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Abstract: N,N’ -substituted p-phenylenediamine (PPD) is widely used antioxidant in rubber tire, which may con-
tinuously release and accumulate in road dust with the tire wear. As an ozonation product of N-(1,3-dimethylbutyl)-
N’ -phenyl-p-phenylenediamine (6PPD), 6PPD-quinone (6PPD-Q) have attracted much attention currently due to
the high toxicity to coho salmon. However, information on the environmental behavior of PPDs and 6PPD-Q re-
mains limited. The present study collected dust and topsoil samples from five different urban areas in Dalian to in-
vestigate the distribution characteristics of six PPDs and 6PPD-Q. The results indicated that 6PPD, 6PPD-Q, N,N’ -
di-2-naphthyl-p-phenylenediamine (DNPD) and N,N’ -(1,4-dimethylpentyl)-p-phenylenediamine (77PD) were de-
tected in 100% of road dust samples. While, in topsoil samples, only 6PPD, 6PPD-Q, and 77PD were detected in
more than 70% samples, N-phenyl-N’ -cyclohexyl-p-phenylenediamine (CPPD) was not detected in all samples.
6PPD-Q was detected at higher level in most road dust samples, the concentrations ranged from 0.12 to 52.21 ng-
g '(median: 7.18 ng-g™"), which account for 34.10% of the total concentration, followed by DNPD and 6PPD, the
concentrations ranged from 0.61 to 113.83 ng-g'(median: 2.54 ng-g™') and 0.21 to 27.26 ng-g ' (median: 1.83 ng
-g™"), respectively. Total PPDs concentration (3PPDs) ranged from 3.59 to 131.37 ng-g~' with the median concen-
tration of 11.24 ng-g™'. SPPDs and 6PPD-Q in urban trunk dust were significantly higher than that in residential
dust and residential plaza dust. A lower detection rate of each compound was observed in the topsoil collected from
the residential green belt. However, the topsoil collected from agricultural land exhibited a higher level than that
collected in the residential green belt due to its proximity to the source. The daily intake of each compound was
calculated and the results showed that 6PPD-Q was at the highest exposure amount. Oral intake of XPPDs and
6PPD-Q was much greater than dermal intake. The intake of 2PPDs and 6PPD-Q exhibited the same trend: trunk
road > residential road > residential square. Compared with residential road and residential square road dust, expo-
sure to urban trunk road dust accounting for more than 70% of the intake for 2PPDs and 6PPD-Q. The daily in-
takes of SPPDs were 0.13, 0.02 and 0.01 ng-kg™' -d”' and 6PPD-Q were 0.06, 0.02 and 0.01 ng-kg™' -d”" for the
main road, residential road and square dust samples, respectively. The intakes of 2PPDs and 6PPD-Q for children
was 020 ng-kg™'-d”' and 0.11 ng-kg™' -d™', which is nearly twice that of adults. The present study selected five
sampling areas closely-related with resident life, and the high concentrations of 6PPD-Q in road dust may pose a
potential human health risk.

Keywords: PPDs; 6PPD-Q; road dust; exposure assessment
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IPPD ¥} 3.0 ~88.1 ng-g ™', 77PD ¥ & <LOQ
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1 ## 57 % (Materials and methods)
B w1 RS E:

B 537 . PPDs Hic 4L ) bk 5 (IPPD . DP-
PD .CPPD ,6PPD ,77PD . DNPD) Al 6PPD-Q 43 51| Ilg
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PP E RE) AR ECPEIER)  TCT e (H AR
FOFIMERZRZ TR FIMERZRZ), 21
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), a8 A AR N A (e 5 20O [ & [ Fisher 24
A, e (59O H 22 [E J.T.Baker 23 H, LN
(HPLC-MS 201 1 35 [ BR 504w, B 217K i Millipore
A4l 7K 4% 1 £ (M illipore, Billerica, MA, USA),

