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Special column: Health effects of phthalates
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PR _FREAEE (PAEs) R —MIMREBERAD BT, I ZEETFERINESH, 7
B R., BREMES NHAAE, WAFFERERE, A XOBTHRERIMEFESHR
HEL R T EARAIIT S PAEs WHENSERR, K50 7 ARERMMXKERNIINES
AR B BUIRASEY PAES IKFE. DRFFEREERNER, HE24 T RREABR PAEs 2E K
T, HARKA, ENTRPAE SR FERBENEMMEL KERAR. FIERR. ERAME
%, MEITSPAES SREBERFTER. EFY. REERNIITSHIPAES K FEEES
FREER, FEU—TEHEME. ERASRS PAE K FEIES T IR PAEs, EJMPAES iKE
EWHXAFHIX., ESFEXIFHIKIFFE, UNEESTELE=ENETRHE, ERAEYRR
B PAES KEBTFEIh MU EXLEEBRIAASEDHIR. EHF M. BEMSREHE
SR PAEs Y2 7R, ABEXTZS A PAEs R B /K FREE SR AV IR TITEERIE
REIIESH, S PAEs FPREZFRT 2-28) 2FE (DEHP) FISBARZFRER — 7. B8 (DEP)
=EESRY), TR PAEs RPEZFRER " TES (DBP) M DEHP REEISHEY, 15 FHVHH
R, WHERXERRSRIEF PAEs HIBFMERETERRSEERE THAGTRRXK,
AFFRZ S PAEs B M HITIR KR,

KA DE_PERRES ; ERTR  BEINER; DL ; ISRKTE ; REKF

Research advance on distribution characteristics of and population exposure to phthalates in
air HUANG Wei, DAN Mo, SHU Mu-shui, JI Xiao-hui, WANG Yu, DING Ding, ZHOU Peng-yao (Beijing
Municipal Institute of Labor Protection, Beijing 100054, China)

Abstract:

Phthalates (PAEs) widely exist in indoor and outdoor air as environmental hormone
endocrine disruptors, and have adverse effects on human health through inhalation and skin
exposure. By reviewing relevant literature at home and abroad, this article described typical
sources of PAEs contamination, comprehensively analyzed the levels, distribution characteristics,
and causes of distribution differences of PAEs in different forms in indoor and outdoor air across
countries and regions, and summarized the PAEs exposure levels of different populations. Studies
have shown that decoration materials, house wares, personal care products, and medical supplies
are the main sources of indoor PAEs pollution, while plastics and wastes are the main sources of
outdoor PAEs pollution. The PAEs levels in indoor and outdoor air in China are higher than the
levels in developed countries, and follow certain patterns. Indoor gaseous PAEs concentration
is generally higher than indoor particulate PAEs concentration; outdoor PAEs concentration is
higher in urban areas than in suburban areas and oceans, and higher in summer than in winter;
indoor PAEs concentration is higher than outdoor concentration, both gaseous and particulate.
All these indicate that anthropogenic emissions, closed space, temperature, and meteorological
conditions affect the concentration distribution of PAEs. Population exposure to PAEs in the air
decreases with older age. Di(2-ethylhexyl) phthalate (DEHP) and diethyl phthalate (DEP) are the
main pollutants in gaseous PAEs in both indoor and outdoor air, while dibutyl phthalate (DBP)
and DEHP are the main components of particulate PAEs. Therefore, future research should focus
on the PAEs emission characteristics from different sources and the health risks of PAEs exposure
through different pathways, so as to provide a basis for the effective prevention and control of
PAEs in the air.

