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Abstract: The petrochemical industry is one of the pillar industries in China. The pollutants, such
as phthalates (PAEs), may be emitted into the atmosphere during the plastic production of the petro-
chemical industry. PAEs are one of the important plasticizers in the plastic industry, which are con-
sidered to be endocrine-disrupting chemicals for humans. However, few studies focus on the pollu-
tion of PAEs in the petrochemical industry, and there is limited understanding of the potential risks.
In this study, PAEs in atmospheric particulate matter (TSP) at two petrochemical regions of Hainan
(HNPB) and Guangdong (GDPB) provinces were analyzed. The results showed that the pollution lev-
el of PAEs in HNPB was significantly higher than that in GDPB, but both levels were generally lower

than those in most cities in China. High PAEs concentrations in TSP were generally associated with
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the plastic industry, paper mill and ports. The average emissions of > PAEs for the major enterprises
at two petrochemical regions were estimated using a simplified dispersion model, and the mass
ranged from 0. 48 to 191 kg for enterprises. The emissions mainly depended on the enterprise types.
Health risks of humans for PAEs exposure were all under acceptable levels at two petrochemical re-
gions. The correlations of PAEs in TSP largely depended on their similar applications and the coexis-
tence in industrial products. Temperature, relative humidity and windspeed were the important mete-
orological factors influencing the concentrations of TSP-bound PAEs. This study is significant in pro-
viding the pollution characteristics, emissions, and influencing factors of TSP-bound PAEs at the
petrochemical regions.

Key words: petrochemical region; total suspended particulates; phthalates (PAEs); emission es-

timation; health risk assessment
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Fig. 1 Sampling map in the HNPB and GDPB regions
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Table 2 Target compounds and deuterium-labelled internal standards”

. Solubility Saturated vapor pressure

Compound (fE£+47) CASNo- (ooviie, mgll)  CURIZESUE. Pa)
Phthalates (457 _ FFHRER)
Dimethyl phthalate(DMP, 45%% — F iz —HI i) 131-11-3 2014 0.411
Diethyl phthalate(DEP, 484 iR — 2 ) 84 -66-2 287 9.91x 1072
Diisopropyl phthalate(DIP, @Bﬁ - Eﬁﬁzzj‘%ﬂiﬁﬁ) 605 —45—8 90.3 0.351
Diallyl phthalate(DAP, 4F7& IR AER) 131-17-9 43.3 0.155
Di-n-propyl phthalate(DnPP, :43 A-WW&A-JJ:WEEI) 131-16-38 38.0 1.76 x 1072
Dibutyl phthalate(DBP, 482 — H g —1E T fig) 84-74-2 2.35 2.68x 1073
Diisobutyl phthalate(DIBP, 4B7% —HIfg 3 THR) 84-69-5 5.06 0.313
Bis (2-methoxyethyl) phthalate(DMEP, 4F2E — IR — (2-F 4 5L) Z[R) 117-82-38 1737 3.04x 1077
Bis (4-methyl-2-pentyl) phthalate(BMPP, 4B F iz — (4-F E-2- 1% 3k ) fig) 146 -50-9 2.49% 1072 5.71x107?
Bis (2-ethoxyethyl) phthalate(DEEP, 482K — Hlfig —(2-Z5Hk) ZHg) 605 - 54 -9 173 2.31x 1072
Dipentyl phthalate(DPP, 4[5 —F g — /%K) 131-18-0 0.179 2.72x107?
Butyl phthalyl butyl glycolate(BBG, T JEAF%E — H B 22 T 15) 85-70-1 2. 14 2.23x107°
Di-n-hexyl phthalate(DnHP, 4F7 " H R —CUf5) 84— 75 -3 1.15%107? 1.87x107°
Benzyl butyl phthalate(BBP, 4% — F i T 2% 2005 ) 85-68-7 0. 949 1.10x107°
Bis (2-n-butoxyethyl) phthalate(DBEP, 4F%E — IR —(2- T %) Z[R) 117-83-9 1.68 1.26
Dicyclohexyl phlhalate(DCHP, SRR R A CUS) 84 -61-7 4.10x 1072 2.95%x10°*
Diphenyl phthalate(DPhP, 482 — FI iR — 47%) 84-62-8 3.04 5.17x107*
Di-n-heptyl phthalate(DHPP, 4875 — H iz — Befig) 3648 -21-3 1.83x107° 7.19%107*
Bis (2-ethylhexyl) phthalate(DEHP, 487 —HIfig —(2-Z K0 3 1g) 117-81-7 1.13x107? 1.89% 1077
Di-n-octyl phthalate(DNOP, 8% —HIJi2 —1E3i) 117-84-0 4.24%x107* 1.33%10°°
Dibenzyl phthalate(DBzP, 48 — R — X R) 523-31-9 0.30 1.39x107*
Dinonyl phthalate (DNP, <BH R —TF-1ig) 84-76-4 1.74%x107° 6.51x 107"
Diundecyl phthalate(DUP, 8% - HIiR ke BE 1) 3648 —20-2 1.61x 1077 3.55x10°°
Didodecyl phthalate (DIDP, 482 — H iz - —Be S ) 2432-90-8 1.55x 107" 9.12x 1077
Deuterium-labelled internal standards (JRACPIIR)
Diethyl phthalate — D,(DEP — D4, AR W _ZIE-D,) 93952-12-6
Di-n-butyl phthalate — D,(DBP - D,, 4F2% —HIfE ET% -D,) 93952 -11-5
Bis(2-ethylhexyl) phthalate — D4(DEHP D,, “BAR_FHER—(2- L%Eﬁ)ﬁa -D,) 93951-87-2
Di-n-octyl phthalate — D,(DNOP - D,, 4P —HE2 —iF¢fE - D,) 93952 -13-7
Diisobutyl phthalate — D,(DIBP - D,, &R —HE—5 Tl - D, ) 358730-88 -8
Dicyclohexyl phthalate — D, (DCHP - D,, SRR R RO g — D, ) 358731 -25-6

