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 E KL AEZLIC( MSPE ) R P AL IR M 55 FL B RS (AEESI-MS) BORAEES &, #5777 BRI A
PRI IR 5 PAHs A 3-S5 26 (3-OHBaP) 915, FEA4 10 7735 1 FH W KRR S5 AN TR KR e PR AE
3-OHBaPHIKEIN . ASTHFT LIRS AL Y Fe, O, RETEGRIURIATRAE S MSPE B4 5, L4082
B CONE L RN R VR A L BRI RR SR ) | KN T IR 3 -OHBaP R A K B HE g B AR AL T B
FEHEAT IEESI-MS 2087, DA m/z 239 W5 50 5 O 8 w8 0%, IR e RS0 00 45 1, S5 R R B, IRFEEL T
3-OHBaP1E 0. 0005 ~2.500 wg/L HETLE NS5 m/z 239 BI{E S NLIE R BRI, HMBBRIEE 0.1 ng/L,
K% % (RSDs) /NT 8% , BEANRER MW d B2 AT 4 min, FLWRAERE B PR W& Th3-OHBaP¥e & W . 5 T A 0%
MR . AT IRERT o P IRBE AT, AT AR XU PR RS K

KR WEEAEZENR, PYTBAECE WSS MBS S, 2O, 3-SR (AR XU PR
1 5|1 8§

AIFERIRI [« JEE(BaP) , 5 DRI, Horam) iz, HE5MRe LI, 25 ok i
MBIk E R, HsomtERR, M), RS KRR KR RSz 74 BaP nlE
Y EE ) T N AR, RAEANKRNE B, A5 R, BaP 781K N 4 T fg A 1k i
(i cYPIAD) &S, B A ZBEAE Y KX ZRAR AR S, X RES S
DNA Z5 B INE Y, SEOLH AR R0, 1% DNA JG 7249 B 76 W AR & A0 il v g & 30
A 3 A IR RN, e R PRI R A AR K A [ R R R 1
BaP, N75 5015 K i R B2 O, Ak, BaP ROFRIE B KA RS p 4R s, R B
AR VIR AT 38 25 4E 2240, IRk, dsr P ERG b W R 288 BaP /K P BOAG I 7 3%,
X R N B LA M AR B HAA B2 X,

3-IEIETIF [ a] BB (3-OHBaP) S BaP BSR4, itk nl 3 i A I A SR v BaP A9 AR5 4
(3-OHBaP) &, Wil AR BaP AR EE K" AT, BaP M4SN 7 3% 3 B A 56 B sup M
PRI (HPLC-FLD) /7' UM 385 B vk (GC-MS) ™" 5 AU £ 3i%- R IBE % 1 ( HPLC-MS/
MS) 10 &  Hoh | HPLC-FLD 5 /R S8, #ent 9% f1, H A BMUEEAK, GC-MS Fl HPLC-MS/MS J5
P EA R S AR SRR, SR, XSy kil R T B A B RE S TR PR AR, R T X BaP 9
WY, AR EXT A BaP @R PPN T 2L, Ik, JFAR R sk 8tk | sl orik o
Br AR IR E3-OHBaP A3 L E . NJRFEEFTAE R 2 4%, H PAHs RS0 & i ik, Ak —2b4k
f51 PAHs FRISIH RN () R A, —SemfFos & AR REYEM BHSFLIL R Y15 PAHSs 2 [8] 95 K AE R AT r-mr
HeBAEH, MR A5k (R & PAHs fCIF Y E 47 & 48, AT SE B PAHSs (1) 5 i &t 8 1 A E &
BF1210 L AR W09 1 — IR AR - 4 B 935 o B0 3% ( MSPE-EEST-MS ) (K
W, BERDRME AN Fe, 0, 1EMHEEA A BOM BT R TP AR I 1-F85E 18 (1-OHP) AT R B 4F
SPEWE, FR A AEESI-MS HARSEAT 8, AR B BRIRE 0. 1 ng/L", HA A B REE
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AR, SR PAHs IR EE MU Z —, HIt, EPFM PAHs B EE KR, 1-OHP (1) F 2
=) w0 Z VESF BAst, (BADIRESR I, SRR T 1-OHP #1470 B0 PAHs 15 8%
FREARGEHERD, &5, AR —FEESUEY); Hak, REIMHEIAS T PAHs FREART, £ 00001 &
A, AHEROEARTR, tE5 BaP s EEUE PAHs B9 & R HLAIZ SRR KU Wik, #F5E & 116G R
FH— e e 8om Y AR = e S br B s R SR 2 R i bR B E AT 1E A, W13-OHBaP | 5L E
A0S Lo PRI Y3 -OHBaPZ S I SCH: , B R EURYE BaP A9 3R Y, 5 1-OHP
I, PRH3-OHBaPH G A VE M BUE I PAHs 2 EWAr B "™ . SR, AN, BaP nl 1t
AL RIS TS R R B AR S Tk AR ) R S A HE RV T 3-OHBaP 1 1% 5 A%
(pg/mL Z50) , IR 1-OHP B & B EALAECRS , Ik, HERh e 5 4% PR I o Ak
[)3-OHBaPHERE K . FERT BIMF ST 3L AL L, A 5% R ) MSPE-EESI-MS 43 AR XF AR WA i v A IR
3-OHBaPHA TR0, my e | Rl e o0, I T 3 1 FH T IR R AN IR A S 3 PR A
H13-OHBaP A REAGIN 38 5 X A3 BT AS [R)AHE PRAE T3 -OHBaP) & i, WM A& N BaP %2 85 7KF-,
PPN N edE N oA L AT