A« A 9 B 3 7 AL (b IR R P R B
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FRZA ], BF2000), i€ 4% 7% & {X (B -1 Buchi 22 F] , Ro-
tavapor R-205), i 1R [E L RS AU A A SR A
FRZF] L TA-2003 1), 7% 9 4 (18 [ SEAFE 2 W], Ep-
pendorf Research® plus), Milli-Q #84fi 7K (3 [ , Milli-
pore), i 0 AH €833 - = F UK AT 3 56 A A (SR R
Thermo 7 ) , HPLC-MS/MS, TSQ Quantum Access),
A AR B AL I RAGES B A BR A
LC-LX-L40B), A WAL (Hh [E_E 122 % Se 5 BB
ety A7 FRA F] , DC12H) , B 2 33 035 (th K i
AR5 BT {25 PR ], GPC-P230)
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w39 3 b A AL 19 0, BRI T 32 T 1A (ur-
ban trunk dust, UD; N=7). J& & [X i i (residential
dust, CD; N=7)V) X J& B ) (residential plaza dust,
SQ; N=5); )2 T HE 5 20 £3, R T2 28 1% 7 )
10 m 3 [l N 4 H (agricultural land, FS; N=13)LL }
Jit X 2% {k 7 (residential green belt, CS; N=7), ¥ 3%
T2 AR T B BR e, RERIE L, AT UE
1 1B R AR T 2 + ISR 2 HRE S, il 3g
15 g% BEARAE S — R a5, SR 5 AR 4R
FETANR I E 4% 18 AR ETE-20 C T if
FERSEBCRI 3T . SRAE S IRE B ANR 1 iR,
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Table 1 Geographical information of test sampling sites
SRR £ L KA EYE: 4
Sampling sites Longitude Latitude Sampling sites Longitude Latitude
UD1 121°36'10"E 38°54'32"N SQ4 121°36'54"E 38°54'47"N
UD2 121°37'56"E 38°55'7"N SQ5 121°34'4"E 38°52'39"N
UD3 121°38"25"E 38°55'16"N SQ6 121°35'8"E 38°52'51"N
UD4 121°35'52"E 38°54'57"N FS1 121°21'35"E 38°51'11"N
UDS5 121°34'59"E 38°59'15"N FS2 121°20'59"E 38°50'35"N
CDI1 ,CS1 121°21'34"E 38°53748"N FS3 121°20'42"E 38°49'47"N
CD2 ,CS2 121°31'50"E 38°52"40"N FS4 121°21'38"E 38°51'14"N
CD3 ,CS3 121°32'36"E 38°52'46"N FS5 121°36"25"E 39°27'13"N
CD4 . CS4 121°35'6"E 38°53"12"N FS6 121°3226"E 39°29'48"N
CD5 ,CS5 121°39'7"E 38°54"28"N FS7 121°28'10"E 39°30"20"N
CD6 ,CS6 121°32'3"E 38°51"28"N FS8 121°22'57"E 39°31'54"N
CD7.CS7 121°30'56"E 38°53'5"N FS9 121°35"20"E 39°28"2"N
SQ1 121°40"26"E 38°55'49"N FS10 121°37'42"E 39°26'53"N
SQ2 121°39'44"E 38°54'54"N FS11 121°39'44"E 39°26'35"N
SQ3 121°38'40"E 38°5520"N FS12 121°41"'13"E 39°2621"N

. UD Fondkih = T4+ ,CD F/RE RIXE KA+, SQ Fn B R A+ FS Rn @l A Wil 10 m WE R HRE L, CS FoRfFRIX

A RZE L,

Note: UD indicates urban trunk road dust, CD indicates residential road dust, SQ indicates residential square dust; FS indicates farmland topsoil within 10

m on both sides of the highway, and CS indicates residential green belt topsoil.

