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Distribution, Source and Human Exposure of Phthalic Acid Esters ( PAEs) in

Surface Dust in Urban Area of Xi’an City, China
ZHANG Wen-juan, WANG Li-jun®, WANG Li, SHI Xing-min, LU Xin-wei
(College of Tourism and Environment, Shaanxi Normal University, Xi’an 710119, China)

Abstract: A total of 58 surface dust samples were collected in urban area of Xi’an City. High Performance Liquid Chromatography
(HPLC) was used to analyze the concentrations of six phthalic acid esters (PAEs) listed as priority pollutants by United States
Environmental Protection Agency (U.S. EPA). Composition, distribution, environmental sources and exposure characteristics of PAEs
in the surface dust were further studied. All analyzed PAEs were detected in the surface dust. The concentration of individual PAE
compounds varied from not detectable to 183. 19 mg-kg™" and their mean concentrations decreased in the order of DEHP > DnBP>

DEP > DMP > BBP > DnOP. The total concentration of six PAEs ( Z 6PAEs ) ranged from 0. 87 to 250. 30 mg-kg ™" with an average
of 40. 48 mg-kg ™", and followed the order of parks > traffic area > mixed business and traffic area > residential area > educational area
> industrial area. The Z 6PAEs presented the decreasing trend along the main urban area - the second ring road - the third ring road.

The results of correlation analysis, principal component analysis and cluster analysis showed that PAEs in surface dust of Xi’an City
were related to the application of plasticizers, the emission of cosmetics and personal care products along with building materials and
home decoration materials. The dose order of human exposure to PAEs in surface dust was the direct ingestion by hand and mouth>>
dermal adsorption > inhalation via mouth and nose. Meanwhile, the intake dose of children was higher than that of adults. However,
the intake dose of DnBP, DEHP, DBP and BBP was lower than the tolerable daily intake ( TDI) suggested by European Union
Scientific Committee for Toxicity, Ecotoxicity and the Environment ( EU CSTEE) and the reference doses (RfD) proposed by U. S.
EPA.

Key words: phthalic acid ester; distribution; source; exposure; surface dust; Xi’an City
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Fig. 1 Sampling sites of surface dust in urban area of Xi’an City
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Table 1  Values of exposure parameters in exposure assessment model

2 JLE A SCHR
IR, /mg-d ! 250 150 [22]
IR,,,/m*-d ! 7.63 12.8 [10, 22, 23]
EF/d-a~! 180 180 [24]
ED/a 6 24 [20, 21]
BW/kg 15 58.6 [22]
AT ED x 365 ED x 365 [20, 21]
SA/cm? 1150 2145 [22]
SL/mg- (cm?+d) ! 0.2 0.07 [24]
ABS 0. 001 0. 001 [24]
PEF/m® -kg ™! 1.36 x10°  1.36 x10° [20, 21]

R2 BARERMBRK

LKA IR 93% . 76% . 97% . 100% .
100% #11 100% , & &)l >4 DEHP > DnBP>DEP >
DMP > BBP > DnOP. 6 #ff PAEs [ M &

( > 6PAEs )i 75 0.87 ~250.30 mg-kg ™", 1
{4 40. 48 mg-kg ™'

%3 %@%iﬁzmﬁéf AFIH BT IR A
o PAEs & HUER. AAH AT, PE L X R R A
DMP &&= bbbt 2 N RAIE | {H S T NI X

JAS. DnBP il D 6PAEs & BHE T MW IX 38 i %

AL E N KR EE TR R E N KA T PAEs
B . 5B I K A A AR HE 78 28 IR X M

mg kg

4 th PAEs MR G RY /mg kg !

Table 2 Descriptive statistic results of PAEs in surface dust in urban area of Xi’an City/mg-kg~

1

PAEs f/MAE SN LREDE: SFE{E PR 2= RAETEY
DMP ND 4.76 0.58 0.93 0. 96 1.03
DEP ND 9.17 0.34 1.16 1.98 1.71
BBP ND 5.92 0.25 0.58 0.95 1. 64
DnBP 0.03 183. 19 8.38 13.42 24. 49 1.82
DEHP 0. 66 162. 88 10. 69 23.95 33.37 1.39
DnOP 0.02 5.40 0.12 0.44 1.09 2.48
> 6PAESs 0.87 250. 30 23.07 40. 48 47.85 1.18

1) “ND” Zom Ak

#£3 TRAWHRKEAN RS PAEs S2EE" /mg-kg ™!