2 SLIGES

2.1 UFE5EEH

MSPE %% % Fl iEEST 2 7R ¥ i A S2 g6 2 Bl 5 LTQ-XL £ B F Bk 5 % ( 3% [ Thermo 2%
F]), KH Xcalibur Zi¥E4bBE R 45, 3-OHBaP( GR 2%, JE[E AuccStandard Inc 23 #]) 3 HFEEAIZ R (HLPC
Y, 3t ROE Scientfic A ) ; PIEHAIAE (AR 9, EZ54E L FRAARAF)

2.2 HEEIHEZEEH R Fe,0,@Ppy) HIHI &

R IRE N Fe, 0, BELKT GIKE ARG LS BOCHR 13, 20, 21 ], B 6 RHE L
THHEYE Fe, 0, QKERTURL . FRELS. 0 g FeCl, - 6H,0, T 100 mL Z —FEH, JilA 15.0 ¢ BERREN E 1A
50 mLZ T, $EHE 0.5 h, WS BION 22, T200°C &4 50 8 h, T 2B/ 7KisvEax, 1%
FREVEFRL, T 60°C Eas LT, &,

PRI Fe, 0, 4KBRITKL 1.0 g, FeCl, - 6H,0 9.1 g, fILA 100 mL £& 7K, S TR 3 h,
1ff Fe™* RAAEGORERRIA, A 20 mL -+ HeSERRRREAA 0.5 mL MERE 4K, ARZEARARICNE 12 b, FEH]
B/ FKIEVREOR, 2 LIS, T 60°C ST BIAS 2R ML M Fe, 0, EAMEL,

2.3 RiGHAHRE

PRGEEAR R 12 £ R RS (7 2 RS A S 200 ) 44t a0 B EH RIK T 100 mL
PO, 7E-80°C IR A7, LW IR AR . FIH Fe,0,@ Ppy B ELXT3-OHBaP 145 5 M
BHVER, 78 BRI S PO AL 519 Fe, 0, @ Ppy #EE, W B 2B 1T REAFE#E 193-OHBaP, PR FH #4500
Fe,0,@ Ppy A BH BE 73 85, ) 42 9 BRAEAS ARy 25 11, B3 £ 3-OHBaP bi E A, JH 2 TR 7] G
100 wg/mLAIERIR, T 4°CIRAF, SEERATRCH]— R F1HEE (0. 0005 ~2.500 pe/L) BIMARKIEAEAS,
T MSPE-iEESI-MS Z3#7 .

