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HCs J 41.01 pg-'L", itk -, DEHP X IR/KAEY RS HCs 4 521.46 pg L NEI TR IR EE(EA5 1 09 PAF (HE9 K/,

S BASTRI R A R ERR R o R AE 1000 pg L' LA, 230 PAF (EJLFR 05 M4FEWEEL 1000 pg L A,
BRI HESIY A2 B0 ;. YRRV TS 10000 pg L I, 61.85%F1 88.04% 12K AT HHESI Y5> DIZ B, 4

TRHIFIAT 64.34%Z 52, T N [5] s DX AT R 7K A 7 A 25 RURGE 1A 26 BH HK AR S XU IR, PAF 3232 0,

LEA: R,

hESES. X171.5; X820.4 XEAARERD: A

LK —HRMs ( Phthalate esters, PAEs) J&—
RINE R YR, ReE R M s AAE A S 41
fitto WFFERBT, <P F RS Al E L PGE | M4k
TE R RSB AR, FENFISh IR N 2
PUMEHERCR ER, AT S BN ML BT RS
HLRgsk #4031 2011, 2012 4F Singh Sher #
Li Steven Shoei-Lung 5G/5 & PAEs FEFEHT X A
FABRRE AT e AR IR A RT 3 ALA D AEhEE L
HRE RS I P R T A B | B B,
JF HAHEWT il e S B0 m A, HIE, WIKRRS,
AT TE SRR 20 FhpRD Y, ABK T HIR
FHEN AR IR (2-2 50K ) BE . KRR AL
(2-2% 3 ) BE ( Diethylhexyl phthalate, DEHP )
J& PAEs My —f, s (> PVC #4E5],

H DEHP 48 A BRI G255 A0 h 125 5 W R i it
ARG WK R (2-2 3D ) B
( Monoethylhexyl phthalate, MEHP )& il A\ At 5 XL
[SoAR I P T B =5 6 s G i LT B vl
Z A, 56 EFME RS (US EPA)C 4 DMP \DEP
DBP. DOP. DEHP Fil BBP %31 g {Ii S il 1) A 75
BYB | R DEHP & HIRAWMS % &
( Reference Dose, RfD) 420 pgkg'-d', R4,
EAWFFEX DEHP ZEA[F I REE /1 5T i 73 A A T
TArHr i, IR EHLRAK AL B bridE (GB 3838

BEEWH: EFRRHEKLIHIR H(20082X07211)

EEEN:

KA PR A sk
NLERS: 1674-5906 (2012) 06-1082-06

—2002) il DEHP FIAHCEREFRIE), (EAEeE
FEF AR A ZS KU ) 7K RS 5 T F5Y . DEHP %535
FIG Y] T i KR A A S R AEER T, Xk A
BB TEAERRS: , Had EPrsEfsbim A
TRfiiE, PRI, TFE A SR RUBS K A 25 XU T
I nE | AT A

YA R 53 7% ( Species Sensitivity Distri-
bution, SSD ) J&—F i G274 o Mk A S XU
2, AT A RS PR (0 35500 A AN A58 o o 2
TAE, tnEEARERE (US EPA ) ZH T4
PP TAE, EPANE TR T SSDR 7K A A 25 XU
PEM AN SEEREE AR S XS AR5 8 5+
HDEHP (1) & Y USRI At 28, 0 HL AR
DEHP X} T[] 4 W2 00 1) B M Ao 22 5 R Ho
fE, FEET IR FE A [F] i X K AKDEHPAM 1 i, 1
A 3 ] AS ] i1 X K AR DEHP R A [5) A= M0 28 51 i) A= 25
U, DA 3R E 7K A DEHPYS YL 9y 11 A 25 KUK 1T
M 5EIEMES %
1 MRS5FE
1.1 HARAE

SSDE 201 408 704 A R 24 i — Fb A= 25 AL
B e o P s . REITTER R
/N A SR GNA S 0 B AN B WS i (171 B LB L0
MNP T 22 590, Hofe # B2 1 i

BI981 4E4E ) |, B, A, FEMNFOKAEE SIS, E-mail: hooyan@126.com

SEIEES : VFIRL(1953 442 ) , B, BFEh, FEMNFHEERS:S TS . E-mail: xuzhencheng@scies.org

