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Contamination and health risk of phthalate esters in soils
from a typical waste plastic recycling area

WANG Yuwen' CHAI Miao' ZENG Ning’ TANG Zhenwu'""
(1. Environmental Research Academy, North China Electric Power University, Beijing, 102206, China;
2. Institute of Materials, China Academy of Engineering Physics, Mianyang, 621700, China)

Abstract: Levels and distributions of phthalate esters (PAEs) were investigated in surface soils from
a typical waste plastic recycling area in Hebei, China. The results showed that the concentrations of
total PAEs ranged from 0.517 to 30.1 pg-g™' with a mean value of 6.98 wg-g™". Levels of PAEs in
the investigated soils were similar to those soils in some e-waste recycling areas and were one to two
orders of magnitude higher than those reported in other urban soils from China. Di( 2-ethylhexyl)
phthalate (DEHP) was the dominant congener (representing 68.8% of the total PAEs) in the study
soils, followed by diisobutyl phthalate ( DIBP) and dibutyl phthalate ( DBP). Source assessment
indicated that the emission from waste plastic recycling was a major contributor to PAEs in the soils.
The carcinogenic and non-carcinogenic risks of six congeners, i.e., dimethyl phthalate, diethyl
phthalate, dibutyl phthalate, benzyl butyl phthalate, di ( 2-ethylhexyl) phthalate and di-n-octylo-
phthalate , classed as priority pollutants by US EPA and European Union, were estimated through the
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main pathways: ingestion, inhalation and dermal contact. The non-carcinogenic risks to adults and
children from exposure to soil DEHP exceeded the acceptable level. Our results show that crude
plastic waste processing is a major contributor to PAEs in the soils, which should be of great
concern.

Keywords ; waste plastic recycling, soils, phthalate esters (PAEs) , distribution, health risks.

LB2K — W RS ( Phthalate esters, PAEs) Y FREKFRR , & — Fh B07Y () IR 15 B R 295 4 ). KB4 4R
THRRERRAC S W EA MM EE N, BT W R 1 A, AR R K R B R i
FLPAL S | H A E R AR2E  F BREE TS YA A et s Y 45 B

PAEs 297 ARG S50 2 T B0 @SR R ERLE T R Ak i R 2 21T
k. TR PAEs 4F /=R BLEL 20 100 J5ml > . 452 F RIS A6 7R o B v, 38 5 A AR R 4 T
HAREIERS, =M AL E SRS TR ESRED . 4k, BN KRESEIRE T PAEs R
BEAEAE G5 R0 5 UURR) KR 58 2 5] PAEs 75, Horh A i X 3 RTURRY) PAEs 754 ™ & |
o HR H R R A b, T RSB S 55 PAES 5 YL i PR KU 85 25 Y i T PAEs B2 A
FHF50Rb 7 2 SR LA PR R p T B K B, 3 BO™ HE A PR BE 5 . SR, 384510 R WL 1H
SR B 1 PAES 75 YL 4 E.

DRI, AR BT 5 e 48 3 [ ML R0 5 [ SR Ak 0 s R FF 5 X 38, 43 Ak b+ 358 TP PAESs 975 /K P
FITE R AL BT, PEA N AR5 32 B BRE IXURS: , LASOTA FR ) P AR V5 Y g il A JXURS: 5 PR AR A 3.

1 MBS 7 ( Materials and methods)

1.1 FEELCREE

T ECFR ] ) b A AL TR ok R Ak A A5 X e 0% X, B R A BN Tl AR 30 4R A
A MO ABGE ST 10 J7 . 2007 4E Rl 55 13 42760 320k 4 58 4 i [l e A1 P 32 240 355 % 98
B EVE R B2 AR A I X 3R R DI/INER R R AR 2 A PR TR T B TE S e s i1
it EHT, 3% DX 5 1H SR AR E B Y 455 H s A PR 15 L A TR B AME &

