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Abstract: In order to establish a rapid method for detecting trace amounts of benzo[a]pyrene (BaP) in food, an AB@
Co030:@MWCNTs-COOH electrochemical sensor was prepared using Acetylene Black (Acetylene Black, AB), magnetic Cobalt oxide (Cobalt
oxide, Co304) nanoparticles and carboxylated carbon nanotubes (MWCNTs-COOH) composite modified materials. The electrochemical
reaction of BaP on various sensors was determined by cyclic voltammetry, exhibiting a well-defined oxidation peak but no reduction peak,
indicating that is irreversible oxidation-reduction process. AB@C0:04@MWCNTs-COOH sensor were characterized by scanning electron
microscopy and electrochemical impedance spectroscopy. The experimental conditions were optimized, the results as follow: electrolyte solution,
0.3 mol/L lithium perchlorate solution (pH=2); Modification solution composition, Vcozosamwents-coon: Vap=2:1; Cosmetic volume: 6 pL;
Enrich time: 15 minutes. Under optimal conditions, the oxidation peak current has a well linear increases with BaP concentration
(Ip=3.193 9Cg.r+1.543 9, R>=0.996), with LOD is 3.12x10'° mol/L and recovery rates ranged from 84.34% to 93.36%. The developed method
was utilized to determine the content of BaP in food samples, and the results obtained are consistent with those from other methods. It was
practical to determinate the content of BaP in foods with is easy to operate, had a low detection limit, good anti-interference ability, good stability,
and was suitable for on-site quantitative analysis of BaP in food.
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ZKFf[a]tE (Benzo[a]pyrene, BaP) s=—FhZ I 7542 (Polycyclic Aromatic Hydrocarbons, PAHs), [EPFREEAEHT
MM (International Agency for Research on Cancer, IARC) T HIAINE —RARBUEY), KR T BaP
I EUE . bR BSR4, BTN, YrE2 EAHIX CAE TRt BaP bk
B PREA A, EFRIE, BB P BaP AR B EPRAE H 5.0 pg/kgB4. PRI, mx TR @R 7 TR B
HESTAEHE, RECH RN SR R T IEAAE BRI E £ i BaP & .

H HTIE £ BaP Bk B 77 % 3 B0 S A0 (k. SRS DU 2 M s - B B HoRBS, i
IINTEOR A = RIGEANE G I, AR SRTE S A A R AR K m . i Rk, RiE
PEAS R, FHEC S, AR A B E R AP (M (RRERE A m U T T R AL Sy, HEA B
PR HI PR, BESEIRTAE it R PRIAORE B 78 (8101, b Y S L URA 8 1 0K A A RS AS AR v ) BaP, Al B
iK% 0.103 nmol/L, JFREICE A 98.51%~100.57%; - FiiaE 2] HI SRt - A4 T MK e e A SR el Kt
T BaP, [AICRAE 94.46%~103.36%; FAVEAPORFMEIAMUE % RUFIIEVIARANE, RIS = S A R Y g
73, R T RMEAEARIR B T M BEERAARIN 2] H AR,  TIARFEGORAEHIA B T3 PR e, AR T IR
B RMEVEA, U318, AER,  FE TGN AR IE DKL 1] 25 1) FRAL 27 A% RS AR R I LD R )AL MDA 2
PE. KHERIA. RIFHMEAMRE. SR e S A . Tian 25050 /K #WE A i ZnO@Cos04 4K RN 3-F283E
2-"T R R ARSI, ARy 5x107 mol/L; A M e 50| & A% 52 45 M ) Fes0a@TiO@Au PK & 418, H
Z AL AR AR T AT E B, ARy 6.4 nmol/L.

AT Cos04 MIRETEGUREFRFE, H14 T Cos04@MWCNT-COOH H &4k}, IF#HE 2R (AB) HH4h
Al T AB@CosOs@MWCNT-COOH 1484, TERMAAT T, % LA I T X BaP skt iialae /1, R
AP, RIEFRREN:. BV BRIERAR SR AL A BRI /1.

1 RSk

1.1 KA G408

BaP (4 96%, CAS:50-32-8). EAERM (LiClo.. &AM (LiCD, _Fdpdr T AR R H R A
OIS ke N-N-THIERE R, RET AR KA RFIAR AR BRI Z BRI E (MWCNTs-COOHD.
THEREL (Co(NO3)) ZHEE (AB), dbnifERIBE&FHEAIRAR; SLH (KCD. B 20, BHRE M. 7
BIR. HF s (KsFe(CN)e), Kbtk THRAR .