Keywords: phthalates; indoor air; outdoor air; distribution characteristics; pollution level;
exposure level
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SR —FRESES (phthalates, PAEs) , X ¥REXELES,
EPE_RRSER BN —EEENAFR. PAEsEH
EAFIFN MR, Tz AF Tk, R RBES
JE, WKL JREL CHE. KR, BmEBEMEL
EFAm. MAFEAREY, PAEs EARIBER DM
FHY?, ANAEEESHE. FKEXEFSHD, £
BEEEE . BB MRET I ERE, 2017 F,
HRABERAREREERRNEELEBE R
Z (2-2&) S AE 28 RXEBUEY), PE. RRE.
EEIYIE PAEs T R IR HI5 24 017, BT PAES
BEEHELM, 5BRES FMEZEEBIYIES
N (ERFCEREHN) HES, MIESREERR
M FEENRES, ALBEEIZ M., ERES &R
iR, EATR. TIB KEFIFE, fER. X
K. IR, RZRKIEMEREHAANAGE, BFEAKERE.
TRENPAEBSHBREZRRZ—, HFAMNEEHH
SEENEREK. RAABR, FIt= S PAEs TR
RERZMS, Bal, EARANMNTFEARAINTSH PAES
FERTRKEMR, FEIERMMEX PAEs 7376 FFHIEA
ABERBNENARE—EER, BHEGLLRER,
FERHMNEMIHm MK, EAHEI, HITHT
D RSN BRMEL B KEBRTEER+5208
B, AFIF T RIEETSH PAES SRR, §20H PAES
Pz, ZAXETFERNINAR, B4 T =S H PAES Y5

KZHKFES : EPFEEF. pvCHIRPII PAEs B2 E
(SPAEs) &K 242300, 129833 mg/kg, FT & PAEs T EZ
DMP. DiBP. DBP. BBP. DEHP. DiNP &1 DiDP ™ ; 53 14
K2, L pyC AR Y R, RIERSRSF | —R%
S0 WAV, NEED L iy sPaEsty
{ETE2000mg/kg £ 5, HEE4) B2 DMP. DEP. DiBP.
DBP. BBP #1DEHP ; PE{REFFR ¥, BB EM M HY
SPAEs A%, 351X 1.58. 13mg/kg. IFIBAEMmAP | &
7K B9 SPAEs i553% 15557 mg/kg ™, EL PAEs = B 2R AERY
DFFRE. ZIFELBIDEPF DMP ; 3EERHAY SPAEs &AFE,
Ha22mg/kg™, BREEME . ERPVCERE W
MZAGEEME P h 25028 DBP M DEHP, X5
E3 T8 R EEMNHET BRI E57)E g
N DEIRES BRIEIEE . X TEE. ERYMS !
ELIRIEIR I E F Yt DBP 5 DEHP ™ ; i EE
EEFYHRIK L DEHP, BEERE ™, HIttAIMR,
ENT S PAES ISRFBEREBNERMEL. KERSR,
PIERG. ERMHE, MENSSPAESSREER
BETEBRL EFEY.

&1 PAES FEXBMKRES

Table 1 Names and abbreviations of PAEs in Chinese and English

R AR

Chinese name

KX ENNIES BE

English name Abbreviation

PR — REREREE Dimethyl Phthalate DMP
REAURANFHRBE S, NS PAESHIBFITIR  go—mm—rs Diethyl Phthalate DEP
HEZ, BR_PBR_S T Diisobutyl Phthalate DiBP
ME_RBR_THE Di-n-butyl Phthalate DBP
1 PAEsHYSHFKIR PR PBRERE T Butyl Benzyl Phthalate BBP
AR KB PAESs RER X BTN AEE Ik 1o SPRTEET (-Z%) B Dil2-ethylhexyl) Phthalate DEHP
PAESTEE SHUSBRPRSHHREE, TR Sr-Fr-seE Disooctyl Phthalate
SRS PAES T ERBIFEE R, R2PIMTEASN  PRPECRIE  osononiprnalce
BANS AR PAEs FIK T, BRI B A PAEs T TETEREE Driso-decyl phthalate pioe
x2 ARTLBEYIBA PAES KE (mg/kg)
Table 2 PAEs levels in typical pollution sources
Ponlﬁfﬁurce DMP DEP DiBP DBP BBP DEHP DnOP DiNP  DiDP SPAEs Refffﬁce
FIHAH (Decorative material)
Fh&7 (Adhesive) 41400 2200 33600 36900 26700 44000 — 39200 18300 242300 [14]
PVC AR ( PVC floor) - - — 15500 11500 102833 — — — 129833 [14]
SHZE (Paint) 1033 33 2667 5500 37333 10000 — 3000 1667 61233 [14]
PVC &L (PVC wallpaper) 4125  319.2 — 520.3 245.8 834 - - - 2332 [16]
8} (Coating) — — — — - 284.4 — — — 284.4 [15]
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#HR2
Ponfcfﬁurce DMP DEP DiBP DBP BBP DEHP DnOP DINP  DiDP SPAEs Ref:rfice

