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Determination of N-(1,3-dimethylbutyl)-N '-phenyl-p-
phenylenediamine-quinone in urine and dust by ultra perfor-
mance liquid chromatography-tandem mass spectrometry

LU Zhuliangzi, DENG Fenfang, BAI Zhijun, PENG Rongfei, TAN Lei
(Guangzhou Center for Disease Control and Prevention, Institute of Public Health, Guangzhou Medical University,
Guangzhou 510440, China)

Abstract: An ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS )
method was established to determine N-(1,3-dimethylbutyl)-N ’-phenyl-p-phenylenediamine-quinone
(6PPD-Q) in human urine and dust in order to understand the internal and external exposure levels
in humans. The sample preparation conditions were systematically investigated and the chro-
matographic conditions and MS parameters were optimized. Briefly, internal standard “C.-6PPD-Q
(0.1 ng) was added to a urine sample. Glutathione and NaCl were added after equilibration for 30
min. The mixture was then twice ultrasonically extracted with ethyl acetate. Internal standard "C,-

6PPD-Q (1.0 ng) was also added to a dust sample and the mixture was twice ultrasonically extracted
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with n-hexane. The combined organic phases were concentrated to near-dryness and then redissolved
for instrumental determination, which was performed on a Phenomenex Kinetex F5 column (100
mmx3 mm, 2.6 pm), with the target analyte gradient eluted using 10 mmol/L. ammonium acetate
aqueous solution containing 0.01% formic acid and acetonitrile. Positive electrospray ionization ( ESI")
and multiple reaction monitoring (MRM) modes were used for identification purposes, and an
isotope-labeled internal standard was added for quantification. Good linearities were achieved under
the optimized conditions within the 0.01-4.00 and 0.01-20.0 png/L ranges for urine and dust, re-
spectively, with correlation coefficients of 0.999 9 and 0.999 3, respectively. Limits of detection
(LODs) were 0.6 ng/L. (urine) and 0.018 ng/g (dust). Spiked recoveries of 6PPD-Q were 90.3%-94.1%
at low, medium, and high spiked levels, with intra-day and inter-day precisions of 0.9%-5.9% and
1.1%-6.3%, respectively. Matrix-effect investigations revealed that 6PPD-Q exhibited weak matrix
effects in urine and dust after correction with the isotopic internal standard. The developed method
was used to analyze 120 human urine samples, which led to a 6PPD-Q detection frequency of 74.2%,
with mass concentrations ranging from <LOD to 13 ng/L, with average and median mass con-
centrations of 2 and 1 ng/L, respectively. However, 6PPD-Q was detected with a frequency of 100%
in 31 indoor dust samples with contents of 1.8-24.9 ng/g, and average and median contents of 5.23
—-3.05 ng/g, respectively. The developed method is accurate, reliable, highly sensitive, and it is
suitable for the rapid determination of 6PPD-Q in human urine and dust samples.

Key words: ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/

MS); N-(1,3-dimethylbutyl)-N ’-phenyl-p-phenylenediamine-quinone (6PPD-Q); urine; dust
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T 7L 3l ) 40 i AR AR AR W BB B DNA G . R
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6PPD-Q 1Y J5 ¥ , J5 ¥ & & B iy 0.000 43~0.001
mg/kg, [0 W K g 73.3%~108.3%. {H & H B A %
6PPD-Q MY A& I A A £ Ry K B K 2R B3 1 55, T
FLEh Wy K NAR A P FEAR T 6PPD-Q Y IF 5 2 12
Zhang %24 37 T UPLC-HRMS W % /)N B 2% fd J%
R WA A B ) 6PPD-Q. Liang %% >k A} UPLC-
MS/MS Ml 52 T 48 B Mt X — 3k i A 0 B FLEE AR
) 6PPD #1 6PPD-Q, 75 ¥ & & R 70 4l iy 4.03
pg/mL F1 4.89 pg/mL, {HALLE 52% 114 FE A oA ) 2]
T 6PPD, ifii & ¥ 1] ¥] 6PPD-Q. Liu %'*' % M
UPLC-MS/MS X} 100 £ ik J& & (1% 1 5 Fl PR W AE A<
T 6PPD-Q HEAT T K2, 75 ¥ 5 £ BR 43 51 ok 0.04
ng/mL( L3¢ ) 0.05 ng/mL(JR#) . HF AR
LA R, BT RS IR B W)
2T OE Al N IR BT S Y ) 1 B R KO0
I, 8 T % 6PPD-Q fE A BE N Sk 2R BROK T, iR
FE N7 — P AT A RO O ik TR N R PR YRR AR
KR A 6PPD-Q. 3T ARk, i i RO A €53 - HR
W 0T 3 B R B R A AT B N Tz
R A 20270 LA o R o A 2 T 2 I RE AR, 43 B8 3K
A W L COCR PR ER S Y ) o BT I 4
AR IE A A IR TS G i e e AR