FESE P S BRI, S0 T 558, SS90 F /K38 Bt .

1.2 & 5EE

Gamry HAL2E TAESS, EE GAMRY Aw); BN FBVETEN. AgAgCl LM, BFEM (10 mD,
¥ CH Instruments A F]; #HA Y (KQ2200), EILMAEERAR; KRS ECHL (TGL-10B), i
FREEER) s TR (FA2204), REEEERAIRAR; fERB A (85-2), MR
FHREARAT; BT (GZX-9070MBE), BT AU S BA A TR AT .

1.3 o7k

1.3.1 Co3;0s@MWCNTs-COOH 154 3% 44 4 &
1.3.1.1  CosOu FHMH A AKITURL ) 1)

AR FEH Coz04 MBS T ik BUE SO AT 7 3E %, RPN 1 foR: &%, ERT S
51N 80 mL ¥ E N 0.25 mol/L ) NaOH ¥ A1 20 mL K5 A 0.5 mol/L ) Co(NOs)2-6H20 ¥, 90 CRIZIfFE
2min, A ILEECITIERAT M AL t0 . B IR RAR R RN 0.5 mL 9=30%[1) HoO2 ¥R, FHAFR i, el
YRR A N, BT 90 CRBPREIN She RNLEHR G, RAREIMIER =it 17 B HEEL,
I KRR =W, TOK SRS, B gl . &5, BrewE T 150 CHAETHT, e THE,
M FH TP FLAIT I8 A N AR (A7 4%
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Fig.1 Preparation of magnetic Co3O4 nanoparticles
1.3.12 Co304@MWCNTs-COOH & & &M &

TSR EE B Cos04@MWCNTS AW, ¥ 3 mg Co304 7T 1 mL 3 mg/mL MWCNTs S, #is
AT 30 min, #1758 Co;04@MWCNTs-COOH % 7B (3 mg/mL), 43 5% FHAH B 1) 73258 £ 7 B0 B Cos04
TR MWCNTS VAW -

132 wAFAE R R 645 &
1.3.2.1 B AR AL 2

FEAKIFHE L, HEEEH ALO ¥y (0.3 0.05 um) FTHE, BEEHTIDCEEH. HBAUKIEERE, FHol
2.1 B2 2 min, BEGRIFEIRMR 2275 (Cyclic Voltammetry, CV) 7E 1 mol/L ] H2SO4 (HL7-0.5~0.8 V
R 0.05 V/s) WP EHEERGE, B, BHEENBAUK T 3 min MAEEL, HE DAEATKIR
Vet HE, BRI BIIZ N KsFe(CN)s R TR IEAT CV Rl (-0.2~0.6 V), FHEEEA 0.05 V/s, HiLRHKL
DiRelE® . &fa, BTN, FE8iH.

1322 AB@C0304@MWCNT-COOH 1 /& 28 (11| 4%

AB@C0o:04@MWCNT-COOH £/ il S A2 2P 2 FT7R: 2.0 mg AB 9T 2.0 mL NN- - FI SE R,
#E75 30 min, HIFFIRAIIAIM 1.0 mg/mL AB &K

TEE % 1) GCE R L5k 4 pL Cos0s@MWCNTs 73 Hii « 2 L AB 23K, HtT15 %] AB@Co304
@MWCNTS/GCE.  DMERHATIR AR AAAG ROt b, PLRRER 5 23] & MWCNTS/GCE. Cos04@MWCNTs/GCE.

ERE/ A

752 It | N Pl
Co304 MWCNTS-COOH CuzOQ@MWCNTSCOOHJ e ] N J,\\(

2 AB@Co,0,@MWCNT—-COOH 15/ 82t
Fig.2 Preparation of the AB@Co03:04@MWCNT-COOH sensor
133, BRBHEIELIE T ik
¥ FH Gamry HLAL S TARE AT AL AT, MR R AR NS L), fh Bl Bk, TAERCN
AB@C030:@MWCNTS/GCE f&/& 25 . FA FEERARAER 0.1 mol/L KC1 Al 5 mmol/L [Fe(CN)siRA VR AT
FAGZEBHBIERAE, Mi%EN 0.1~1x10° Hz. £ AR AR, P & Fqe i A AT — 5 I 18] PR 46
AbFE, CV idsk BaP HALZAT N (AL 0.6~1.4 V FHEEE: 0.08 V/s).
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KH CV XHlle S5 . BMRpds. pHE. BURRIRE . BURRACLL . BMRRIE R DU & 4T 2.
[FIRF, RIT BaP W SAMERIRIIC R, UETRAEII LT SCBRRE S o BaP &5 .