2.4 MSPE-EESI-MS 77k 31

MSPE-EESI-MS () TAEH S WAL AT TAE ™, JRFEN K Y Fe,0,@ Ppy %F3-OHBaP )45
SEPE AR, OB R FH AR B JBE Fe, 0, @ Ppy 5 iEESI-MS $ARZE 4, X AR A H3-OHBaP #E 17 1
B, FRIEIZE T3-OHBaPI# Fe,0,@ Ppy fE N BAARRE &, BEBUG G AR IOGR A TVRIBE, S5 e oE A BTG 43
Mro BAAEIRANF . FRHLO. 1 mg Fe,0,@ Ppy T 15 mL BEESHLAF , KRB 2 mL FEEAI 2 mL 2585
FOKHBEATREAE G AL 30 s, BG4S ; FEH 10 mL JRIGFE T FRBERIE T, HE | min, {ff Fe,0,@ Ppy 7
A3 B PRAE AR B3 -OHBaP , FREHE-SWIZEA 2.5 mL JEREEE T, FIREER A I B0 V1 55 28 10 P BE
b, BEPRHE o O T kS R EE T3 -OHBaPH IS5 I W s A T4, 1 mL 25 B F K BRI RE AT T i
Fe,0,@ Ppy MK, /1A ZE BUF) 4 Fe,0,@ Ppy b Y 3-OHBaP ¥ 47 U8 i, #2545 % 1 25 BUH 5
Fe,0,@ Ppysi/MiR Ay, fUEMASCRIA B mefE:
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Fil SO AR E AT kR R TR, BRI N m/z 50 ~400; HLBTSE IR A 100 L
P/ 4/ B2 (85.5:9.5:5, V/V), HiiE A 15 pl/min; Wi% L JE 3.5 kV; WiES(N,), KIEN
1.0 MPa; B FAEHAETERE N 300C ; HESHBH ARG Astitb, RABBRBSE AR P, 5

TR TR R 1.0 u, HifEAER (NCE) BE N
40% , REFEESE] A 30 ms,

3 GRS

3.1 AR #13-OHBaP ) MSPE-EESI-MS 'l i &
54

0.5 wg/L 3-OHBaPHAZS FHREHE S, R
FHHEST () MSPE-iEESI-MS/MS J5 ¥ % H 47 & 1 43
Br, Bk DL 1, et s A, mT R £
m/z 267 BB T 3-OHBaPHY 2 B TS 755
T, AR BHPES R, TSR T m/z 267 4T
AR 5 i 2 4 HT, T ORI B RRAE B S /2 239
(U B, R A TS SoEk iR iE — 500,
m/z 239K £ T 163-0HBaP £ 26 CO TiE i, s
TERR R, X UK ] MSPE-EESI-MS/MS J7i%
Al RSB R IR R 93 -OHBaPAG I

1001 29 L on 129
267

<100

> b 3-0HBaP
§ 80 g 50{ ‘ MW268
) =
o 60 2 9 m . . | |
= 40 = 230 240 250 260 270 280
g 267 "M
=)

|||||||||I|I|I1||||||||I\|||I||

(=]

250 255 260 265 270 275 280

m/z

B 1 JRAEH3-OHBaP (0.5 peg/L) B4 /N 4% MSPE-
iEESI-MS 54018, 4 m/z 267 1) BRI

Fig. 1 ~ Magnetic solid-phase extraction combined with
internal  extractive  electrospray  ionization  mass
spectrometry ( MSPE-iEESI-MS) analysis of 0. 5 pg/L
3-OHBaP spiked in blank human urine. Inset is MS’
spectrum of the deprotonated 3-OHBaP at m/z 267
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Fig.2  (A) capillary voltage; (B) solid-to-liquid ratio of Fe;0,@ Ppy and urine; ( C) elution solution

composition, and (D) volume of extract solvent on signal intensities of characteristic fragment ion at m/z 239

