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Impact of phthalates on human health: Epidemiological evidences and plausible mechanisms
of action ZHOU Yu-han, ZHANG Yun-hui (Department of Environmental Health, School of Public
Health, Fudan University, Shanghai 200032, China)

Abstract:

As a kind of synthetical plasticizer, phthalates (PAEs) are widely used in plastic processing,
food packaging, cosmetics producing, etc. PAEs can escape from various kinds of plastic
products into foods, and migrate into the body through diet, drinking water, skin contact,
and breathing. As a class of common environmental endocrine disruptors, epidemiological
and toxicological evidences have suggested their adverse effects on human health including
reproductive developmental toxicity, insulin resistance, obesity, abnormalities in neurobehavioral
development, asthma, allergic diseases, and even tumors of endocrine system. The toxic effects
of PAEs on human health are relatively complex. By inhibiting the generation of testosterone and
damaging the growth and function of follicles, PAEs affect both male and female reproductive
systems; by affecting the expressions of neurons and related receptor genes, PAEs also have
adverse effects on neural development; through certain epigenetic changes, PAEs promote
diabetes and obesity. For this reason, PAEs exposure routes, effects on human health, and related
mechanism were reviewed in this article, aiming to provide reference for controlling the pollution
and adverse effects of PAEs on human health.
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B FI SRR — BB EREE (phthalates, PAEs) #] 72
N AFiRAEERE. BmAestiE. Ersm.
ARG HRNRE S~ REVAT. ZRERET
%, BUEERNETCELES, PAESSER S FM
KEE, FILERSMBEEI R EE s (EA—FhER
BADWBTILY), PAESBETINBEEM. D &5
M, EETESRMMERRIFESE, HXES
MR EEEELAE SN BRI, B, @5
TREBEERR. EHRMIREER, EEADBERA
XM, E8E5EE, £PAESHRZH EHT
30%, M 2014 FE89103.9123% Tt EFHEI138.912% T,
FEMMs3s At EFAE/6 Ate EHEN TR
PAEs F, ZHEXT 3 F IR = PAEs G T 75% BH1%, H
RAR_RR 2-Z2ESHE) fs (DEHP) SXFHAHIAL
Ih QoL 20 F1K) , HIEARKZIHEIEEFIHNT
1% (1931 ), HIE T4 50%KIHHHER “,

BETHREEFE5EEEEARNER, LUK PAES
SREBNFENMR, ABKHAREESHTS
P8, AT, PAEs VMR AN B A E I, 18
MIRZITEHBENRAIAR, BEXEIREH—LR]
NIRFER—HHNNR, EtAGRIAERIRERN
PAEs RY & BE XA R X AH X AL, M9 PAEs BIFG 15 1R
HERZEL

1 ABfPAESEERRZ

IFIEHPBY PAEs FIET BE B MR, FERKIEM. E
TERRHANK, BIEERBEET 92 FFRE PAES
FEBIEREFRHENAML, MRIEXT S FFE PAES
FEBEINAFEAR. ERNTSFERERBRHAN
A&, RERREHEFNAZE PAEs IR E D !
A SRR _EREREEEE (MMP) 3500pug/ (kg-d) , B
— 2 2 F5 (DEP) 800 pg/ (kged) , BER_ERERT
fi§ (DBP) 100 pg/ (kg-d) , $PR —ERER T EEs (BBP)
200pg/ (kg+d) , SPAE—FER —FTFs (DINP) 120pg/ (kg-d) ,
82K — FHER — 1IF * & (DnOP) 3500 g/ (kgd) , DEHP
RER G Y80 ug/ (kg-d) , t kR I% DEHP BI O FH 1K
R _BERE (2- Z2ECE) Bs (MEHP) . 48K
BFERE -8 -5-RECHE) B8 (MEHHP) . $BEX_H
Rt (2- 2B 5- A E) B (MEOHP). PR _HERE
(-3 FRE) DEE (MECHP) STzt fRETIYTE
i1 20 ug/ (kged) , IFF—> 70 kg BIRRE A KiH, DEHP
KRB —RVIEMERBE 5.6mg, 28T, SFRIB

M E T PAEs I KEE S 85, El AR 1d AR
BEMItET 1g, £ERARENABR. BEXEMN
ATHNEREFNRES. SMAMEL, | BERE
B F - OEMRIZ AN PAEs ZREREUR AR Bikia
BIR, 54% BYEEF IR HT) LE PAEs AR E BT IZARIR
B, AFEREREEEMBK) \ ENT DEFEEHE
rp sl R, )L E AR PAEs PSR YRR N B =0