1.3.4 R
1.3.4.1 HfFEFIERTAL

¥ AB@Co;0s4@MWCNTs/GCE 142573 3 B T PBS 2. FrEER. LiCl ¥ PBS-LiClOs ¥+ LiClO4
VTR AR GREE), FIFH CV 4R T BaP 1A A BT IA T IR FRAG2EAT N, T i SR S 3 L A ol
VW o

¥ AB@Co3;04@MWCNTs/GCE #2828 A E T 0.1, 0.15. 0.2, 0.25. 0.3, 0.4, 0.5 mol/L HLf#E AR+,
R CV IEF RISk IRt E, 0 H A R I AR VR B

HLAR DA 0.1 mol/L FBRER VAR 1T pH AE, K #51f 1) S A AR 7E pH 4 1.0 1.5. 2.0, 2.5 3.0 Al
(LR A R AT CV 438, DRI .

1.3.42 EHiRTEXT BaP 4k 16 LA IS4

MR EE X BaP S IE IR AR #1145 1. 2. 3. 4. 5 mg/mL AFEKE R MWCNTs-COOH 18k ,
AR T REMEERT (6 ul), KA CV il 2 AR MWCNTs-COOH K% T BaP A IG . il % 1.
3. 5. 7+ 9 mg/mL AFEKFER] Cos04/MWCNTs-COOH MBI, 73 mli iR T HARRm (6 ub), R CV iEllE I
TCSEANFER R BaP LI HLT .

16 i Y ) TE B 0T BaP 48 Ak e FELURE I RS A . A 07 6 15 21 ) CosO/MWCNTs-COOH 5 (R B2 T, #%
Co304@MWCNTs-COOH 73 Bl 5 AB Bdiid% i 1:3. 1:2. 1:1. 2:1. 3:1 RREIAFR LS G g T R,
KH CV 103 BaP (LG HL .

AR R FE 0 BaP A IG IR I EA : 42 ST SRR b, 7EACER AT A faAl o JliE i 34 44 5. 6.
7+ 8 uL B, KA CV IENE LKA FIKRE T BaP A IE R
1343 EAERIAXT BaP S 0& B

BRI T, KH CV Kidk M &4 0. 5. 104 15, 20, 25. 30 min J5 BaP UG HLIF(H
1.3.5 BaP RE&MZ

B E 100, 120. 140. 160. 180. 200. 400. 600. 800. 1000 nmol/L BaP J&¥K, 7EHANSEIR2&M: TN, A
BaP ¥ A0 LR I R LS AN ) BaP W R IR CV KB

FEa AL R ERRAITIRLG 2 cmx2 emx2 em BI77HYE, #E4E 210 CHUEEA 5 min, K 210 CREH] 21 min,
BT S ARES, FTEZREER, #EFFRIGES S ¢ BT 25 mL Febfrh, A 10 mL ZAEWAIIE e RieiE
% 30s, 40 Ci#/ 30 min, 4 000 r/min &.0> 10 min, W BIEW, I 10 mL IE O EE RN =X, &7
FIEW 45 CHei A RIKGEE 1 mL, 40 C FREAWT, SmL ZFEEHE, B EBERZ 0.45 um JEIR IS RAF,
A

HLAL AR BRI E . 4 AB@Co304@MWCNTs/GCE 825 B TAE A, KA CV HfiIFid sl Ax
1, RN, THEEE RS+ BaP VK E .

TR ESGRES: A4 2.5.1.1 ALBRJEIRE R 20 HIII 0 160+ 320 640 nmol/L ¥R 5 1) BaP hRUEiATR, #EiK
PATIZAF N FIFH AB@Cos04@MWCNTs/GCE A2 /& A8 3744, 15% BaP [MUIEHRUE, RN 7R 5
N El .