1.3 FEahAT AL

5 AR LR A e ARG S H AR
AT, SR 5 FHER BE BILES i 55 5¢ 42l 1 150 wm fL42
B AR AESRT . B 0.5 g BRI 15 mL BE 38 20058
W, HINA 20 ng $2 BN F5 (6PPD-Q-d,), 10 mL PN,
A 15 minx3 K, & IFRBUKIELE 3 000 r-min™' B
O JT N B 5 min, FIFREEH R 100 mL PR
th, SN ZER AWM 2IE T, MA 2 mL =
S B B WGm IS 022 wm PTFE JE 5 8 i
GPC #f— KRR 2R T A IR 5T, GPC W38 —
SR K 289 K R 254 nm, B HE N 5 mL -
min”", C4E 22 ~ 38 min [ AL, e hE P8 K JR R
W 4E Z I T, A 20 ng SERE NBRARE-d, , FH 2
ERZE 1 mL, it 022 pm PTFE JE M5 517 2 A5 (0
WA/ N R EALSHT
1.4 AULER5rHr

K H HPLC-MS/MS Xf H bRk & P47 22 5 4%
Mo WAHZSEL. (B 5 25 R FH C8 WA (3% 41 (100
mm X 2.1 mm,1.7 um, ACQUITY UPLC, 3% [ Wa-
ters), WA A HE 0.8% (m : m)ZTRERHI K (pH =
3), st B NG, S 0.18 mL-min™' . Ji5))

AHBEBEE 4.0 ~ 20 min:40% B ~ 92% B;20 ~ 20.2
min:92% B ~ 100% B;20.2 ~ 30 min:100% B ~40%
B, #FFEE R 10 L, AR R E R 25 C,

FTis S 80 w5 B 1R, IE B B B 5
(ESI"); BB LR . 3.5 kV; Sl B <K J1.7.0x10* Pa;
BE R T1:2.8%10° Pa (55T BANEIR N 300 °C ¥4
SRBE R 340 °C REFE SR SIS 0.2 Pa, SRAEEUE
B 22 0 WS I (MRM) 7 v B bR 5 4 3 33 2
Bange 2 fin,
1.5 Jo e O UE o o 4 il

R ARAEAE O 2 B A M S T R R T —
ROV, HARTs Rk TN bR 5
TRAFRE A BEREEE ] 0.5 ~ 200 ng-mL™" | JEEE
PIBRLERR I VR P MR B Ol 20 ng-mL ™, HL4k 1
HRE R =099, MITALSEH % /bl # b v e
V5 ARTFFE T T 3 AR R (I i 571
EHR), SR FH S5 i 58 4 AR [R) 9 07 vk A 7 i A A
AXES AT, AL 4G DI B RE P F 3 vk, ke 4, — &
e %, GPC JBiRg , AWk 4s , Z¥ T NG hat ug
JEHAT EAL AT, 7R R R R A S B AR
Fi, 6 MNMEAFERSTIA 100 WL IRA PRHER R
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®2 BRUEWE HPLC-MS/MS 2%
Table 2 HPLC-MS/MS parameters of target compounds
H br#y i L B[] /min BB F (m/2) FEF(ml2) i RE/vV BREHE/N
Target compounds Retention time/min Parent ion (m/z) Product ion (m/z) Collision energy/V Lens tube voltage/V

107.1 34 70

IPPD 285 227.1
184.1 20 70
107.1 37 76

CPPD 489 267.0
184.1 23 76
107.1 42 70

DPPD 9.16 261.0
184.1 24 70
107.1 42 70

6PPD 6.68 269.1
184.1 21 70
1352 29 77

77PD 899 305.1
206.2 16 77
219.1 25 90

DNPD 1134 361.1
2340 28 90
187.1 22 84

6PPD-Q 823 299.1
241.0 27 84

1. IPPD /R N-SEN3E-N K- 14K

N’ -T2 ZEIEXF K T ,6PPD R N-(1,3- I LT 3)-N FRIEXFH —

Ji , 77PD /R NN -(1 4- B TREE)-XF %K i, DPPD /5 NN’ - X4 i ; DNPD %R N,
% ,6PPD-Q #/~ 6PPD-quinone , XPPDs 7 6 #ll PPDs L Fll

Note: IPPD indicates N-isopropyl-N’ -phenyl-14-phenylenediamine, 77PD indicates N,N’ -(1 4-dimethylpentyl)-p-phenylenediamine, DPPD indicates N,

N’ -diphenyl-p-phenylenediamine, DNPD indicates N,N’ -di-2-naphthyl-p-phenylenediamine, 6PPD indicates N-(1,3-dimethylbutyl)-N’ -phenyl-p-pheny-
lenediamine , 6PPD-Q indicates 6 PPD-quinone, and 2PPDs indicates the sum of the six PPDs.