Elution SI is methanol; S2 is acetone; S3 was acetone/benzene (90:10, V/V) ; S4 is acetone/benzene/ acetic acid (89.1:9.9:1,
V/V); S5 is acetone/benzene/acetic acid (88.2:9.8:2, V/V); S6 is acetone/benzene/acetic acid (85.5:9.5:5, V/V)
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0.1 mg ¥ 10 mg) , FHTWHFE—AFL(10 mL) R AY3-OHBaP, 455K, Mgt kB5 IRk
FEARB I LN 0. 1 mg/10 mL B, HARFFINAYI(E5 500 5 ik (B 2B) , B, JRELSIREE 0. 1 mg 1Y
REPEA AL AR, XF3-OHBaP P AL GRI R LU R AL BUARFRHEA T 00k, ) FHAHARURA I35 R 8, 4 v R G
FIE B ROR , (ERRNY 055 5 B R B fE . thT3-OHBaPZs i e W3S, SHEMER KL Fe,0,
@ Ppy Z [8] 9 B K AE FH AT mr-m ME S AR FHRCOR, 256 75 I8, 1688 B /K PR B 1) 15 10K A 1 1 S 8
3-OHBaPH et . BRI, 5 TS [RIARCPE (1 390 (A H it PR 2 | LR 55 ) A B TRl AR B 431
TRAAVE WX 3-OHBaP (1 2 BURL R i 2¢ F1 2D Fian, 4R 2 BCH  100 WL 15 B/ 28/ 2 R
(85.5:9.5:5, V/V)i, Al15 8] 13-OHBaPTHl ) i (55,

3.2 AR #3-OHBaP i MSPE-iEESI-MS R i 161
S 4E oo
610 mL 25 4 JRAE T A — £ 51 (0. 0005 ~ z ‘lz
2.500 pg/L.) (3-OHBaPHRIFEVA T, 7F 1Y S350 2% R
T, R MSPE-EESI-MS 47 P #6043 #r G
AREERESL M E 6 IR, 22 HIRHE R F m/z 239 aogt
=50 Y M 53 -OHBaPX I ¥R BE 19 06 2 2% 2
] | S MSPE-EESI-MS 7 3 1] LA e o 5 %0 05 10 15 20 25

ﬁfﬂ”kﬁ(*ﬁ%fﬁ—OHBaF, Tj—: 0. 0005 ~2. 50 Mg/L Concentration of 3-OHBaP ( pg/L.)
WEEVEEIN, 3-OHBaP I — RS 5 5 M S HWE &3 A MSPE-EESI-MS Kl A SR F13-OHBaP 4%
JEEARIMEEXR, KERIB SRRy = 5. fillk
063x + 1.555(R*= 0.9989) (& 3), X%}3-OHBaPHY#s:  Fig. 3 Standard curve for detection of 3-OHBaP in
HFR 40, 1 ng 1,2 , AR E R 2E (RSD) KT 8% ., human urine using MSPE-iEESI-MS technique
BANEE S HTETE/N T 4 min, BIREEIR R, X T 5 A ng/L HH3-OHBaP A B IR FEAS, AT AN
A 2% T Ab B, ok H MSPE-EESI-MS #E 47 A5 M, 3% J2& N oA #E P 41 8L Fe, O, @ Ppy X IR K
3-OHBaP I S0k BEvE 54 S YEM R, LK MSPE-iEESI-MS %4 BUFE gk 72, ARGk T HFrY
A5 . R MSPE H2 AR R KAt i FRIGFEA A TP AL 3, i — 203 o il o,
3.3 REEF3-OHBaPHIRIEN E

KT B 12 @R H (o 5 2R E 7 2 AW ) 52 BR PRI A i IR &
3-OHBaPHAT /& & 43 M1, SEUR 28 R UL SR 1, 78 3E W 00 25 I W b &6 31 (9 3-OHBaP ¥k £ o 0. 23 ~
0.76 we/L, 1M £ 5 W 4K & PR P 193-OHBaP % 5 3 K F1.48 pe/L 4K, 45 WA 35 B8 3 R
Tl 12 FA R AR B A RAE i h3-OHBaPye

Table 1 ~ Concentrations of 3-OHBaP in raw urine samples obtained from twelve healthy volunteers