KEEF S (House wares)

—R%%75 (Disposable tablecloth) 523 435.1 — 376.5 411.8 409.8 330 — — 2486.2 [16]

WIBENE (Glass organic film) 23 2.1 110 320 11 1700 - - - 2166.1 [17]

NiEED % (Artificial leather sofa) 2428 5348 — 338 393 348.9 = = = 1857.5 [16]

BmBEEME (Food packaging materials) — — — 2 10.2 — 0.8 — 13 [19]

PE fRE%R (PE preservative film) — — — 0.39 0.39 0.60 0.20 - - 1.58 [18]
$PIEFA M (Personal care products)

7K (Perfume) 4316 10925 — 297 8 11 — - — 15557 [14]

L& EBIF (Hair styling agent) 4666 9% — 39 16 17 — - - 4834 [14]

SKRIRZEF (Hair spray) — 677 — 107.5 11.7 22 — — — 818.2 [14]

EE%2 (Moss) - 325 - 84.4 - 1.2 — - — 410.6 [14]

& (Hair gel) - 58 - - - - = = = 58 [14]

FEH7H (Nail Polish) - 20.6 - 21.6 - — — - — 42.2 [20]
ER##} (Medical supplies)

EMAPVCHIRE (Medical PVC infusion tube) - — —  2.08%3.24 - 3.24~11.44 — - - 5.32~14.68 [21]

R BEME (Drug packaging materials) = — — 0.15~0.22 — 0.15~0.19 0.034~0.036  — —  0.334~0.446  [22]
Bl FEFY) (Plastics and wastes)

EEESSEFY (Roadside waste) - — - ND — 2165 — — — 2165 [23]

HIRIEIBIHEFY) (Waste from landfill site) — — — 24.2 - 231 — - — 255.2 [23]

FEBRILS (New plastic bag) — — — ND - 203 — — — 203 [23]

(] DMP © SRR _FRBRFRES ; DEP | PR _Z85 ; DiBP | SPE_FER "B THE ; 0BP | PR _FREM _THS ; OnBP : SPE_FE_IETHS ;
BBP | SPE_FREAFREXETHS ; DEHP | PRI (2-28) B ; DnoP : PR B _IF¥F5 ; DINP : BE_FB_B T8 ; DiDP : <F
KRR ”RZFE | sPAEs | PAEs/KFERTT ; ND | RIGH 5 — : BHIE,

[Note] DMP: Dimethyl phthalate; DEP: Diethyl phthalate; DiBP: Diisobutyl phthalate; DBP: Dibutyl phthalate; DnBP: Di-n-butyl phthalate; BBP: Benzyl butyl

phthalate; DEHP: Di(2-ethylhexyl) phthalate; DnOP: di-n-octyl phthalate; DiNP: Diisononyl phthalate; DiDP: Diisodecyl phthalate; YPAEs: sum of

PAEs levels; ND: Not detected; —: No data.

2 EATHH PAEs KF

MIEXRE80% U LW EEERELT ™, =
NESREEEEMANNERRE, R3MKR4TIHT
FRIERMMX ERNTSHSISHFRIE PAEs 95
o AILLEW, PAESERBEFETERATSHE, BEFRE
TS HH PAEs MRS KFEEEER.

