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B OE. kTP ARSI EF4E (SPME ) , %24 AU EE & . Rplikas . Pribik i g e v
oAV BRES A 4 (NiCr) 220030k, 3@ i A ARk T P il & 1 B s 2 RO A AL 4ok A (NiCr LDHs NSs)
W2, TR R0E 5 TR TENL, Tl Aok B 40b ) (ZIF-8) 7712, F NiCr LDHs NSs I, #2443
ZIF-8 AL A4 24 4E (NiCr@NiCr LDHs NSs@ZIF-8) . %4 4E 5 A6 (HPLC)BCH , iezh v i F
IR K 28508 (PAHs) BV BRI o Podb TV pH AR, B FomBE . REBGREE . Pidfaliag | I )
LI f B 1) % RE IR M0, 25 SR3R0H,  Jrit 7okt 6 i PAHs I TE R &S (0. 05~200 pg L),
BRI 6 & (P20, 993 7)), BARAY A HEBR (0. 004~0. 117 g L) Al E &8 FF (0. 013~0. 386 pg L),
HEEF 4 AE H N AL H [a) 0 AH X bR fs 22 (RSD) 43 51l 54 3. 7%~4. 6% Fll 3. 8%~5. 7%, A [H] 4tk Uk £F 4 i) RSD 4
5. 1%~6. 7%, SEBREESE AR A 82. 0%~112%, RSD K 4. 0%~7. 0%(n=3) . % J7iEHI AR, Bk . o]
W, TR KR PAHS (05 SR .
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Construction of ZIF-8 Composite Coating on Nichrome Alloy
Substrate and Its Microextraction Performance for Polycyclic
Aromatic Hydrocarbons in Environmental Water
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(1. School of Chemical Engineering, Lanzhou City University, Lanzhou 730070, China; 2. Provincial Key
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Abstract: Nichrome (NiCr) wire with strong mechanical properties, excellent flexibility, good cor-
rosion resistance and high thermal stability was selected as a promising fiber substrate to replace the
fragile fused—silica counterpart. The NiCr layered double hydroxide nanosheets (NiCr LDHs NSs)
were in situ grown on the NiCr fiber substrate. Then, ZIF-8 was successfully loaded onto NiCr LDHs
NSs by in situ growth due to the abundant active sites on the surface of NiCr LDHs NSs. Subsequently
the extraction performance of the NiCr@NiCr LDHs NSs@ZIF-8 fiber was evaluated combined with
HPLC method by using typical aromatic compounds PAHs, as model analytes. A series of experimen-
tal parameters including pH, ion strength, extraction temperature, stirring rate, extraction time
and desorption time were optimized. Under the optimized conditions, the proposed method presented
good determination coefficients (">0. 993 7) , wide linear ranges (0. 05-200 pg-L™"), low LODs
(0.004-0. 117 pg-L™") and LOQs(0. 013-0. 386 pg-L"). In addition, RSDs of the proposed meth-
od with a single fiber for intra-day and inter-day analyses were 3. 7%—4. 6% and 3. 8%-5. 7%, respec-
tively. RSDs of the proposed method with different fibers constructed in different batches were
5. 1%—-6. 7%. In the case of real samples analyses, the spiked recoveries were 82. 0%—112% with RS-
Ds of 4. 0%-7. 0% (n=3). The results show that this method can be successfully applied to the accu-

rate and highly sensitive detection of PAHs in actual environmental water samples.
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Z 951 (PAHs) /& —2KH 2 M B A S ERA A LG 5e, HEZORIE T BB R % |
A A Tolk Ak A= . T PAHs B R SRS EMSUER M, o2 e ikt
R 5 Sed ™ 2 Tl B AR B iR RS B RS Hh it kTS 3, (IS A9 DA i
R ACEAELE, R BT AR AT B . RO R, T4 SR AT BB AR T E
2. B, RIEER. 8 20 ST BRE R Ps A PSS HR & PAHs AR AER T

