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Abstract ; Phthalate esters (PAEs), a class of endocrine disrupting chemicals, are widely used in industry. To evalu-
ate the occurrence of PAEs in daily clothes and the risk of exposure via skin contact, the concentrations of seven
typical PAEs in daily clothes were detected. The role of sweat on PAEs release from clothes was evaluated in simu-
lated experiments. The results show that di-n-butyl phthalate (DBP) and di (2-ethylhexyl) phthalate (DEHP) were
the dominant PAEs in the used clothes and new clothes, respectively. Higher levels of DEHP was detected in the
used clothes and the infant clothes, compared with those in the new clothes and the adult clothes, respectively.
These results suggest that further PAEs contamination in clothes may occur during wearing or laundering, and the
clothing material may be an important factor influencing PAEs contamination in the used clothes. Sweat can in-

crease the release of PAEs from clothes, inducing a higher risk of human exposure to PAEs.
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LB 2K — H PR iR (phthalates esters, PAEs)E A #84k
R W TR A LM (PVO) P i B i AL L)
PSR Al U U ol ehI (SR S 78 N s A
T, PAEs ELA KMEREAE Y AEHUA N T 5
WRZIREE G BREVR R 2 RGN 4
FEAELMGRERE ) FRES S0 5 J & B P E
JREIA S I A AR e v Fe 3 Hh RS ALt
% E % By %F PAEs i 4 A8 BRI, 481 42 Bk
AT A A B AR 2 97 2R #E “ Oeko-Tex
Standard 100 A7t BB 7 98 78 — F iR — = ¢ liR
(DEHP) 487 —H iR — T FR(DBP) e R —H R T
“FEE(BBP)E T A )L 2 B H AR 2 DL R H Aty
PR PVC AR g mt™ . JREC R
2 — H ik (DMP) | <F 4 — W iR — £ g (DEP) #1468
2R —E 15 (DOP) 4 A B 55 4 45 15 Je Wy 1)
A

AT 0 0 4 1 | W e R k4 flh 5 i A 2
# T PAEs, H ik &9iA k& DEHP #F A A
FEERAR T I RN B R B2 il B A K S DMP
DEP Fl DBP 4 AR NS 2Eis 420 G745,
WA S & A 175 YL vl g 5 35075 Y W i) B ik 2
O BRI A TR EL AU P A PAEs 19
NI TR A 1A REVPAL . I Ah % A s e
YIRS AR LUB AR BRCMBIFFE X 42, it 1 H 28
FHMITHAC B , H 5558 A IR 975 YR IE 22 SR AR AR 9 2
W, AWFFEHERE 7 Fl PAEs, f445 DMP . DEP .DBP 4}
2 Wi — % T H&(DiBP) . DOP .DEHP #il BBP Jy#if
UG A T B IHACY % PAEs V5 Y2 /K- F150 A5
FFAE, X ARE ' PAEs A A2 55 11 IXURS: T J& 1 A48
e,

1 ##57 % (Materials and methods)
1.1 FEfCRE

AT A 1 B AR AL 5 BEAIL N 4 [ 45 b
T JE AR AR 49 RSBt A IHAY) , DL J i
I E M W AR R 12 R AR

S R CRR CTR (5, W B E g2
SR B A A PR S W], PAEs bR #EH) i DMP
DEP .DBP DiBP .DOP .BBP £l DEHP(>99.5% )5 N
¥r#¥ DEP-D, Il DEHP-D, (>99.5% )4 H f# [ Dr.
Ehrenstorfer 2\ ]

SEIGAY 2%« Agilent 7890A-5977B M (4,33 Ji 1%

K H(GC-MS) Il [ 22 [FH ZHER B A R A F, @
REAE M Agilent HP5-MS(30 mx0.25 mmx0.25 pm, 3
[ 2 HEAE B AT PR W) ; KHA00KDB i A i 15 1k
O E R R B A A BR A )
1.2 Ff&L UL R R AR 53 BT