MZEBDHE, PEMTZERN PAEs KT EiE
BTEN PEBETENNSE SPAE RERETE
[l /9 2570~16 401 ng/m*, FAIZ SPAEs RE2 R ESEE
79280.28~10003ng/m* ; MIEIMEHEARATSFRE
SPAEs i & R B Bl 5 191.46~2528.7 ng/m?, FRALAS
SPAEs R&E RSB 53.04~552.57 ng/m’s - LE4F k17
PR EHIR S S5 PAEs KBRS S, SNXT-REHT
MNERABMREFEEATSFPAESHIHARE, H
78 SPAEs FRE R 5K E] 16401, 15549ng/m?, ELF
KIS YPAEs TR IRE B3R R 7598, 10003ng/m* !, 15
e TFEAEMMAR 22, NFR21EH, 2R,
HRBEMEF PAEs B ERE, XIAREEEM

K PAES B ERS, BERTERAENHZIRAKX
EREEEMBERNHERA, JEKSERNENTS
H1 PAEs ZKEBIFHS o Tran & P I EEALY R EIHFAE

TS PAEs WD TR RER KA, ERIEHSEM
FRISHREKFZEEFTREEE. DAZE. %)) LE
ZRr, LinsTFEINYS) LE. DREFHAR Y,
XEEXREFBBALLETEN. AR BEKEFIPE
FA@mBEX,.

MESMNYEMHEDRE, FENMN (ERLE.
FE.HAE) P BE (%) LE) B, EE (REFE.
DRE. LRE. ZRERE) PHERTSHSR
SIPAEsEREZES TINS. B1ME 28R
ERARERS PAEs PEMYIEN RIS, ERATES
575 PAEs &1 DEHP. DEP. DBP. DMP N EE 54, H
7 DEP M DEHP WYELHIERTS, 7 5IIK 78% 1 81%, BT
FREZEWIZPAYE KR ; MIEFALZ PAEs B DEHP.
DBP. DEP N EE 544, H A DEHP F1 DBP BYLL 5l 5%
=, 725E 70% F 79%.
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R3 FRAMXZEANZTSHSEPAES KF (ng/m?)
Table 3 Gaseous PAEs levels in indoor air in different areas
KAERT] | R HX R
REFEIE] BB il n DMP DEP DBP BBP DEHP SPAEs STk
Sampling time Country and region Location Reference
FHER A
2012—2013  TEIER EE/ DRE 28 510 - 1590 - 470 2570 [26]
Xi'an, China Residence/office
=] AN bz
2012—2014 FREIM . Eﬁn,ﬁ}% 10 2498 3453 4612 2282 3556 16401 [25]
Hangzhou, China Hospital pharmacy
iy REE(ETE
2012—2014 FREUN ) %E,ZE% 18 3754 2853 3398 2599 2945 15549 [25]
Hangzhou, China Residence
FREHTN DAE
2013 10 532 658 659 420 591 2860
Hangzhou, China Office [14]
= S (%
2014—2015 EP%E . %E_:E% (éﬁ) 28 900 170 960 ND 350 2380 [27]
Chongging, China Residence (living room)
=] KEFTE
2014—2015 qjérf ) %E.:E% (BhZE) 28 870 170 900 10 380 2330 [27]
Chongging, China Residence (bedroom)
EEEAFIE. k., J6ER -
2011—2012 ﬁi%ﬁ%;ﬁ{@‘)ﬁl\l )L 63 163 208 283 — 276 1446 [30]
Bavaria, Berlin, and North Daycare center
Rhine-Westphalia, Germany
EZEAY N
2014 20 56.2 463 43.6 6.22 27.4 596.42
New York, USA Residence [29]
EJESEEY| DNAE
2014 New York, USA Offics 7 14.8 248 29.2 5.97 22 319.97 [29]
ESEIESES| KIE
2014 New York, USA Laboratory 13 4.53 12.5 13.62 5.81 155 191.46 [29]
ESEEES| FIR
2014 6 13.4 137 50.1 9.3 18.4 228.2
New York, USA School [29]
EJESEEY| ERIE
2014 s e, SR Far 6 96.8 1450 776 10.9 195 2528.7 [29]
HEER DRE
2015 seoul, South Korea Office 1 14.3 78.9 266 ND 463 8222 [31]
HEER LI
2015 1 4.28 24 64.8 ND 349 442.08
Seoul, South Korea Laboratory [31]
[EIND : k¥ ; — : TEUE. [Note] ND: Not detected; —: No data.
R4 FRMXERNT ST PAES FREIIEKT (ng/m)
Table 4 Particulate PAEs levels in indoor air in different areas
X N I Ed = i X \
;E#E'_T@ B ﬁ’,l:‘ iﬁﬁﬁ n DMP DEP DBP BBP DEHP DnOP SPAEs Sk
Sampling time Country and region Location Reference
Edfiikey DIYN
2012—2013 FRERER EE/ DRE 28 100 - 2680 - 1040 - 3820 [26]
Xi'an, China Residence/office
= s
2012—2014 RN ) Eﬁ”,ﬁ% 10 878 1375 2190 967 2188 — 7598 [25]
Hangzhou, China Hospital pharmacy
ERFEEN, SREED
2012—2014 RN . %E_:E% 18 1112 989 1498 1729 4675 — 10003 [25]
Hangzhou, China Residence
FRETM DAE
2013 Hangzhou, China o 10 283 385 440 246 534 1888 [14]
THr =
2014—2016 q]jt’?‘ . Tﬁ%, 1 4.33 7.02 368 7.36 65 15.9 467.61 [28]
Beijing, China Dormitory
Ed = A
2014—2016 I:Pjt'?\ . m‘éé 1 5.92 6.16 118 10.9 123 16.3 280.28 [28]
Beijing, China Office
b .
2014—2016 EP:II_’,)]—-{ . Efj 1 3.54 7.38 350 41.2 84.1 11.9 498.12 [28]
Beijing, China Residence
EZEAY e
2014 20 0.50 79.6 127.2 6.26 241 = 237.66
New York, USA Residence [29]
EEALN DAE
2014 New York, USA Office 7 0.28 42,9 72.7 0.94 29.7 146.52 [29]
EEAY KL=
2014 13 0.45 2.57 11.3 1.4 37.3 = 53.04
New York, USA Laboratory [29]
EEALY FR
2014 .2 . . A4 15. — 151.
0 New York, USA school 6 0.28 60.3 69.8 5.45 5.8 51.63 [29]
EZEAL ERIE
2014 e 5 o 6 0.39 224 300 0.88 27.5 552.57 [29]
[E] — : T#E, [Note] —: No data.