* the physicochemical properties were P%tlmated using US EPA EPI v4. 1 program at 25 ‘C (UbE YRR E B US EPA EPI v4. 1 #2)% 3t
RARAS, BB 25 CR A

13 SRME T mﬁmﬁw&mmgmﬁ
G i) 22 18] 5340 SR ) ArcGIS 10. 6 FRAFFEI TR, ALK BERE T 25 SR AR S EE IR, i
Kriging Ji{Ai% 15453 DBP. DIBP, DEHP DL PAEs Sk (S PAEs)ZE HNPB Al GDPB #y %5 [m] /A&, H
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DEP-D,: (69.8 +22.1)%, DBP-D,: (101 +23.6)%, DEHP-D,: (102 + 21.0)%f1 DNOP -D,:
(106 + 21.9)%, 12845 R4 0. 001 ~ 0. 881 ng/m*, F7 1A HIFR 470, 01 ~ 6. 45 ng/m’, AR SLIR R 24045
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HNPB % RAE 5L Y PAEs IR BEJE A 13. 9 ~ 368 ng/m’(HHE = 147 ng/m*), W35 T GDPB K EEK
(1. 24 ~ 168 ng/m’, B =51. 0 ng/m’, p<0.001), FHHiZAMIEROTREHAAXTHEERA PAEs TollHE
T(F3) . A/NHZHIPFIE WAL 21 PAES ()75 54K F(56. 9 ~ 528 ng/m®, HHH 140 ng/m*) 5
HNPBAHY, T GDPBTG YRR, AH EL T3 1 HARbE 7 408 A0 B K- (43. 8 ~ 953 ng/m’), ARF
PN AL S PA Es (A5 YRR BEARRASAIG, (IS8 TRRSE I R B /KF- (3. 12 ~ 40. 0 ng/m*)""',

