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ABSTRACT: Due to the large and widespread application of phthalates (PAEs), they are ubiquitous in a variety of
environmental media and are one of the most common chemicals in daily contact with human beings. PAEs can
produce endocrine disrupting effects and have reproductive and developmental toxicity to humans and animals. The
public health risks of phthalates through environmental exposure and food intake are of worldwide concern. This
paper reviewed the physical and chemical properties of PAEs and their pollution status in air, water, sediment,
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A% — F iR 1% (phthalats, PAEs) & ¥4 Hh 3 i £7 76 (19
— KA WA, T AR A BRI RS 6] Y B (R
NN 1 BTR), AR R a R R
AT BuE L Allnh . KIREM . BRI
F18U M, T PAEs 2Ll i U Ry A S R A W4
B MAR S B, KA B ATHE R E A N AR 5 R
ANESL . RS KR, B8 BB . shiay . AIRAZ
FIAIE 6 R FI AR B S e WU P A 3 i
FEO1R W], PAEs fILvk B I st Bl AR B HE 9 430 T4 B
AR RE TR, mWERNARES IR BB, BT, 4B
W% — H 5 (dimethyl phthalate, DMP), 4B%E _Hjig —
Z Wi (diethyl phthalate, DEP)., 4B — F g T [k (butyl
benzyl phthalate, BBP). 4B 7 — Hl i8 — T B (di-nbutyl
phthalate, DBP) . 4F 7K — B g — (2- £ & & 3 ) g
[bis(2-ethylhexyl) phthalate, DEHP], 4F%E — ik — 1F ¢ g
(di-noctyl phthalate, DnOP) 6 ' PAEs & # 35 [ FREE {1471 2
(United States Environmental Protection Agency, USEPA), Kk
"3 (European Union, EU)FIF ES ML SET5 0™, Wi £2
i % 42 J5) (Buropean Food Safety Authority, EFSA)# &
DBP. BBP. DEHP . 4B — H g — 5 5% g (di-isodecyl
phthalate, DiDP) ., 4B % — H i8 — % T fi§ (di-isononyl
phthalate, DiNP)/¥%}: H fiif 32 A it (tolerable daily intakes,
TDI)/M512% 0.01, 0.5, 0.05, 0.15, 0.15 mg/kg®, {HHRT
H: 24 21 (World Health Organization, WHO)HL & Ik /K #
DEHP (AR ERR(E N 8 ng/LP). 1t4h, DEHP, BBP 43514
] 7% 988 iF 0 98 ML#4 (International Agency for Research on
Cancer, IARC)#fiiAly 2B 25F1 C 2 n] fE @ R™

0 (0]
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Fig.l1 General formula for the reaction between phthalic anhydride
and alcohol

PAEs T Z AT H RN LA R LIS
A DBP Il DEHP!'?, {HRARKUR I PAEs 5 A3 877 A=
PAEs i FLMUAS 38 o PAEs (1 ol SR T 20 4D 30 454X,
), PAEs RALAY—EM0A R IE To ik s AR d Tk 1,
M2 TORR I b A 7= RO . 4E4IE, 2007—2017 4, 423K
PAEs /=t WEEAF- 270 J7 t 39ImEI K2y 600 77 . Hl, &
R A FROK) PAEs BEOR, 2010—2015 47, & EXF

PAEs (53R LABEAE 7.7%00 3 B 18 K112 PAES 7 A [l 7= i
PR & RA K, BEN 10%~60%, £ 0 %5k
90%", A[A4rF ) PAEs HA AR INRENL, 00 7R
DMP #1 DEP ] B F /K & M (W FFLE AT [a], /> DBP 1]
N AR AT . =4 A9 DEHP 45 A LLkE
R AT R, R A LI AL M R R,
R, [HASFEESE, PAEs 7EIR SR H BT LU & A 7E
TEATIY BE, I 3 A fb sl A

W PAEs £77E 3% 38 7 Al s #, AR SO PAESs O F
AR . 2000—2020 4 (1] [ Py AR 5E I B i 40075 YL Bk
KRN T 3 (R R it R R AT 4538, Atk —2E 58 PAEs %)
AT N . AR . SRS . B L R
AR,