2 PAEs £7ESMERAE

YT PAEs BB BIER M AR R AR, MM
SHESHRERSXINSUHIERZ — TEPAES S
B R R AR IE TR, A2, AIFEESEE.
BFHRENRE TR, FeNSRE5IRKLE 2
AEBERLWERBRAME, HWIFH PR ZHER
FEfEIREE . ABERITRFBILELRY, B EAIE
BE4E%T. PAEMER EIGINSERAEA PAEs [P R ZH
FREE Z B8 (MEP). PR _EHRERSE T B (MBP). SPEZ
FRER B ¥ B (MBzP) . &P R _HER 27T g (MiBP) ]
REFEXERY  XEBEFKEFSEHRINHE
DRIHER BT, EA PAEs REXT MRS R
FIHEBRFAMY, WERRMET PAEs BEXTE
E5EHABNEM, AUBESEHEMIZELSE
Y5 H Tanner DEAMIBAE A BREFEXREE, H—F
EEEHERBEENRS - NBART LN, SEH
IR BERBTH PAEs KIS 2R E S TITERA,
B PAEs ZENBESERERARXMARZIEM, B
ZFKENS T HEZERREE 9, 1o, BF AL
FEMY RS RENERIFE, BRI PAES 5%
SRR AERE, A UMBSLEEBS | REEETFREN
Tk, R TZRENFARER™,

ZA MBI FRAIE IS PAEs EFES M
FEEOAME, PAEs BRIEEAN & AN 2 M BRI
FIEBEE  OFEIREME3p- RELEER SIS
M IE e ARG E. (RS, RV AR
EXMEREHM W ; QFIHT L - FE - MR
A EE, BREEAREREKT, #MmEd S
WIS B R & M 2 E G ER ; @
ERT IS, FEESWINEZIR, HiMmEEs
Imis) 4R, SHERAIE MR TR 7,

PAEs FITHE IR DB B R A #MER/EINEE, XF
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%, NEFHIAMAZ PAEs M MEETES MR T B4
fflo Lovekamp-Swan & '8 fYSLI04E R BIR, mEAIZR
A 3EFF & R 10\ DEHP BY X514 MEHP, K EEE & MK
BEPESENBHENENEESLERET, Tl
falf — 2 SRR ; MEHP B] FR{E 7 & ES mRNA BY
FIXKFE, BRI S AL, IESE MEHP 2
IS )75 E B mRNA B9%% R BRI —E2H9 5
596, PAEs BT NGRS B HAZE B (Cenel. Ccna2.
Cenb1) BYFRIE LUK 184 I 40 B2 /3 1A 4k 3 14 5 B 40 11U B
1A I A K B2,

3 PAEs X382 % B YR 0m R A/l

PAEs ]8T AR 22 A0 M A B P&, &2 M F R IRAg A
HELB. RIRFRAEET, KIRIPAPAESRES
B |l METAREMERNAEFEXEK. fa,
RSB TREKFENEABEN 2 FHRE PAEs 5 4~9
ZIILENKREEITA ER R, MEBE. M
MHAERUNI LERKTEETHAERNERITNER
EBX, PAEsHIREBIMKERSZIR) LES HED
EREXP, FHE- 3B RERE R, DEHP &
EAEm) L ZER2EEREZERIXEG 22, It
46, ) L EBIEMN R LS DEHP R R IFEAE X B,
DEHP — 2% X 1§14 5-oxo-MEHP F8 FiR 5 B HE) LER
R EIAEI91% P, ShYISLI0 &I, PAEs BEHNHI/)NE
FETHEKFILE, REHSMEN D&, RHEK
e R ANENSIEE, SHEELRAFNEESR ;
DEHP BEHNHI 4h B R A FN UK R R 0A % B BZ D4 21K,
TAZEBRRERBRNERIR > ; DEHP HEEINHIFS
HFUBERNRKRIX, BNET - &2 T BRI A N-
BE D-XEXSFREMHLREENER L, FH
=S NRTCIE Al N

4 PAEs XJ¥E1C151 R ARRF B9 82 0m Kz AL
EA—MIFE B A F, PAEs IS I ABEE D
Rk, BEBEEFIE R BRI XL P, PAES XA E B &2 M1
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TE30%, A2 F = PAEs R E 5% (MEP.
MnBP. MiBP) 5B EM B L EFHEHEEXE, Me
X 53 F B £ PAEs X154 (MEHP. MECPP. MEHHP.
MEOHP. MBzP. MCNP. MCOP) 5 R A BEREA X 2728
iz FA HOMA B B 3K 15 20, Trasande & 2 1157
PAEs BB ST/ VFRERIRTUBIANREL, &I DEHP