AR, ORI 2 W8T 7 R R AR B B T /K R PAHs B RITALER . H RifHE i 3 2 S b A A%
BU(MSPE) . WAHIMZEE(LPME) . [ AT ZEE(SPME) | [ AHASHU(SPE ) F1E 5 28 P I 1A 1 26 B (1S
LME)", Her, SPMESERME, B4, MRAFET 1k, BERHELEARER, HERERE .
EENTE LS 5 SMARE(GC) . B AIE (HPLC) . Fii(MS) . BANE Bk (CE)ZELhmEik
ORI SR RO 2B A, B0 T2 B T IR S AT AN 2 SR I S5 i 2 40k, A AT Ak 24
S L5 | 3R S A AR B AR

VB —ZH 80 SPME £F4E1% )2, J2 PO E ALY (LDHs) BT H T ¥ i Ity . s b R m
M. FENEES PR R KERE, & RSCh SPME A RNRINIRIZMEN . Eh—2R2R
ZER 2D TEHLAN KA EE, LDHs 3l iy 1F B faf (1) 462 PH 25 7 FUZ BB 8 T8R4 TR, — @
M M (OH),]" (A™),, »mH,0 #o%, Hop M RIM 2 IRE N =M B E T, A Flm 55
HAFAET 2 ) B A S B B 5 R 43 TR0 . LDHs B SURUERAE 2 2 ) B B -l R A et AT
#1198 LDHs 3 JHFER , IAE LDHs B N &R -, AR EHL FEBHLES 1. —Bokidi, XLk
N5 F 0T LU LDHs B R AR B8 o B S M 7. FEBbEERt b, — 2o A AL LDHs 2:B%
K PTG GBI FE A AR ARG o Wb A R RE A 2 (ZIFs ) 2 ) A V8 4 i 1 5 K s it A 4 5 ) 7%
HZRBh A 45 SR APLE 2L (MOFs) Ak, BAPFEE AL e Ly . thRmAR s . FLERIFLAS
) Gy R LU ) & 5 v 2 LTS AR e, CUFERE SR AL B b R B R A N T . VS S
ZIFs PR}, ZIF-8 S H Zn™ 55 2- B BEWRIASE i N-Zn S8TE W) 22 R 2548, 4R ZIF-8 CL gk sl Th 51N
SPME Ht, fH RS Sl i oy AR B B s E EAE N L B %7k Tz s higi &1, 16
ZRMN SRR RS S EUR MRS B, 48 AT 4Er il 5o i ELTR 2 00 S EE AR A
B, SN ) EIE

FESPMEW, 8k% . iz, R, ANEWRL . BG4 5 & RA RN L RA R Y st
RERAR K IMERIME, ok VB ADEHE AL A K B FEAR Y B8R & 42 (NiCr) 224 Ry —Flh i 5 HL A
A A A de, N H MR bt . S BEa e L SR ML BE S P S 0 SR TEAR 2 408 &5
JHZN L T 2 R A SR 4 . H ATHRGE Y NiCr £ ZE4E SPME 0 3 H R 2LE i 51N
AMIEWZITER)Z, MARXS NiCr P43 A B AL BRI TUR AN ZT . IR, ZRBR ST NiCr 220 R 4F 45
i, DHENiH CroeZE b miE, 76 NiCr A 45k B IR AR f A KRB 2 IO A Sk 4ok i
(NiCr LDHs NSs), | NiCr LDHs i & A F & I PO s Z5HARF 41, 4% ZIF-8 [ A A K T2 T NiCr
FEURR) UM NiCr LDHs NSs |, il %75 3] ZIF-8 ThREfL 2 A 848 2 RO E Ak i )2 (NiCr@NiCr LDHs
NSs@ZIF-8), VI3 Et e LTS Je ) B RE . 15 H 5 SR A a0 (HPLC) B, #8071 BREiK
i 6 Fh PAHs ARG G sz . R, vk ik .