13.6 #ABAIE 5 % it 547

AL T BEEE = OCPATIE FEH P MER ST SPSS 8, HdiE EIZR R OriginLab Origin Pro

v 9.0 £l

2 FER5L

2.1 BARAOR Y4 3 B RAT

Aiz A 8 (Scanning Electron Microscope, SEM) X AB 4 KBRL . CosOs i 1 99 K KL 1 PL %
AB@MWCNTs-COOH. Co3;0s@MWCNTs-COOH 9K E AW T T IASSEMRAE, WK 3 Fik:
4
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HIE 3A F i AB 2ERIRGSKERL, EARE 14~16 pm 2 [8], HHE 3B &t CosO4 EAKNNTHAL L, Hop
BUPERLLF, BEAARAE 2~3.5 um 2 (8], B 3C &t MWCNT-COOH Ay = [ £F 4tk 4544, K 3D, E &R,
MWCNTs-COOH )75 W ERE5 1 HARE A HHEFIHE 7E AB H1 CosO4 3R, (FF BN E SR BORIM LR TH
ML 3RfE 7B R R, AR TIRTMEENERE, RS E LT A ST [ FAR AR R PRI R, R
fICHPHAR R, SR m R RAE, A RO b BRI ST AT FEA 27 SO, AT S 3254 v 00 - A8 AR 7 1
AL IR ) R AL e NS S A5 BRI 0

Fig.3 Scanning electron microscope images of different modifying materials
7E: A % AB #9 SEM B; B 4 Co30449 SEM B; C % MWCNTs-COOH #9 SEM B; D # Cos04@MWCNTs-COOH 49 SEM H;
E % AB@Co03;04@MWCNTs-COOH # SEM B,

2.2 AB@C0o304@MWCNTs-COOH 44kt R 25 ty v, {k, % [ 47 RAE
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Fig.4 Electrochemical impedance spectroscopy of different modified electrodes
A2~ EBTEE  (Electrochemical Impedance Spectroscopy, EIS) & —Ff FH =43 B H A 38 T Hi ey 5 A2 3 i O 47
AU, AT FNZSBARNTE T AE MR AR T, S5 5R A 4 Pos, BT RBER Gt 70 T R4i8had
R e EWAE B, BEHT R/ AT LIS I s ) R S BE B ok €« B 453 B B R B/ GCE.
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MWCNTs-COOH/GCE. Cos0s@MWCNTs-COOH/GCE. AB@C03;04@MWCNTs-COOH/GCE. S# AL, &%
A FELRR AR FELBHL B 2k, o Cos04@MWCNTs-COOH 117 FaL MY S 850 B R B4, HED R R A 24k B KT AR
PLERTHIAN, BERWRBM DB RS, I B &5, MR AB@Co;04@MWCNTs-COOH &1fif5, [t
TR, HERTEE R AB@Co:0:@MWCNTs-COOH KA 8 ds HA H (o i B AL 1 o

23 BaP £ AB@Co304@MWCNTs-COOH 4k £ k52 |ty o Ak, 54T

KFEIMRAGERIL T BaP fEA RSBk B HAEAT N, Fo CV B 5 FizR: 24 BaP WA 5107 mol/L
B, 7E0.6 2 1.4V MIEFRFERXE A, B E BaP ST ZA g, HIgBEA N 1.05V A4, eI
FAFES A AL S50, R BaP B2 N AT IS . AB@C0o:04@MWCNTs-COOH/GCE 1A% BaP [f]
FELAR R AT R R 82 B ALIE S (2), 1B AB@Co0:04@MWCNTs-COOH & A A RHEGE 2 1) LA XKIA B A
R, AP AERMEANIE R R, B MR S S Re 77, HUERH T % FRARAEAT I BaP i BAAHRER:
.

BaP TEARZEMAR A (b #th2R) IR (O ma R S XSS, X2 AR AR F b 2 s PR AN LR TH
FAR, AFIT HAx¥) BaP R FHFI AL 4k iR MWCNTs-COOH i, HES5 RIS (o), B
HARIEIN T 2.91 £, &P MWCNTs-COOH EA 5 M i L R A R A0 S e, B8 R0 BaP JEedt Hrr i
MR THI P A SE OB, AT KR S T BaP B A= RS 5, b4, MWCNTs-COOH £ f1)-COOH H e [Hlid
AR SR AL 5 BaP Z A ELAER, 3 — 03 BaP 76 AR & UK Cos0s@MWCNTs-COOH/GCE
B HERAIEHEGE (D), AHELTERBEMEIE KT 3.92 %, EFSERMA T, CosOs FBHI LT RIRET {1
PEIETER,  Cos04 W] BEVE NS ALBEMELL BaP FISEIL SN, (AT EIEIN, RN 2RO E T BdEm
PR R TS PET AR B AR RCR, S g g s 72 ik CosO/MWCNTs-COOH 1 AB J5, HAF
R BN Se, WS BRI AAIERIRAE, AT HERIE T 6.25 £, Cos04/MWCNTs-COOH & &K
Y AB 4 W FE R e — B3G5 H bR e AR TH R B A 8., BA T REE S 5 AR N, i i
— DRI AL R