2011 4F 11 H RS T4 e . T2 DU SR [mDISCR FH A 31 A1 e a5 AR 5 3 b PR 45 8 A e R
S (HY 25.1—2014) ) SR FH R Ge A 573, 765 1H SR b JE 0 B B A 2 ke YL (17177,
18* 22% 23* 27* 28* 29* 30* KAL) AL EAEDTN (2% .7 10% 14% 16" 20" 24% R kE 5, M WUk
WERE AL ) Mo VED 1] (3% 47 5% 6" 8% 97 117 127 13" 157 197 21" 25" 26" Khf ) fi'® 30 S RAE &
(1), RELRRE0—10 em THE, FARAEELE 10 m*TEHE PR 4 D TR RSB —NMREAFE, DU
BRI kg I A BLTE VR 002 TEAVELGT A I 520 5. 7R = IR (<20 °C) KT, B iR EE
WEJ It 100 HAE G, TAR G DAL SR —20 CARAEZ50Hr.

1.2 AR5 S5 418
1.2.1 Mk SREY)

AR7K T HIRES 16 FhebR (4075 —H iR —H s DMP 417K —H iR —. 2k DEP 42K —H iR — 5% T I
DIBP £B7K —H 2 — T s DBP SF K —H 2 — (2-H 5L ) £ fiE DMEP 43K —H iR — (4-H %2 j3t)
fig BMPP A8 —HIfR —(2-2 %8 3%) Z B DEEP A7 iR — % fis DPP 4P — H iR — C fig DHXP 4%
R HIR T RN NS BBP ABR R —(2- T 4 3E) 416 DBEP #F 8 —H i ALl DCHP (4F R —H
ik —(2-2.3%) Tk DEHP 4F7K —HI iR —ZKfg DPHP AP 2K —H iR —1E [ DNOP FI4P2K —HIi —1F T
fis DNP) JEFRFINFR) (R H ERRER) 2906 B € E AccuStandard 28 &), PR L 1F & %56 . 58 e 44 o 433
4 (J.K. Baker) ; To/KBRIEREN T PEEALER (100—200 B ) FGH F-32 R 43 Br 46 5 528 7K Sy 4tk .

1.2.2 fUERi&

KX-2013TD B H AL (AU BHEA R AR, D% 360 W, % 40 kHz) , RE52CS-1 e 7% &

AL I SRR ES) ) s D10—12 EWRAL (BT B2 AT FRA 7] )
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1.2.3  EHrkEl &

JEHTH PR AR T IR AN A BE IR AVATR (V V= 1:1) B AR B 30 min J5 T 5 300 R S8 5 LA
250 Cififk 6 h,180 CiFifk 6 h, Ml 3% (i3 40) #B 4Kk 385 -7 T Tias b & HL. EHTR oK
TRIRENE T S b 450 CHEE 4 h JEiEF T TR P& .

EALARRE A AR TR LA ENTRE (4R 10 mm, K 350 mm) R T EATEE N T ZE |
WK FE 1 em JOKBRBREN 4 em TEEALE 1 em TOKBRRREN. FRERTLL 40 mL iF C LA Tk vE.

1.3 FEALETALHE

FRIC10.0 g V2T T 4EFE & T 50 mL R IUHE I ELOE T, A 30 mL 5P bt/ T8 B TR & 2 O
(V:V=1:1) A B30 min, IEBOREER 224 3 g TKFIERENA 5 g 5 A 9 100 mL HLZE =i+,
FEAIIA 30 mL IR G 2 RE I 20 min. &I T A HRBOR , efE 25 & 2 2 mL, & 1E O b B 5 3 E b
AL, 70 mL IEC e/ PR (V:V=4:1) Wb, VBl DA /W 2 0.02 mL, LA AR R H
TR EA R 0.50 mL J5 3T GC/MS 5E.