(10 ng-mL™"), SR F 5 FE 5 58 2 A0 [ 049 05 3 E 1710
SEFRFNAL A% 53 0, A5 3 B AR A W 19 O A R
(method detection limit, MDL)% IPPD:1.47 ng-g™' |
CPPD:229 ng-g' .77PD.0.34 ng-g~' .DPPD.1.46
ng-g' \DNPD:1.23 ng-g ' .6PPD.:0.43 ng-g' .
6PPD-Q:0.24 ng-g™' , JbR A3 250 24 6 4
RAELTHESNTIA 100 wWL & PRUEE R (100 ng
~mL™") SR 5 R 58 4 [R] 1 D7 vk 2R AT i AL FRA
XS 3 Br. 6 Bl H bR Y BT Y B R 82.87%
~10057% . 6 Fff PPDs i FI(SPPDs) il 6PPD-Q %t
AN (ME) S 2% SCHR i 19 5 Bk A7 PP AR 2 5 ff
FHIR A 2B R T 5 R oA (9] B i A 38 V6204 7
RIS L R R AR IO e 1 mL ZHE 28
JEBCH 2 ANHHEMAFL 0.2 mL)WFAES . FEES A
A 02 mL {R-EPRUE, THE A B HHITA 0.2 mL
O HME S S 0.2 mL RS ARER W +0.2 mL &
. ME (BT
ME (% ) =@x100

KA, B, M S, ﬁ?%’]ﬂﬂ%ﬁr’% A F1 B DL AR
W o BT P () i (LTS T AR, 7E 6 Yl & v 7

A~ EBR AT 490 84 R S8 AF 7 88.29% F1) 108.13%
Z ], %%Eﬂiﬁﬁ’iﬁf“?ﬂiﬁ PR, AN 1 SR 2R Y 5L

b eh Z0m% 1 2k - FE X 6 Fh PPDs A1 6PPD-Q
ﬁ*ﬁé@%}ﬁxﬁcﬂj?ﬂto
1.6 ANIRFEFEITAS

N[FFREEA BT () PPDs & 6PPD-Q 2338 i1

[Fi] 1%) 7 B S AR 10 A AR Tl el e AU, 2B -y
PPDs }2 6PPD-Q HJ LAiE i 28 145 A I EZ Pk Ak 2
P A e A PRI A BF 9 7 2 8 PP Al Hh 5
TRANSILER H A TR AT

Crs XCFXSAXAFXABSXEFXED
dor ~ BWXAT

DL CRSXIR%xCFxEFxED

e BWXAT
DI, #1 DI, Frnidid 4 £ 28 B R 2 1
AR HEA R Gy 184 SPPDs 1Y
SR BELL N 6PPD-Q (K (ng - kg ™'); IR, 1RFR4A
TR A (mg-d"); EF AR BRI (d-a™'); ED
KRB EE R EE T A] (a); BW URAR T i (kg); AT AR
POV B R HE I ] (d); CF AR FL 4 F + (107° kg -
mg ') ; SA FRFR T4 i fiz Ik A (em®) ; AF AR R4

DI
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+XF B B E 2R B(mg - ecm™); ABS 10 R UL &
BEEHH 1), HTFEELEMSA HEEA RS
BN 3 s A5 6 8 B R IR LR R AU PE Al
T AUAH 5T 27200