HbRi5 Y 7E GDPB AR S BT AL s A Y, A HE 38 T 509 [ SRk 24 | &1 58%,  # T HNPB
HAE R (33%) , W78 T GDPB Il 1) PAEs Tl A2 B8 24, 54RO BN E 4% 3
A1, DEHP &P Ak St 3 2200 PAEs 530k, HAE HNPB 19iR)JE K414 GDPB Y 3. 74%, {Hi%i5
YLWILE GDPB [ 1 H (63. 6% ) 200 i 5 T HNPB(41. 3%) , X0 DEHP A& GDPB Tl | 3 5:d
AR — HIREE2R A5 DIBP AN DBP AT AL S 5 44/KF-. GDPB i) DBP P34 (14. 7 ng/m’)
2o HNPB 9 2. 3%, DIBP 75 9 HiL i i B 7K F 4G R 320T, #9247 22. 0 ng/m*, DIBP 4 DBP At 5 ZEHAX,
b, 5 WY LU AE (DBP/DIBP) 0] — € 2 B b S Bt 3X Wik PAEs A9 i 4% &L . DBP/DIBP 9315 [l 78
GDPB 0. 13 ~ 1. 70(HH{E 0. 67), & & F HNPB Y ELAEFE I (0. 01 ~ 2. 19, H1{§0.27, p<0.001),
X EHWIFE HNPB () TolzHr, DIBP X DBP A B S AR 40 2 B . B PAEs SRR 5 Lok ~FAH AT EAI
HNPB fll GDPB Wi}ty S, PAEs () ¥ £ Y48 43 31 4 1. 45 ng/m* 1 0. 532 ng/m’®, X} FZE %5, DBP Al
S, PAEs 7E HNPB I A& 3 EARH #43 (p < 0.022) ; DIBP I DEHP W TEH i 5P R, Xl hE
53X WiFhis Gtz RIS A BeR H AR i HER R A %

3 HNPBAHIGDPB K TSP H PAEs HY e BE /K-

Table 3 Concentrations of PAEs in atmospheric TSP of HNPB and GDPB (ng/m’*)
Location Data" DBP DIBP DEHP > 2]PAES}’ > PAEs"
HNPB Avg +SD 6.14 +7.59 22.7+25.0 113+95.4 1.45+1.70 144 +94.0
Med 3.78 25.0 132 1.27 147
GDPB Avg £ SD 14.7+16.1 21.5+19.1 29.2+31.5 0.532 +0. 207 65.92+41.9
Med 11.7 16.0 15. 4 0.470 51.0

a. Avg: mean, SD: standard deviation, Med: median; b. EzlPAES: the total concentrations of 24 PAE congeners excepted DBP, DIBP
and DEHP; c¢. X PAEs: the total concentrations of PAEs
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2.2 PAESHIZEISHEHMEME
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Fig.2 Spatial distributions of major PAEs and S, PAEs of TSPs in HNPB constructed by the Kriging interpolation method
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DEHP ¥ B f5 5 1) IX 3 BT ENT — 8 () Um) A28, FHHSR = Sl i) A 7 i R w] B 1% 3 b TSP o
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Fig. 3 Spatial distributions of major PAEs and S, PAEs of TSPs in GDPB constructed by the Kriging interpolation method

ARG RT I AL B 3 B AL ) PAEs AEHETCRE BEAT TN E . 455278, HNPB %4l PAEs
FYAEHERCE: 47 0. 48 ~ 191 kg, LLENT — 6 (4R ) 14 PAEs AFHER S5 iy, ¥IM(E M 191 kefyr, HIK A
ENT - 4(138 ke/yr) (&14) . PAEs TEREAC T H 8 IVETHIEN, REARPEIKIFRE KT, FIEEAKIE
B TR EEE AR KA b, BRI PAEs W] E SR BRSO REm HER ) H B A R S0R . Sl
Al B A 0 PAEs HEBUR: . ENT — 4 kAl R ZEDLA R T . Sl R4 Sl 55 40 0 T 7= 5
AEFE R (R D) . FEXEEFE S, PAEs B EMERINF, o] DIREAGIHZEP2 SRS B, e i 3h
PE, ENT — L RIENT = 5 5% 7315 A0 oh, B 3EA7 SR S I AR ;= . X A Dl A 4 vy
1) PAEs HEBCR T e 5 20RH A F= i Fe v PAEs (ORI A 3¢ . ENT — 2 ENT — 3 D0 = ZELUA i 1 35
DL M ZE = S NI A 7= o 32, H PAEs BYHER AR EAR (BN T 0. 8 ke/yr) o GDPBAYENT -7
HIENT — 8 ) PAEs AEHECR S8 5, PB4 WA 184, 71 kefyr, WJREF R B s e . 1SR
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Fig. 5 The LADD and HI induced by PAEs via inhalation for children, adolescent, and adult in HNPB and GDPB