1 MR

PAEs U5 20F 30 ZFMbEY), ZH0ChTo Joukik
KRR, Wb ALE 190~530 °CZIR], H siHEA/NT-25 °C(R
DMP 2}y 5.5 °C), HAWMEN. RoEKR. HSisTHE.
N RS HLE R SERR S, MR4E EU A2 X, DMP J& T4
RMEATHLY, il PAEs WE T4 2 Ao, B
PRIE AR A A9 T LR PAEs A9 RS PAL ML 1.
# 1 ", PAEs HYIR f# ¥ (water solubility, Sw) %1k
(<0.001~5220 mg/L), Z&“ JE(vapor pressure, Vp)AH XK
(1.84x107°~0.263 Pa), FHIEHH $(Henry’s constant, H)4
9.78x107°~21.6, FLBREHEHEK B MIGIN, B | 28RS
LTINS SR R I R i E Ll b ) < B T o L0l &
Z %l (octanol-water partitioning, Kow)H #iFH T FM5 4L 1E
KA AW b R B AT logK ow FERERLEE K I INTIIE K, %
Wl PAEs ‘LW EARRETIBEZ IR, H—2E KRbedksf PAEs 1)
logKow>5, Uil Eefb G U7E Wi HA AW 2 =
SRS BEF B (air-water partitioning, K aw)FIIEFEEE/25 550
fic 2 % (octanol-air partition, Koa) /242 FR55 Fh PAEs £EA R
B OGN 2 BB B BB BE 3N, logKaw TEL
il logKoa fHIE R logKoa TEB R RBIUPAATERT PAEs
H T T W TS ROBRL . IR R, T logK aw TELER
=72H] PAEs A REMUK Pz RAGTEMR . i, Kb ik
YR AE S W B — 354> PAEs, MR IR 2% & ek )
PAEs MIMEATH, RS, KIE . VBT
Sw. Ve H. Kow. Kaw. Koa ZFFLEF IR ZE R

PREE SN

21 XK 8§

PAEs 7E K. SN2 R JCARARFEN T i Xk
S PAEs T34 EECRIET Db HESC R R E ], S
S PAEs W R A RIS 20 . =7 Bk Al
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FERRAIE ZHANG 2% 2013—2016 4F K Huds i fil
WA KA Z PR A 6 Fh PAEs Fvk BE UEF T 404,
RIRFHIRT R BE B = T MR R EE, H PAEs UM
Rt S BE WS 3 Iy ol 25 14 fn, 4% LA DiBP. DBP,
DEHP N, Wi M550 16.4, 42.6. 127 pg/g, HF
S TR A X L AR T A 4 SR o — SR
BBP Fil DEHP % & K Z 8% T R E AN I g 52427
22 K K

E AN WK, K BRI PAEs i
K, W —BAE ng/L~pg/L $ar%%, 415 L DBP, DEHP
NE KR PAEs FERIE TS KHERL . RuERIR DT
R UL RTRHIX | AR [FIZERK A PAESs #2240k,
FE IR AR AT X T S AT K g ]
Pk et DEHP . DBP ¥ & 20 T IR ITRKEY | 7
WIAKE P S FE KA AR KDY AT
KB, R 24 AT R K K
SRR FK 2 h A SRR BEfY PAEs #6414, {H DEHP, DBP -

Ik BE Y T = (DEHP 8 pg/L; DBP 3 pg/L). USEPA (DEHP
6 pg/L). WHO (DEHP 8 ng/LyMUEMIARHERRED . Sk L, 5
POKFREEMILL, RS PAEs KA, TEWE 2.
2.3 AR

PAEs #2I RATTRE . BEAKHER . BK IR 55 vhl 55
HEA TIN5, S o A AR ADTRY), R DU
PAEs X DEHP ,DBP DIBP ) &, ¥RJE il ng/g~ng/e(#
3)o FREFI TSR TR Y DEHP, DBP “F-#¥R
ik 45.74, 28.80 pg/ght, WA T 2L LR
THPY L ERIETET B R g O i w0t
ARMED | RO . BA B E NI R PAES
W T E A, (E301E, DEHP i FlfR) 3z, Lk Jr5m H.
e AR, DRI DEHP & & — BT E S U PAESs
G bREY), HASKEAZ /ML, B ark E i 2
FIFF . 7MW . ARYET . EhifE . ARG DEHP
R SR T 1 pg/e, #d T SCHRIRIE ) DEHP 355
JXUG; BR (& (environmental risk limit, ERL), F55|#2E 4.,

