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(PAEs) 75 YRR 45 R 3 ], 38 IRl h 22010 PAES (BCHIRIE) 2 DIBP (39.6 ng-mg™' JLATSRIS I | T
[{]) .DBP (38.7 ng+mg ') Al DEHP (418.5 ng-mg™").[&2Rrf PAEs AV SR FHXHEEE A e B 2
FHIEHE (P<0.005) .32t F =R THR A SR O S Itk PAEs R IR HER 3 2 3F %= Nas S0F PAEs )
ST T AN AL 4 115 [ 4> PAEs ¥ B8 14 57 5 W0 2 & R i 25 b PAEs [n) [ 20 W% T, 38 R [ 2b vh
PAEs ¥ 8 .3 Fft 8 L[R5y m g5 58 Z=p b i 3 Bl PAEs BOMRIE Y 38 i T4 2 (P<0.0001 ) BF5E ik K3, IR
MR PAEs 2[R AL MR A A0 5 DL R A (0 IR0 R4 i 0 U5 28 P MBI 6 B, R LR 2 PAEs WREE
LR MBI ; B2 PAEs Hk B2 52 [ 20 7 25 P ) 457 B ) (1) 52 . B8 M A DG 9 75 9 B R AR 25 A0 R
SR B RT-TETAA A} A58 T F1) 0t 00 A 0 1 R R DT

KA AR THEREE, =M, DEHP, DIBP, DBP.

Characterization of phthalates in residential house dust
and their transfer routes
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Abstract: House dust samples were collected in the living room and bedroom of forty residences in
Beijing in both summer and winter. The concentrations of 7 phthalates in these samples were
characterized. "The results showed that the major phthalates in house dust were DIBP
(39.6 ng-mg™", geometric mean concentration, thereafter), DBP (38.7 ng-mg ') and DEHP
(418.5 ng - mg'). The concentrations of dust-borne DIBP, DBP and DEHP were positively
associated with temperature , relative humidity and ventilation rate ( P<0.005). Elevated temperature
and improved ventilation could accelerate the source emission rates of phthalates, resulting in the
accumulation of airborne phthalates, and ultimately increase the concentration of dust-borne

phthalates through the air-mediated transfer; whereas higher humidity could expedite the mass
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transfer of phthalates from air to dust, leading to the higher concentration of dust-borne phthalates.
Due to the combined effects of above factors, significantly higher concentrations of dust-borne
phthalates were found in the summer (P <0.0001). The results also suggested that phthalates
transport from source materials to house dust via two routes; air-mediated indirect iransfer and direct
transfer from source to dust on source surface. As a result, the concentrations of dust-borne phthalates
were closely associated with surface material. The residence time of dust was also found to impact the
concentrations of dust-borne phthalates. Therefore, it is necessary to specify the type of dust,
collection location and surface material, so that accurate exposure assessment can be conducted
using measurement data.

Keywords : phthalates, house dust, DEHP, DIBP, DBP.

SBAR ZFRTE (PAESs ) J&— RS K M 248 R A DL (SVOCs ) AR 732 (8 MR 1 98 590 s o
U, PAEs 763 N R s A7 78 ) T A0 40 R UL 45 4 PAEs TR I GE RSB & 31 %
WA SR R, J5 5 2 B R AR AR PAEs J2— 41N A3 W TR, T3R5 0 %
B A RN AL, PAEs BUOR M E UM A SRR S e 22—

B S AR 0 o S A ) — AP PRI B R EE N PAEs 19T AR IR e — 0 AR [ A b
EHIFRE T — RGN D PAEs YREEROBFFE O R B AR R PAESs 15 99KF 2 14 B3
oK F S AR (BT 2 R B R h PAEs R SHEEZEA T B RRL XU SR
REW /KB AT %, 3 W A SR BT S R i 2 v PAEs e B (1 EE LR 307 R i 3 [l ) A G 52475+ 43
UL AEFRETT IR WT AT BY TR 00 322 PAEs 555 U5 Mo 2 82 /K 7 1 SCBE D R 55 — Oy i, B 5T
PAEs [ i A2 06 K JF A 7 ) 2% 8 P i e+ 0 B 28 RV e WL N PAESs LS SN B 1L FE 2
HEREM ™ (B2 Sukiene 5517 K LS 2 A4 BRI SVOCs 1] SO RL B HEHE RS B 5 % b RHE
fi Ry A L b 3AR E R AR R R AR A LS A PR RO AT A TR T