PRI I, A BT 5 30 4o 2 80T 6 3 - 8 K I 3% 1
LT AR IR WA E N K 22 6PPD-Q 1 K I
B, 6 AL B A% PR HEAT T OO R AR AR, IF N A
N 6PPD-Q [N &b %% 58 1 Wo il , o] LA K i 22 N
6PPD-Q P A1 % i 7K 1 Wi ) K ik B XU A1k 44 11 45
PR BB AR L

1 SEWES

1.1 & GKF S5

Acquity H-Class Plus UPLC/Xevo TQ-XS # &
B A €03 - HR 6 T 3 4 (36 ] Waters /A A ) ,FV64
T IRAL ) N AR B A R A F] ) L, 2-16 BL G
= B0 L (35 E Sigma A F) L IR AT B (2
[ Scientific 23 ] ) , Milli-Q #8 4f /K #HL ( £ E Merck
YNECIDIS

6PPD-Q (100 mg/L, LI B BE Ry 3% ) | "C,-
6PPD-Q (10 mg/L, L\ H s Ay 7 55 ) ¥4 1 T K e Bif /R
BERL A PR R . R (LC-MS %) 48 bt H Ik (43
Braf) AL EN (o B 2l 30 F BB T AR AR
BRMARAA, oW (K H SCIEX AH] ), —5
42 (DCM) . IE C %% (HEX) . Z R .15 (EA) . 2 G

(ACN) | F £ ¥ &y LC-MS %% , Wy T 1% ] Merck 2
Al LS8 F K B0k B Milli-Q 4l K ML BT 45 60
ali K .
1.2 &R HER

6PPD-Q Fp v fff FH - EH5 #2 B 1.0 mL 9 100
mg/L 6PPD-Q FrifEIFR T 10 mL &P, FH 20
ER N 10 mg/L 1) 6PPD-Q Fp vfE a8 , FH] 2 1
R B 100 pg/L i) 6PPD-Q A5 i FH W , T
20 CTF A&

WHR "Ce-6PPD-Q fiff HI ¥4 : MEHH 74 B 1.0 mL 1)
10 mg/L “C,-6PPD-Q b IR T , FH £ /€ 450 1.00
mg/L ) "C,-6PPD-Q W45 1 [ , FF H 2 I 8 9 i
B M 5.00 wg/L ) °C,.-6PPD-Q N ¥x i F W& , T
20 CTF#HAA#HH

PR Z B0 A HE TR W BC 1 A 50%(v/iv) 2Bt 7K
VS W R s 7K 6PPD-Q A 1 el FH VR TEC ) 1k T Ak
J# 4 0.01,0.02. 0.05, 0.10, 0.50, 1.00. 2.00 . 4.00
pg/L 1 RINBRIERS W . FEH A "C-6PPD-Q N
T A R, fofF 3 40 s Y V5 W 5 PR s I3 i R 2 R 050
wg/Lo

JR 2B ZR 5 b oV VA TC ) : DAHR B SR U R
6PPD-Q s {1 & e il 1 ot & ¥k 2 4 0.01.,0.02
0.05.0.10,0.50,1.00,2.00,4.00,10.0,20.0 pg/L ¥
RYIVBRMER W . TEH A PC-6PPD-Q P b fifi ]
W, 7 2 B A HE VRS W PR B BT VA B R 2.00 wg/Lo
1.3 #HAREMBTAE

A GE AL 120 43 ) N TR R N RE A PR TR RR
A% I50H AR TN T 0 T B A A o0 A B B 4 W
At v (L ES : GZCDC-ECHR-2020P0011) .