1o0-
S0
sal e i |
1 /|
= ~ 1
@ 4o ]
d
s 5 I
20| - /.]:\{: B
i e = 4
ik T ‘:—__f-'_f/
— i ] 1
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BV

5 5X10" mol/L BaP ZEREIEEAR ERIMAZE
Fig.5 Cyclic voltammetry curves of 5x107 mol/L BaP on different electrodes
iE: ar AR b: GCE; ¢: MWCNTs-COOH/GCE; d: Cos;04@MWCNTs-COOH/GCE; e: AB@Co:0:@MWCNTs-COOH/GCE.

24 Ak BaP B AL AT A B

KFEIMRZER7R T BaP fEAEM R E IR R BN )%, BHFE T 418 X BaP SRR M, JF
Ok THRE) CV B, g5 6 fon: 7R 6A 1, FHIXIEITE 0.6~1.4 V I, BE&E G EHE N, BaP {E421h
FAR AR R A IR 2 38K, RIEE PRI et T BaP 2> T-7E AR 0 A Ak R SidEFE; & 6B
FALIERIR (p) SHEBEETFIIR O BUREFLMENE, BIHTTFEN [p=0.551 21v+3.178 21 (R?=0.996 0);
Bl 6C 1, BaP NEMIEHEAL (Ep) SHEIGEE (V) [AFELIERR: Ep=0.004 87v+1.050 43 (R?=0.9988), LA
R S N 2 B ) FLiZ S B B AT, AR A R IR T AR T BRI AR .
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Fig.6 Effect of scanning speed on the electrochemical behavior of BaP
VE: a: 20mV/s; b: 40mV/s; ¢ 60mV/s;c: 80mV/s; d: 100mV/s;e: 120mV/s; @ 140 mV/s; h: 160mV/s; A.BaP &4
Flda4i& 2 T 49 CV "aL; B. BaP 49 R4 L 28 F ARG X &5 C. BaP ) i fi b5 428 P ARAG K A

25 REALHEML

2.5.1 Wk akAL

H SR ARSI K pH {EXT BaP S LI IR I, Z5 5k 7 FoR.

K TA Fios: 22 R R IR h A 223 55 3% (1) BaP E4LIE IR, Hirh PBS Z2mii b i B (s i, X ]
REVRT BaP fE/KHIEAREEA TR LiCLIAER P g AN HIE FE80Ks AE LiC104 R, Ak
e, T HE B ATR, SR g s E R AEARRS L. 28 1, 3% LiC104 VA B S R B R IA
o

Kl 7B Fzn: 24 LiCIOs SRR A 0.3 mol/L B, Sl LA R B KAl , X W] B2 NS 5S8R B+
HEL, T ERPDESR, AR K. A, EREEIRET, TR EAEE, oThe
SHETABIEER TR, MMEIE R, SR .

AJE] pH B X} BaP AL NI R IISEIR, 45 R0 & 7C Fron: pH {EAE 2~3.5 2 I8], HRIREREE S S TR E
i BT, R R RERIR A T BT BaP b EEA . SR, 24 pH EAKEERER (pH (E<2), &
MR AR TR, IX AT R B T s i) R BEFT Al T OSSP, AR SRR gk 4T, RIS & H S BaP 73+
BRI PR R A B FIRIER /), TFIRABFRIEMReE, Roh, SRFET, BilRnT RSkl
IR AEEA R P A AR, BRAS BaP 75 R T T A AU AL B, i — D emafk 2 Pk Re. 25 1,
4% pH (A 2 1 LiC1O4 ¥ A E NS A AR R T
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Fig.7 Effect of electrolyte on the oxidative peak current of BaP

E: A RElEFER BaP B40E R Hh; B: LiClOs RE X BaP Bt Ewi7ag%oh; C: pH (A%t BaP At i7i49
B,
2.52 A5ARAERT BaP BdbiE b e #rn
2.52.1 BRI EEXT BaP S A0 FLI 152

Hl4% 1. 24 3. 4. 5 mg/mL ARFEIKER MWCNTs-COOH &4 . K aEAik i) MWCNTs-COOH & 7>
ARE R T AR, RFE S EMEMEIEE A 6 L, KA CV Ll FHL FA RS Rk - BaP (%I .
5N 8A FR: AL IE AR MWCNTs-COOH ¥R FE Jet gy, A 3 mg/mL KH4EAL IR E K,
HIR R A e R AE BRI N, MWCNTs-COOH AL, B sses, BRI T8RS R A, SR 418
R BT =i, ekl T34, SRR ISLIRZEEIC, 20 BaP 7014 Bk, (#1534 iiE ke
WREEHG I R R