2 Z55 (Results)
2.1 AR TR )Z L PPDs Fi 6PPD-Q 1Y
15 YLK

7 F B E Y, BTA R R YR A CP-

PD, JG 826K H 1) 6 R b A i T gt b, A
] X 3K 5 SPPDs Al 6PPD-Q ¥ JF 1 45 45 S
mE 1 s 6 f EAMES Y B IE R 2.58 ~175.75
ng-g” (F{H:1527 ng-g™"), e SPPDs W H 2 46
~13022 ng-g ' (FF1H:10.09 ng-g™"),6PPD-Q Hk &
H<MDL ~5221 ng-g ' ("F{H.7.18 ng-g™"), SHAh
PPDs #l Lk, 6PPD-Q 175 44 /K V-4 , 5 SPPDs ¥
B 4b T [a]—KF- , 28 PPDs LA M 6PPD-Q J 12 f-4E
T X Sl AR R TG I 2k

x3 EILERMARET PPDs #16PPD-Q HIBBAESH
Table 3 Parameters used to estimate human exposure to PPDs and 6PPD-Q
25 Hfip JL# A
Parameter Unit Children Adult
B EEARIR,,)
. mg-d”! 200 100
Ingestion rate (IR;,,)
%) 1% (EF
RESURED) d-a™! 365 365
Exposure frequency (EF)
7 R FFELI (8] (ED)
. a 6 24
Exposure duration (ED)
i (BW
%ﬁﬁ%( ) ke 1658 58.55
Body weight (BW)
V-4 2 g ] [ (AT
$ﬂhﬁﬂﬁ TN (AT) d 365%70 365%70
Average time during exposure (AT)
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Fig. 1

Concentrations of 3%PPDs and 6PPD-Q in road dust and nearby topsoil
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Fig. 2 Concentration of each target compound in road dust and nearby topsoil

ARMFFE R, 8 R 4R 2 4 175 YK 2251
Bk, W 2 s, 8 19 22 +#E & 6PPD-Q.
6PPD .DNPD L K2 77PD 1Y ¥ H R 3 Ky 100% ; ifi
IPPD F1 DPPD £ H R AAIK, 240 42.10% , £ TiE 4
+ (% 6PPD .DNPD F1 6 PPD-Q ¥ i 4351 g 1.61 ~
2726 ng-g ' ({8 :3.52 ng-g').10.84 ~113.83 ng-
g (A :19.08 ng-g " )M14233 ~5221 ng-g”' (1A .
4735 ng-g™), WEm T E R X GE # 4 (6PPD:0.89
~369 ng-g™,"E 195 ng-g™' ;DNPD:2.13 ~20.33
ng-g”' ,H{H 3.78 ng-g”' ;6PPD-Q:5.32 ~44.54 ng-

g™, 1 10.07 ng-g™") (P<0.05)F1J 3%k 1+ (6PPD.
1.42 ~184 ng-g™' {4 148 ng-g' ;DNPD.1.79 ~
1239 ng-g™', 1 3.23 ng-g™' ;6PPD-Q:1.99 ~ 14 45
ng-g”, {4 5.85 ng-g')(P<0.05), 77PD 7E £t
iH EEE%DY“%"‘iEP’“E?&ﬁE%ﬁﬁ(M 1),
WGy 165 ~757 ng-g™' . MNAEETIEA LT
K %) DPPD, ¥ & 4 1.64 ~27.55 ng-g ' ("F{H:
9.79 ng-g™'), IPPD 7 F i fil g & X AL A — 4
FESAS Y W BE 3 9 15.29 ng- g™ F112.23 ng-
g, E&ﬁ%/"iqﬂfﬁm%ﬁ100%,‘71%&*“2%71.5%
2033 ng-g™',

A M )2 Lk h 77PD . 6PPD 1 6PPD-Q 1
K R OR 100% , Wk BEVE L4301 0.68 ~3.95 ng -
o '(FfE.1.12 ng-g™').0.94 ~4.48 ng-g ' ("F{H.2.14
ng-g ' )10.39 ~18.61 ng-g ' (P {H:5.72 ng-g™');
DNPD (1) £ s 3 3k 46.15% , W Bif 35 [l iy < MDL
~1840 ng-g '("['{fi . <MDL), IPPD F1 DPPD ¥ #

i, 7ERE R IX apbar 22 b 6 Fp H AR B A
KT 50% , A4 ) IPPD #il DPPD, DNPD #5 i
R 28.57% , W EVLIEI R 1.77 ~5.07 ng-g™';77PD
H1 6PPD-Q G K1 Ky 42 .86% , Horfr 77PD Hk J&
TR 061 ~4.19 ng-g™' ,6PPD-Q Wi HH 0.37
~242 ng-g ' ANAERE S CST AN 2] 6PPD , ¥ i
A 066 ng-g,
2.2 JEREE A FFEE R JE A SPPDs Al 6PPD-Q
(14 53 A FEAIE