NAKPRWE - W S B R IR Tl iy B0 8
F—-80 ThE G VR IR-AF o ¥ UR I IR AR 5 L -80 C
UKARHUL IS, T 4 CUKAR R 12 h, HIBUHIRE =
Tl R A R R Y PR I TR A, MER AL 1
mL JR # F 1.5 mL & .08, im A 0.1 ng "C,-
6PPD-Q i N #5 (20 pL 5.00 wg/L i “C,-6PPD-Q
AR B W) , 4 30 min 5 hIA 0.2 mL 1 mmol/L
A H K (A ) BE A e 6PPD [ 3 AE R AL §E
f£), A 0.4 g NaCl J5 , il A 3 mL 4R & T , 5 Jig
P57 10 min, #8 & #£ 8 10 min, A 5000 r/min &
O 5 min J5 , B EEHE VAL R 5 — 4T e
DT . RAE TR AR R 4R 20 R R AR I— K
H4 PR R B BRI 25 O GO 78 R 1 R 41.3 kPa 1A
.30 TR 4 T dedi 238 T, 1 H 200 pL
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20%(v/v) G KR 2 s AR 93

JRAY 231 4y Z R A AEAS DI T 31 AN AS [
1 JE R W o TR S B 0 R R
SR AT RPN 2 P 5 1T R Hb 1D DT R 9 K A A AR i
BT THIEE FAEL A RN, KRE
YR AFEA KT T A 3 (60 H ), JH -1 0 85 96
R B AEAR B S T A AE-20 T, H
TG EL oMo HERRFREL 0.05 g JKAXFE AL, A 1.0
ng “C,-6PPD-Q K M #% (200 pL 5.00 wg/L H) “C,-
6PPD-Q ARl FHIR ) , A 3 mL iE A , 75 42 1t
20 min, 4 000 r/min %% # T .0 10 min. 5 H A R
BRVE LIRS —IK o IR AR B A O &
I AEJEJ1 R 41.3 kPa 1Y AT .30 THIKIB KT
e s 2 E T, 500 L 20% (v/iv) 205 K 15 e &
7w H TR T o
1.4 (UEREKH

Kinetex F5 {43%4: (100 mmx3 mm,2.6 pm, 3£
[€ Phenomenex 2~ 7)), BE =45 (50 mmx2.1 mm, 3£
Waters /A ), FE iR 40 T, Fsh M N & 0.01%
H R 1) 10 mmol/L 2, 2 %% i W R 21 6 B2 1 It
JPanaR 1 R . BERERELN 3.0 wL.

R1 HEEBRER

Table 1 Gradient elution procedure

Time/min Flow rate/(mL/min) o(A)/% o(B)/%
Initial 0.3 90 10
1.5 0.3 90 10
4.0 0.3 0 100
11.0 0.3 0 100
12.0 0.3 90 10
15.0 0.3 90 10

A: 10 mmol/L ammonium acetate aqueous solution (contain-

ing 0.01% formic acid) ; B: acetonitrile.

B E B TR (ESD , H A EE 8 IE
B R R gy 2 £ s Wi (MRM) o 5 F
JE R BE 2 150 °C 5 i R B : 500 T, B4 M %
0.80 KV, & ¥ I < I 2 : 800 L/h 4 AL < i & -
150 L/h; filf 8 <% & - 0.15 mL/min.  H Al 5 3% 2
B 2,

