction based on Fe;0,@PDA

1. Fe;0,@PDA B 4K+ 1 MSPE mEE

2.6. {USBEH

WO i 5600 SR C18 i+ (100 mm x 2.1 mm x 1.7 pm). KEiG 35°C. BEREAARN 10 uL. FzhAH
A 0.1%Z KA (A)FI 0.1% %K FREA W (B), & 0.2 mL/min, FRFEVEHIFEF: 0~0.20 min, 10%B;
0.20~4.00 min, 10%-~100%B; 4.00~5.50 min, 100%B; 5.50~5.70 min, 100%~10%B; 5.70~11.30 min, 10%B,
Sy HTRFIa] 11.30 43t

JRE AR B WSS B T AUR(ESD), SR B RIS, 22 RN I (MRM) B AT e &
SHTe FALR(NY)FIE A 3.0 Limin, THES(NL)IRE A 400°C, T mmuijj 10.0 L/min, $55(No)#RE
N 250°C, $HE M 10.0 Limin, BANE HE A 4500 V, R RES UL

Table 1. MS parameters for determination of 3 chloramphenicols

* 1L 3IMIBRMERNRIESTEM

Compound Retention time  Precursor ion Product ion Q1 Pre Bias Collision Q3 Pre Bias
(min) (mi2) (m/2) (V) energy (V) M)
CAP 5.996 321.05 ;g?}g 1218 3:8 ﬁ:g
TAP 5.094 354.10 ;gg:ig g:g ig:g }5;8
FF 5.527 356.05 fﬁgj’? 18:8 18:8 ﬁ:g

3. GR51TR
3.1. RHMEARARIAORAE

3.1.1. ERSRFRIE
Fes0, Al FesO,@PDA [T BTN 2 Flrom e K TTAGE R % 1 FeaOq BETEGNRIIURT 2 ) 1K
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¥, BABKIILER(E 2(a)). Fe;0,@PDA FKBik L1k, LBHFR, ki 300~500 nm 2
], HAHEET FesOy AN KRR 1 S -F3 (K 2(b)): EHTES BEHE— 50 M, AORM BRI
B s], BRERNAAERAEAFERERAMER, WEZEE/NT 20~50 nm (15 2(c)). X$Em il & rgh
KM BRI EXZEE B %-F 4, Tk T)22 PDA, 12FIRIMNZZ Fes0, KB PDA &
1T FesO4 bz o

Figure 2. SEM images of Fe30,4 (a) and Fe;0,@PDA (b) and TEM images of Fe;0,@PDA
(©)
B 2. #ANKBRL Fe;0, (a)F0 Fes0,@PDA F33#H 55 (b)F1 Fe;0,@PDA ESTHEIEE(C)

3.1.2. LISMRIERIE

K FH AR 2T AP (TR-IR) X FesO4 Ml FesO4@PDA 34T 4L . 114 3(a) 7, FesO4 7E 587 cm ™
1 3300~3500 cm ' ib HBLEEIR I, Ay Fe-O MIHFAETR Ikig . 5P 3(b)H, Fe;0,@PDA 7E 1294, 1513,
1618 cm ™ Ab Hi L RIG, %0498 T KR b C=C M4atkah 51 & iR iig[14], LA 7E 3500 cm'~3100 cm ™
AEHIE T EH-NH, F1-OH 4R 3h 51 IR IER g, 343327 PDA 4 ik Ak, Fe-O Bfd4Ei
S5 s id M 587 cm P4 2% 585 cmt, W] PDA FEilflid Fe-O-C AL HE R BN Fes0, 29K kL
KM
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Figure 3. FT-IR spectrum of Fe;0,and Fe;0,@PDA
3. Fe30, 7 Fe;0,@PDA HJ FT-IR &

3.1.3. HMEERE
300 K &4 F, BEIGEIEIZ 58 9—10200~10200 Oe, it itk & R S5 Wi nl 2%, 0% 4 pr
I o Z M 2R A T BLRETR , FoRE BF i i T2, BB T A R Fes04,@PDA A BAE FesO, FER NG 5
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Fe;0,@PDA ki i) A G 58 F 9 54.0 emulg, R SRR . 14 4(b1), & 4(b2) B & i 5] 10 s )&,
Fe;0,@PDA 434 & £ 2R . XHRFTH 4 K] Fes0,@PDA #TRMEREG H B m L N, H
I F MR S P R o 2
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Figure 4. Magnetization curves of Fe;0,@PDA (a) and photograph of the solution of Fe;0,@PDA without (b1) and with
(b2) a magnet

[& 4. Fe;0,@PDA By 2% () FN Fe;0,@PDA L8RS BT(b1), fE(b2)3R

3.2. MSPE ZEEUE&HRIML1L

MR B RSB A 21 MSPE FOSRBEDR 2R o ASHIE U5 5% 17 VR PR 25 A (W BRI FH 2y WRBRF IS T RIS i pH 1)
At 2 (U PRt IR1)%E 3 Fh HARMIAERUCECR (i, RS- AT I E 3 K