AN [e] DX o b & B AR S ) B9 50 A REIE A AR
225 T PPDs ML G W4 5 B i AN R Ak &
Py ik ok AN ) S S5O g S R A 1 R R
AL GV 3 A FFIEATF] . 7E UD (CD,SQ LA FS
X 4 A~ X, 6PPD-Q & % i i I AL A,
SPPDs H1 6PPD-Q &V £ 1) 34.54% ~53.63% (V-3
{H 43 84%), H & DNPD, i SPPDs #il 6PPD-Q i
WHE) 17.87% ~37.06% (CFY1E 27.48%), HTJE
RIX AL R)Z L (CS) T &b AWk th R, &
6 MEAWIIAK A CS4 .CS5.CS6 il CS7, H:
43 AMFES T DNPD #177PD (5 e (8 3), &
Fif 2k + v 6PPD-Q 5 DNPD 5 SPPDs £l 6PPD-Q
SR FE Y 79.54% ; Hk Sk DPPD 1 6PPD, /4 Hu 4351
H 9.28% F1 6.63% ; IPPD il 77PD ¥ (5 i ik JiF
) 4.54% . JERIXERAK 6PPD-Q 5 DNPD (5 &k
FER) 78.42% ,77PD (5 [t 11.06% , 6PPD (% Lk
1 5.69% ,IPPD £l DPPD 1% 5 S FERY 4.82% , &
34 6PPD-Q 5 DNPD (5 MMk B Y 64.72% ,
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77PD 5 M 13.63% ,IPPD 5 FL#H5(9.44%), Hoyk - 77PD .DNPD F1 6PPD J&4& H % 2 + PPDs A %
5 6PPD(7.47%), DPPD 1) (5 lL A8 R 4.74% . = Wigr, R =& i SPPDs Fll 6PPD-Q &V i 1Y
BN PR 022 AR P & 200 5 Lt 6PPD-Q  1649% ~70.92% ,{HX} SPPDs 7 f& [ STk 7E 70%
(44.73%) > DNPD(17.87%) > 6PPD(15.89%) > VA I, UdlixX 3 A7) vz i F T4 0 J HiAl
77PD(10.21%) > IPPD(6.40%) > DPPD (4.91%), il & il it v 8335

[0 IPPD @ 77PD | DPPD 7' DNPD [l 6PPD 6PPD-Q

100

X
)
28
&5
5
=%
RFE R
Sampling site
3 ERATMMHERE TP EREYEER
Fig. 3 Composition of target compounds in road dust and nearby topsoil
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4 PPDs 1 6PPD-Q KR BEHH X1
1 :(a) 5 Fl' PPDs Fll 6PPD-Q [ Pearson #H5&1E ; (b) 6PPD 1 6PPD-Q A4 .
Fig. 4 Correlation between the concentration of PPD and 6PPD-Q in the sample
Note: (a) Pearson’ s rank correlation for PPDs and 6PPD-Q; (b) Correlation between 6PPD and 6PPD-Q concentrations.
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Fig. 5 Daily intakes of 3PPDs and 6PPD-Q in children and adults

Note: DI indicates daily intake of the target compound, DI, indicates oral intake and DI, indicates dermal intake.