BT T H AN FAEIL AT 40 PE R RERE LRI A A1 7 B PAEs . 828 —HI R
“HIWE(DMP) (482 —HIR W8 (DEP) AR IR S TR (DIBP) 4B —HMR — THi(DBP) 4F#
W T HRER (BBZP) (AR AR (2= 2k C)) g ( DEHP ) FIER7E — R — 1E ¥ fig (DOP ) . 7 JIT 3k
I PAEs ¥} B2 /KF- LAl b ASHIFGE 20 s 35 IR EE 4 O B A R L B | R A2 SR A A R AR
ST AR AR R ZE N i PAEs WREE RS2 M T ER 1T AH DG AL

1 #BL5 775 Materials and methods)

1.1 ZiRKpE

A g v B AL T SE IBH S VA A LB AR 6 Sk IX L 40 P R EEAE AT &, O
PR A A T SR BT AR B AR R A T VG Oy SR 2 5T, 3R R A Rk A
24 50% MAY 5K 10 4R ET EERGHTE T AN 17% 43 2 Bl M 3k 20 4 R 2 B — I 1Y
(i) B B[] 27 0 3 4 24 459% B 5 AERTEAE 10 AERTRAE IR 5 35%. 24 55% WE & r
A0 375 3 EE SR AL — P 22 R AIUAGE X, LR 3502 TF 1 19 SR8 X, 2 PN BB (0 1) s A b )
A AR LA HAR | 7K e BRI B W A f R B4R A, A i e R v b} sl BE AR A Sy dik
THI B4}
1.2 FEACRAE

YERFEF 201347 A1 HE9 A 8 H(EZ)M20134F 12 A 10 HE 2014 4F 3 A 16 H (4%)
EAT A P R AR 40 U E T RN BN 22 R A 1 D T R SE P I 1T A2l 55— R
Wk ZIUMBTR AL E Z 8 H S h T P 3R, MR b 0 A 7E 3 N i 457 BA Bl [) 38 o 95
(44 RT3 38 2R 1 IV RUACHE IO A5k /032 31 H 8 6 oh T3 0 6 1m0 , L 28 w1 i e 2B 452 85 et
AR B (i 24 A TH AR ) SRAE R C SR R A2 11 1M 5T, vl 43 R it Sk UL e (KA 4
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AAIGE R FH R I A R AR 2 N 2R SR AR FE M 2R 88 1) T4 AN AL IR AF ekt a8
NI LY I R R B AR LR GRS AT L BRI SRR R K R A BRI AR 1 E Y T 2%
P A [T BT A 955 3 0 O 3R 1T P JUT A e 4. e A 1 T i SRR T i D R 1) O 2 T SR SR AT TR
FERTEAVE L RAAAE AR VKA (—40 °C) Hh B 2 i Ak 28 o F — A A vk B2 3298075 ( ASHRAE, 2009)
I 52 O 30 ) A 2 A A A R B8, S T s M 0 300 ) 1 2 28 PR T 0 R o L R R BN 2.7 +
1.9 h™" , &% %0.6+0.7 h™'; EEENFHRIE N 28.5+1.7 °C , &7 N 22.7+2 C ; B E - HAXHEE K
62%+8.5% , 425K 35%+10.3%. 2= 5 ISR ik VB 0 SR B0 1B 2 8 T4 22 (P<0.05).
1.3 BT

FE AT AL B S e E A RIEAT 24 h 2R CC A4 A 5 A U (o FH sl i e S 8 ZE AR A i A
10 L 50 pg-mL ™" BY5RACARIC PAEs #EYI (d,-DEP, d,-DiBP, d,-DEHP) , IFHEZEHGI FE P PAEs Y
A3 P VR 3 e 2 2% R N R0 R IR AT Wk 0. 0K TS P A I 8 T VR AR T IR 10 L R N
50 pg-mL™ A H R ERAE A bR TR A1 5 B FH AR 0% - S I A T 124 5

S EOTE-BE AT AR (1) AIE AR Z HP-5MS (30 mx0.25 mmx0.25 pm) ; (2) FHERFET
W 2100 CAERF 2 min, L 10 Comin™ F+ 2 300 CHREE 5 min; (3) FE IR 5374 = 280 C , & T
J5 250 °C , f&Hi%k 280 C, VUMAT 150 C 5 (4) RIS AERE , iR T pl, @R RS 7.34 psi;
(5) FEVEE 1.0 mL-min™" ,EI FEESHLEH 70 eV (6) UK s 22 S, 20 54.8 mL-min™';
(7) S sl e s e
1.4 it OB 5 il