2.4 PAEsHItHXXZ

£ HNPB, 754 DBP. DIBP 1 DnHP 5 DNP 2 [H) 3 B F A X R (r = 0.339~ 0. 667, p <
0.01)(#16). DIBP & DBPE BN, ZHH ML FRAPAEs, 76 Tl b EEAEAIERFH T
BACEARSEE SR T, WE, XPRDPAEs 45 R T2 RI4E B b & = Sia s, i
TIRTHRIZRE EYE™ . DnHP WRARST F 2 PAEs, Orecchio %™ 58 % 3L, DnHP 78T & gk K
BB b 9K 2k 100%, DNP A 54> F 509 PAEs, & DEHP B2 —, EEHT MRS
Hi22 DMP 5 DIDP L 2 BUIF I AH A R &R (r = 0.549, p<0.001), &) iZia HFiEfee T
A H

FIELTF HNPB, GDPB %575 Yl Sfk 2 () (M SRR BEE S i, W/ 1% R sk nT RE A 5o S P )
PAEs #/i, DEP. DnPP. DBP. DIBP. BBP Fl DnHP Z:{It4> ¥ & PAEs 2 8] HAG 83 09 A K 1k (r =
0.389~0.784, p<0.05), fik/r =M PAEsER TSR S T2 A, WAEAE HAC I TR B v
HATFANA RS R REFILEA RAR 2 Ah, IR0 T 81 PAEs 2 ) HAF5F A 56 56 R
g S b APk ST, AT AR S, DEHP. DBEPHIDNOP 3 Fi5 %edy 2 [al L H A 4L
TFEAH M (r = 0. 466 ~ 0. 862, p < 0.001), DEHP F1 DBEP7E LK FEM NG & i Tolk e A N, Xl



1136 SRR %41 %

BE L T B BRI I R I R A I R . Meng Z52 % B, DEHP FI DBEP WK EEfEE N2 K B
oA, £ HHAHRIG KN, DNOP I C, ~ C, /) PAEs TolL St sy 2 —, (HH21420% .
Tolb St i I Z AT DNOP 5 DEHP Fll DBEP S B I AH 6 36 2 i 355 A

DNP {0273 0.448 0440 0418 0.447 0473 3 0432 0.065 | 0.135 Lo
DIDP 0.239 0.214 0.335 0.18 0.04 -0.097
DNOP 0227 0.013 0108 0.201 —0,39870.017.0112 0.011 0466 .
[)NI) . _0.194 0.092 0.513 0.339 0.493 _0.277. DEHP —-0346 0.291 -0.182 0.047 0.066 -0.198 0.139 . 0.03910.163 ... 0 6
DBEP 0.3+ 0.042 0253 0,035 | 0.062 ~0.032 0201 ~0.050 0210 . .
DEHP A 0.141 0.239 -0.193 -0.217 70.062. & DnHP H0.155 0354 -0.131 0,083 0489 0,507 0.145 0,207
BBP 40246 0290 0533 0204 0532 0405 0492 0317 L 0.2

Dt 1-0.201 _0.256. 0.191 . - BMPP 0202 -0.150 0343 m.lsg.. 0206 . ... *
4mxz. 0230 0.116 0217 .. j.

DIBP
DIBPH 0.114 | 0.058 1 0.420 & o o
. DBP o018 0389 0279 -0.070 0.322 ... o m F 0.2

DBP 1-0.086 0.108 . E . s DnPP H-020 -0.024 0282 ~0.241 . .ji
D:\P —-0.106 0416 0.115 .
DEP A 0.029 . DIP oo osnt [} - :
DLIET . 3 .
DMP - . o
) T T T -1.0