2.3 PPDs 5 6PPD-Q HkEEAH &L BT

K H Pearson Ao ik Kz 56 1T A R X 38k 24> £
FESh B 22 )2+ RE S R SPPDs il 6PPD-Q ¥ Ji 2 [1]
HIAEEAE , Bg 77PD 4b, irfs PPDs Fl 6PPD-Q Ay
FEYIR W EA G, H HPUE R 6PPD WK E S
DPPD(p = 0.80)F1 DNPD(p = 0.83)AY¥k & S o AH &
(P < 0.001), &I =FBAGMLIA KT, 6PPD &
T P B T P 8 e R — xR e i 4R
R, WINE 298 1% ~ 4% %7 555 DPPD #il
DNPD 2% H BT A AL FICT . AW 559 39 4l
BEAR + DA K SERE S R 6PPD 5 6PPD-Q ki 2
[ fF e s SR A & (r = 078, P < 0.01), i T
6PPD-Q J& 6PPD 5 5L N 1=y, Hefmi A OGPk R
I 6PPD-Q fi AN} 6PPD 7E4: + IR B fF HE A
A S AR
2.4 3PPDs il 6PPD-Q [ KR ITAN

i+ PPDs M AL 7”9 6PPD-Q T] B 48
IRz R AR AR AR 8 A AN [R] A 58 2 £ v
WS BAR bGP B  JRATN SR T 285 4 i
BRI LEE 4 H AR, L) AE PR A (A fakt B
RS, FEDE AR H, 28 10 48 A0 B R W A A A 2
SEATHEATIY . JLEE S RRONGE 2 28 R R 2
CHEAR 5 Fh PPDs LA & 6PPD-Q % H # A& U
5 FR.

SR EW], Teie N & L3, SPPDs il 6PPD-
Q W& MR AR R T R it % FILEIN &
SPPDs 1 6PPD-Q £ 1 HEA #5350 0.10 ng-kg ™' -
d'f10.08 ng-kg™' -d™"; X F A, SPPDs fil

6PPD-Q £ A 43724 0.06 ng-kg™ -d™' F10.04
ng-kg™'-d”', SPPDs il 6PPD-Q 7 3 FA[a] 2k 4 2
B A S R B E T E R 4 >>
JE R DGE B2 > JR R E B 2R 42,3 Al R AR
o SPPDs Y H & A 43 44 0.12,0.03,0.02 ng -
kg™ -d™' ,6PPD-Q 1) HHEA 43714 0.09 ,0.04 .0.01
ng-kg™'-d”', JLE WA HBARAAEES, L
HX]F SPPDs BB A} 0.12 ng-kg ™' -d”™" A
BEARACH JLE R 50% ; %1 T 6PPD-Q, JLE 14
ANEH 009 ng-kg™ -d”', ML AAL K 0.05 ng-kg ™ -
d, B AR LR TR B E T,

3 118 ( Discussion)

ARHIEFE X5 R B AR T 2 VA G B R [R) BR 58 rp 2
+ DL K2 ) PPDs Ml 6PPD-Q #E4T T V5 4
53 BT A 2 28 PP Al , B B T R [/ 3155 b PPDs A1
6PPD-Q M5 A5 YL, B AN [R] X sk 2> + DA Je %
2 AL th i PPDs Fl 6PPD-Q FUAETE K F-3E4T X
Lo, IR — 2 0 M HOR 6] (035 YL e AiE , 45 SRR,
6PPD .6PPD-Q .DNPD #il 77PD 1£ 1f B&2b + ¢ i
R th 2 34 R 100% ; 4 H 3R )= 1 #E v 77PD |
6PPD Fi1 6PPD-Q [ i #3218 100% ; 76 J& R IX 4%
i 22 v 6 Bl H AR IR AG HR KT 50% ,
CPPD 7 T A FEAh PR A 5], 6PPD-Q ¢ i,
F1 XPPDs EA AH R He B oA fa e, Bl = 1184 +
>ERXERKE L >HRT Y0 >R HRE >4
1k 262+, SPPDs il 6PPD-Q 75 &2 + P i
winEm TFRZ L, B FETiESLL/EN SPPDs
6PPD-Q I FERIEA T, FATA] LUF i, XPPDs Fil
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6PPD-Q REMSFEE « = Tilh +-J8 R IXE g -5
R+ - iy %2 + 7 B AR T R e 7K
Fke B WAL, AT A5G 42 £ v PPDs
MR ES, BB £ TE D,
DPPD .DNPD ,6PPD % & fiz {1 , iX Al BB i F3xX 3 Ff
W) iz TR ARG E T R SiAh B
TETEAL, FRIXERBAE L 77PD K Al
7 100% , 3% Al B T 77PD A 1T Ja B X P B 2R 1
B EY, & W R Z L P 77PD, 6PPD Al
6PPD-Q 7 it Sk th R 5 T o fbal RZ £, At
R RZ I8 A TR ET R RN, iR
AW FE I I ELAS: HH 28 34K T 50% , ik B3R )=
FHRAE A R A B FI 10 m N AL, R
B2 v FE 1 22 5 3R W VR AR AT TG AR I He iR
() F X PPDs Al 6PPD-Q 75 YL i A 1R KA , 58
JIETE T [ - EEAEETE 18 1) B A ] R 3K SEAR I VR
IR E RS, thAh, PPDs i A] BE#E N H
TFYL RN i F I et Y AR Y A X
Seih 5 R AR TS BB A O, BT L, e R X 2k
JERT b+ DL R RIX gk 4k R )2 £+ (% PPDs
A REIAOORIE TR B e iR B 6, i 2 22 A [ R 28
HAEHL,