1.4 AXEF B s
1.4.1 A%

P Agilent7890GC/5975MS M3 it i A4 T/ M 1 A AT 8335 4 . HP—5MS (30 mx0.25 mmX
0.25 wm) BMEAFLRANEFE , YRR TR 250 °C, #ER 60 °C L 1ER 1 min, P4 20 °C-min™ FHE = 220 °C,
PAEE 1 min, FELL S Cemin™' FHIRE 280 C, PAFF 4 min. 2K 0w 4 2 (= 99.999%) , #F i 8
1.0 mL+min™ AN IR
1.4.2  Jig &

NCI B T8, 5 FIREE 230 °C, PUHRFFIRE 150 °C, MS {2 EE 280 °C A FIFEIR 3 min; 44
2 AT R Bl 50—900 amu , FEFE 2 TRz ( SIM) T X6 & Wi A 7 B
1.5 il

Ryt G PR PAEs X SC5G A5 S5 5 AR A ST g LA SR FH 3B 3 1), S I 28 TR P
Ve E  ABERE G ML, RESCIR A . A8 2 s A v B 0 iR A bR AS B B INAR 4 BT A T R
P AT S PR B A BT RE S 0 1 A28 R LIRS B0 3R RN 25 28 A5 T AR B, B 10 RE AL 32 4>
& 16 A RPR B FUMARFE.

Ph 16 F PAEs Hipnxt BARL A PiEA T Mo b , AR X & B L AR ik 22 il bm o il 4, 2k
JEEA 20—1000 pg-L7'.16 Ff PAEs SR nbr a1l %y 84.7%—123.2% , DMP .DEP . DIBP \DBP |
DMEP .BMPP . DEEP . DPP . DHXP . BBP . DBEP . DCHP . DEHP , DPHP . DNOP #1 DNP J7 ik 4 Hi R 4
0.942—10.1 pg-kg ™.

Wen'an

S
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A
REEH

Daliu Town 4 800 m

{35 ] Workshop soils
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Fig.1 Location of soil sampling sites
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1.6 WEGPEAL
N USEPA $fEF2BUAHY  X6F PAEs 1)3E 250 XS Ao WS HE1 T 0EAS . PAESs [R] 2%+ DMP \DEP |
DBP 1 DNOP JKy3EEUm4) 5t , DEHP F1 BBP S EUE ) 1. 4 b s [ 20l S IR 2 (B A) fdk
REIEA(EHEEA R R ) A PAEs. RN .
C. . XBAFXIRFXEFXED

ADDinlake - BWXAT XCF
C  XIRSXEFXED
ADD,,..= BWXAT xCF
C_ . XSAXAFXABSXEFXED
ADD,...= BWRAT xCF
CyXEFXEDXI,
ADD, ... =

in]]']]E_—X
: PEFXAT

CR= ) (ADD, x CFS)
ADD,

HQ= Y ( RD.

Hrb c,, HbpbEWE =D R E (mg-kg™") ; ADD, , FERE &R H H & (mg-kg '~ day ™) ;

HQ, JEBU&E R ; CR, Bom K, e S0 1.
1 KRB RGIEAG T S5

Table 1 Parameters for risk assessment in this study

24 X PBAA %A Numerical data SR
Parameter Meaning Unit B Adults JLE Children Source
IRS TR mg-d™! 100 200 [16]
AF - ORS B mg-cm”™! 0.07 0.2 [16]
SA J Tk 7% 1 T R em>d™! 57000 28000 [16]
ED I ] a 24 6 [16]
BW YR kg 70 15 [16]
IRF JE R R Y mg-d”! 710000 236000 [17]
EF 2 ful i d-a’! 350 [16]
CF iR T — 107¢ [16]
PEF P HEH 7 m*kg™! 1.36x10° [16]
1 I m>d! 13.5 [18]
CFS EOES (mg-kg'-d™") ! ];E};i (()%8]]94)) [18]
ABS igi)&t%*%&ﬂ@%%% - 01 [ 16]

B XU, 365XED

AT VR d o KUK, 25550
DMP (10)
DEP (0.8)
U 2 ME R B AR E o
RID v mg-kg™+d DBP (0.1) [19]
BBP (0.2)
DEHP (0.02)
DNOP (0.04)
DEP (0.108)
BAF PAEs M\ -3 &0 & 4 R4 — DBP (0.108) [20]

DEHP (0.166)
DNOP (0.166)
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XETARSCRIR % HQ> 1 W B AL AR SRS X T SORIR 7 CR>10°, M2 R 4L
BRI >