PAEs 210 AL MRS K A Y) E 35T 10
emx10 cm (1Y 1E 75 T A e e BRI sk S ENAE KT 2, 4K
JEFRE A A B (mg-em ), ¥ 1.0 g IR YRR
FE T 50 mL = MAHEIEHE A, #4300 A 50 ng
DEP-D, Il DEHP-D, , ZJ5 A 20 mL PR LT, F
FHAS TR 1 b, 75 402 30 min, 10 mL /Y 1
THBFA 40 mL EPA i, 1 000xg Z5.0> 5 min,
FIEWRBA S — 40 mL T+ EPA i, 45 C
KB FMT AR TS AE 2 LT T4, A
2 mL IECVRE, INBEIR ST, B AREORE I, M
A3 I A AR PAES Wk

GC-MS ZHi% & . Agilent HP5-MS {33 ¥ (30
mx0.25 mmx0.25 wm); HEFE DR E R 250 C ;4
AENE R B (L =99.999%), Hi ik 4 1.0 mL -
min” R EAE, HERE R 1.0 wL; FTHERE T, V1 1R
WA 60 °C, LA 15 °C -min™ FF & 220 °C, {445 1
min, F-LL 5 °C +min™ THE E 280 °C, £+ 3 min; %
F 2RI 280 °C 5 B FURTELEE A 230 °C 5 PUZATIR
¥4 150 °C 5 EL IR, 2 7 ALK (SIM) ; HE 25 fig i
70 eV,
1.3 BSEE it

B PAEs 2 H S35 . 2 ] 1SO 105-E04-
2008E Frifi 79 Bl pH=8.0 Al pH=5.5 (1) 2 #h
BRI, 7EFT R H & IH RS o 28— 41
5 R ERET 4, PAEs EVKE N 52.88 png-g ' i 3
KGR NLI AR, FEFIH Oasis® HLB & AH %6 B
JIFE(500 mg/6 cc; Waters, Milford, MA) UMK W)
R PAEs, TEAS SIS H B — S BUAE
SLizgh 2 h, MITHER A 1.5 L-h "2 ik Aol
1.63 m* B B SCB PARY E LY 16 em’ (4 cmx4
cm), X R AR R A 3 mL, FSE (A 10 mL
PR TR UE SPE /M, FfH ] 10 mL 25 (AT
W s AL/ N BN 15 ng B9 DEP-D, 1 DEHP-
D, LR K jit A SPE /IME G SPE i 45
HIFEOE, A 3 mL BT 2 h, FEF B2
FHED BT S8, i FEUR 8, 1 15
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mL ZFR ZBRUENE SPE /N, PR LA Wik 4 22 1
mL, L GC-MS il PAEs ¥ J¥ 100%
1.4 PAEs HZ# & ¥Ah

T KW ARG PAEs BCIERE PN
58 AR A A (T . OpiEe

CXDXSAXF_ . XF,  XF XT BDBP
EXP = ()
BW 25% : ODEHP

A EXP,,, N PAEs H % #% i (ng- (kg BW)" - )
a7y, C HEHEACHI h PAES W ¥ (ng-g ™), D KK e o
Y3 FE (g-cm ™), SA M iz I 422 fi g ,':{(sz),Fmig N New clothes Used clothes

15 Y 7% 2 R R B 7 5£.(0.005 d71), Fpee N
R RRFZE A L B1(100% ), F,o, RT5 Y2 AR 1L
%1(0.01), T JHEMIEI(1 ), BW g JB4E A ¥4k
H(kg).

[, 2 AR Q) A R A Q), H M
TE 2 h IR IS T, K PAEs ) AR 2
i,

MRXSAXF,
= Bw . 2)
. EXP 2y PAEs H 2% it (pg- (kg BW) ' -d™),
MR A 1E T L) PAES (R B (ug - em ™ -
d™), SA B Ik fil T A (em?), F,, RIS RHIRA
RN B0.01), BW AR AP 2K H (kg).