1 XLy
1.1 ;5 IKH

LC-10A & %0 AH 84 ( H 7K Shimadzu 23 ) ), Bl MG 2S5 C B354 (250 mmx4. 6 mm, 5
pm, E[E Diamonsil 23 7)) HT 508 HbR/0#i4; SPME-HPLC $#%11 (3E[# Supelco 23 7)) 3 Ultra Plus #4344
TR BE (SEM, F8[E Zeiss 20 1]), Bt Aztec—X-80 RE R B X-SF I P etk il R4t
(DU LR AR AR 5 KQ-500De 88 B G Vi gs (RS T BHF @ A IS AR A F]); DF-
1018 SERS IR L S i dEas OR MR TRARAR]) 3 B2 TR (Ll —ERA e AR A )
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PHS-3C BIMR B i (_ L SOE RIS R B BR A W) ) 5 BB G474 (Ni/Cr, 80%/20%, ¢ 250 pm, &
Alfa Aesar 23] ), 0.45 wm/0. 22 pm ISR U (L amdbbrel ) o

FALEF(99.95%) . HREN(99. 99%) . 2-HFEWRIE (40 Hral) W T L il kb BHEA IR AR ; B
B (faggal, RS ETLNABRATR]); SNAKETEIREE(99. 0%) . AN (S A2l ¥ 245 52 Ak 243K
FIARZ ) s PIEIAINaOH (ZpAfrall, RENERHLAR]); HNO, (4rfral, &L TARA ) ;
Wy 2B AL A (PCs) : 2-F 285 (2-CP, 100%) . 2, 4- 402K (2, 4-DCP, 99.8%). 2, 6- S EN (2,
6-DCP, 99%) . 2, 4, 6-=% W (2, 4, 6-TCP, 99%) . 5-F-2-(2, 4- S FHEHL) W (TCS,
99.5%) . AU A(BPA, 98%)FI4EAMEMLFI(UVFs): 4- IR FILARMG(MBC, 99%) . WiisrAk(0C,
98%) ., 2-ZFE AL 4-( R ) EHIIRME (OD-PABA, 97%) . 4-HAAEERAETR 2-2 3 A ik (EHMC,
989%) 1) F 36 [l AccuStandard 22 & 5 FE(Phe, 99%) . %¢ B (Fla, 98%). FE(Pyr, 99%) . #(Chr, 99%) .
HIF[b PR (BIb]f, 99%) . ZKIHf[altE(Blalp, 98%), YT Aldrich 23,

1.2 NiCr£ijfnibiE

45 531) PR TR R 2 70K T 1) NiCr 288 PR 5 U6 10 min, SRJGTE 10% (A4 550 59 HNO, A i i Ak
P30 min, Fifi)5 FBLAUKPYEIG , 37 RS FAL R0 — i B3 N2 NaOH L (NH,),S,0, 1k A 15 (58
IREG3 0 1) Teflon AT M 25, BT AT T 110 CHALRE3 he RERMZE ARBHEEIR
JG, VPR Ak s vh, BT, 143 NiCr@NiCr LDHs NSs 24,

1.3 ZIF-8HJERAL &K

1E Kida 25 RGE A K I P 5 A I i ZIF-8 [ SEI0 6 EEfTelcdt . B4 0. 372 g A /KB MR EE
(Zn(NO,),-6H,0)F16. 15 ¢ — FIFEBKIE (Hmim) 73 517 T 5 mL A1 45 mLE4iKF, B, 7ERIZIEFE T
¥ Zn(NO,),» 6H,0 I BOREFE 5 2] Hmim B . 5 minJ5, BHCFEIFAY NiCr@NiCr LDHs NSs 2R 453
FNIREEW, 46300 remin BFEFER R T EWRY 3 h, 7ELF4E RSP AR A /=Y. HHEE
FB 2t K B b T A P 4 LU BR A 2 5 ROV BT SRAK , 5#F 80 ‘CT 8 h, K44 NiCr@NiCr LDHs
NSs@ZIF-8 £7 4k ,