YDA S TG Y B AT AR RS S AE SRR BT 420 0 S IR b 4 b AEAEAE RS g A
KRR ME AT 2k 08 5 (5 FH 2 o P s s 2 10 48 S A0 A28 A R SR 7 6 P (100 SRR IS i 7 2 77 I e BB A IR
VKFE (=35 C) W ORAERT FHIEAS T T AN AR R S FHAR T AR AT 18 2 500 S 8 2 40 B 2 ik
T e AR S e DR A 1 R AR A PAEs AYYR BEEAT IR AL TR (1) DMP Fl DEP 1k B2 58 i
d,-DEP {3 (2= 73.3%+23.6% , % Z= M 82.8% £26.5% ) #EATHE 1E ; (2) DIBP \DBP . BBZP {Jik
FEi L d,-DBP [ ENSCR (B 2 h 82.2%+25.7% %750 83.4%+29.4% ) #4742 1E 5 (3) DEHP 1 DOP 1y
W gt d,-DEHP (1 [HCR (H 2l 85.1%+28.9% , X% N 89.8% +29.1% ) #EATAL IE. RAE I LU 44~ F
A 10% 1 25% 53 3 FEW S 255 R AR I 25 U RIPA TR, 25 FURE d RITA T A9 b 3R A 3 A
B 5 R — 350 A R AR IEFE DA AS D A th B IR T A DB Y PAEs & BE 78 43 B B 172
K6 HE BRARHEE AT RS ARG I T A T4k 25 S i 52 I, B B AT RE AR 25 14.6% £8.4% , & Z )
12.8%+7.5%.
1.5 sy

AT s AR PEGE W R 2 = IR 7 Bl PAEs B9 BE K, I & BRI B 450405 TG — 35776 1E
BT EOE R 537 (P<0.001, Shapiro Walk ) . Fifi J5 2% F B2 /R bR AR ¢ R BUE MR PAEs 2Z [B] 1)
AR, IR A BN TR R 2B A3 SRS PAESs YR 22 0] 1 SC B T (500 (A ME 3 40 A
BTG ARARR BR IR B Y48 B AR BRS 080E.  Je RFHAE S BUR 56 0 BT 270 R
FEQT B 2 2T SR A - TR S5 2 I A8 B X PAEs He (19 5% 0 B0 5 3+ /0 T 5481 ] Statistical
Analysis System ( SAS v9.4, SAS Inc., Cary, NC).

2 R 591718 (Results and discussion)

2.1 FEEHNEET PAEs U ERHE

FEEEEE NPT 7 Fh PAEs W B OISR MESE 004l B0 6 T3 1.DEHP 78 Fr A K BE P 44
Kt JLAATF 349 R 418.5 ng-mg ™", A DEHP 76X 5E 1 S A6 ARt A 56 4 FH . DIBP A1
DBP &M R BE R A H ) £ 28 PAEs, & 15853 31 R 93% F11 92% , JLAR[ -2k B 53531 4 39.6 ng-mg™
138.7 ng-mg™'.DMP Hil DEP HA 48 A I8 5% FE SN FZVSAIBAEE Y HOHAS %85
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1%, 550 46% F1 31% , H US43 BE YA 46 H BR.S4E BBZP 1 DOP 4 FIZE SR FAE (LB AT TR
HER (33% 1 66% ) FILTLAR] -2 2 R RE AR , ] L 1 2 7 I3l 5% e v A 6 i A FR . % 1€ 31 DMP | DEP |
BBZP F11 DOP 7E[&Z i (5 FUARA , A SCff =24+ %t DIBP . DBP F1 DEHP #4H X4 Fm] fE 52 i 4 & e T
SR

F1 ENMEDP PAEs HE (ng-mg™)

Table 1 Concentrations of phthalates in house dust (ng-mg™")

o foth % M Rk
- Detection GM+GSD Minimum P25 P50 P75 P95 Maximum
Compounds
rate/ % value value
DMP 46 nd. nd. nd. nd. 1.9 17.5 448.7
DEP 31 nd. nd. nd. nd. 1.0 11.0 732.1
DIBP 93 39.6+6.1 nd. 24.2 44.6 97.2 449.0 13741.7
DBP 92 38.7+9.7 nd. 24.8 76.6 152.6 505.9 7038.4
BBZP 33 nd. nd. nd. nd. 1.3 16.4 184.6
DEHP 100 418.5+10.0 nd. 258.8 515.1 1362.3 7459.3 659461.4
DOP 66 1.4+6.2 nd. nd. 1.1 5.0 31.0 506.5

7 :nd. R KA H .nd. | not detected.