ABEgE b 3 T iE R £ SPPDs ¥k K (F
H:62.64 ng-g VKT HA LR FETE(PE 329 ng
g )P AR O T GE Bk (P (E: 156 ng -
g T E R I R AR X R R R
T (PE 14 ng-g Y, AP ETES P
6PPD-Q 46 K - ({8 . 42.33 ng-g )itk T H
AEFEFETHEE 809 ng-g )P [ & kB 7
FIJL e b DX 5238 2 A3 (P . 234 ng- g™ R
M T (P 122 ng-g )™ HEM B[] P
A T RE 25| PPDs Ml 6PPD-Q ¥ i 25 1 3
TEJF A, At AR P4l 2 B, 28 1B A AR fih
PPDs fil 6PPD-Q iy £ 2lik4e, JLE 5 WA N &R
JRI Wi 7 25 T4 AR RY 14.95% ~ 19.52% , JL#
6PPD-Q S A A4 0.09 ng kg™ -d™ KT
HAHARL S P77 8012 ng-kg ™" -d™); )i\ 6PPD-
Q M EIEARAETTN 0.05 ng kg™ -d™", WS T HAE
AL S 0.07 ng-kg™' -d™), JLERTE T4
4+ SPPDs & 6PPD-Q i fil B XURS: K F il A 1Y 3=
B PR LB AR R A LA £, H A
AEXF AR BT X AT R, S5 TR ek
FUR )2 A8 LA B AR e e 16 s 458 kL () R 52 77 A=

T8 %2k 4 6PPD-Q 1B KA AE XS AR N KL EE
BABAERE XS, AR T 3 Ak 248
6PPD [ H 5 A 543514 0.005 .0.001 ,0.001 ng-kg™
-d7' JLEXST 3 A A AL 6PPD Y H 8% AR 41
%124 0.005 .0.002.0.002 ng-kg™' -d”' . Liu ZP
i, JLEXT TENE L #3540 - 6PPD 4 H
WA PES BN 004 ng-kg™' -d'F10.11 ng-kg™'
-d7 AR FE N AR+ 6PPD W H A = HH
4 0.008 ng-kg™' -d”, AW TS 6PPD H A F
AT Liv M 0F5E, Bt 6PPD-Q i & , 1 A il
A5G, FATICE RS E N R H A =,
SR, 22+ 6PPD-Q 1Y H A & 520 b & 5
Z B 0 (PFAS) ™ 4t [R]— 7K 7 (EAIE T Bl
WG (OPEs)* i H AT,

BEEEEN . DF1974—), & B+ 8% LT 2HAH A
AEXHERF,

HEBEESEE N . KA 1985—), %, H+ 3 A R, =
BRI OAESHERE,
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