1 JL#MER PAEs TEMNIBUMR

Table 1 Physical and chemical properties of PAEs
EY A MR EEERIE TR SwY(mg/L)  Ve/Pa logKow® logKoa® logKaw® Hf
DMP C1oH,004 194.2 1,1 5220 0.263 1.61 7.01 —5.40 9.78x10°?
DEP Ci2H 1404 222.2 2,2 591 6.48%10> 2.54 7.55 -3.01 2.44x107
DiBP Ci6H2,04 278.4 4,4 9.9 4.73x10° 4.27 8.54 —4.27 0.133
DBP Ci6H2,04 278.4 4,4 9.9 4.73x10° 4.27 8.54 —4.27 0.133
BMPP Cp0H,504 334.5 6,6 / / 6.28 10.089 / /
DMEP C14H;506 282.3 3,3 / / 1.11 9.766 / /
DnPP Ci5H604 306.4 5,5 / / 5.62 9.674 / /
DEEP Ci6H2,04 310.3 4,4 / / 2.10 10.51 / /
DnHP C0H3004 334.4 6,6 0.159 3.45x107* 6.00 9.53 -3.53 0.726
BBP Ci9H,004 312.4 4,7 3.8 2.49x10°° 4.70 8.78 —4.08 0.205
DEHP Cp4H3304 390.6 8,8 2.49x107° 2.52x107° 7.73 10.53 -2.80 3.95
DBEP C10H3004 366.5 6,6 / / 4.06 11.977 / /
DCHP Cy0H604 330.4 6,6 / / 6.20 11.588 / /
DnOP Cp4H3304 390.6 8,8 2.49x107° 2.52x107° 7.73 10.53 -2.80 3.95
DPhP CyH ;404 318.3 6,6 / / 4.5 / / /
DNP CasH04 418.6 9,9 3.08x107* 6.81x10°° 8.60 11.03 -2.43 9.26
DiNP CasH04 418.6 9,9 3.08x107* 6.81x10°° 8.60 11.03 -2.43 9.26
DnDP CosHy604 446.7 10, 10 3.81x107* 1.84x10°° 9.46 11.52 -2.06 21.6
DiDP CasHy604 446.7 10, 10 3.81x107* 1.84x10°° 9.46 11.52 -2.06 21.6

TE: FORTEMIN; a~f: BSOS HIRE EPI suite BT TSR 484 ZH R — 5% 1 BH(diisobutyl phthalate, DiBP); 4F% iR —-4-H
FE-2- 1% FE g [bis(4-methyl-2-pentyl) phthalate, BMPP]; 487 — H iR — H! 40 Jk £ I (2-methoxyethyl phthalate, DMEP); 478 — HI g — 1F % lg
(di-n-pentyl phthalate, DnPP); 287 —H R — Z &3k Z LMK [bis (2-ethoxyethyl) phthalate, DEEP]; 4B7& —-H R — C i (di-n-hexyl phthalate,
DnHP); 487K W1 — T %5 Z 3K [bis (2-butoxyethyl) phthalate, DBEP]; 48 —-H1i2 —FF CLHi(dicyclohexyl phthalate, DCHP); 4% —HIji%
" KFH(diphenyl phthalate, DPhP); 47K — i — T-Fif(dinonyl Phthalate, DNP); 457K — Fifig %45 (di-n-decyl phthalate, DnDP), T [dl,
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24 EYIHFRS

AGRKAEY) . e K EAY, itk s &
FH A b P2 BRI FLEE PAEs 153, WkIETE ng/g~ngl/g
Z I8, ghp F 3L, DBP, DiBP, DEHP k¥, A[dls
X, ARFEZEAEES 9 PAEs RS A ES, B
B W3k Thane Creek 7K £ FP £ i ) PAEs L) DBP. DEHP
N, PSRN 351, 31.6 pglg, MF/KEH LI DBP
HE, K 54.6 ng/gtt B TR T EEIR K AR K £ 14
AR BUM S SR AE RO AE (02 | RS BT MIH
KAAW), B SIHPIAFIE Sh PAEs WRIEHIXT A .
2010 4, REHIXESE KA R R Y55 DMP,
DEP. DBP. DEHP P E{EE 533124 0.0006~0.001
0.0004~0.002, 0.001~0.003 . 0.002~0.007 pg/gt*Y. 2017 4,
TUmRH P, . XS, 4. #i3EH DMP. DEP.
DiBP . DEHP F ¥ ¥ B 55 Bl 4> %14 0.003~0.005 .
0.0005~0.02, 0.002~0.03, 0.003~0.04 pg/g!'?, (HISEZ L
F&, HR PAEs TE MW A 7= 38 (TR I AE P AR B e 20) 2119
W) ff1 3 1) 45 28 T AR v B R TRVRR B O AG: H, (HAE )
W I A SR A RO ) PRI 4. BN, BR
T NFREE il PAEs #b, it PAEs B & B BT
Al MR B SRR R R R] L AR
BE L PEARORE RSN BN (polypropylene, PP). B
S ZH (polyvinyl chloride, PVC), #HES %5 k1 RIAE PAES
TR BB AR BB 1R, BLBEE S5 Ep eHE fih
R A A, SR 3G N, R HCE ARA R 2 B T K
-1 DEHP!Y,

3 WWFE

PAEs 1ESCI S SR P ICAEANE, PR 0] L R

R BN ATl (A8 2 8 2 S T R SR — E 9 3 T,

I, RO R FRAEESE T PAEs J&—WHA Pk
B TAE, T 3CHEAR T 2005—2020 4E[A] (A, L K2R | 4358
UURW) . AR R S b PAEs (9 22208 )7 k.