1.4 SPME-HPLC %

15 15 mL AR (BOKFE) FE R 21— 20 mLARSH o FESA TR pH AEURES 155 53 501 FH Tris—
HCIZZ M A NaCLU T o SR 5K il £5 () NiCr@NiCr LDHs NSs@Z1F—8 214 30 25 it i ) B e 4 N
T, R E IR KA R EE PRI 45 °C, 7E 500 remin” 99 REE R T B30 min J5, BUKZF4E3T
SEEMAE N SPME-HPLC 42 H , 7EJAIAH  BEA T SR . AR SER)e, KN BRI &N “Load” Y]
3] “Inject” 0 E #F4T HPLC /347 X T H ARG B4 PAHs BT 3R 20 AH 4 RERIK (R EL 90 : 10)
KA R 254 nm, BHRABGERUG , FEF4EE B R AR AUK b 23 0 BFEEDE 5 min, LUHBRABGI
H T BETEAE R ALY o
1.5 KHEMZESLE

SEISKFESR A 22N LB G SR . 24 Y5 K AR BRI K FIR ZK o SRR /K ER S bt =)
IR RRIY, AR 0. 22 pm B SEFLUEIED I8 . R )E B AL B ) SERR K ARG A e A R
T4 CHAIRF R

2 HRSHE

2.1 NiCr LDHs NSs WJR i 4 K & RA4E

2.1.1 BRI BEIHWS TLE110 ‘CFRM 3 h, NaOH 5(NH,),S,0,HI AR EE/REL (r) % NiCr£F4E |
F%L NiCr LDH NSs TEASTHAS M 20 . WA 1A SB35, r=1: 1B, NiCr&F4EsbihFm i T 54 7484k
A ASHUREH R TG Aok Fr, X TR $R £ H NaOH I (NH,),S,0, 58 2R A T R o r=2 ¢ 1 I (&
1B), FENiCr P4k EA KA NiCr LDHs ¥R)2 2B S R GIR S5 o X 0T REAE HH T /KBS I 3 R v e
TR O R ER 2, =3 IR (E1C), HRFHEIMNINAIE NiCr LDHs NSs 2 E A K 1E
NiCreF4EREpk b 4 r RS INE] 4 : 1 (1D), A5 7T HEMN NSAs, HIRZEMRFR IF. hkn]
DL, TEEN NaOH A R T7E NiCr A4Sk A i 45 M H A% NiCr LDHs NSs )2 .
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1 A EE/RIG ) NaOH A (NH,),S,0, A7 H il # 19 NiCr LDHs NSs i /21 SEM
Fig. 1 SEM images of the NiCr LDHs NSs coatings constructed on the NiCr fiber substrate
reaction under 110 °C for3hatr=1 : 1(A), 2: 1(B), 3:1(C), 4:1(D)

2.1.2 XPSHRAE FRMXPS#t—BF5¢ T NiCr LDHs NSs 1t Z Wb i FIfEAE B R . X T NiCr
LDHs NSs 274, [T MEEHINi, CrflOe&Ah, dmAME] S eE (B 2A) . 7ENi 2p & HEG RS (1A
2B), 4551 K 856. 4 eV 1874, 0 eV B F 045 VAR T Ni 2p,, FINi 2p,,, FFHER T AR B jig
AEZE N 17.8 eV YA TR, HZ5ARES 514 879. 9 eV F1862. 1 eV, FHH NiCr LDHs NSs H A 7E Ni
(OH),™ . {ECr2pYaitrp (J2C), 1T 577.2 eV HI586.7 eV B PG4 IESY 5 H )& T Cr 2p,, Al Cr 2p,,0
Cr 2p,,#£577. 1 eV Hl Cr 2p,, 7E 586. 7 eV ) —2HUEW] VAP T Cr(OH) ,B9JE i ; 1M Cr 2p,, 7E 578. 9 eV Fl Cr
2p,, 7E 588. 4 eV AL 1Y 55 — 4 v] V5 [ F 4 Ak 4% BT B o W AE O 1s B (& 2D), 12 F 530. 0.,
531.7. 533.4 eV ALY 3MUES A E T M—O 4 . O—H FI S—O FA) SLARIRFIELE " He4h, FES 2p Y
e (BI2E), 17 168.3 eV A1 169. 5 eV ALHIIER W] LDHs 74 SO IR 70 LRSS
(NH,),S,0,/) NaOH I# W HHAE NiCr 27 4E 5L A F E NiCr LDHs NSs $2 it 7 9ifg W Hy, hIELETE
NiCr LDHs NSs_b#t—p @i fe b &2 GiR)Z24E 1AL