FEHE: 2012-05-13



H IR R RIS M A YA DEHP S K37k AR AR 25 KUK 1083

R AN T B4 4 A %k T Gl 1) A AN ) 149 5] 2 - 3550z M)
KER, WESHWEZRNAESRSEY, AEMY
Rt B — e R (A 384k 22 0 ) o) S0 E R
MR —E R ( BF) HER AR SSDRY
% — > M 1E 18] ( Forward use ) Al [] ( Inverse
use ) 2FPU 7N TF ) 7 e T AR S UG T
RIEL 175 Je vk BE oK -, 38 3 SSD N 26 31 53 7
5200 L) ( Potential affected fraction, PAF )
DL RAE A 35 R G0 58 A [R) 2000 A= W 19 A2 2 XL
B s T S 1l 7 ikl A i S R — N AE S RS
KA 5 1) Fh 09 75 Gy W e S5 /KT Fe il s 90 455 o i
e, — B 5%fG E W E ( Hazardous Con-
centration 5%, HCs ), 38 52 Wi A 8 o 5% ¥ Ff
BRI AT DAR 471 95% LA L= 1 ) Folt Bsf XoJ 7 18] 242 ¥k 2/
X735
1.2 IREHEFRIE

DEHP 1) Ji1 5 ¢ B £ = 2R IR Tt st A ek
A B TRMETT . B N BE L BT S
B R ETR . RKVTE B . ZIREX | IR
B RIVTERIBE . WK . WVl .
FZ RIS F K SCEkRGE (1) P
F1af L, e AN DK AR I DEHP 5 5 3 22 5
Bk, Bt Ei . B AT DEHPIRE 1
TR I I T AR X DEHP R K5 5
SR P DEHP B M O AL T 5 %Y, BREg ot
ZE B AT R RS R Y B R BV A 24 A,
PEPE A Ehro River ' DEHP B i & fie /)N, (k0.7
ng L, HAth LA [ 52 1 FEE 7T i P 22 Bk 4
HYDEHP Y 5t e B2 K F-AH 24 . B5ais R IR 15775 L)
AN — RN R IGE R, 2
BRI =BT P RERAEE; D2
S3HT W g A3
1.3 FHEHIERE

SSD A4 Al LIl FHLCso BLECso )8 NOEC
B 55 2o s g M, AR Sk 2
Yt 2 SSD , F 1 26 [ BRI 7 & ECOTOX Ak s
J& ( http://www.epa.gov/ecotox/ ) FIFH I Tk,
4£ DEHP X 7K A= 4= W5 i) 75 3 % dls o MR 4
DuboudingZ5 P> B 5% , 7 BRI 07 AR v an %
2. M TDEHPREEMEEHE EE D, TR HTRH % IR
2PMENLHE IE . (1) PR TS, (2)
ORI YR e (Algae ) . TLHMHESHY
( Invertebrates ) FIEBHESHH ( Vertebrates ) 32%; H

&1 EWSKEEF DEHP FERE LS
Table 1 Concentration of DEHP in different water body pg-L™"

X4 U ¥iH SCHk
B|#n /NN ND~32 7.80 [18]
IR ND~1752.65 370.02 [19]
B 22 B 1.04~109.93 37.12 [20]
B RS 0.347~24 12.10 [21]
B R ET R 3.912~31.8 17.10 [21]
KITERE 0.26~34.19 3.33 [22]
SRR 0.661~2.47 1.78 [23]
EATIR/TRLY 3.54~101.2 21.72 [24]
KT B 0.011~54.73 14.67 [25]
WOTLAR FHAK T3 0.61~9.15 3.14 [26]
WL e 0.61~9.15 1.57 [26]
M LR 481.45~1299.54 731.1 [27]
KA Velino River ND~6.4 [28]
f# [ Berlin 0.33~97.8 2.27 [29]
FIR 2 FK 0.9~5.0 32 [30]
F3E Elizabeth Harbor 2.1~2306.8 [31]
PHHEZT Ehro River 0.7 [32]
¥l Trent River 0.74~18.0 [33]
P Klang River 3.1~64.3 [34]

BHESY LS 7S | R AU | Bk |
05 B DA R M TC B MESh 2R A, B e
NP S, ASFEXTEHE S Y AN TCEHESh it 1 7
Y250, FR1F DEHPRYE I 2 . 7 AU Y [l
KA YR EIn 3,

#*3 DEHPHIFIEHIEE (LCs5HECs)

Table 3  Statistics of toxicity data (LCso or ECs¢)of DEHP
Sl B JUEHESY  EHESY Mt
AR 9 40 72 121
2/ ME 100 109 160 100
R 31000000 1000000 1106200 31000000
JUTHIME 555515 5230.34 15210.71 8632.92

1.4 SSD#A

B HEE CHREEE) I 0B, SR)E
MSHO RS AES B0 R TG, winT LIS 2
SSDIth4k. ZHEUEIEA FZAPIRIIEEAR! (Burr
Type 111) . 23 2R AR Logistic CDF )
XHEUEZS B A ( Lognormal CDF ) | 5[
IR BFEEERN (Weibull CDF ) | 245 B8
( Monte Carlo ) . HH#AI ( Gaussian ) . FRFAPHE
I Gompertz ) , $5 £ K A% 71 ( Exponential Growth )