Table 3 Concentration comparison of PAEs in dust from different cities/mg-kg

-1

Hh X 1o DMP DEP DnBP BBP DEHP DnOP > 6PAEs ik
b EWRAE 18 22 82 46 955 46 1169 [25]
P EWRAE ND 1. 12 0.13 0.18 0. 89 0.10 2.42 [26]
IR X A ik 0.12 0.20 19.15 — 98. 02 2.65 120. 14 [18]
[z A 0.93 1.16 13.42 0.58 23.95 0.44 40. 48 ENTIE

1) “—"FIRAAM , “ND” KR A

ff'\q: DEP #1 BBP &
DnOP 7 Ak T rh 48K
2.2 KA PAEs B BURFIE

VG 22 35k X b 2 I 22 P PAEs K SRR AE UL 2.
MV AT AT, P X R K 42 PAEs %214 DnBP
FIDEHP 4 £, #2415 D 6PAEs i 929% , H ¥
PAEs FLAIAHXTFAIK. PG 2 38 X AN W] T e X b 2
KB PAEs ARLL DnBP Al DEHP 3, & 1EARN
[F] ) BE X 1% HL = 43 00 B X (94% ) > 2838 X
(93% ) = FIMIRAX (93% ) > NB (92% ) > 0¥
X (88% ) > TVIX (87% ) ,Wr EWEIX . I HI=2F
SRR ERIX (96% ) > 3 (94% ) > =FF(89% ).
MR KA PAEs A4 R X — T 1T 2 il T R 1 3
SAK)FF L) DnBP Fl DEHP 312, 5B — )7 m & H

= Ab T8 5 K SF, DEHP Al

T DnBP Fll DEHP 55 43— AH XA K, 7K i 1 AH X6
B, 22 FE- K AT e R B 5K, 5 Wit 2 IR 2B
KL R 5 4 AN 2 Bl g >0 i DMP A
DEP %5555 PAEs 7K AR XT38 5, BE-7K 43 L 7
BT RN, g kg . Rl PAEs (94 B
FREFEAR [ DIRE X JE A 8 3 25 5, UL R [ T g
X HiF K22 PAEs A T g HA — k.
2.3 MR KA PAEs (953 A FEAE

L3 R 4 43000k V5 22 31X 1l 328 K 24 v B AR
PAE I > 6PAEs 7EA ISR B4 AL . A
R LA, DMP FIl DEP 7 23 Bel FSC 20 X AR X 458
151, BBP I DnOP 7E Tk X RN 38 X AR 45, KA
H1 ki £ DnBP 1 DEHP L& > 6PAEs 7£ 58
DX, p b A TR A DXOR 2 Pl 468 . 3 3 X R 38 3 i
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4 20. 45% ; DMP H1 DnOP 43 B4 5 H 7 3 Fi A
T4, FZTHERD A 17.79% M 17.64% . £ 6
VLR IX M2 K 2 T PAEs BYRZE M Hras .
TR, R HTRE L K A T PAEs B Oh 4 2%,
DEP 1 BBP 4 2% 1, DnBP Hl DEHP £ i{{2% 2,
DMP F1 DnOP 4351 A2 3 F13 4, [R5 1 ik 3
= KR U S, R 45 R 5 8o B
GERFEA L

PAEs HLAA W72 i 0 H, S 38 2 AR 3 9
. PAEs fi3G¥ARI 41 80% , FE SRR 1y & 5 7]
ik 10% ~ 60% , 5% % H 1) & DnBP 1 DEHP, K %
BBP 1 DnOP thZe % PRI 2 i B4R
PAEs B & /& 600 J7 t, 3K [E 2011 4F PAEs BY{# H
O ZIAF 200 J7 t, HEAEXT PAEs YR7 K i IBAF
Bafn, B H 28N PAEs By J2 3k 0 [ 521 R,
DMP F1 DEP 38 & FH T/ A3 8 | felosh |, Tk
R R B 0 AN ER SR i 25 Tl 7= i 2 %) BBP Al

DnOP W) 12 Fi F 2 K s A i) A 7 L i 34
?EE%[G‘ 33, 35] .

VG 22 3 X M 2 JK 22 Y PAEs 3222 LA DnBP #
DEHP & ¥, 5 DnBP F1 DEHP 7£ 3% [# =5 /1% 98
FUAH—25, PRV 22 36k [X Ml 22 K 2B o DnBP il DEHP
FE AR A . HE KA+ DMP fl DEP
AIfE 54k i A PR R4 AT G, DMP Al
DEP LI & BBP 5 DnOP 1] f834 5 & 5 b KL FI % P
SRR A G,

2.5 PAEs B0

6 it TILE MM N AR R T T
R IR A PAEs B H A&, IWHATLUE
JLEE AN BN G 3 AN [ 35 42 2% 78 R K 22 v 4 F
PAEs (1) H #8 AR &0 R F 0 E A S [k
TR > PRI A T B AR
2Ry R ik W2 AT 2 % 751 £ 9 1 000 22485, H B P I
WA ARRTEL A £ Fhig A2 b JLEE A H AR i