A B Ni2 856.4 eV(Ni 2 C Cr2
& (Ni 2p,;) g 577.2eV(Cr 2p,.)
3 3 3
i < < 586.7 eV(Cr2p. )
= & ; £ e 1”n
z Z 874.0eV(Ni2p,,) Sal. 2 Z
£ L L
= = =
= = Sat. 1 =
T T T T T T T T T
1 000 750 500 250 0 880 872 864 856 595 585 575
Binding energy/eV Binding energy/eV Binding energy/eV
D Ols 531.7 eV E S2p
168.3 eV(2p,,)

z z

L L

= =

T T T
536 532 528 172 168 164

Binding energy/eV Binding energy/eV
P2 NiCr LDHs NSs £F4 () XPS 46 (A)FINi 2p. Cr2p. O IsHIS 2p 5 HEEREHEE (B~E)
Fig. 2 XPS survey spectrum(A) and high-resolution XPS spectra(B-E) of the Ni 2p, Cr2p, O Is, and S 2p regions of the
NiCr LDHs NSs fiber
2.2 NiCr@NiCr LDHs NSs @ ZIF-8 {F 4 pY 2H 3 M RAE
38R T ANE] KW B B)FE NiCr LDHs NSs _F2H%€11) Z1IF-8 ) SEM A EDX [l . SEM [El 3 HHFHE %5 2 .
IFE) A 1 h 395 4 h(J& 3A~D), ZIF-8 A NiCr LDHs NSs G4 K (KI3CHIK) , BB as iE s
4 NiCr LDHs NSs ZZ )2, BT 4 hil #5090 ZIF-8 )54 NiCr LDHs NSs B 52 28 %, ik
3 hili| #&51 NiCr@NiCr LDHs@ZIF-8 R4 A T IR 2 AE . N EDX LG EG (B 3E) W LI Y, £F4ERmYy
5143 AENi, Cr, O, C, NFIZnotE, FBZIF-8 A KBURIAE NiCr LDHs Z20P )2 Filshiil & .
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3 AIEWEISF NiCr LDHs@ZIF-8 iR JZ2 1) SEM [# (A~D) 1 3 h i) EDX B (E)
Fig. 3 SEM images(A-D) and EDX mapping(E) of the prepared NiCr LDHs@ZIF-8 coatings at different reaction time

reaction time(A-D): 1, 2, 3and4h, respectively

2.3 NiCr@NiCr LDHs NSs @ ZIF-8 fF 434 & Ih 35 IR B FE BUE 214

PR3 R A REEN T H RS m R EY

(PCs) . EHMRIZUTHI(UVFs) FIZ R4 (PAHSs ) ARy

AT, %%57 NiCr@NiCr LDHs NSs@ZIF-8 £F 4 il Bt
FHRE ST WE 4R, 40 e PAHS ) AXHUGE

WA WL T AR PE PCs R 55 AR M UVEs, WTRERZH T

f
= ..L‘ ~e
NiCr@NiCr LDHs NSs@ZIF-8 SF4EL T &I B 1555 % < e AT
m AR IR A RSRIA BV, IS, ZIP-S T E =SSP Gl TR U
NiCr LDHs NSs SFAEIRIZRIMAFORYE, ISR TR 90— 3 5 1 &

Time/min

Kk PAHs BUABGEREN: . Bk v WL, NiCr@NiCr LDHs
NSs@ZIF-8 £F 4 1) A W [E) AV F 3 L% PAHs 8B H B 5
MIZEEEE 1. Dot . t, JE2EmFoe 4% PAHs

&4 NiCr@NiCr LDHs NSs@ZIF-8 £ 4 ) % Bk 5
M. HIZEHPLCEZELPCs(a) . UVFs(c)FIPAHs
(e) LBz SPME/HPLC-UV 28 PCs(b) . UVFs(d)