2 HRSUR

2.1 BIEEMGML

6PPD-Q A5 % F 7K , Al L3l o 8 1 H Al i
JKAREAE FH W B AEAS TR) bR R T (% A2 A i
sl A 40 S5 S 4 2 i 6PPD-Q AY {4 B3 47 4 Al ik
WEIE o AR HEEE T 4 Pl R 4 3% 4 (Kinetex F5
(100 mmx3 mm, 2.6 um) . Acquity CSH fluoro-
phenyl (100 mmx2.1 mm, 1.7 pm) | Atlantis T3 (50
mmx2.1 mm,3 pm) . Acquity BEH C,(50 mmx2.1
mm, 1.7 pm)) B 73 B8R . S5 RANE 1 R, i sh
MR 26 - /KR R B, 6PPD-Q 28 4 Ff A [i] B €033 1
i, G TR B iy A fE S e 22 R IROR L
RS KRR Ok B ORE ) A oo, B3 e N {5
6PPD-Q 2 [] £ i A1 Ui 1 )5 17 5 0 s 1Y) 25 5= T fig
S AN [ 8 35 AT Y T A 28 A T R 2 TR A
s H bR 5 1 A 0 AE BAE X s 22 o 3B
WA JE | 0 T AU B AT O B9 22 Ak, AT S 2 6PPD-Q
ST EmA R ESR . A R F ISR AT e SR
A6 T Bl AR AL R RN U A e S B AR PR R (A L
WAL FORLAR AN ] 23 5 3 R G AL IR FLAE AN ], DT
SR WA R, X TR R L 2 R e R 2 T U R
1o IS 50 D BT P A 8 33 A T AN R 4 B Y £
FE |, 3 2 sl A A0 %6 Y 35 AT AT e 3R B0 Hh RO AR
G IE AR 22 555 00 o 25 b e $8 FS AR b ik i
HEAT Ja S o3 A 2 5

é /// ,/H Kinetex F5
E, 6 S Acquity CSH
Z 44 . fluoro-phenyl
£ | “ / Atlantis T3
= 24 o S /
e - . a Acquity BEH C ¢
O T T T
4 5 6
t/min

B1 FERAEEILER6PPD-Q (1.0 png/L)H & E
Fig.1 Chromatograms of 6PPD-Q (1.0 pg/L) using differ-
ent columns

*2 6PPD-QRANIRHRIESHE
Table 2 MS parameters of N-(1,3-dimethylbutyl)-N’-phenyl-p-phenylenediamine-quinone (6PPD-Q) and its internal standard

Compound Retention time/min  Parent ion (m/z) Daughter ions (m/z) Cone voltage/V Collision energies/eV
6PPD-Q 5.13 299.1 241.17, 215.1 60 40, 24
"C,-6PPD-Q 5.13 305.2 247.17, 221.1 60 40, 24

“ Quantitative ion.
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e AE T S Y % e 2 2 W NI ) B 1 DO
6PPD-Q 0% I I8 il RS 52 m . LS IEVE N A
HLAH , 7K AH 3% 8 A 5] W 5 19 & R 4% 7 W (2,510
mmol/L) 1 A [A] & B 43 %k (0.01%. 0.05%. 0.1%.
0.2%) 1Y FF R 7K 5 T 43 0 R AT 5258 o R BRAS ) e
(14 T 662 5 TR AN ] R B 4 501 W T /K I T AR
K B, 6PPD-Q 1 W B 2 5l A K. o 10
mmol/L Z, 2 & % WA 0.01% VIR /K 78 W AE M 7K AH
B, T35 e A T de . HE— P F T & 0.01%
H R 9 10 mmoVl/L Z, R ¥ % W /E b /K A1, & B
6PPD-Q 7115 I iy e 1 £ 5 J& 10 mmoVl/L & R &% %
WAE R KA Y 1.1 %o Pt 3 0.01% H
M2 /) 10 mmoV/L Z, 1% % 17 WA b /K A o 1 2 7K AH
J&i LR L T A LR S B EE Y 2 X 6PPD-Q
FRE I UL R I s . F BT 6PPD-Q 1 AR R
fe 1B QNGRS 5 B A HLAE i H B I 6PPD-Q i i
FoHBMT M. BRAEESH 0.01% HF RN
10 mmol/L Z,FR ¥ %5 W - £ VE R it sh AH o

Ak 2 T , 6PPD-Q K PN b s 1 V5 R 119 42 L
Bk W 2,

Y1 6PPD-Q, A It , W4 200 % 15 1) 45 0 A7 7 4% % 5%,
HA 25 (b 6PPD-Q (1 B IK T 7 46 B, 4 s
(7 1 A RE AR AR T RE B BN . A Ak Y (8 DTS
0T RO ) 25 1 (20% 2 K% ) L0.05
wg/L 6PPD-Q F5 i % i (“C,-6PPD-Q: 0.5 wg/L) iE
AALES M, P 1 500 25 1 o 2 b RE R UK, 15 31 1
PEBUES T @5 A E 3 FR .