K1 R B ZEE R PAEs 1EREE I 205 T4 25 (P<0:0001 , Student’s ¢ test) . f7 /R M H 43
HrZ¢8] DIBP 5 DBP(P<0.0001, r=0.32) .DEHP(P=0.005, r=0.17)F W &ML ZK, i DBP 5
DEHP £ i 3 rh EE AR OCHE (P<0.0001, r=0.40) F L HEMI IR AE 52 Hh DBP F1 DEHP A7 B & i 2 [R] >R 4
Ifii DIBP 5 H Wit PAEs H:[FIEFR /. DBP Fl DEHP X2 i B54% dEMEa 74 - b ey &
B R E Z AR T RESE DBP 38 H 1E A & i At it i 7w
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Fig.1 Concentrations of phthalates in house dust in the tested residences

5 E N AMESCHEFE ARG E T K 2. 30 [E 4 #h 3k i % P 2 Hh 3222 PAEs $4° DIBP \DBP il DEHP,

A UL 3 Fl SR 2 AR TE T IR E = B A RLRT B H T 2 b 2 ENE LA b i = R
PAEs [75 Y ibF Ja v M7, 8 T AL S g ks 7 il T X2 Bk LA, B = N
A PAEs 5 Y45k 5 T 56 B YRR (E A RO R (A O E i R fE ) e AR B
A HE L GEINAE R 2R o PAESs V53 f o0 5, S AT RE S 2 30 D) 4% 0 R S I SR AR B IR 1Y
PAEs Bl R A E 24 b It , 06 1 AR S 7E 1% )2 (6 FH T 55— Dy T, DEHP 7 412 p
AR EE PAR, 145 [ 2 rp B PAEs 15 YR A [a] 5 BN >4 AR Az ) gk = 200 52
JEE 242 G M R Y BBZP. PHRR [ X E.3% 4 ff F DINP 2848 DEHP . DBP Al BBZP > | [K It 75 3 5
KBERFR P I TR B Y DINP.
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Fig.2 Comparison of dust-borne phthalate concentrations /across the world

2.2 [t PAEs YR 5 BTG R R (YOG
22,1 ZF NI SRR

A5 E % AR T DIBP \DBP Hl DEHP 4 EE 1 i 2 55 T4 2% (P<0.0001, Wilcoxon test) . [F]
H53HT (% 2) B, E 2R DIBP . DBP H1 DEHP AV IEE 55 R HH X2 A Sk 5 52 10 3 1E A
K(P<0.005).3 Flt PAEs ¥ 3 119 2% 47 22 S SR RRE AHRI W 32 A48 S B0 () 52 ey 1) 45 5 AR DCHIL I 8
mr.

T2 PR PAEs WRBES IR BE AT BE A U 1l 7 A 2R
Table 2 Association between ‘dust borne phthalate concentrations and temperature,,

RH and air exchange rate: multivariate regression analysis results

i AR HAURA
Temperature Relative humidity Air exchange rate
EPEE-S; HPEE~S EYRE
Rei‘es*fﬁ i Rejréssif{i P Rejréqsiiffl P
. ¢ P value & P value gres P value

parameter parameter parameter
DIBP 0.14 <0.0001 0.04 <0.0001 0.18 <0.005
DBP 0.22 =0.0001 0.06 =0.0001 0.32 =0.0001
DEHP 0.23 <0.0001 0.05 <0.0001 0.31 <0.0002

M B 2 ELR R SR A P R 5T R RE X PAESs HEBOH R A 5 0, K BRRE % T
T (20 CE 80 °C,23 CE 35 C) bk PAEs AYHE R J AR 2 S P vk B 48 5 i > |
BT DL TR RE AT PAEs MASTRBE R U, 3 B EE N2 S0 PAEs AR THRAYZS S PAES #
JE AT i S A L R A S R A T PAESs YR IO THE. 25 b AR SCHP R B T (R R S A R PAES
FHEGE R Bt 2 I, B2 b PAESs (3¢ A AH B T

A AN E RN % P2 PAEs W6 5% 28 BB 9 0 38 /0 AR S0 590 TR 50 % AR - 24 4 i
PR A BE R AR OR 3R, Clausen 250 il i AT 45 S AH IR IG AR B9 K B0 DEHP BOATRL/ S AL
FE(h,,) SHXTREETCC , R EEXT PAEs IR UL To52 . 4R A2 0 Bl 72, 208 0kE
W0 940 5 7K A X T o VT A, WK S TR A L) B B S Bl 2 B AR B K 2 SVOCs 7
AP AR BTG R B K, It SVOCs i) ORI (L% M2k ) A% it A2 5% . K] L AR T 388 B T
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150, N3 T 235 DIBP \DBP 1 DEHP [a] 2R AH A& Bt A, 45 B2 b PAESs Ve JEHE K.