) . 5 B W 3-OHBaP¥k
FEA m/z 239 {5 55RE EHE FRifE w22 RSDX Concentration of

Samples Intensity of m/z 239 Average SD (%, n=3) 3-OHBaP

(pe/L)
I HH 2 1 Smoker 1 11.90 11.80 11.50 11.73 0.21 2 2.01
10 2 Smoker 2 19.70  19.90  19.60 19.73 0.15 1 >2.50
W2 HH#E 3 Smoker 3 33.20  33.80 32.60 33.20 0.60 2 >2.50
MR 4 Smoker 4 11.10 9.33 9.43 9.95 0.99 10 1.66
M JH# 5 Smoker 5 9.06 8.36 9.77 9.06 0.71 8 1.48
AR HE 1 Non-smoker 1 2.65 2.72 2.76 2.71 0.06 2 0.23
AW HEZE 2 Non-smoker 2 3.81 3.83  3.75 3.80 0.04 1 0.44
AW AHE 3 Non-smoker 3 4.11 4.09 4.21 4.14 0.06 2 0.51
AR K4 4 Non-smoker 4 4.13 4.12 4.16 4.14 0.02 1 0.51
AR 5 Non-smoker 5 4.39 435  4.43 4.39 0.04 1 0.56
A AHE 6 Non-smoker 6 5.22 5.42 5.41 5.35 0.11 2 0.75
AR T Non-smoker 7 5.45  5.46  5.36 5.42 0.06 1 0.76
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3-OHBaP & 37t 5 TN R 3 B 3 TR T 3-OHBaP (1) 15 1, 3% A 5000 55 v i 45 A9 43 J& PAHs 2258
) — AT ZARRRIR . SR, LA 2E R EE VT BB S PAHS W 7ER MBS B8 (N Talkis 3y, 4R
SRE AT, WAL RZHEA) WA — @ M REE, T A b 2o 22 5 | 5 SR TAETT ZEX K&
IREAS HEA TR A 53 T

4 Fi

K H MSPE-iEESI-MS A, X APREEH13-OHBaPi#E AT T @ MEFIE 54007, I IR E R 2 A4 R
IREE AU, BERSIX A3 W AR 5 AN W A 2 A A4 9 IR B 3-OHBaP P 3 I 48 14 22 S 1k, AT AR PAHs %%
R XS AL SR AL S K . AP A R R, 8 RS E R 5 MSPE 456, W A E 4k E
PRI R R I A 1% 15 3 o A A A S SRS
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Rapid Quantification Analysis of 3-hydroxybenzo[ a ] pyrene
in Human Urine Using Magnetic Solid-phase Extraction
Combined with Internal Extractive Electrospray
Ionization Mass Spectrometry

LIU Jian-Chuan', ZHANG Hua'?, HUANG Hai-Chun' , SHEN You-Qi', WANG Ya-Nan' , ZHANG Xiao-Ping *'
'( Jiangxi Key Laboratory for Mass Spectrometry and Instrumentation,
East China University of Technology, Nanchang 330013, China)
*( State Key Laboratory of Inorganic Synthesis and Preparative Chemistry ,
College of Chemistry, Jilin University, Changchun 130012, China)

Abstract Rapid and efficient strategy for detection of polycyclic aromatic hydrocarbons (PAHs) metabolites
in human urine is urgently demanded in evaluation of internal exposure of PAHs. In this study, the
combination of magnetic solid-phase extraction and internal extractive electrospray ionization mass spectrometry
was used to rapid and high-throughput quantification of 3-hydroxybenzopyrene (3-OHBaP) in undiluted human
urine samples. Polypyrrole-coated Fe, 0, magnetite (termed as Fe;0,@ Ppy) was employed as the sorbent for
MSPE of urinary 3-OHBaP in undiluted human urine samples, and then the material was treated as a bulk
sample, which was directly analyzed by internal extractive electrospray ionization mass spectrometry ( iEESI-
MS). The signal intensity of m/z 239 was linearly related with 3-OHBaP concentration over the range of
0.0005-2.50 wg/L (R*=0.9989). The limit of detection (LOD) of 3-OHBaP in undiluted urine sample
was 0. 1 ng/L (S/N=3). The relative standard deviations ( RSDs) for six replicate measurements of
3-OHBaP concentration were below 8.0% . The concentration of 3-OHBaP in urine of smoking volunteers was
significantly higher than that of non-smoking volunteers. Remarkable sensitivity of urinary 3-OHBaP detection
was provided by the proposed method, showing the potential application in evaluation of trace level internal
dose of PAHs exposure of human beings.

Keywords Magnetic solid-phase extraction; Internal extractive electrospray ionization mass spectrometry ;

Polycyclic aromatic hydrocarbons; 3-Hydroxybenzo[ a] pyrene; Health risk assessment
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