Ve ZEB I
2.4 FEBRMBWRFHENEL

1 T AR BUNiCr@NiCr LDHs NSs@ZIF-8 £F 4 %} 6 Fif
PAHs I EEREBUR , 7850 pg- L IARIEIR KT T,

FIPAHs(f)
Fig. 4  Extraction selectivity of the NiCr@NiCr LDHs
NSs@ZIF-8 fibers: direct HPLC for PCs(a), UVFs
(¢), and PAHs(e) as well as corresponding SPME/
HPLC-UV for PCs(b), UVFs(d), and PAHs (f)

SRA IR F” IR RO R I BN (FF
SRR pH AR . PO . AOUEREE | BEPE R LR AR R s 0] ) 645 Ttk . MBI SA VT, 5
[ pHAE A 7. 0o NaCl 7E 0%~15% ¥ BEVE B (& SB) , ZEBUHCRBA#E NaCl ik BE 1938 INTiHE K, 24 NaCl
WEER T 15%, REBUSCERIFG TR, X AT, ZERFE NS ol 48 & A Lo i il ZE B
B MR @, AR T o N RN AR )2, FERO R ESERY . GEHIE,
TEHL 15% 1) NaCl ik BES IV 0 85 FomBE . B8 5Ca] W, PAHsTE45 CZHTABUSERIE, wiiHit e
W] DU R T PAHS FE/K HH I HIGE 2R, X T3 5300 e £ S EH o IREAR ST i 2L
RO RO FEAR, DA S TS e, OO0 2 e . WOk B IGR BE A 45 C,
TEARBOIREF, BEEEARIT iy 8. WEsD, 1£200~700 r-min 'JEEIHN , FEEDEREE RN
B, T BERRATY B, W2 AEBCERE N, SR 500 romin ' B, AEBUSCERA P
TR, XD Ry PR 453 A T BB, AT S T AR AR AR, A IEH 500 1
min” VE R EEROBEFEE R . b, AEH30 min 5, PAHs 7RI 2 HRE S5t b 0943 Bt LR K 31 1 P4
FEAEHEEIK (90 = 10)FEhAHY, 3 min N R[IRE) 5820 . LRI UL, BT NiCr@NiCr LDHs NSs@ZIF-
8 UM W EZETESR . 5% JH) PDMS HI PDMS/DVB £F4EAH L, DA R B 2T 4k 15 2 0045 TR
FEEHR, REBUSCERE S
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i A i s B i 1y D
Pyr Pyr Pyr
s 81 s 8o i S 8 S 811t
=  |EmBpr =  |EmBpr = = |=mBpr
3 6™ Blalp 3 6™ Blalp Z 6 2 6™ Blalp
El E] g g
< 4 ; < 4 <4 =4
< < ] ]
~ &~ =% =¥
2 2 2 2
0 0= 1 0 0
40 50 60 7.0 80 9.0 0 5 10 15 20 25 15 25 35 45 55 65 200 300 400 500 600 700
pH NaCl/% Temperature/C Stirring rate/(r-min™")

K5 pHAE(A). BTHREE(B) ., ABUREE(C) . B (D)X PAHs ABUS R A0
Fig. 5 Effect of pH(A), ionic strength(B), extraction temperature(C), stirring rate(D)
on extraction efficiency of PAHs
2.5 FHIEWIE
TEARAL AR BUSAE T, SR A 2209 NiCr@NiCr LDHs NSs@ZIF-8 214 5 SPME/HPLC-UV 3¢ ] %6
PAHs & B A1 & 09 73 AT PR REZEAT 1 VRO o BRI BT &k R 0. 05, 0.10, 0.20, 0.50, 5.0, 10.0,
25, 50, 100, 200 pg- L' BRI TAERTAREI 6 Fh PAHs, 614550380, Frts i HAT B OIFR 2t
R (720.993 7), Phe BZNETERIR 0. 2~200 ng L', FlaFl Pyr BY2R1PETEH 47 0. 5~200 pg-L', Chr, B[b]f
FIB[alp EPEIELHE 4 0. 05~200 pe- L' A, Z 7 AR R (LOD, S/N=3)FlE &= FR(LOQ, S/N=
10) 435147 0. 004~0. 117 gL F10. 013~0. 386 pg L, it 5 K EHE KR E L Vi kRS, 3
HREF LA H PR H 1815347 0 A BRife f 22 (RSD) 43 5114 3. 7%~4. 6% Fl 3. 8%~5. 7%, F: A [EHH 4 2
WEFYEH 5L T BB, RSDAS. 1%~6. 7%, FIHHEAY) NiCr@NiCr LDHs NSs@ZIF-8 24 AT R 711
HIE
#1 T NiCr@NiCr LDHs@ZIF-8 44 5 SPME/HPLC-UV 895 W 250 (n=5)
Table 1  Analytical parameters of the proposed NiCr@NiCr LDHs@ZIF-8 fiber with SPME/HPLC-UV (n=5)