ARSI F BE R XU 28 N 2R b PAESs YR EE 095200 — 5 T, 25 KSR T i v] i 25 PR AR R
PIFREE 2 A0 1 DEHP #3555 — T, I e WGk 3 e R WA R 5 A0 =2 18] B MR BE R ( Ay )
MR PAEs BYURH & H00 R EUE N2 S P PAEs MR R P9 45 0, Won H 0k B e b v
PAEs W BEIEAHSE, Ui 5 & VE 5, S8 NS 3P PAEs I BIRIE TH , e 20l S A (L 5 ik
B FEEAE T PAEs WRETH A,

2.2.2 RAEFG] FEARISRIFR AL 1H M R}

XTEJT FUENZ B4 PAEs Wk BE L 4% & 38, P # 9 DIBP . DBP F1 DEHP 1k i G It 2% 22 &
(P>0.05, Wilcoxon test) . Xf AS[A] R A2 THI A AL FL 3 A B, BERHRI A il 4R 2R 1T [ 2 F DIBP A9 vk B i 3%
TSI AL (P=0.0083, Kruskal-Wallis) £ X F&2R 257 g2 rh DBP FIl DEHP 119 & & g 2% & FIH
7B (P<0.0008, Wilcoxon test) . JET FREEH  E AR Y PAEs BE AT 3E & AR 2 5 i 4%, 7R Al 38
i AL R AR E S N IF L b PAESs ¥R 55 HAE 28 N 45 BF I ) B R A1 e R ).

TGN, N PAEs DLACH A 15 4 BI04 45 R A 7 3 1% H 2 181 AH. 25 T 31 =5 PSR PAESs
RAAIT MM B £ PAEs (EHIRT, SRAE G A (KT 8k kb ) Xt R4 PABRs ¥ B8 Ry JC 3%
SN AHIFGE BT MM E R 3 F PAE W0 B 3% 25 53, RS R st i S e 21 32 S 4F
.05 —J5 1 AR SR It i R ME— 3848, £5 RASF T BE A 1Y PAEs ¥k AUAH PAEs 1943 1id ik
i SR AL T MR R PAESs kB2 R TG 835 2 WA AR T AT 98 & RAE 548 PAEs (R RE (SRR
M) FMmiFA A PAE ¥R 58 TR & PAEs (4R 1m , U Sukiene 4538 33 5256 % 1 il 4k
R IR E AL i B AR A LS 2 N IR i S A7 A 255 LT ak , 2 N PABs 1 DU IR Ay i 48 32 4% 4 2]
F WA (BRI N ESA R B PAEs 0 nT DU T B SR E AR T R .

W R M B FE B AR FIIH A 5 S P B Bl ag e 4 | J5 & AR /D 548 P el i 5 AN
TR FR 8 ELHEARDC , RIILEE XS B 20 v PAESs (142 88 Tk Wi F i A0 0 o 5008 AR 0 55 & BB 22 T PAEs
PR v TH A O T T 24 198 0 500 2 7 Aok m AR A A 7 %) 2 8 %) o =2 i v 1) 43
Br i R BEAH PAEs (1939 B 55 SR 45 V- 1 A WAL 2 UTHR G DR L, 76 AH S AT 5% Hh 5 282 150 B SR B e 24 11 2R A
FIR AL 18T B RFAE (8 1) A S E5 0T T Ve 0 2 5 DA

3 %5 ( Conclusion)

U HiE T % R4 th 3228 PAEs S~ DIBP \DBP il DEHP. 5% 31| 25 PN IR 95 B Al < o K iy e [ 5
e, 3 22 N2 i 30 PAEs IR B2 1 I 2508 T4 2= IR R TR 9 PAEs R 5E &k DL AS0R A 1A iy 1] 422
TR FNIR 2 Rl MY B R W AR AR A% il 22 % R 2 v IR RS 2 v PAEs W B 55 R4 - 1T 1 14 L35
YIAHZE. BEAh, B 7 2N A 45 B8 B Rl 2 52 i e i) PAEs YREE. L, A 5 90 7 A B SR B R 2R 1 28
RUFISR ALV TH A RRIE S 8 T HERA A 73 A B 2617 PAEs 128 88 PPA.
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