PNA4~, PAEs e FAOAIN 7 AR 3 24 S M 1%k (gas
M 3% - % 75 (gas

)[20,30—3 1,42,47] . E\*H

chromatography, GC)Z%461 |
chromatography-mass spectrometry, GC-MS
{0, 3% - & BE 3% 7% (gas  chromatography-tandem mass
spectrometry, GC-MS/MS)* | w5 &k % #H {5 3% % (high
performance liquid chromatography, HPLC)[48] | RO
-EB T35 (high performance liquid chromatography-tandem
mass spectrometry, HPLC-MS/MS)*’! | j# mi R0k (6 1% - %47
FisJ ] JB %72 (ultra. performance liquid chromatography-time of
flight-mass spectrometry, UPLC-TOF-MS)!"4% ik, s
M3 B 41 % f 3% (micellar electrokinetic capillary
chromatography, MEKC)% | B - 25 i 2T 4G 33 (fourier

transform infrared spectroscopy, FTIR)P A5 /i3 . M L
GC, HPLC RAUEAXEAR. [, JXSEAGIH AR AR
ke S TTRE S, BRI TR I 535 X 23 AR 2,
i F s 2 AT R [C ZE B (soxhlet extraction, SE), & LI &
Fige20 | GF S LR, VIV EEEGR), FERTRCK,
H24~30 ho X F KA, A& 2 R ORI
(liquid-liquid extraction, LLE)PY FI [& AH 2% B (solid phase
extraction, SPE)P%, i JfT 4F ok [ 4 13 %% B (solid phase
W AH B #E B (liquid  phase
microextraction, LPME)P? | 4 8l ¥ W 1 % X (dispersive
liquid-liquid microextraction, DLMME)M6481 | fi-pitg il i 2%
B (stir bar sorption extraction, SBSE)P*145 45 (2 Fiy Ak HEHL ARty
BB TIE KRR, TR MmAEYE, &% RkA
SEUZ3M421 o o i By % BY (microwave assisted extraction,
MAE)® | i35 2B | 7 i3k A5 B (ultrasonic extraction,
USE)B®340 - 138 %5 7 2% Wi (accelerated solvent extraction,
ASE)P*) | QuEChERSPY % 5¢ ji A% B, 75 3 ik 4 3 Bt
BN BRI B 5 (5,32 (gel permeation chromatography,
GPC)S | SPEI23A4053] g p(3830 3136421 g ji i g
(dispersed solid phase extraction, DSPE)S*4E X fg T . (4,54
Zefit—l . FEBGRILL A ke, IEC ke kiR,
ECEENER(L:1, VIV, N —E R L E B (1:1:1, V:V:V)
A% Z, SPE. EHEEokl skl . Eikdn . b B+
N-N%: 2, —#&(primary secondary amine, PSA) A ¥ . A[EK:
5 Pk HBRA FT 2251, ng/g~ng/g A5, 1B RIBCRIEAERLE
70%~120%Z 18], AHXIBRERZE/NT 15%, il 2 75 7 R
kG B BR, IR S,

microextraction, SPME)DQ] N

4 25 B

AT 20 4ERYRFFT R, PAEs 6K, Kk, WiEW). £
YRR S P e, B E R, ATREXTIE L R
A FREFA R FR B K A& P PAES W —MBEAE ng/L~ng/L /K
F, VLR AR S RAE ng/g~ng/g. RUA BN
PAEs M AR T3 5RE L, AL F¥LL DEHP. DBP. DiBP Jy
F. T PAEs FESCI AT | iR RIS A TP oOCALANTE, BRIt
YER . RS E SRR S Y PAEs JE— I HAT Bk RN
f£45 . 2005—2020 4£[H], PAEs HAMHAGIN 7 gk B 2 U5 T4
RIHEIE . B R IN B AR BEARE T 2 AT 73 AR il 43 HT
BER o AESZBRRE S AT, AR S TR G R AL
PR AR 7k o AR IR A B, Sk R ab BB AR
SPME, LPME, DLLME, SBSE 7EARNHF 2w, [A]Af%
JEZ PAEs NI THAER . AE0E . RE#M, SR iE—
A YR AT R ITA NS PAEs (XU,
PAEs MR . T5UBiiATR BRI #R R
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