Linear range/ 2 RSD for single fiber repeatability ~ RSDs for fiber-to-fiber LOD/ LOQ/

Analyte ,1 r Recovery/% o . ,
(g L") Intra-day/% Inter-day/% reproducibility/% (g L") (pg-L")

Phe 0.2~200 0.9937 97.6 4.0 5.2 5.1 0. 054 0.178

Fla 0.5~200 0.999 4 99.0 4.4 5.7 6.7 0.117 0. 386

Pyr 0.5~200 0.999 1 98.5 3.7 4.6 6.5 0.116 0.383

Chr 0. 05~200 0.999 6 102 4.4 5.3 5.5 0.017 0. 057

B[b]f 0. 05~200 0.9992 98.9 4.6 5.3 6.4 0. 004 0.013

Blalp 0.05~200  0.9995 99. 8 4.1 3.8 5.9 0.014 0. 048
2 . 6 é:F ZE E,‘J *,%\E'I‘i B Initinal use of NiCr@NiCr LDHs NSs@ZIF-8 fiber

10 - B After 160 times of extraction cycles

AR5, NiCr@NiCr LDHs NSs@ZIF-8 £ 4k H %1%
NIKAHEAT & BRAL B, FRAE T B AH b b4 T 5 S . 81
e, BRI LT 4EAE KA S A v AR e T R R %,
LI R, L LELR 160 IRA R -ERJEIR G, AR
T FRE(E6), XA TS ak 2 fLIRIZ0 47
TR A BUMERE S NiCr 2P 4008 i s BEAHSE &, AT R
HH A T A i K A RS K 1R 8l PR e
2.7 EBRERDH T P A W g_ilr BB Blalp

?%ﬁigﬁ%#—ﬁ 7Tf HAENLHY TSI éfﬂ_ﬂﬂﬁj K6 NiCr@NiCr LDHs NSsy@ZIF—S LFAERIIRAN 160
XIFCREMIFIK . WK L T5 7K B RRZKAR S b 9 & H bR VRAST R AR5 1 PAHs 2R A%
PAHs 3474081, Z5RWEK 2. BIREAKEES HIMFRE 0.5,  Fig. 6  Comparison of the initial extraction efficiency
5.0, 10 pe-l.”, 6% PAHs i [3 0 2 Jy 82. 0%-~112%, of PAHS 'obtained by the NiCr@NiCr LDHs NSs@ZIF—

N N 8 fiber with that after 160 extraction—desorption cycles
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Table 2 Analytical results of PAHs in different environmental water samples (n=3)

Original Spiked 0. 5 pg- L™ Spiked 5.0 pg L™ Spiked 10 wg-L™"

Sample Analyte g1 Detected Recovery RSD Detected Recovery RSD Detected Recovery RSD
/(gL 1% 1% [(pg-L7) 1% 1% /(gL 1% 1%