2 5 51718 (Results and discussion)

2.1 -+ PAEs fIT5 4K F

JE IHSR AL B 155 16 A PAEs BB & ( X ,PAEs) 4 0.517—30.1 pg-g ', YIE A P55 51
9 6.98 wg-g " M3.43 ug-g ' (K 2).DEHP &84 0.243—28.4 ug-g" , BMEAP A E 54 5.31 wg-g™!
F2.26 wg-g ' AEDT N AED7E AL B HE D 3 Y PAEs 19X &40 510 8.55 .5.87.7.49 pg-g ' Ak
EHAEDT N 13 PAEs 1975 Judng™ 5, b B0 R ik 2 (BN [R] 2680 10 PAEs ST 2ZE R AR E (P>
0.05) ASFEWEDE:RAL S, BL 1P RAE S Y (PAEs & ffie iy, 3% Al g5 H R B A0 OMEY (107 SR kL 55)
N PAEs &3 A G, ARBFFE Y A T Ah b R 11 00 234K FF 5575 Y™ B, 3K ] BB 5 1% X IR e skt
PR A 5

35
B DEHP

30+ B SPAEs
= 25+

20 -

2k
4 m
Sk

Concentration/(ug-g”!
o w = @
l L T T T
3 j—
6 =
§ —
3
—
=
k
=
) pE——
0 M=
20 [
04 [—
95—
26 =
0g [m—
0 [——
30 ——

Sampling sites
2 JRIHIERALE b 5 PAES 755K
Fig.2 Levels of PAEs in the soils from waste plastic recycling
PO T 2 | H BREAL B b 9 5 A DX - 8 PAEs 975 2257 (£ 2).

T2 AFHLIX 5 PAEs {55LKF
Table 2 Phthalate ester (PAE) concentrations in soil samples from the waste plastic recycling area and other areas
DEHP i Y. PAEs i

Hh A it i) T . HEX7/L e E=B TN
Location Time C”“‘"’e“tra“m_‘]’f Concentration ff Homologs number Reference
DEHP/(pg-g™')  TPAEs/(pg-g™)

AR R ST 2015 0.243—28.4 0.517—30.1 16 BN
SRR R 2010 ND.—14.1 2.69—18.8 5 [4]
FERR R 2009 ND.—349 1.55—593 5 [5]
BRI L 2008 0.0260—0.196 0.143—0.882 4 [6]

Je st % 2008 ND.—0.252 0.716—8.33 7 [7]
J NIRRT 2008 0.892—264 1.67—322 16 [8]
TR 2008 0.107—29.4 0.195—33.6 16 [9]

T T A R - 2015 0.120—5.82 0.400—6.20 6 [10]
ARALE L 2015 0.517—2.12 1.37—4.90 15 [11]
B S 2005 0.0220—0.0760 0.113—0.171 6 [12]

o 2% 4 2005 0.0318 0.0324 7 [13]
P27+ 1 2002 0.0120—1.90 0.0320—3.27 7 [14]

TE:ND.  RAGH.

X PAEs {5 4KF- 55 f 1B AL Bt ) N A T g Ak T ) — Bk ¢, (H i T A U3
P R I S R AR R b L AR S, m TP A R I 1 R G, e 2 R [ M
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e 2 R g 3R B (AR R M A B PR B BT A o (NESR EE LR ) ) ML PAEs 1Y R O
10.0 pg-g™" B IXIA 23.3% M RAE AU f i i X — FRAE, X SR A S 20 TR A TR B TR, IR TH
SRRSO T Ml 78 2 X AR 20 4F 2K, FZE DA BEAES = Mo T o0k 32 A TCHETS 45 PR A it A<
W55 13 DBP &4 0.041—1.01 pg-g ™', F¥I8 0.239 ug-g™', H 5 DEHP #5817 56 [ 13 PAEs £
il (DBP <0.081 wg-g™' ,DEHP <4.35 pug-g ") .0l WL, iZ X 8+ 3 PAEs 75 YLkt T4 =K.
2.2 11 PAEs FIZH AT