BEFARIZ MR R RIKT, FASHEME. PATITHRLE
RREP, RERERANLZERTF PAEs KEYIRES
2 BB REN AR B B YIXEL, P DEHP I DnBP 5
2 BB PRR A SRR R BX M R B 2 B

i & L W B (R 1S 5 ¥ S = 1K (peroxisome
proliferator-activated receptor, PPARs) & — F# fic {4~ &
ENZERAFBRERR, ©8FEal B/6. y =
RE, ERE. SHEGHERK. BRI, FERE
BT EMEHPREZER, FHr@E BN
B2 -3 8. XK. EEEESBRSS5AERAR
BSHET. 15/ PPARs UEC{A, PAEs B2 807E PPARa
A0 PPARBIEHAE AR E AY , ELAIETYIZE PPARyY BYIZEHE 14
T, T PPARy SRR X R INEER REF
SEYREHFIRBHARNS K. FmEE BRI
=EAHHRIR, HX RS ENELZ 1B EAR
PR ZANREERERERAEETER Y, Lo,
DEHP AT I AR B R AR IRS-1 BRI FRIAFIBEER
1, BRI LR/ 7 RERE B BES pAkt )
L, BERRAFEERAT HESER -1KF, &
RAMBRSEH LRERERCERINEE, #MERE
SEMMARANKZEZE, ¥MTROBETNRRS
2, ERRIERR

ERENIRERERRMELZEREFAVLEN,
W EZESSTLEENHRIEG], iEHENNER
JRAYA 4o PAEs BRI RIE NS E1E 5201 DNA B
BEHMAZBRINE. chLK KA, Wistar 2R &
=T DEHP /3, DNAR B /KEHS, ARBE B F
Xt R ah it X 3R, Serd88 i A S BB L /KT
e, AEREEEENTATIE, ANTImEXME
ARRSHERDRES BRI, FSTFRARES
VEHTHEERERNAE D  ZREET OEHP RS
HONARENL, TRARDEFBR 3INRIE, M
MEABERNTE D ; FRIRET PAEs BR5HEER
Y g BERMBRMHIOBRN™EEBRENL, #Mm
SRR LEREKTERREM, BRE Igf2. LINE-1EH
DNAEREMUN R T DEHP BE SR L BN A BIREIE
BYFKEX B9, th4bh, PAESBEIUSAEZRES, MTHE
HAEEEEDONAMIEE, HEMERARBCERY ; PAES
A &AM, F190, DEHP ] LR RIERER
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www.jeom.org



298 ﬁ-&#ﬂ".&(&% | Journal of Environmental and Occupational Medicine | 2019, 36(4)

W ERERTE, BEMRERMWEEZENS, #EM5IE
RUEERR (RERE. ¥ERRTS. MVES) R %,

5 BESRE

B8 PAEs IR REE M AT BERINHI R Z HKIRT
ShYDIEE, ABREEEENEZ, BRBTFHEEARN
SEARERE, ARENAFIHERTEEEE S -t
ETFAFRA (KBIA. RUA. BEHEMAS) B
REERE, RKFBEEARFRBIATIABERRM RN
PRFRIF IR PAEs ZREEXT ABHRRERNPLBYRZNE, 15725t
BRABNERZDRERAING. ENEENZ, W
KB R PAEs TR E YISV RE, MEMEthIF
BAD RTINS, KIARE, S@EmERN
RAERSRARRENNES, 1 ESEFNERER
ZAPAESHREE RBRMARRREEXRNMATY
FHBEE, ASAFRANESS, BRHTUNERE
EBFA B, MTEEFTNERE A ER, t5h, &
MXBPAEs BREBERARABRRBSEEAANE
SR=BRAR, FHit, MEtXEErE, BiixkE
WRETLEE, BREM T HERRZENA—K
%, JEIBNAERRERNPLTGEER, FERTER]
FIER XM REEM T SRMITRHEER K
¥EsZH 5o

SE M

[ 1] HARTUNG T. Toxicology for the twenty-first century [J] .
Nature, 2009, 460 (7252) : 208-212.

[2] JUDSON R, RICHARD A, DIX D J, et al. The toxicity data
landscape for environmental chemicals [J] . Environ Health
Perspect, 2009, 117 (5) : 685-695.