S I8
PO

[¥16 PAEs Bafika)iy Spearman 2% % R A
Fig. 6 Heatmap for the Spearman’s correlation coefficients among individual PAEs
left: HNPB, right: GDPB; *p<0.05, **p<0.001
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RGN KRR b PAEs IR BEI R R 2 — o AR T4 R R, IR 5K &
PAEs(DEP., DIPHIDBP) Mk B2 o] EEEIFAME(r= - 0.242~ —0.384, p<0.05), 1fi5DEHPFI
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NEA, FFdE BB BN RSB, FEARRT T 550 T2 PAEs, SR, X TR 720
PAEs, HHTHIESEAL, SRFET TR N RRY L, A AERURAE R
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Table 4 Spearman correlation coefficients between meteorological factors and PAE concentrations in TSP

Meteorological factor({5 5&11) DMP DEP DIP DAP DnPP DBP DIBP BMPP
Temperature (Ji &) 0.254"  -0.242" -0.384 0. 006 0.223 —-0.292" 0.047 -0.029
Relative humidity (FIXHZE)  -0.5707 0.231"  -0.308  —0.046 -0.247 0.260"  —-0.043 -0.127
Wind speed (X% ) -0.308" 0.237 0. 034 0.023 -0.591" 0.3117 0.016 0. 025

Solar radiation (A PHA 51 ) 0. 182 -0.052 -0.062 —0.010 0. 043 -0.162 0. 067 0.386
BBP DnHP DBEP DEHP DNOP DNP DIDP > PAEs

Temperature 0. 204 0.226" 0. 142 0.352"  -0.170 0.605"  -0.362" 0. 406™

Relative humidity -0.075 -0.061 0.003  -0.337" -0.212 -0.659"  —0.596"  —0.341"

Wind speed 0. 042 -0.142  -0.053 -0.251" -0.142 -0.506" 0. 206 -0.234"

Solar radiation 0. 166 0.024 0. 040 0.255"  -0.138 0.492"  -0.095 0.291"

*p<0.05; **p<0.01

XFFAAHEEE, K5 PAEs(DMP, DEHP, DNPFIDIDP)H#E 5 H R AR KR (r= - 0.337 ~
—0.659, p<0.01), XAIREAR:EMLEE S AF T K I RERTURL 2575 e i BRAE L 0 nT RE 4 i
WS RIT RARIE A AR TR, TS R SKAHNY,, (23 T PAEs )i FR™'. DEPHIDBP
PRI R 5 e ) A5 0 0 5 RO B 22 IEAH SR (r = 0. 231~ 0. 260, p < 0.05) o R EEARMF TR
R TS S ) KBS T REAT ) T P X SR I (0 T e s e, B I LA EURLAR i) R AR
KISy PAEs 55 RGE S AR (r= —0.251 ~ —0.591, p<0.01), PRBLT KT Leb i F B b
YER o AT RPFHERST, BMPP, DEHP I DNP 3 ffb &4 5 H R IEMH KR (r = 0.255~0.492, p<
0.05), CAHWIIELI, KEAFEGT G AR T R B RITE, i e moR it g 72
ARIT X LE PAESs 0 W2 B N SR RS S AURLAE b



5 8 ZEPLHLAE . MR DR USRI AR R B IRIR 075 G % 5 USSP BNl R 343 A 1137

3 &

AFRFGT AT T HNPB FI GDPB B4 Ak 363 TSP 1 PAEs (75 JUIR L ZAFIE, #E40LT PAEs Y45 [H) 43
i, RIEHTE T EZAA PAEsHEBCR, FERE ABERRER X T TR . oAb, B8 TR R AT
PAEs /R EEQI SN, 2555600, AHIL T GDPB, HNPB HAG#: A& ) PAEs15YL; 1EHNPB, fifbilk
BRI XSRS LI PAEs YR EESE R, GDPB UFEAT AL FIEENIN T Aol 8 HA R X558 5 1Y) PAEs ¥R
HNPB Fl GDPB Wb 3= 22 4l PAEs B AFEHE R 537014 0. 48 ~ 191 kg 1 71 ~ 184 kg, JAlil AHEZNFIR &
BFFTET PAEs () XS ART KBS BIME . PAEs 2 18] 8RN BRAL I R L) L B A T it v 7 i 2
15 YIAE TSP IR A SE S R I R ZR A 5 B BB b S NG, IR
TSP H1 PAEs iR BE) EZERGR A FE, HUCAAH O BRI XU .
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