www.jeom.org



#4545 5J2 k&% | Journal of Environmental and Occupational Medicine | 2019, 36(4) 349

RERR, EE/HAE
Xi’an, China, Residence/office
FREM, B

Hangzhou, China, Hospital pharmacy
FRETN, REEE

Hangzhou, China, Residence

FREN, DRZE

Hangzhou, China, Office

REERX, RETE (FT)
Chongging, China, Residence (living room)
FEERX, RETE (B'E)
Chongging, China, Residence (bedroom)
TEEm, 2h) LE

Berlin, Germany, Daycare center
EEAY, RE

New York, USA, Residence

EZEAN, hAE

New York, USA, Office

EEAL, RBE

New York, USA, Laboratory

ZEAY, R

New York, USA, School

EEAN, ERIE

New York, USA, Salon

HEAR, HMRE

Seoul, South Korea, Office

HEER, ERE

Seoul, South Korea, Laboratory

SPAEs

0 10 20 30 40 50 60 70 80 90 100
#AELE (Proportion, %)

WDovP MDEP [WDiBP HDBP [WBBP [ DEHP [ DnOP

1 FEMXZERTSFREFFLESE PAEs ML (%)
Figure 1 Indoor ambient gaseous PAEs contributions
in different areas

FEARR, TE/NAE
Xi’an, China Rg_sidence/ofﬁce
Haneahon. q:wrl,l Ehrsos

angzhou, China, Hospital pharmac
EAEREM, SO e
Hangzhou, China, Residence
RERMN, DAZE
Hangzhou, China, Office
FEILR, B

Beijing, China, Dormitor

FEGER, A

Beijing, China, Office
HEiL, ftE
Beijing, China, Residence
EEALY, Kz
New York, USA, Residence
SEEN, NAZ
New York, USA, Office
ZEAL), =
New York, USA, Laboratory
EEAY, FR
New York, USA, SChool
ZEAN, EhTE
New York, USA, Salon