F*4 BERERMBRRKEH PAEs HIEXSH
Table 4  Correlation analysis of PAEs in surface dust in urban area of Xi’an City
DMP DEP BBP DnBP DEHP DnOP
DMP 1
DEP 0.282" 1
BBP 0. 024 0.487 ™ 1
DnBP -0.028 0.175 0.016 1
DEHP -0.010 0. 360 ** 0.302" 0.296 " 1
DnOP -0.177 -0.110 0. 200 -0.068 0. 056 1
1) # FIRTE P <0.05 KFBFEMK; = = FIRIE P <0.01 KFREMRE
£5 AREWXMFRKLH PAEs TR
Table 5 Principal component analysis of PAEs in surface dust in urban area of Xi’an City
PAEs SRR FT 2 T3 T 4 B Gl
DMP 0.074 -0.027 0.976 -0.078 0. 966
DEP 0.786 0.176 0.304 -0.194 0.779
BBP 0. 866 -0.074 -0.054 0.207 0. 801
DnBP -0.031 0.926 0.025 -0.043 0. 861
DEHP 0.533 0.576 -0.107 0. 047 0. 630
DnOP 0. 049 -0.016 -0.082 0.983 0.977
FHIEfE 1. 661 1.227 1.068 1.058
T 22 TTHRA % 27. 682 20. 449 17.792 17. 638
BT ETIRE/ % 27.682 48.131 65.923 83. 560
1) Ik e IR 7 i R F 0. 5
£6 JLEMRBAZ PAEs I RHIBAFIE" /mg- (kg-d) !
Table 6 ADD values of children and adults via different exposure pathways/mg- (kg-d) ~!
PAES TFHEA ‘ LLUON ‘ B ke fi ‘ - RD
JLE N JL# ON JL# EN
DEP 9. 54E-06 1. 46E-06 2. 13E-10 9. 16E-11 8.77E-09 1. 46E-09 0.75 0.8
BBP 4. 77E-06 7.31E-07 1. 07E-10 4.58E-11 4.38E-09 7.31E-10 0.2 0.2
DnBP 1. 10E-04 1. 69E-05 2.47E-09 1. 06E-09 1. 01E-07 1. 69E-08 0.1 0.1
DEHP 1.97E-04 3.02E-05 4. 41E-09 1. 89E-09 1. 81E-07 3.02E-08 0. 037 0.02

1)TDI Jy EU CSTEE #1729 H i 325 ,RID 5 U.S. EPA MUE M D RS %5



3764 I

i

B 37 %

DEP J
BBP

DMP

DnBP

DEHP

DnOP

E6 FREEMRRKLED PAEs BED
Fig. 6 Cluster analysis of PAEs in surface dust

in urban area of Xi’an City

S TN AR &, F A I A R
JR A2 fih 3 Fh ik 42 L BB AR =405 A B 6. 5
£ 2.3 A5A6 A5, Al WL, AR B8 Hb 3 k4 v
PAEs FERZUT H HERA N T, LES TN,
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SE (1) H it 52 5 (TDD) M RS H K& (RD) , BiH A
HEA 52 Il T % JK 42 DBP . DEHP, DEP FI BBP
YR PR

3 i

(1) PEZIRIX MR KA UL S, EPA fR¥5 11 6
Fft PAEs ¥4 AR RR BE RS 1, BRAR PAE (197 i A
KA~ 183.19 mg-kg™', 6 Bl PAEs &
( > 6PAEs )£ 0.87 ~250.30 mg-kg ™' Z ], ¥
TN 40.48 mg-kg . 5 E PR [EI T AR [E A B
i PAEs HER, PEE I IX LR K 22 b PAEs J& T h 4%
K.

(2) PO 2 X W 3R K 42 PAEs F %X 1) DnBP
FIDEHP Ky 3. MR KA > 6PAEs ZEA R FIZE
i X iy, ORI ACEIR A X EE X, CHIX
FITAE IXAHXT AR, > 6PAEs Wy IR IX - 3F- =3
IR S

(3) PH2 98 X 1 )k 42 o DnBP 1 DEHP 3 %2
SR80 B8 FHA ¢, DMP 1 DEP 1] 68 5461
AN AP 5y # A ¢, DMP #1 DEP L) &2 BBP 5
DnOP W] GE it 55 #5044 REHTE N 2618 4 8} B i
K.

(4) F 1 E 4 AR B2 &R K A

PAEs Tl AR T 7R BR G T 1 T 205k A2, AN 2R BR
#i e K- DnBP, DEHP, DEP Hl BBP H ¥R &
(ADD)fXF EU CSTEE A1 U. S. EPA L H i 32
H(TDI) A RS %5 (RID) .
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