®2 F[EUEMETE

Table 2 Criteria for selecting toxicity data
Bz REA A FFE I A)/d TR AL TR It SR,
atk LCso( AT I [ ECso( BESEAK ) <10 pgL! SR BRI WK SERE
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FISHIBRL ( Sigmoid ) %' HAG, 34 BISHE
5L UEASSDIE T —FEE thZIE X, HI AT A
WL A M AR SR L P RIS IS, i
LA\ R FIBurr I 43 A1 /R S SSDIV LI & i 6 50L&
RO LT

BurrITTEY 5377 & —Fh R 16 05370 BREL, X Fh
UM E RIS LA R R e, e SRR I AR5 PG 22 1)
IR AR DY A R 45 S5 o o 1 2 b A e £
021 Burrlll B8N
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F(X)_[l'f‘(b/)(f)c]k (1)

o xR, ug L' by ¢, KNK
B3NS E (TR .
1.5 EiEAbE

T R O NG S O NI =R QR 1 o
DEHP{5 e XHIR AL YRR Py | i [a] LA K & A BEVR
IR . X TR — YR A 2 B s, SR
FH BT A e 50008 A L AT 2908

SSDXF T & P B0 1 B /N ER WA 4
— B E , OECDT 19924F L) Kz K F) WF.F2000
AF Sz 3% 1R 7K R b v PP Y B/ N BCR: R SN
A 5T K FH Bootstrap E 2 84 7 ik X /NVEEAR AT
GuiTl, MRS AR EN A AR NS EN e Ak
B
1.6 HCsHIPAFitHE

1ESSDIA MR X 1 5% B AL R 175 YLy
JF R E NHCs . 3 Burt 43 A T3 HC () B A
KM

HC(q) = ; (2)

[(1/q)l/k _1]1/c

PAFZF /R IR MR B R 1 A= g BRZC S B oy b
Fefl, RRZA e 075 YL Wik BEAE SSD £ b Xif b i 22
P Burrl 5 /i B PAFI AT N -

1
[+ x)°T

2 ZER55H
21 BHEIHEER

2420 F Burrl 113 A A5 780 115315 21 SSD fh &
LA SHEE R . WNRATTHL, BurrlII A A 5 R0 &
JE, BRT#EER0.96 240, HAWRKT0.99, A
R A
2.2 AEYFH3tDEHPRIERE

AR R DEHP AT A2y B FTHC s a5 . M
EITRIERSAT LA, NRIYRh B 22 3 AR 25 57 o
MBI FAR G R TCEHE S <BEHESh<da2s, X

PAF(x) (3)

F4 REMHHDEHPRAILNMERES Tl A LR
Table 4 The results of DEHP's acute species sensitivity

distribution models

WRoKAY) b c k R
fES 0.0632 0.341 28.7271 0.9697
T HES Y 4747.0972 2.8827 1.1536 0.9995
HHEDY) 15041.5964 2.948 0.9834 0.9995
ity 7222.0799 3.5756 1.6226 0.9996

£5 ARMFHXTDEHPHIT 3t EFIHCE
Table 5 Tolerance range and HCs values of DEHP

to different species pgL!
Sl BN TEHESY B SRR
53187145 3 100 109 160 100
BEWE 31000000 1000000 1106200 31000000
fit3Zz7aF 30999900 999891 1106040 30999900
JUTHEIME 5555.15 5230.34 15210.71 8632.92
HCs 41.01 1980.90 5441.17 4521.46

RE S YR M ZREMEA G, Rl iR 5 A PR
FIRG I S ARG . ARG A2y BBl T 1) i)
FRIKGTDEHPIS YL BE 71, THSZiu iR, Fonpl
BRI, KIS KA AR S . DEHPYTA
[P T HC s /INBIKAR YR R i 2R <Te B M S <F
MESIY), HHCSE/ 7 41.01, 1980.90, 5441.17
g L R R UK . HC 2% YR A7 AR 25 XU
P EIME, HCsE/N, WARfR i iz #h95% i A= Py 4l
S () DEHPH & /K S AK, B DEHPXT I Fh )
AR AR

MG REEE LE, 2. oEMESY . B
Y3 JUAT I 5 35 555.15, 5230.34,
15210.71, S MNEK A, DEHPARY195% KA
VIR G YA HCs 4 521.46 pgL”', {HXT
DEHPIi &, HAREERIEIRKAED ARG PR 32
BT, (HARTEKFEE . TRk
HEBRG P RATE S AEYEE, I+ HDEHPHE
HIRGNE, SKBWEEBRIEL, Wik REEIRK
A 25 R G0 0 A 25 XU R A A R XS
2.3 HEARERXIEDEHPRIK 4 & 2SR TG