WE 3a FT7R , 285 b5 B A E AT IR B 2 i, ¥ 51
%5 1 7E 6PPD-Q {3 B4 I [|] 4b i 1 , 1 7E “C,-6PPD-
Q T# B4 B (B b oA H g (8] 3e) o FE#EAE 0.05 pg/L
6PPD-Q (*C,-6PPD-Q: 0.5 pg/L) 5 #E 1% W (& 3b)
ZJE T R A M SRR R, AR O T
ik B A&l 3c A 3d TR, 3% 525 [ #E 6PPD-Q 4
B B TR AR ATS A e, HLO5 8 — % R 25 1 6PPD-
Q Fh U T IR R BE T, JE 2R — IR RERY IR S A
6PPD-Q 17545 5% B4, FL U /& i o7 A% fb R oK (i &
3d). HAEEBME, 7 "C,-6PPD-Q 14 B i} ] 4b i#
EPRAFEA IR g (& 3g. 3h TR ) . L B4k
SR W S A b T REAE #E 6PPD-Q, W B EAT HE
5 K 52 vk S e e P . PR FRATT AL A

22 BFEEMER WAH O REEERIRGZIE SR EREZ R ZRT
6PPD iz I T4 FiAg e il i, A O S HE B 25 A, AR R O S0, A B A0 B R a0k K]
Ik S 56 R FH 1% 2% Bl 35 RE B4 mT B A Hh G A Ak WE 4 Fis .
16 6PPD-Q 10 13C4-6PPD-Q
299.1>241.1 . 305.2>247.1

12 4
Ely Z
g 2 4
= 5]

0 04

48 50 52 54 48 50 52 54
#/min t/min
8 6PPD-Q 44 13C-6PPD-Q
299.1>215.1 305.2>221.1

. © R
%‘ " g 5

21 14

0 - 0

48 50 52 54 48 50 52 54
#/min #/min

El2 6PPD-Q(2.0 pg/L) R A #R (0.5 pg/L)HIRENE F &L E
Fig. 2 Extracted ion chromatograms of 6PPD-Q (2.0 png/L) and its internal standard (0.5 pg/L)
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64 a 6PPD-Q 64 e 13C,-6PPD-Q
4 299.1>241.1 44 305.2>247.1
24 2
0 308
204 f
15 200 -
] + 100-
S0 = @
> > i
5 64 . z 64 8
3 44 = 4
2 g
= 9] A 2
0 0+
64 4 6 h
44 44
24 L 2
0 0
T T T T T T x T i T T T
3 4 5 6 3 4 5 6
t/min t/min

B3 ZEBHEMESHFENERNRINEFaIZE
Fig. 3 Extracted ion chromatograms of samples following continuous injection before isolator column installation
a, e.solvent blank; b, f. standard solution; c, g. first solvent blank right after standard solution; d, h. second solvent blank right after

standard solution.

a 6PPD-Q g 1C,-6PPD-Q
i 299.1>241.1 i 305.2>247.1
0 ,MWM 0 PSRRI S ou SR
15004 b 0 s
1000 200 +
500 - 100
0 0
2 4 24
c i
hw»AwwwwwwN%%mMM : ]
= S
} 0+ E\ 0 _HW\_MM»MM
g 214 § 7 j
= =

0—-—-«—»#&/”*‘“‘““""’“*% ) SR Y P ——

80
6 ¢ k
44 40
Z—M
0+ 0
80
61 £ I
4 4 40 4
9]
0+ 0
; - - T T T T T T
3 4 5 6 3 4 5 6
t/min t/min

