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Dlstrlbutlon Characterlstlcs and Ecologlcal Risk As_gessment of Phthalate Esters

in Surface Sediments of the Songhua River :
WAI}IG Huan1 o % YANG Yong-zhe' ,J WANG " Hai- yan’?" | DONG V(/«Eri-’}‘fangz‘3 , YAN Guo-kai’”, CHANG
Yang LI Zétwen™” ZHAO Yuan-zhe' TIN'C Y.H}q

(1. School of Env1r0n-mental and Municipal Englneenng, Xl an University of Architecture and Technology, Xi’an 710055, China;
2. Reseatch Center for Environmental Pollution Control Engineering Technology, Chinese Research Academy of Environmental
Sciences, Beijing 100012, China; 3. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy
of Environmental Sciences, Beijing 100012, China)

Abstract; This study assesses the spatial distribution characteristics and ecological risk of phthalate esters (PAEs) in the surface
sediments of the mainstream and tributaries of the Songhua River, China, using concentrations and composition of six PAEs, which
were analyzed using gas chromatography-mass spectrometery ( GC-MS). We assess the Z6PAES ecological risk using the hazard
quotient ( HQ) method and environmental risk levels (ERL). The results were as follows. (D It was found that the total concentrations

of z 6PAES ranged from 6 832.5 to 36298.9 ng-g~' dry weight (average 18 388.6 ng-g™'), with the main contributions coming
from di-(2-ethylhexyl) phthalate ( DEHP) and di-n-butyl phthalate ( DBP). The difference between the main stream ZGPAES
(6832.5-36298.9 ng-g™", average 18 616.9 ng-g~') and the tributary Z 6PAES (10367.6-26593.3 ng-g~", average 18 264. 1

ng-g~') was not significant (P >0.05). The mean concentrations of individual PAEs in the tributary stream differed little from that of

the main stream. The Z 6PAEs concentration of the Songhua River decreased initially but then increased from the upstream to the
downstream. The average Z t"l:'AEs concentration in natural agricultural areas (18 677.5 ng+g™') was similar to that found in urban

industrial areas (18063.7 ng-g™"), and DBP and DEHP contributed 98% of Z 6PAEs . @ The main sources of Z 6PAEs were

domestic, agricultural production, and industrial production using plasticizers. 3 The ecological risk assessment indicated that DMP
and BBP in the surface sediments of the Songhua River did not pose an ecological risk for aquatic organisms, and that DEP was
associated with a low ecological risk, whereas DEHP and DBP posed a high ecological risk for aquatic organisms.

Key words : Songhua River; phthalate esters (PAEs) ; sediments; spatial distribution; ecological risk assessment
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Sampling sites in the Songhua River

Labconco 23 /] ) ; Visiprep DL SPE [& AHZE B8 B (58
Supelco 23 ) 3 ASE-350 T3 5 F1) 46 B ( 25
Thermo Fisher 23] ) ; SE812 & Wik 45 A% ( b 5% iy BBl



14 TAREE . METLRZ TR PAEs 435 REAE B AR 28 AU PR 235
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FE DU AL A HLER (TOC) &

1.4 U HT A0
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Table 2 Concentrations of Z 6PAES in the sediments of the Songhua River
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Table 3 Comparison of z 6PAEs in sediments of the Songhua River with other waterbodies in China and abroad/ng-g~
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i 950.0 ~3500.0 590.0 ~2290.0 500.0~1750.0 420.0~1300.0 550.0~4770.0 480.0~16200.0 [19]
BRI =8 1.0~19.0 1.0~91.0 42.0 ~5030.0 nd~113.0  415.0~29500.0  nd~181.0 [23]
Ky il Bt — — 1666. 0 — 1659. 5 — _~T20]
Judedn. nd ~4.0 nd ~6.0 3.0~230.0 — 33.0/~1280.0 e :_/.u [‘,‘}8' ]
RS (R E B ) — — __nd~1130.0 — 400. 0 ~ 34 800. 0 = 7 k1
FATETL (W5 /R UEEER) 25.2~87.8 26.7 ~38.2 8.1 ~881.2 nd ~96.3 ] #2271 ~ 566. 5 nd ~377. 4 L38]
Hi1b] 6.0~1336.0 1.0~42.0 80.0~2627.0 0.4 ~286.0 v o3L0-~1 ‘fiszo. 0 0.2 ~2g_,.-0' u,u_;f" [39]
Gomti i (E[IEE) nd ~490.0 nd~350.0 ~  nd~340.0 — f nd-+3 240.0 nd~530.04° (2415
Epe 81 HAIE) — 13000 180.0 — /2800 — o 12
Lagos BB HAITY | — [ 1900 | o/ a46b0 — & 160. 04 — Tos)
a | r ol Rl i | [ =