MY BT AT KA | 55 ZANEVT | B2 M B
BRSO . R PR . RVLE PREL .
B PN S T e A S i v = A W 4 &
W WITLIE | R UK a5 R ] H X DEHP 1) -
A) R e R A A T D b 2 K PR R R A
. (GB 3838—2002 ) "= XA iH A /K oK
PRI 5 T AR v FR (€ DEHPFRE 8 ng L4
S o 1 S0 A5 TN St I w O = N o o L B N 2
T TR, TR SN BE . B TAAETT . R
2RI K BB AR £90.5~90% 2 [7], 439l EFR0.5
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Fig.1 SSD curves of DEHP to different species

0.8, 1.1, 1.7, 3.6, 453, 90.44%, {HZE M fEIT
7K s L KGI HY Y DEHP B K ik vk B (B B ik 218
fio SR, FRIE H AT AN FF 15 e i K A= 253
WEME, BUA B FK FARE IR P L P 0 42
mKA R G (aquatic ecosystem ) . A RAEFE
(human health ) 25, FrLIDEHPXIF EKAATER
G A S KA Rt — 1A .
ASCHRAE FIRILE HISDDAME R, Xf 3k EA
[) b DX AR AR A TR AR AR S KU TEA o R IR B Y
DEHPX KA AW A B ST E S A +
A, (BZECHRENEY R, X se gkl n] 1+
XIARZHIREAR . FIHARK (3) iR TRE
AN [) b DX 7K A o R S A B 521 JE B9 AN [R) DEHP % 22
WEET BPAF(H, Wn3k6., Felbn T AR B
HPAF(E Y KN, J WA RIS A P 0 403 AR
MFEGATAL, TEFRE J91000 pg L' LIF, 403
YIF IIPAFE LT M0; FEFERIE N1 000 pgL!
F, 82 HJC A ME sh ) 1 PAFAE 4351 4 35.23% Fll
0.56%, AREGIZEA B, R 10000
ng L', #e3s . JUBHEShY) | B PAF(E S
HH61.85% . 88.04%H122.65%, I THISFITCHHE

%6 DEHPZEARREZEZEKE THPAFFIUE

Table 6 Predicted PAF values under various DEHP concentrations

I plug L) W TCBHshy HiEshy SR

51 1 0.0001
T 2 10 0.0091
53 100 0.1064
1 4 1000 0.3523
i 5 10000 0.6185
ARG 1.57  0.0003
=IRIEIX 1.78  0.0003

WK 3.14 0.0012
KITEPBE 333 0.0013
B[ A=O/N PN 7.8 0.0062
'R 120 0.0119
Ryt Bt 14.67  0.0155
P RUETR 171 0.0189
HEREN R 21.72 0.0253
BT 22 B 37.12 0.0453
BIMMEIL 37002 02337
E el 731.1 03139
W e AR 1752 04213

0.0000
0.0000
0.0000
0.0056
0.8804
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0002
0.0020
0.0341

0.0000
0.0000
0.0000
0.0004
0.2365
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0002
0.0020

0.0000
0.0000
0.0000
0.0000
0.6434
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0003
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Assessing aquatic ecological risk of DEHP by species sensitivity distributions

HU Xibang" %, WANG Junneng"?, XU Zhencheng'*, ZHANG Xiuyu'

1. South China Institute of Environmental Sciences, MEP, Guangzhou, Guangdong 510655, China;
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Abstract: Species sensitivity distributions (SSD) method was used to assess the ecological risk of DEHP to freshwater organisms.
The hazardous concentration for 5% of the species (HCs) was calculated, and the distinguished character of hazardous concentrations
of DEHP to different species was analyzed. The acute ecological risks of the DEHP and the sensitivity of different freshwater species
were assessed in the different surface water body in China. The results showed that different organisms have different tolerance range
of DEHP. That was in the order of vertebrates < invertebrates <algae. It may be associated with species biodiversity. The wider tol-
erance range of DEHP for organisms indicated that the increasing trend of ecological risk would slow down when the DEHP’s con-
centration increased. The HCjs to all the species from low to high was in the order of algae < invertebrates < vertebrates. The lower
HC;s is, the higher ecological risk of DEHP to species is. Algae was the most sensitive specie among all the freshwater species with
the HCs of 41.01 pg-L™'. Meanwhile, the HCs to all of the freshwater species came up to 4 521.46 ug-L™'. The value of PAF reflected
the damage degree. When the concentration of DEHP was less than 1 000 pug-L™, the value of PAF was proximity to zero. When met
1000 pg-L™, algae and invertebrates began to be affected. When came up to 10 000 pg-L™, it would also impact 61.85% of verte-
brates and 64.34% of all freshwater species, respectively. There was very low aquatic ecological risk (PAF was close to 0) by using
SSD to assess the acute ecological risk assessment of DEHP from several surface water body in China.

Key words: MEHP pollution; aquatic ecological risks; species sensitivity distributions (SSD); surface water body