B4 ZEBHERESHFNERNRIEFaIZE
Fig. 4 Extracted ion chromatograms of samples following continuous injection with isolator column installation
a, g.solvent blank; b, h. standard solution; c, i. first solvent blank right after standard solution; d, j. second solvent blank right after

standard solution; e, k. urine sample; f, 1. spiked urine sample.
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WA da IR, 2R M AE G R 28 R
B 6PPD-Q 1 & & & T I . 7EXF 4.0 ng/L 6PPD-Q
("C4-6PPD-Q: 0.5 pg/L) (145 ¥ W (&l 4b) i#F K 53
BT 25, 4k 526 3 390 25 LR AT 2E A 2 A, T 4 S
T 3% K (E 4c.41) B8 6PPD-Q 1 “C,-6PPD-Q
16 B 5 £ B8 i) |] b 35 1 0%, 350 6PPD-Q il VC,-
6PPD-Q H — F KI5k ¥ , 6PPD-Q 5k B & A K
0.08%( 5 4.0 wg/L 6PPD-Q Ay & i FL 2 Lt ) , 111 4k &2
HERETE ) 2 (g5 R E 44 M 4) TR, 6PPD-Q
Hl PC,-6PPD-Q 1Y 2 Tt 2 U 0 3y R WRd B IR, 3% B8
AR 0.01%, 2 S 2k o UL 7 = Uk R 0 B 1R
WG 456 HERE AR AE — 8 D RE % B8, (H 38 2o % 2 G 4
2 IR VEREA T LA BR . Kl de 4k FIA] 4f 41 73
S A 52 bR BRFE RN AR SR BE (in A 6PPD-Q 0.05
ng/L, "C,-6PPD-Q 0.5 wg/L) A 45 3, vl LA E
6PPD-Q £ 5 by BRI oA H W, 1T i b R A U TE Xof
PR, W 7 L A, 8 T4 2B oy B A 0 T DA A s i 25 1
2.3 ERUATIMERE

iz BE1.3 797 T R A Ak B vk R O [ AR R
F, %543 S A 0.1 ng 6PPD-Q A7 i 5 19 8 e Ko K
DREAR PEAT AL R, % DCM-HEX (1:1,v/v) \EA,
ACN J HEX 4 Fh i 7 %} 6PPD-Q A BURL R |, &
Tl 507 AL 3 3 ASREAS Ab B 5 R AR 43 A7 25 3
B S Fis . 4 Fpig o 2 BOW R BE v 6PPD-Q [t %
HiF 5 EA>DCM-HEX(1:1,v/v)>ACN>HEX, H
EA X JR ¥ 6PPD-Q 9 01505 f 5, 15 3] 94.4%; 4
Tl 70 #£ BO 28 th 6PPD-Q R % HE ) 2 HEX>
ACN>DCM-HEX(1:1,v/v)>EA, H:¥h HEX %} K 22
1 6PPD-Q 19 o1 s 32 85 5 , 3K 2] 93.8%. 4 Ff i 71l Xf
6PPD-Q [l Ui - HE J3 11 22 55 1 fig 2 IR Sk JRAE LK 2B
B i 43 0 2 R AS R S BR Y pH H R[], 6PPD-
Q FFAEMARE AR . X F IR H 6PPD-Q 1 #2 8L,
JENG FL K FHEE B A AL, W Bt tE | AU A 1
FHF 04 W9 AH 43 BT 5 10 % T K 42 i 6PPD-Q Y 4R I,
J2 K L D [ A 3% T R B ) BRI E A AL AH
DL b 302 S ORI A b 6PPD-Q 5 A 45 U 7
AR ER . 256 5 IR R A WRRCR AR,
43 ) e $E 2R 5 R IE © 8 R DR BE R IR 2B Y i
A
2.4 REUREIMIERE