SPAEs

0 10 20 30 40 50 60 70 80 90 100
HIRELLE (Proportion, %)
BWovP M DEP [ DiBP DBP [MBBP [ DEHP [ DnOP

2 FRMXERTSPFREFHEFRIA PAES HIRLL (%)
Figure 2 Indoor ambient particulate PAEs contributions in
different areas

3 ESESH PAEs KF

x5 K6 DHINETAAEREIET|HES
FIFRRIZS PAEs BI7K T, RAILAEH, PAEs B 52 ZETF
ERBRERMNEIZTSH, EFRERMMEK. BFE]
ZEINKEFEERAER.

M D RE, o PEMXSEMBRIS
SPAEs K FiZm FaE. EEEFLEAERT, BIRF
ENE, S0R7 SPAEs, A E BERIH ™79 60.2ng/m* B,
EEALEEEXIEIN N 2.74ng/m? B, EEEHTISFIS

4 M T 2B X 79 3.69 ng/m? 34, TR Em Rim X 15
F80ng/m*B, AEST T ABX 79 22.9ng/m* B,
FESEEEXIEN A 18.0ng/m* Y, BEEILEE
XN 6.6 F. BEFERNE, PEVTMNIE S XIS
KIS SPAEs Si& 2754 ng/m* B, 9 B 2 & E & /R B,
ENFE1EER B8 A 44 fZF0 4 15, ENEEEMSE $PAEs 7K
79 684.60ng/m* ¥, SFEIBTHARIEE B /R BY Ml
Edtm @, EBP, XRPAHE. BEFLETER
B9 PAEs S5 AZ B IR IR

MEIHEEE, HHKIETSH sPAEs K E iR
BT BXAEEXE, HERERE BRI RER X
BIRZ FBELERT 72, 1B TF AR EI X g 28 5 B
ERA, SEEHMXAEEXEYS T EIN,

MBS E D E, PEFNRHXE . &L T
X3 4 B =R SPAEs FREREIL S T L2 o,
ST E 14 MEH AT R, KZ T E S PAES
BRERESTELE, BHELSPAESRERES
FEZHIER, w2013 FEHUN 7, t5h, 2013 FEHTN
EEMKLZEF5paes KT 45 51 2 2003 4 ) 59 51570
1715, 2016 &£ £ /8L 2= 19 spAEs 7K 4% 2003 4F O 1
KT 92ng/m?, XLETRESIHEREFLBESRHEF
MEASEEENRAKIEINE X,

3ME 4 ETRESNREFAS PAEs R E 4 B
BITER S Lb, == PAEs 7 DEHP. DEP. DnBP
AEBESRY), HhpepFpBr LLAIRS, H5E
65.6% 1 62.5%, M HE DEHP EFABEMXIIERE ; M
TEFHIAS PAEs F DEHP. DBP N T BT R H L L&
=, 953X 93.3% 1 74.3%, 1% BH DBP 5 DEHP B E
Hhzs S0 PAEs B BS54,