River water Phe = 0. 45 90. 0 6.8 4.95 99.0 6.3 10.2 102 6.
under Qilihe Fla - 0.42 84.0 6.7 4.78 95.6 6.1 9.72 97.2 6.1
Bridge Pyr - 0. 48 96.0 5.8 5.02 100 5.2 9.69 96.9 5.3
Chr - 0. 47 94.0 5.6 5.07 101 5.4 9.90 99.0 5.0
B[bJf - 0. 46 92.0 5.9 4.90 98.0 5.5 9.58 95.8 6.4
Blalp - 0.49 98.0 6.3 5.14 103 4.6 10.7 107 6.2
Lake water Phe - 0. 44 88.0 6.5 4.59 91.8 5.9 10. 1 101 5.5
from Yantan Fla - 0.48 96.0 6.9 5.02 100 5.5 9. 60 96. 2 5.7
Park Pyr - 0.43 86.0 5.7 4.92 98. 4 6.1 9.30 93.3 4.7
Chr 0.09 0.56 95.0 5.4 5.22 103 4.4 10.7 106 5.1
B[b]f - 0. 49 98.0 4.9 6.98 101 5.8 1.1 93. 1 6.6
Blalp 0.43 0.94 101 5.1 5.51 102 4.1 11.6 111 4.2
River water Phe 0. 68 1.10 93.2 5.7 5.09 89.6 6.0 10.9 102 5.7
under Xisha Fla 0.24 0. 68 91.9 6.2 4.98 95.0 5.5 9.98 97.5 5.4
Bridge Pyr 0.75 1.17 93.6 6.8 5.25 91.3 5.7 10.9 101 5.7
Chr 0.63 1.11 98.2 4.9 6.01 107 4.0 10. 8 102 6.5
B[b]f 0. 84 1.21 90. 3 5.8 5.72 98.0 6.2 10.9 101 4.1
Blalp 1.83 2.34 100 6.1 6.94 102 4.3 11.5 97.2 5.5
Effluent waste-  Phe 1.55 2.05 97.6 5.9 6.78 104 5.7 11.3 97.8 5.7
waler Fla - 0. 47 94.0 6.7 5.62 112 5.5 10.7 107 4.7
Pyr - 0. 45 90. 0 6.3 4.99 99. 8 4.6 9.32 93.2 5.2
Chr 0. 69 1.16 97.5 5.7 5.55 97.5 5.6 11.5 108 6.1
B[b]f 0.77 1.22 9. 1 7.0 4.99 86.5 5.2 10. 1 93.8 5.3
Blalp 1.08 1.45 91.8 6.8 5.98 98. 4 6.4 11.6 105 4.8
Rain water Phe - 0.41 82.0 5.7 5.02 100 4.3 9.62 96. 2 5.1
Fla - 0. 46 92.0 6.3 4.67 93. 4 5.4 9.98 99. 8 6.7
Pyr - 0.48 96. 0 5.9 5.13 103 5.2 10. 1 101 5.3
Chr - 0. 49 98.0 6.5 5.07 101 6.4 9.45 94.5 4.1
B[b]f 0.98 1.42 95.9 4.9 6.35 106 4.5 11.7 107 5.9
Blalp 1.18 1. 46 86. 9 5.2 6. 04 97.7 6.4 10.3 92.1 6.7

*not detected
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Table 3 Comparison between the proposed method and other reported methods

Method Extraction time/min Linear range/(png-L™")  LOD/(pg-L™") RSD/%  Service life/times Reference
AgNPs=SPME-GC-FID 60 2. 0~300 0.6~14 7.4~22 150 [21]
Ui0-66-SPME-GC-MS 30 0.001~5 0. 28~0. 60 1.3~10 90 [22]

TFPA-TAPP-COF-SPME-GC-FID 40 0. 1~50 0. 006~0. 024 3.4~7.5 60 [23]
IW@NH,-MIL88@COF-SPME~ 30 1~200 0.017~0.028  7.3~10.2 80 [24]

HPLC-UV
NiTi@NiTiONSs@Co@ZIF-67-C~ 35 0. 05~100 0. 005~0. 042 2.4~9.1 180 [25]
SPME-HPLC-UV
Cu@MOF-SPME-GC-MS 40 0.01~100 0.0025~0.0034 5.1~8.4 70 [26]
NiTi@P-TiO,NFs-SPME-HPLC~ 45 0. 05~200 0.009~0. 132 4.78~7.38 240 [27]
uv
NiCr@NiCr LDHs NSs@ZIF-8 30 0. 05~200 0.004~0.117  4.0~7.0 160 This work

TFPA: tris (4-formyl phenyl) amine; TAPP: tetra(4-amin0phenyl) porphyrin; IW: iron wire
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