3.2.1. RMIFEHAERE

Tt P R 5750 ) R e S M AR U [ RN R 2 — o AT %2R [F] FesO,@PDA Hl M 4 K ik i &
(5~25 mo) X AU PRIE 3 Tl S 2R R AR R AU B R (1) f2 M . S 45 AR B, Fe;0,@PDA H &) 5~20
mg B, AR A4 T A0 I 2 1 R B 70 PR S PR3 i 34 00, 4 FesO,@PDA FH 4 20 mg i, H AR
IS R IE B R, ARSI Fe;0,@PDA M &, HFRIM ARG B B30, it Fe;0,@PDA H&E N
20 mg.

HTRERIPERE T HRMEYF (PKa 9~10), FEAART pH (B ] LU AZ/ERA, A2 m
FARI AR o ATRES, pH 3~11, SLI64E IR, pH 7E 7 I B AR A B B SR8 e . X R Al
REH TR B RBIERETFM T2 B4 FRE, AR T 5 PDA 77 5 2 A S EH - R,
IR PR IR pH N 7

7042 PR B R R] CRAIE H AR A5 W PR 770 78 73 A LA FH IS B B P, AT DU R T AR . BT
AN Bt B 1] (5~25 min)s%f H AR ZE IR I . SESR 25 53R, WP ]y 5~15 min B, HFr¥)
{14 D ]S 2R i 55 W FERF ] PR3 I T 384 00, W RS R0 15 min BF, E RRA 00 [ Rk BB, 4R AR R
IR, H AR I AR B SN, PRtk MSPE A B it 1] 9 15 min.
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3.2.2. BEERFAAVIERE

AR BT ATT DR B . BT 3 RS RS BRI A, 517 TR TR,
LA VB, LA 10 mL MBEBARRL, 56T R, 19% () TR EIEORN 5% (i) EK T
BEVE O B AR B AR, SEBR 45 SRR WY, BRI 5% (vIv)ZK FRBEIE T, 3 Bl H AR ~F 34 [l
20 93.29%~112.03%, PEMLACREAT. FIL, 3 10 mL 5% (vv)Z/K REERIE AT . 3—5%
ST A B ML TR 2 1~20 min B H PR ZE IR AL . SR 45 R, Bt 124 10 min B, B iR
WA S B, AL DRI ], REHR DO B FF R, BB, 875 N T 10 min.

3.3. AEMRE

R SAF R 3E4T MSPE-HPLC-MSMS 43 #7. £ 0.1~100 pg/L JEEI N, JEFRAF R B R 5K E
FITR A INARIET, “FATIE 3. I3 2 Fizs, 7F 0.5~50 pg/L JEEEA 3 Fi H AR LI BTk &,
A% 2 80(R?) 0.991~0.997 .. LA 3 1% A1 10 13545 e LL (S/N) A 5 44 HE B (LOD) A& & R (LOQ) 43 % 4 0.10~0.16
ng/L F10.30~0.47 pg/L, H&25 )y 1.45%~8.85%, 15t /712 B A B UF-F v ff 5 FIAS 25 1%

Table 2. Analytical performance of Fe;0,@PDA based MSEP method
& 2. £F Fe;0,@PDA HJ MSEP F5ERI 1% BETE R

; RSD% (n =6
Analyte Lm(e:;/ rLa)nge R (tg/ E) (I;Lg/ % Intra-day | Inier-day
CAP 0.5~50 0.993 0.12 0.40 4.93 5.28
TAP 0.5~50 0.997 0.16 0.47 1.45 8.85
FF 0.5~50 0.991 0.10 0.30 3.22 4.48

3.4. SCPRESRIGIE

HUE5E4) 10 42 ) L SR AT R A REAS, 0 BN\ 3 FhE( 8 R ARTEVA T 5 ng/L 1 25 pg/L, FIH &
£ MSPE 251 3E A7 R i 5T AR 2L . 3 Fh 4 5 IET I [RIUACR Sy 95.95%~117.64%, A XA Ak 22 4 1.45%~5.99% .
W FC 45 BPL R T R ) MSPE J7 A RS i1E . M RCGEBUR W 3 B H bs¥ i .
4, g5ig

M TR I % T FesO,@PDA BEYEA KA EHME v MSPE W F7), #3717 MSPE JRKR+ 3 FhE &
KRNIk, SIAEYENRBEEZBPIAEERN SPE iEMEL, %k A REYuE. I
7 B D AR S 5 R SRR 55 . A T8 B 9RO B 7 2% R R, b iR E M, T T
RO I NBEPR T 3 MR ERIDER,

E ST H
T AR X AR AR B 2R A 2 TARTHAE R IH (PW2017A-13).
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