KH CV 3230052 F0 M ISRA R E Cos0/MWCNTs-COOH &1 J5 BaP AL I HR HI R, 45 S in &
8B fl7n: 2 Cos04@MWCNTs-COOH ¥ 3 mg/mL B A4k - EA R f K . 27 F 02 #i— MWCNTs-COOH
s a7 CosOs NEGHEL, BIFAERARIREE, BRReE RN AITEE BaP 731, MNAEIREF R IF I AL 4R,
T S 5 A ) FRLA 22 R 2R
2522 EMEHIGECEEXT BaP S A0 FLI 152

¥ 3 mg/mL Co;0s@MWCNTs-COOH 78055 1 mg/mL AB &2 B8 A =] (AR Loy il T Fe Al R 1
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Fig.8 Effect of modification solution on the oxidative peak current of BaP
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Fig.9 Effect of modified droplet amount on the oxidative peak current of BaP
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Fig.10 Effect of enrichment time on the oxidative peak current of BaP
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1 2.5.1.1 REAREMBEAT AL, (EHIASEXT BaP #EATIE, S80I R (E, JFRHARNLRIE R 72
dr, THELASEIRE S T BaP (PR . FERES T2 VRN 04 160 320, 640 nmol/L WK FE (¥ BaP ARifiAWR, #EAT
IbREGRS, SRWNZR 1 P 207 IR RAF AR, s R TG EY 84.34%~93.36%, RSD A
3.41%~4.29%, RUNZAAMAALEIHERAT B ORGSR E T, 3E A T SERArESh o BaP f5E BoAcill .

LG HAMTTEN L, SRR 2 Prs: WE BaP 58 K2 R ORI B AL R, (HR AL AR AR
TEREMRZ NIAEEAIKAE, I R AL 2R AR TE K5 A it BaP S BAHGHRIER D, RIS 5 H AT VE R LUK
B, AVEESLHT AT TTEXS BaP BAG PR EEAR, PRI m] F T ket b BaP A R Bk I o

R 1 P BaP MELERKREMAREME
Table 1 Determination results and spiked recoveries of BaP in samples

& AeARE/(nmol/L)  MEAE/(nmolL) EKE/%  ARMTARERE/%

0 15.6421 - -
. 160 150.5861 84.34 423
HE A
320 314.2327 93.31 341
640 613.1743 93.36 429

% 2 FEISERMREIRER T BaP XIEE

Table 2 Comparison of different methods for BaP detection in different samples

A 7y ik o Ao =% LAk

B AR 6k B 1) A o 0.2 ug/kg 81.53~89.31 [21]

4T P B AR F B A 5k b 80 ng/mL 89.5~106.8 [22]
% Ep ik B AR B - S AR i IR E ST & 0.98 ng/mL 89.7~95.3 [23]
WAL K RAE RIS A 1.41 ug/kg - [24]

MR TR B 1) A o 0.079 ng/kg 84.34~93.36 Kk

3 Zhip

A3 T AB@Co:0s@MWCNT-COOH K E AL, S5 ERiMEM R mRdif A L T BRI A, R
FH A3 B2 1) 15— b s 25 R B LAk 22 AR SRS . JE T SEM G RE AR M AT R O &5 i 3R AT T RAE, RN
MWCNT-COOH 275 LAEARE ), I AR EE 177 UG 7E AB@Co304 IR b0 IXMEEIIR T T =S8
B ELR T AUR R AT SRR . R CV VERFST T BaP fE BRI BT AR, K I BaP [ B LA e SRt 72
AT, RAAEIERAICR . SR ST TR, ERALEAT T, BaP 4 LIg FLIRE S5 HIR L
100~1 000 nmol/L X |A] £ILRIFLEIE I R, LM FEN Ip=3.19Csap+1.54, R?=0.996, ffKAG R A 3.12x1071° mol/L
(SIN=3), HUTHSEIRY], KUY BaP Rl gEma AN B3 Pl & KA s BoAT R i) S AR
SENE. AT H eI, APATNER  BaP, HAGHR A 0.079 pgkg, HARAERIME. R, HiT
Ptk AR Aa e P s A 5y, & T ft b BaP ML PR 57 5 e Sas i, kA BaP AR AL | —Fickr
S8
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