[3] YOST EE, EULING SY, WEAVER JA, et al. Hazards of
diisobutyl phthalate (DIBP) exposure : a systematic review
of animal toxicology studies [J] . Environ Int, 2019, 125 :
579-594.

[4] FORMAN SL, STINCHCOMB GE. Views on grand research
challenges for quaternary geology, geomorphology and
environments [J] . Front Earth Sci, 2015, 3 : 47.

[ 5] Grand View Research. Phthalic anhydride market analysis by
application (phthalate plasticizers, unsaturated polyesters,
alkyd resins) and segment forecasts to 2020 [EB/OL] .
[2019-02-01] . http://www.grandviewresearch.com/

industry-analysis/phthalic-anhydride-market.

[6] KOCH HM, LORBER M, CHRISTENSEN KL, et al. Identifying
sources of phthalate exposure with human biomonitoring :
results of a 48 h fasting study with urine collection and
personal activity patterns [J] . Int J Hyg Environ Health,
2013, 216 (6) : 672-681.

[ 7] Phthalates research:biomonitoring [EB/OL] . [2019-02-01] .
https://phthalates.americanchemistry.com/Biomonitoring/.

[8] KOCH HM, WITTASSEK M, BRUNING T, et al. Exposure
to phthalates in 5-6 years old primary school starters in
Germany—a human biomonitoring study and a cumulative
risk assessment [J] . Int J Hyg Envir Health, 2011, 214 (3) :
188-195.

[9]LINLC, WANG SL, CHANG YC, et al. Associations between
maternal phthalate exposure and cord sex hormones in human
infants [J] . Chemosphere, 2011, 83 (8) : 1192-1199.

[10] FREDERIKSEN H, AKSGLAEDE L, SORENSEN K, et al. Urinary
excretion of phthalate metabolites in 129 healthy Danish
children and adolescents : estimation of daily phthalate
intake [J] . Environ Res, 2011, 111 (5) : 656-663.

[11] SWAN SH. Environmental phthalate exposure in relation
to reproductive outcomes and other health endpoints in
humans [J] . Environ Res, 2008, 108 (2) : 177-184.

[12] SWAN SH, LIU F, HINES M, et al. Prenatal phthalate
exposure and reduced masculine play in boys [J] . IntJ
Androl, 2010, 33 (2) : 259-269.

[13] ZHANG Y, CAOY, SHIH, et al. Could exposure to phthalates
speed up or delay pubertal onset and development? A 1.5-
year follow-up of a school-based population [J] . Environ
Int, 2015, 83 © 41-49.

[14] XIE C, ZHAO Y, GAO L, et al. Elevated phthalates’ exposure
in children with constitutional delay of growth and puberty
(1] . Mol Cell Endocrinol, 2015, 407 : 67-73.

[15] SUMNER RN, TOMLINSON M, CRAIGON J, et al. Independent
and combined effects of diethylhexyl phthalate and
polychlorinated biphenyl 153 on sperm quality in the human
and dog [J] . Sci Rep, 2019, 9 (1) : 3409.

[16] THOMPSON CJ, ROSS SM, GAIDO KW. Di (n-butyl) phthalate
impairs cholesterol transport and steroidogenesis in the
fetal rat testis through a rapid and reversible mechanism [J] .
Endocrinology, 2004, 145 (3) : 1227-1237.

[17] HOWDESHELL KL, WILSON VS, FURR J, et al. A mixture of

five phthalate esters inhibits fetal testicular testosterone

www.jeom.org



#4545 523 & % | Journal of Environmental and Occupational Medicine | 2019, 36(4) 299

production in the sprague-dawley rat in a cumulative, dose-
additive manner [J] . Toxicol Sci, 2008, 105 (1) : 153-165.

[18] LOVEKAMP-SWAN T, DAVIS BJ. Mechanisms of phthalate
ester toxicity in the female reproductive system [J] . Environ
Health Perspect, 2003, 111 (2) : 139-145.

[19] CRAIG ZR, HANNON PR, WANG W, et al. Di-n-butyl
phthalate disrupts the expression of genes involved in
cell cycle and apoptotic pathways in mouse ovarian antral
follicles [J] . Biol Reprod, 2013, 88 (1) : 23.

[20] ENGEL SM, MIODOVNIK A, CANFIELD RL, et al. Prenatal
phthalate exposure is associated with childhood behavior
and executive functioning [J] . Environ Health Perspect,
2010, 118 (4) : 565-571.

[21] CHO SC, BHANG SY, HONG YC, et al. Relationship between
environmental phthalate exposure and the intelligence of
school-age children [J] . Environ Health Perspect, 2010,
118 (7) : 1027-1032.