1.5 Bl 5 A uE(QC/QA)

i FH [R) 57 25 s B 1 X PAEs #k ¥ HEAT % 0F , H:
f1, DMP, DBP Al DiBP H] DEP-D, #% iF, DEHP,
DOP #il BBP | DEHP-D, % 1E, 7 ff PAEs AUFE M
TFR EHSCREIAE 97.7% ~ 106% JEEIN . 25 1 %} IE
S FI B b AL BRI 4D S 565 40 2 H A9 PAES
oS AR T S g0 45 R4 T 2% (<2% ), 155
WREE ) 22 59 R T B IR 2 07 22 3 BT FlL TR 96 43
Fr(SPSS V22.0),

EXP

2 Z55 (Results)
2.1 PAEs fEH IHAY) o 89 1805343 A

£ 7 % PAEs, A 4 #/(DMP .DBP DiBP #l DE-
HP) I FER Y PG, Bk I i sE 3 K 1Y PAEs I
DBP Fil DEHP 7£ A ¥ 75 £ 58 ey, T e % 45 ot 119
DMP 7Y h & SR 1), B Wiy 4 Fb
PAEs % & 5 [t > DBP(52.7% )>DiBP(24.2% )>DE-
HP(19.8% )>DMP(3.3%); [HA Y 11 ¥) PAEs 5 & 4
[t >4 DEHP(79.1% )>DBP(12 4% )>DiBP(7% )>DMP
(1.5%), HAY DBP B LBl &, i HAY)
%) PAEs 4y DEHP,

B 1 4 #EE_FPRRES(PAEs) ERUFEE L
1 : DMP /R4 2 — H it , DiBP &R
SR B 55 T g, DBP 2402 B R T HE,
DEHP F/R4PHR —HIR IR,

Fig. 1 Proportion of four phthalates esters (PAEs) in clothes
Note: DMP is di-methyl phthalate; DiBP is di-iso-butyl
phthalate; DBP is di-n-butyl phthalate;

DEHP is di(2-ethyltexyl) phthalate.

2.2 AREAKYITH PAEs TE MR T 2257

WL R IH A Y 4 Fp AT K H B PAEs
(DMP DiBP .DBP F1 DEHP)¥ Ji (K] 2) % B, i A<y
H PAEs MUK JE K 1.153 ~647.7 pg-g™, HIUF1y
fH(GM) A 11.17 pg-g™" , AR PAEs MR JE 2 [RIEA
22 7(P>0.05); IHAK Y PAEs Sk B0 4.802
~17 05 pg-g™', H GM fH % 80.82 pg- g™, Hp
DEHP %} 2.654 ~1 543 ug-g', . GM K
8536 pg-g™', W3 m T H AL 3 FE(P<0.05), Hr
IHA# Z |i] DMP . DiBP #1 DBP iX 3 # i i) ¥ J&F
WA % 25, MNIHAY 1 (%) DEHP ¥ B B 3% &
THAY

HRFEARIAES BERER BT 28 A T PAEs ik
JE B TR AR B TH A He BRARIS 43 3 41, B2 ) L(n
=22) JLE(n=11)FE N (n=16), it LA [F]4F
%20 Z (8] () PAEs ¥k FE 22 5 (] 3) & B, vk B eI
f\) DMP .DBP Fil DiBP 7& A [ 4F- % Bt 1Y & 9 v %
HREZES ALY % DEHP W ¥ & T
WA .

ANTRIIA BT S Y (5 A | SR T 2T 4 R0 A R0 44 J5iT ) 1Y)
&K+ DMP DBP 5§ DiBP F{) e B % A I &k 2% 5
TG e B A% 72 19 DEHP, 76 K 5 A 9 v ik B2 1Y
GM 4 92.00 wg-g™", L 5 T RER LT 4EFIAFIA BT
KY ) DEHP ¥R ) GM 4 8.023 21.15 ug-g™
F 1),
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Fig. 2 Concentration of four PAEs in new or used clothes
Note: (a). New clothes; (b). Used clothes.
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Fig. 3 Concentration of four PAEs in used clothes of adults, children and infants