FFINE 1 16 FhR 2P+, 5 DCHP (594 R 10%40 , HAT SR RS R 10 100%. fi &l 3 7T,
DEHP J2 = & f 5 1 [F) R P SRR Lo et ok B DT 4.42%—97.1% , ~F- ¥ {E A 531k 68.8% il
77.0%. H:¥XJ& DIBP 1 DBP, 35l i 3 | PAEs (1) 12.9% #i1 3.43% ; DEHP DIBP il DBP =¥ GifkFR 2 Ml
X T K 85.1%. 7] WL DEHP  DIBP il DBP y PAEs 85 4Ly, iX 5 3CHk [ 25 ] ) S A0 &5 51— 5
DEHP J&—Ffife) 12 (A8 88500 > I RS e K B8k (log K, 0 7.3) , - HExd HA i 5
B 3700 AT RESEL T DEHP 75 - 3ER 5 B

0.1

100000[
210000 °
o0
-4
-;_r’D o
Z 1000k o
s *
=] o . * o
E ° * % * ° * *
b= - o
= 10 ée - .
LT aze Il
Q *
10t == %é éé
]- IR Y TR TN TN SN NN [ N S N N S——
-
o
[a)

3 JRINIPRHALE 5 rh PAESs [F R Y00 A FeAik

Fig.3 Congener patterns of PAEs in soils from waste plastic recycling sites

2.3 3 PAEs AT RESK IR

WBEr PAEs F2 R R T34 98 50 A4 (57 FH . 384 998 59 2 9 bk ) i v — b S ZE A AR I R0 LR PVC
SIS A A, SRR RS R R )2 A — B AR, 7 A R SR Y 70% 224
itk —25 T ff PAEs R XI5 Y i AT T TR o SR BT R 3 A R, R T ST 221 87.6%,
R 4.

DCHP o o 1.00["  pemp
075 DIBP ©
DPHP 0751
0.50 - BMFP
;\3 ;\3 0.50 ]%Bp
S 025F  pewp S DHXP
g/ e ;13/ 025 DIBP °
2 o DEEP i 5 °
° DPP 0 DCHP Dg EBDOPHP B'h’,[“;g"‘)?,%‘.’%
025 DHXP ° [;’M[‘,’Dpo:o BEP)
DBP DNOP°§§?’MEP 025 DMEP
~0.50 - . —-r D§EP
DMP
1 1 1 1 1 1 1 1 1 1 1 1
0 0.20 0.40 0.60 0.80 1.00 0 0.20 0.40 0.60 0.80 1.00
PC1(57.0%) PC1(57.0%)

B 4 PAEs [RI R E 508 —4E 87 K

Fig.4 Factor loadings of PAE congeners on two principal components analysis

F— TR (PC1) TTHRFR A 57.0%.DEP . DMP .BBP .DNOP .DNP .DPP Fll DMEP 755 — F i %k
Trde ey, ) s B ) 2R 4 TE AR SR 38 (r M 0.737—0.982) , ZE BB A1 146 AR ) B SR B AR L A BRB5 4T 4.
DBP .BBP .DEP .DEHP #l DNOP | iZ f£4E T PVC il P2 Pve [ISOR] A A K, 3 5 & 2R 9
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R EZ RS i I, 55— 32 A B PVC BRI T SR FH A R A T e HE L.

5 RS (PC2) TTHRE N 22.6%.DCHP \DBEP 1 DPHP 7845 — 3 W4 A 2k far AL, 3 22 [R] R )
S FE A SEE (r 2 0.958-0.990, P {4 0) .DPHP ,DBEP F1 DCHP S5 BURS ¥H 70 | %514 40 484 98 ) 14 fig
FAR.DBEP EAT HUsi e, DCHP ELAT B il R0 44 2% 07 e ATl B R UR T e 880k, 4n 15 P ¥ )
HL 9k}

55 = Fr (PC3) BTk %N 8.03%.DEHP 7655 = T4 Fi#im s, Hik & DBP. A s Frik e
&4 DEHP il DBP'* % X 3 -3 PAEs iR A B2 3 T 4L 1% 3 152 .