SRR, ORI TR TOG o
U BLI ) B PR 25 22 — 0 A i e

I ABRAERRE L UTBL T TOC & 0.0%
2.7% (I H 0.9% ) , PAEs 5 TOC AH 1 ]
2 s AR P =0.05 /Y E {5 KF F,PAEs 5 TOC
KA B, FMIHALTTRIR 17 AL > PAEs
ST R ZUUE Y TOC SRR, il B s
B IRA . DUTEHLE AR RS N R A e
2.2 UL PAEs 4 RAFAE

PMETLUURRY D PAEs 1145 PAE B X

L] ZP:\ES P=032 e DBPP=0.58 & DEHP P=038

25 000

SR RS & UK TR IQC K

H
.
20000 | - a
L] L] A
- -
[-11]
&0 = .
= 15000 A A -
= Am A
& . .
- % _
Z 10000 | L. . A
- N & s o
A e A
A—m & A
5000 b e e e
. [ ]
L] : .
(1] i
0 0.5 1.0 1.5
TOCM%

W DEng“"{'SI 80% ) > DBP (41.35%). > DEP
(0.28% ) »'BBP(0.25% )| > DMP (0.20) > DnOP
(0.07% ). N1, N2 N3. S7 1S9 457 DBP /i Hiis
N 50. 3% ~ 67. 5%, Heax sififR D3 s/ 4 DEHP
Hi I R K 56. 0% ~ 87.3% (18 3) , il LI A 16
T SR LAY v PAEs F % 40 4> 4 DEHP Al
DBP. [E N iF 2 0 5% & B W 3 LR 40 b PAEs DA
DEHP F1 DBP k%20 43, an VLl Be . K1 A
) AT RESE N PAEs R SENRERI A LTS
el o WK 40 P R0 R KR PR AR, 1 A K A
1) PAEs 2 TAE TRy i & 45, J0HOXT F W i fi

568 R 7K P AR U B /N B DBP AT DEHP, 5 — T

4 BBP P=0.64
v DnOP P=0.83

= DMP P=0.12
e DEP P=049

150
A
% 100 a
&
41 - " ® .
£ 50 i :c——_—_:_—_':_ -
e [] &
" ¢ . ]
's A
‘-—:—‘-v—l—w—l B
0 = L) v v
0 0.5 1.0 1.5 2.0
TOC %

E 2 PAEs §£5 TOC pytEx1

Fig. 2 Relationship between the concentrations of PAEs and TOC



238 wooom B % 41 %
100 F
80
Il oor
) —r
3
5 | —
< I osr
- I o:r
£ 40l I ovr
b nd
20 |
1]
NI N2 N3 N4 DI D2 D3 SI S2 S3 S4 85 S6 S7 S8 S9 S10
B3 WMITIREINIRY PAEs E& S AREFTES
Fig. 3 Z 6PAES composition characteristics in sediments of the Songhud River g _.--"'.- - |
; .d_;-‘__.r'u' IF

Wi 7T GE S K2 DBP I DEHP J& T e A 33 Y
PAEs™ "% ifif DMP %A | 3 HL 7 4 198 £
E=R A JE’JE’NF]—F»&%%%[SZ ) ﬂ*hﬁﬂ*‘_{ﬁ%%’
Wi DMP (#5340, | [, ) =
2.3/ iR PA,E.S T "7 1,» :/'
ﬁﬁﬂiﬁi"ﬁv\ﬁ/iﬁﬂ‘ﬂ" W{I%Fmﬁl%?
PAES ok PRSP 4 R, DR %#%%H;Wf/\
ﬂiﬁkﬁj\ AT ) (PC) E/J%“%?E{Eﬂjjﬂul 7’5%

@Eﬁﬁ%{ 7357 T196F1 84.27%, r% ’Eﬁ‘j‘ﬁ/ )t

(PC])EF"'DMP(O 9). BBP(0.8). DEP (078) .