AL (035 25 1 F L 43 0 e $F £ TR £ TR FLIE
O BE A DR VAN I 20 B A [ AE IO 37, 4 B 1.3 19 1Y
A BRGT DR R AR B AR AR AR AT PRI . B S AR
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Fig.5 Recoveries of 6PPD-Q using different extraction
solvents (n=3)
DCM: dichloromethane; HEX: n-hexane; EA: ethyl acetate;
ACN : acetonitrile.
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B, 7 i FH A bR vk o s, BRCRT K 42 R 6PPD-Q
) ME Z3 %] >4 0.282 1 0.212, 4 <0.5, 4 8 K& 5 47
2O o A IR 28 PN bR AT RS E IS, R CRT K
2 6PPD-Q 1 ME 43 il iy 0.947 1 0.913, ¥ 7¢
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FEAE (o) %oF e R B3 (o, w@/L) 22 Rl bR v i 28, LA BS 1
LRI B B ) 28 1, PR TR . TR R S5 K 2 v
6PPD-Q (1 [0l 4 J5 & 43 il y=2.154 562+0.004 99
(r=0.999 9)F1 4=0.172 982x+0.005 7(7=0.999 3), £k I
KRB UL 35 EM L (S/N) A, % AR AT Ak
PR, R 5 K2R th 6PPD-Q 1A H BR 4> 51K 0.6
ng/L 1 0.018 ng/g; L 10 515 M L iH8., a2 1 BR 43 )
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M) 25 PR WFE & (2 A 0.1 ng "C-6PPD-Q)
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Q FRUEE W 5 10 %5 KA FE S (2 A 1.0 ng “Cy-
6PPD-Q) H 4> %l in A 0.50.5.00.100 ng/g 3 4> /K F
) 6PPD-Q 5 M WK o R A A6 1 5% 10 i b 38 )5
#47 UPLC-MS/MS ALK, 44> inds A i 75 H N

AT 3 K (n=3) , THRF 3 iR Je BN K %
BE A MERRE SRS 1 2.3 d A BIHEAT I E 3
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SR 3, R K R 6PPD-Q 1Y [ 3
I3 1M 90.5%~93.0% F1 90.3%~94.1%, H P K %5 J&
A% H1H 0.9%~2.3% F1 1.8%~5.9%, H [a] K %5 B 43 5]
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Table 3 Recoveries, intra-day and inter-day RSDs at low, medium and high levels of 6PPD-Q (n=3)

Low Medium High
Matrix Intra-day Inter-day Intra-day  Inter-day Intra-day  Inter-day
R 1% R 1% R 1%
ecoveryrn RSD/% RSD/% CCoveryt T RSDM  RSD/% ecoveryrn RSD/%  RSD/%
Urine 90.5 23 41 93.0 1.5 5.5 91.2 0.9 1.1
Dust 90.3 5.9 6.3 94.1 3.2 1.4 93.6 1.8 3.5

2.8 LERHERMNE

A 5 R FH B ST 1 7 ik T T 3 X 120
3 f BRE T 19 R RE & b ) 6PPD-Q AT I, K
SRRy 74.2%, K H Y BBl <LOD~13 ng/L, F ¥ i
2 ng/L, F {1 ng/L. H#i A % AMK IR #
6PPD-Q & Ht A B 5% HR38 JE % A PR . Du 40 fE
] 4 R b X AR PR W rh B K S 6PPD Fll 6PPD-
Q, &I 6PPD-Q 7ERE M2 (HHi{H 2.91 ng/L) .
W CRAE 0.40 wg/L) JLEEJRFEE (A7 {E 0.076 pg/L)
ARG H L e Ah, Jiang B9 AT AT R Hb X AR
N BC X A I FE A R PR W FE AR O 6PPD Al
6PPD-Q #f 17 T K Wl , R ¥ ' 6PPD-Q & [l K
<LOQ~1.061 pg/g(H fii & & 0.116 ng/g) . ik Ik
SO AR IR W 5 B o6 2 e -l (PPD-Qs) #E 47
TR, 22 6y FR W 6PPD-Q i [l 7E 0.286~0.676
pg/LOHF A7 {E 0.440 pg/L) . Wu %5255 A4 R 3 AN
BEFUREAS vhoX 28 75 YL ) (PPDs) M L fi 7~
¥ PPD-Qs (1 UG L BEAT T WA, R AR O
TR E e TN (4 LI L f A2 8 R
6PPD-Q [ ¥{H 50 % 4 1.0.0.21 Fl 1.6 pg/L. #ix
T AE WL R AT B — T 5 U B 759 4
AR 6PPD-Q [°F-¥I{E Hy 2.76 pg/L, K
Fil & <LOD~20.85 wg/L. Dai ZE 06 T Ha, 47 3%
Prfif X 2~7 % JLE JR W 6PPD Hil 6PPD-Q 1Y ¥
o SR E B, BT 3 XL R 6PPD-Q(H
fifE 2.34 pg/L) B & TS M JLE (P {E 0.24
pg/L) o FE T HURE O I SR v o6 BRIBRE S 11 A 31 34
A EAT WA L X T BB i T 6PPD-Q AR 7E AR N JE