ENESPFTHRSPAES KIS TR, MHE
WHRIMSEMRE, FEAgERRFREEHRET
W HIZ R BIRIR, FZmitiem s 2Tk iE G
RS REFHRIY), PAEs EARSHRE S WM
FERERE Y, SEEHYIT PAES S KERS R o
o, RENS KM CEE. BE. RS ha¥
0 PAEs BOSRE KT ) 1 ERSIERSRYEARSF
T B HRI, PAEs FUREL FRIEKT, HEER
KIIER TR LUREIZS S PAESHE . ; HEZFR
EETLENESH PAES SREKFEHE ., i DMP.
DEP ESSHFRHERINSS, WA FAEN S F
FREREMIELMKE. BARE_REENLS
¥, EESHEBUSENFREE B,
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R5 FRMXEIZSHSE PAES KT (ng/m?)
Table 5 Outdoor ambient gaseous PAEs levels in different areas
AR R RS ;
*#E?ﬁ ) %*WE *#"‘\ DMP DEP DBP BBP DEHP DnOP SPAEs Xk
Sampling time Country and region Sampling site Reference
2003 JEEE2ER (Paris, France) X (Urban) 5.9 9.1 21.9 4.7 13.2 0.4 60.2 [32]
2004 ®EAtE (The North Sea, Germany) JE¥X 5 (Ocean) 0.3 1.6 0.53 0.02 0.29 = 2.74 [33]
2006 BEEHTFIA 4T (Geesthacht, Germany) IAIABX (Suburban) 029 2.42 0.88 0.002 0.098 ND 3.69 [34]
2006 FERIR (Nanjing, China) X% (Urban) 9.0 3.0 48.8 2.6 15.7 0.9 80 [35]
2006 HESTT (Jiangning, China) HMEBX (Suburban) 2.4 1.0 12,5 0.8 6.2 ND 229 [35]
2015 FE S (The Yellow Sea, China) SEXIH (Ocean) - 0.55 11.26 0.004 6.21 — 18.0 [36]
[CEIND : K ; — : TEUE, [Note] ND: Not detected; —: No data.
%6 FRMXEIIZSAFHRIZ PAES KT (ng/m?)
Table 6 Outdoor ambient particluate PAEs levels in different areas
SRR 5 SRS ;
*ﬁ.ﬁ@ %—‘ﬂf@z. *#““. DMP DEP DBP BBP DEHP DnOP SPAEs Xk
Sampling time Country and region Sampling site Reference
2003 (E=) FREUMN X,
Summer 2003 Hangzhou, China Urban 11 68 165 ND 266 - 439 [40]
2003 (%) FREHTN R X35
Winter 2003 Hangzhou, China Urban Sl & 2 D s - gel [40]
2003 (%) FELE R XI5 [40]
Winter 2003 Shanghai, China Urban 1.9 51 32 ND 258 - 297
2008 (=) FREE L Tl X - " .
Summer 2008 Anshan, China Industrial area - - BFUEE - TLOEDS - e [41]
2009 (%) FREELL Tl X . - .
Winter 2009 Anshan, China Industrial area - - 437172 - 13.9737.3 - 11.3768.6 [41]
2009 (=) FERER I XI5
Summer 2009 Xi'an, China Urban I oD ES 25 2 - 208 [40]
2013 (=) FRERTN R X
Summer 2013 Hangzhou, China Urban - - 1469 - 641 .24 2111 [37]
2013 (%) FREUMN 1T X3,
Winter 2013 Hangzhou, China Urban - - 28 - e o2 278 [37]
FEJER WX
2016 Beijing, China Urban 6.15 6.8 435 10.1 39 19.3 124.85 [28]
2016 (&) RE g T X%
Winter 2016 Shanghai, China Urban e = £C & B ® SR [39]
AEEBRR WX
2003 paris, France Urban 0.1 0.4 1.9 0.3 5.4 0.1 8.2 [32]
EEE AR X _
2006 Geesthacht, Germany Sulrber 0.005 0.091 2.19 0.032 1.03 3.35 [34]
HEER WX
2015 seoul, South Korea Urban 1.62 2.54 ND ND 58.3 ND 62.46 [31]
pme ’
2015 EHE‘EE ) S DI — 44.1 258.1 24.6 313.1 44.7 684.60 [38]
Delhi, India Urban
[CEIND : K E ; — : TEUE. [Note] ND: Not detected; —: No data.
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Figure 3 Outdoor ambient gaseous PAEs contributions in
different areas

different areas
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Figure4 Outdoor ambient particulate PAEs contributions in
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4 ERINTSH PAES KFLEER
SEEERNINTSFPAESHSRDHRE, ER
S FHSHEKEESTEN, EWNPAEKEHE
MEWZFEI, WIAEANFEHAL PAES SRR, M
XLEMSERNER GG FEARUNERAMEER
TINBE R, EWRIFRA/ NI BRI YR M PAES BE
BT AP, MERNBEASSHETRENRER
SN, RALEAFTRAREENMEE LASSH
PAEs BIREEIE N 45, BRITRIRIN, ERNEETINER
ZENE— HEAMREFRS, XEAKIEMTEA
PAEs SR KF, ERNT AR EETLY)I DMP. DEP.
DBP #1 DEHP, E.H1, DMP. DEP }J9 PAEs /N3 F 4
i, BEERNTSAoHENRENBERLT, UKW