2.4 PAEs XU P

PEHSE [E EPA FIRK B ALSEE 01 6 Fh PAEs [F] R AT ANAMEERRE XU T4 .6 Fh A mT X A4
FEAE AR E0E KRS, o BBP Al DEHP 34 A 8 3% 31 20 KU 28 XU Al AR 80 11380, g L 35 %)
DEP .DMP .DBP .BBP #il DNOP % & iy3E S0 KU /N T 1.0. 1/ % T AL, 48 514 16.7% 11 145
H DEHP F1 X (PAEs 1) HQ {H R T 1.0,23.3% 1) L3 rp DEHP H1 X PAEs #Y HQ fHR T 1.0, X 2L RFF 5
AT FAT I % X 5, DEHP 1Y (PAEs 552 i A1 B0 XU B 5 | FR.

DEHP H1 BBP X s A\ LEE (800 XU an 2% 3 frx. DEHP XA AL CR A 19 F- 27K 8
i T EPA #EAE B EUE XS W] 32 K F- (1.0x107°) , AN AT $25%. BBP X} B A FLZE R CR {H/N T 1.0x
107°, BUa KUK T #2532 Ab B 3 J8) 11 4 3 DEHP 5 1255 A A B0 XU e i35, Ab B /R D Nk 2z, VE B[]
e/ s X LEE R B i AH R R

%3 DEHP 1 BBP Xf B AL (14 S0 KBS
Table 3 Carcinogenic risks (CR) of DEHP and BBP to adults and children

A Adults JLE Children
95% 15X 95% B 17 X
- ) [ - R . ) [ - B
o or L] 5 o L
95% confidence 95% confidence
Range Average Range Average

interval upper interval upper

limit limit

8.30x107 " — 2.40x107 1" —
BBP (#{k 5.03x1071° 9.70x107'° 1.45x1071° 2.80x1071°
( ) 6.91x107° 1.99x107°
1.90x1076— 7.36x1077—
DEHP (#14) » 4.15%x107° 6.25x107° 5 1.60x107° 2.42x107°
2.22x10 8.59%x10
2.20x1070— 8.51x1077—
DEHP (1) o 5.17x107° 1.09x107* 5 2.00x107 4.23x107°
2.22x10 8.59%x10
N 2.44x1070— 9.46x1077—
DEHP (fEHH) » 4.74%107° 1.08x107* _s 1.84x107° 4.18x107°
1.83x10 7.08%107
. 1.90x1070— 7.36x1077—
DEHP ({EJj[H]) 106x10-* 3.19x107° 5.42x107° 4 11x10-5 1.24x107° 2.10x107°

ABEFEH PAEs B XS A7 76 AN 58 Tk AL 48 13 b 5 G W i) AR W0 A R PN B S 8 i
B Z2 s BB 1 P XU S5 95 e ) A DR R R B AR/ N WAL, A B8 Xk A At B i i At
F AW LI, TR PAEs YA RN 11.0%—75.1%" BT g5 780 28000 2 BT EA7 78
—EAENE BAN WS IX L HEBR PAEs Sl REILAFfE3H PBDEs 8 2054, A nl BEAFAE 25 )
A B AR

3 758 ( Conclusion)

HARSEIX 35 PAESs {594 /KF-5 B F 1 0 A B 4 338 75 e AR 0L, i o — 138 1—2 B 2 3
I3 RHE S 135 PAEs 05 i i 3R A R b A SRR o bR o (i SK UL AR ) FRAEL, DBP 5 DEHP # it
T2 13 PAEs IR A ISR AL 5 L3 h DEHP F1Y  PAEs 7778 3 208 XU, DEHP X i AL
A B K. DEHP \DIBP Fl DBP JZiZ X5 3% rh PAEs B9 =295 94, Ik [H 3R RNSCA H S #R rd s
JeHEROZ L X 38 3 PAEs 19 = ZORIE, A0V shth A F 252 .
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