DnOP (0. 8) F1 DBP (0.7 ) %2 BUAR & B4 1F 2% 57 , 1 1]
MR IE AR, 1] DEP 1 DBP J 2 AF 16 TS AP
BRI e B DMP H DBP S8 AR T 4
P iy 2 PAEs 22754 BBP Al DnOP U]
FET A BK mEFAR A7 8

T FER Sy (PC2) H DEHP (0. 6) 2% fif £ 55 , DEHP
1.0
= DEHP
e Dnop ® DEP
<
3
g0 = DMP
03 2 DBP
= BBP
-0.5 0 0.5 1.0
PCI1(57.71%)

E 4 PAEs BKEM S5 EFHEE
Fig. 4 Factor loadings of PAEs congeners

by principal component analysis

E%m?%A%IﬁiF¢mﬁEJu& gS)
ri Tﬁuirﬁu Bt ER e fiE 99.60] HHT EHP &

ST AR, S 60 A A
SO A 001 TS B P SR g R
H2h &= ?’J:‘b 2082 ﬁ*t 25 Bk #3707 piy
hm? "% FHLH:_W PCL AT RE TR T 4?*"
)\TFIEnnFFH}@éEI BT T PC2 MR o

UMTQFWU&R&EF@@¢Nﬂﬁ?i&
%ﬂ%@ﬁﬁ%¢Pbe%%%?A%Hﬁiﬁ
Fb AR UL R & A BB ) Tl A=, X
B4k g 45 ) B T A R — K
2.4 DUFRY) PAEs A S XU PEHY

AT S van Wezel 251 1 2 P FF PAEs
# ERL {& ( DBP I DEHP Ay ERL {43 %1 & 700

ng-g ' FI1000 ng-g™"), MAHXTI5 4 R (RCF =
Conp/ERL, Cp\p. 0 PAEs MBS SR8 & ) 4 ﬁ'%/J
1, PAEs ANETE NG Wb TP A SRR AU s 25 K

F1, PAEsﬁTWﬁ/%%Cﬁc%ﬂéE*i@m& =T
HoAh B4 PAESs , [ G007 Ry (il FH 52 [ 42 i 4t
A (4 U0 B A o B R LR, & 4L 4y 3R 610
ngeg ' AMETL T AR Z DU T Y DBP
DEHP 8t 1 9% [ 42 B N A A ) Joi 2 2 7 K 7
H RCF{E# KT 1,38 DBP F1 DEHP X 5% [X 45
HERBAAAEN 0 W TR AE BT, X 5 E
PR AT — 0 HiAy 4 Fh PAEs ¥R 36
| 1 B TR A o ek 2k, 2 HH DMP . DEP | BBP
1 DnOP 3% 4 Fh PAEs A 25 XU 48/

R RETESE— 2P0 T BT DTRR Y 5 Ff
PAEs X7KAAWIIAEE (R 4) , 5 Fl PAEs 1 HQ {H
HEFF 40 F . DBP > DEHP > DEP > BBP > DMP. H



14 TAREE . METLRZ TR PAEs 435 REAE B AR 28 AU PR 239

DMP #1 BBP 7E45-VLE ) HQ {H¥/NF 0. 1, %8 DMP
F1 BBP X245 VLB K A A W 34 I HE S XU DEP 7645
TLELR HQ EI KT 0. 1 1/NT 1, 2B DEP XF 4571
BOKAAW AR AL FAIR/KF-. DBP 1 DEHP 764

VLR HQ {HY KT 10, 38 DBP #1 DEHP X 4% V1.
Bk BA A SRS, ST b DEP Al
DEHP X 7K A= A= 9 1) JXURS: b3 s v, i T DR

i DBP X 7K A= A= B4 XU HE S e

F4 PAEsHIHQ #75
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DMP 1303.4 0.0 0.0 0.0 0.0 0.0 0.0

DEP 211.6 0.3 0.3 0.2 0.1 0.3 0.2

DBP 141.7 79.0 37.9 48.3 80.0 43.9 73.7

BBP 1180.9 0.1 0.0 0.0 0.0 0.0 0.0

DEHP 246. 2 33.7 49.1 45.2 26.4 48.3 31.9
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