®1 AEMRBIERY T PAEs B JLATFHKE

Geometric mean of PAEs concentration in used clothes made of cotton,

Table 1
polyester and unknown material
(ng-g™)
DMP DBP DiBP DEHP
A Cotton 2352 13.19 8.490 92.00
REELT4E Polyester 1554 8.867 2.862 8.023
KHIB . Unknown material 1.625 7.768 3.842 21.15
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2.3 KW PAEs 3= H AR 2% 25 Ak

FEIHA R 1 , e —14 DEHP ¥R R 61.76 pg-
g MR ERLF R 58 SR ME LI X4,
TEAW RIS AT AR A5 1) DMP  DiBP Al
DBP 932, (A [ i v B A 3 1) DEHP 112
WO, e 2 ANANTE pH BT IR
SEES ) DEHP 25 & 8L, pH o8 8.0 UL
¥ rh ,DEHP M AW iz &k 3.700 pg- (g &K
B, T pH M 5.5 BRI W PR
(0490 pg-(g AKH ™),

RHE A1), 76 H # FE 3 Y PAEs & A Y)
(9 H SR FE Ak R 11.83 ng- (kg BW)"'-d™', I
Z B FIHA Q)T EAE 2 h V5 AR PAEs %
e, 2T, VR pH i 5.5 B, PAEs J7 ik 2 @2
18 21.92 ng- (kg BW) ™ IiVF pH A 8.0 i, HE
FEE Ik 165.5 ng- (kg BW) ',

3 1418 ( Discussion)

TE R 2 808 IH A W) b 34 4K i DMP | DiBP |
DBP F1 DEHP 4 #f PAEs, DEP DOP #l BBP K
Kt AT REJE H T X 3 2% PAEs 75 25 21 5 A 77 it i
HROR IR A R ) B HG 2R 5% vk B2 4 AR, AR M (EL 7%
WERE, A Y T DBP W e, i IHAR Wy
345 YL ) & DEHP; B K %) h PAEs 2V JE GM
B0 11.17 wg- g™, MM IH A IR o PAEs ) &L 1k B
GM fH =ik 80.82 pg-g™', R B2 L i TH A iR mT
REITH 52 PAEs 1 W05 4y, BRI 8 R W) 7E 4 7
o P R 23 VR AN PAESs, {HA A EAE FNR 21
&Y Al BEES N DBP  DiBP Al DEHP! | 3% 1] fig &
AP DBP W BE = IR A, AL Z T IHA )
H PAEs Gk B T 5, e WO Wk O R T ik A R A B
K H ) PAEs, & Ui 3R 58 b PAEs |2 A7
16, a0, W57 T DEHP A9 ¥R AT 5534 2 000 ng
g B AN P s ORI R 2B vt B A R
JER R 1) PAES®" 3R AT B -5 B PAEs XA 1Y
TR YE,

KPR T BE 2 52 PAEs 19 IR V5 4%, &
FRA AR A AL} 5T 5 W §fF PAEs, AHAS TR
PERI G IR HE AR Y, T RIRET 4 R 5 H H L
PEE BRI, A BAC Y X — S AR M A LTS G ) 7 R
B ER BILAY Z S AR, HE R e
Wi T LE 5 M AKY), X Al je S A 5
BLAY T PAEs W BT 55, BRAA T 5 VR IR 1Y)

b B R 24 AP B 5 A A
A RS PAES® ] fig 5 80R W 78 2 45 i
B Kk 1Y PAEs 75 %%,

BRMEFFICA B T AR PAEs HYIR T, R
25 AT PAEs B 6% , BARM L TR B8R
%5 PAEs R ERTIRG, KWL R T sk kY
1% 2 AN 257, 8 R IR 55 A W ) e 2 AT %
PAEs \MEZEEA —Eviwk, HILT H & ZEHKY
SEUM B KA ok B 52 | VT RS PAEs (Y 25 R nl fE
PE1R 1.89 ~ 14.0 £, TR B[] =558 32 2h 51 57 3
B PAEs FHACH) 58U H k42 fnk 2 5 RS (A5 20—
B,

BIEEE N 2 E1979—), 5 W4 R Fw A H AR5 %k
WO R FITH
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