BEE5 A S A B A PR WHE . X TR
6PPD-Q M HL, BR T Qu 25> i #F 58 2% JH i) 2
FHAE I, oAb BIF 5% 35 SR A 2 TR AR B, AR BF
5 2R FH 04 2 45 A T Ay 7 058 DR 1 VB0 25 BT .
4 PR ARSCES TR LOQ B A ik M
BRI, A6 AH ) BRURE 3 915 B0 T, AR 5 325 X6 B AR 1 vk
ARG BUE L RE 8 SC B PR W RE A Th 6PPD-Q (1 R
BRI o AE A R A SRR AR SE R BT VS Y
120 {53 JRFE T 6PPD-Q A A5t vk i 5 A% , 3k W] e /2
T A BIF 5 8 IR R A ok RN BE AT BB K A2
6PPD i3 ol 7 5 1 4K o

K C @AW EX T TN 31 %= KA
AT 8 6PPD-Q #EATINAE , K 3 100%, £ i
J N 1.8~24.9 ng/g, V-3 & &M 5.23 ng/g, T
RO 3.05ng/g. W 4 FioR 5 H FTHRE 8 SCHEk
K Y FBIAH AT o 5 30 7 okt e AR SCaE ST Y Tk
FLA A 7 58 M i I 2 R R A A . TR
Af, 2 4 20, SCHk[ 10189 0.27 ng/g LK R,
2 B8 SCHk LOD 2 3 4% S/N 11845 2 B, % i
) LOQ (S/N=10) ¥ }y 0.9 ng/g, /& )7 ¥ LOQ K
0.06 ng/g, B I AL, A7 Ph# s Cmk[14] /9 0.18
pg/L A A B FRAT A AR A s R AT AR =
0.01 pg/L, B A M. K, A Jy % B A HAL
e s B, H 2 R g T S B AR DR YRR R 2 B
s ARG

i b AR E T AR R W I = K A
6PPD-Q MY 5E , B2AE TR , 45 R fER .
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Table 4 Comparison with other representative researches

Matrix Voluszzl‘:;ght Re‘?;ls;:ed En;;f;z;ent vl()ribf;tei;):L LOQ Detected range Median Ref.
Human urine (n=22) 0.2 mL 50 pL 4 2 0.008 ug/L  0.286-0.676 pg/L 0.440 pg/L [9]
Human urine (adults, n=50) 1 mL 2 mL 0.5 5 0.021 pg/L 0.055-2.11 pg/L  0.40 png/L [20]
Human urine (n=100) 1 mL | mL 1 5 0.05 ng/l. <LOQ-1.061 ng/g 0.116 png/g [23]
Human urine (n=120) 1 mL 200 pL 5 3 0.002 pg/L <LOD-13 ng/L I ng/L this study
Indoor dust (n=97) 100 mg 50 pL - - 0.27 ng/g" 0.33-82 ng/g 9.5 ng/g [10]
House dust (n=18) 100 mg - - - 0.11 ng/g <LOQ-0.4ng/g <LOQ [13]
Road dust (n=22) 100 mg 500 pL - - 0.18 wg/L" 116-1238 ng/g 809 ng/g [14]
Indoor dust (n=31) 50 mg 500 pL - 3 0.06 ng/g 1.8-24.9ng/g 3.05ng/g this study

a. LOD of methed; b. LOQ of instrument.
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