Rt =S, EES, SMIFE (BH. L) A
SR (FHRE, BE. BT ER) SEEUR
—E R SHAER AL ) R S HEIN S S PAES
I AL,

5 TSRHPAESHIABRE

ERRRAEH B BIFER PAES SRHKIR, It
Gh, —EEASERHA (MIEAL JLE. RILARSE) 88X
RTFEARIBSEERK, XA PAEs TE KRR
Bk, NMeEAKEE. BRREZMREEET
PAEs FUMHIR R ERIR1E, RAXEEPARE S5 SE(EIT
BHIS PAEs BREEKTF 1,

MR7EIUER, FREXMMXEIE) L. )

RT FEMXFEABEDIERIFZH PAEs HREEKTF (ng/kg, UAFEIT)

Table 7 Daily PAEs exposure levels through inhalation in different populations across different areas

Sa?n(sf:;h:iﬂme Coujtiiﬂrlezgion Ifl%aﬁc)z Pop):IEfion bMP DEP biBP bBP Bap DEHP 2PAES Refizrfﬁce
2007 glu; :;llu,cmna NEEIFFR (Public place)  41) L (Toddler) - - - 0217 0.005  3.04 3.49 [50]
A (Adult) — — — 0.013 <0.001 0.218
2012—2013 ;‘;:ﬁﬁna ZEM (Indoor) %), (Infant) 0.131 - 1611 0835 - 0.605  9.48 [26]
%)L, (Toddler) 0.094 — 1.157  0.599 - 0.435
JLE (child) 0.088 — 1.087  0.563 — 0.408
F/ME (Teenager) 0.069 = 0.851 = = 0.319
A (Adult) 0.055 - 0.680 - — 0.255
2012—2013 ?i]af’g;hina NFHIZFR (Public place)  22) L (Infant) 0.288  0.043 — 0.326 = 0.007 1.52 [51]
#1) 1, (Toddler) 0.114  0.017 — 0.13 — 0.003
JLE (child) 0.108  0.016 — 0.122 — 0.002
BHDE (Teenager) 0.084  0.012 — 0.095 — 0.002
A (Adult) 0.068  0.010 — 0.076  <0.001 0.00163
2014—2016 injgb’?éhma ZEM (Indoor) 22)1, (infant) - - — 3.6 — 0.744  5.86 [28]
4 (Student) — - — 0.583 — 0.156
MAANG (Clerk) - - - 0.601 - 0.173
2000—2001 %*EM ZM (Indoor) JLE (child) — 0.26 — 039  0.020 0.6 1.34 [52]
Berlin, Germany
BZA (Adult) — 0.22 — 033 0009  0.05
2014 N;e?zfg’ USA ZEMA (Indoor) 22)|, (Infant) 0.075 0329 0106 0137 0012 0082  1.43 [29]
#1) 1, (Toddler) 0.037 0.165 0.053 0.069 0.006 0.041
JLE (child) 0018 0079 0.025 0.033 0.003 0.019
B/ (Teenager) 0.008 0.035 0011 0.014 0.001  0.009
A (Adult) 0.006 0.027 0.009 0.011 0.001  0.007
2014—2015 IREIS ) ) ZEM (Indoor) 41) L (Toddler) 0.006 0.017 0.155 0328  0.006 4.76 5.63 [54]
Jeddah, Saudi Arabia
A (Adult) <0.001 0.001 0.011 0.022 <0.001 0.326
2016—2017 Enﬁfﬁemam =M (Indoor) %), (Infant) 0.282 — 0.168 - - 0.141 0752 [53]
A (Adult) 0.077 — 0.046 — - 0.038

[E] — : T#E, [Note] —: No data.
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Figure 5 Daily PAEs exposure contributions through inhalation in
different populations across different areas
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