[22] CHOI CM, KIM JH, LEE JK, et al. Effects of repetitive
transcranial magnetic stimulation over trunk motor spot on
balance function in stroke patients [J] . Ann Rehabil Med,
2016, 40 (5) : 826-834.

[23] TESTA C, NUTI F, HAYEK J, et al. Di-(2-ethylhexyl) phthalate
and autism spectrum disorders [J] . ASN Neuro, 2012, 4
(4) : e00089.

[24] MASUO Y, ISHIDO M, MORITA M, et al. Effects of neonatal
treatment with 6-hydroxydopamine and endocrine
disruptors on motor activity and gene expression in rats [J] .
Neural Plast, 2004, 11 (1/2) : 59-76.

[25] WU Y, LI K, ZUO H, et al. Primary neuronal-astrocytic
co-culture platform for neurotoxicity assessment of di-
(2-ethylhexyl) phthalate [J] . J Environ Sci, 2014, 26 (5) :
1145-1153.

[26] CARBONE S, SAMANIEGO YA, CUTRERA R, et al. Different
effects by sex on hypothalamic-pituitary axis of prepubertal
offspring rats produced by in utero and lactational
exposure to di-(2-ethylhexyl) phthalate (DEHP) [J] .
Neurotoxicology, 2012, 33 (1) : 78-84.

[27] BUSER M C, MURRAY HE, SCINICARIELLO F. Age and sex
differences in childhood and adulthood obesity association
with phthalates : analyses of NHANES 2007-2010 [J] . Int J
Hyg Environ Health, 2014, 217 (6) : 687-694.

[28] ZHANG Y, MENG X, CHEN L, et al. Age and sex-specific

relationships between phthalate exposures and obesity in
Chinese children at puberty [J] . PLos One, 2014, 9 (8) :
€104852.

[29] TRASANDE L, SPANIER AJ, SATHYANARAYANA S, et al.
Urinary phthalates and increased insulin resistance in
adolescents [J] . Pediatrics, 2013, 132 (3) : E646-E655.

[30] SUN Q, CORNELIS M C, TOWNSEND MK, et al. Association
of urinary concentrations of bisphenol A and phthalate
metabolites with risk of type 2 diabetes . a prospective
investigation in the nurses’ health study (NHS) and NHSII
cohorts [J] . Environ Health Perspect, 2014, 122 (6) : 616-623.

[31] FEIGE JN, GELMAN L, ROSSI D, et al. The endocrine
disruptor monoethyl-hexyl-phthalate is a selective
peroxisome proliferator-activated receptor y modulator that
promotes adipogenesis [J] . J Biol Chem, 2007, 282 (26) :
19152-19166.

[32] RAJESH P, SATHISH S, SRINIVASAN C, et al. Phthalate is
associated with insulin resistance in adipose tissue of male
rat : role of antioxidant vitamins [J] . J Cell Biochem, 2013,
114 (3) : 558-569.

[33] RAJESH P, BALASUBRAMANIAN K. Phthalate exposure
in utero causes epigenetic changes and impairs insulin
signalling [J] . J Endocrinol, 2014, 223 (1) : 47-66.

[34]WUS, ZHU J, LI'Y, et al. Dynamic effect of Di-2- (Ethylhexyl)
phthalate on testicular toxicity : epigenetic changes and
their impact on gene expression [J] . Int J Toxicol, 2010, 29
(2) : 193-200.

[35] ZHAO Y, CHEN J, WANG X, et al. Third trimester phthalate
exposure is associated with DNA methylation of growth-related
genes in human placenta [J] . Sci Rep, 2016, 6 : 33449,

[36] ZHAO Y, SHI HJ, XIE CM, et al. Prenatal phthalate exposure,
infant growth, and global DNA methylation of human placenta
[J] . Environ Mol Mutagen, 2015, 56 (3) : 286-292.

[37] BECKER K, GUEN T, SEIWERT M, et al. GerES IV : phthalate
metabolites and bisphenol A in urine of German children [J] .
Int J Hyg Environ Health, 2009, 212 (6) : 685-692.

[38] KANG KS, LEE YS, KIM HS, et al. Di-(2-ethylhexyl)
phthalate-induced cell proliferation is involved in the
inhibition of gap junctional intercellular communication and
blockage of apoptosis in mouse Sertoli cells [J] . J Toxicol
Env Heal A, 2002, 65 (5/6) : 447-459.

(EXHRIE TR ; B - 5T ; K3 TR)

www.jeom.org



