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widely distributed in China’ s water body. Ecological risk assessment of PAHs is now a hot issue and is of great
significance to the management and protection of aquatic ecosystems. At present, the aquatic ecological risk assess-
ment of PAHs is mainly focused on individual and population level, and there is still a lack of ecosystem level
studies. Based on the Ecotoxicology Database of United States Environmental Protection Agency (ECOTOX), this
paper obtains reliable acute and chronic toxicity data of species according to the trophic functional group classifica-
tion of aquatic ecosystems, and develops the species sensitivity distribution (SSD) curves of eight common PAHs
such as naphthalene, aenaphthene, fluorene, anthracene, pyrene, phenanthrene, fluoranthene and benzo[a]pyrene, u-
sing Burr Il distribution fitting curve. Combined with the acute and chronic data ratio method, the baseline values of
chronic toxicological water quality based on ecosystem level are derived, which are 10.25, 6.75, 0.06, 1.95, 0.03, 3.50,
005, 0.50 wg-L™" respectively. These results are close to the values of existing standards at home and abroad, which
verifies the reliability and accuracy of the results. The developed method is applied for the ecological risk assessment
of PAHs in the seven major river basins of Songhua River, Liaohe River, Haihe River, Yellow River, Yangtze River,
Huaihe River and Pearl River. It is found that the risk of the Haihe River and the Yangtze River is low; the risk of the
Yellow River, the Huaihe River and the Pearl River is moderate; the risk of the Songhua River and the Liaohe River
is the highest. The method developed in this paper provides a reference for the establishment of water quality bench-
marks for PAHs and similar pollutants, as well as for ecological risk assessment at the ecosystem level.

Keywords: polycyclic aromatic hydrocarbons (PAHs); ecosystem; chronic toxicity; ecological risk; environmental

benchmarks; species sensitive distribution (SSD)

% I 57 #& (polycyclic aromatic hydrocarbons,
PAHs)/2—35H1 2 ki 2 AN LA EZRIR AL ARk
FERHES A P A B P R S A9, B S L
A EUR BRI SR AR I =80 SR R Y
ANER REA LIS Y, %A 25 2 58 A AR B # g
MR FEM, PAHSs REM% 38 i P2 K HERL , KADTRE
i F AR S S i U 45 22 P s AR A KAR, XK AR
M 49 s AN RS2 5 i TR K | R DR Ak K K 7=
SRR e H AR EREY, R, 16 M
PAHs 753 [F P51 o7 i 43 A, 43 7K A4 75 G ™
B L, W PAHSs 17K A A 25 KU i e A 2
B PSR G ER AR E R A HEE L,

PAHSs 7K A= Az 25 AU PEH 9 4 DG BiF 5 o, B ik
SEPIRRSY T R ZE I [a] 1 R IR 7 (e B ML S, 15
BT 5K 72 h R EGON WR (72 h-ECy, ) ; TR 2R I
FIXDE DL GT T 285 KRR 7K 2 20k e Pk 2
RN ARSI T 250 KRR/ % 48 h BRSOt
(48 h-LCy) Fi1 96 h P BEFEIR i (96 h-LCyy); Bk
WERESEPIRIEGY T PAHSs X H 0 St sl , 15 2
TAEMZEXF ) 96 h-LC,, LA R 22 ik 4
VGOS0 A FAFSE T JEXT LT B8 T 511 96 h
AERRE VPSSR TR X AR A B B T
AT BRI EC, s I FEY A T X Bt 5
AR & B B BB 3 PR RN ; 5K 3 R AEP AR AR

FRURRAE ZHZR 54 20 B B PR RN PR B PR R R R T
PAHs Xt v DUE 45 Z2 A Wy iy #E PR RN, B AT,
PAHs /KA &5 XU 22 % FH B — A G ) S 2 251
WA AT VEN PR RS RR T, 53 PRAE 2
RG22 R L) BRAET Mk LA 5 502 18 J
PAHs XA R G AR SZ ) TH S5 SR DU,
JF H X Seff gy F 2 A b T LA AR H UL PAHES,
W AEFRTT [l 5, X HALYE PAHS B9 #E3AK
Jof FIA S KA TR 820 Al A 44 A 4 1 i
HAME RS RS Z B, 8 — A5 — 8
P BEL, f& PAHSs A28 XU DA i iR w5 i he (R

TERGRE FVFH GG K A= 25 KU BR AR 2
BERNEAL WP U 537 125 (species sensitivity dis-
tribution, SSD)[A Ji2 $ 5 fiff | 1153 17 S 0 g FH 77 (8 32
BT B R SSD v KA WA — e
EA Y B BE PR R AT B E G M EE SSD 4L,
B — AT MR P A S RS KR ZEUE W e 4
WBE(HC,), 3% B H DL HC, %o, B 5% P
X FIAEE U L sl R P 95% W Fh iR e B, 1% 05 1%
S AR A0 (5 {1 B F5 00 TG 2500 vk BE (PNEC) 1Y) 4 &
7 W2 B R R e KA S Mg 2Ty
M X R AP SRR A MY
FICEHESh W) o 21, ¥ 8 T IR K AE P X 8 i L
PAHs ¥ FMEURYE 34, 15T 8 T PAHS X A [F]
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FAAEYIN HC B, IR FH R BE A B T
RAYIXT KA AR 2R G A S, 2
WA T 8 Fli W, PAHs XHRZK AL 1Y
SSD [t1Zk., SSD 2 i H i Aif 4 {15 /2 i 2L W) F Y
VR EAA RN, HRBEIUR G AR R R
45k, BARC A M E S T W PAHs /) SSD i
LAFEREA RN B ERERARD A2 DA
PEREPEEIAE A 3 DL RO R = S RSN
AHF oY B T35 AR A 5 HUEUE FE (ECOTOX) H
AR S e MR RO LKA R RG4S
PEFRPACK Y, BUE N R A B A S 18
PR e A T X e s th 28 e 20 B TR
PRI [a] X 8 Fi WL PAHs KA B RS
() SSD Bk , 4 S A 51 /K A A= W i) PAHS 18 1 3¢
PEIEWEAG , T S 5 A [ N AR E 738
BE KA A R AR A L O AR E &
FTRIBAK A R 1], 07 T D 2 A PAHs 7K A4
JRUSSE , B IE T 3 3 A o R, , oK AR 28 R G iR
EH N TR KR PAHS K B E RSB 2 R AR

1 7% (Methods)
1.1 B ny ok i i ik

AT, BV R IR T ECOTOX el A
WEFE HAR, 3 LU $5o i 0k B ) . QO 35 70

THIE AT E X = KR Q6 B IS G o
Y W Feds s RS TOBHE SR
Iz 5 KRR BRBEPREYFH AT 54,0
FEVEBIRREARBOR T 30, SEIG N 52 F s FRAF 4 b
WEMN i, B AR an 5 1 TR T,

i 5 B REAS B S L AN 2% 2 s . SRS
fiE  BESE P A 7E T S R I SRR a2 K
R R A= h i R R 2 | i 2
HH P AT 20 40 28 R TG 6 s 0 28 L R 4 i o s T i
R
1.2 YUt o Ao th 4 A
1.2.1 5

W BRSO MR B 3 /NS R HES 53 4 vk
FET A 2R, DL E TR AR AR (% ) K
AR FR(ug- LR SSD ik, HET, KA HIS
UEH SSD J& TH:—Fia th 4 X, Wt T it £ AN A
(IR TS . ARBFSE R Burr T A 50 A flF5
ik | 33—l 76 A 20 A BRI, X4 b UM R
PUARFE AT, B 78 BRI S R0 PG 22 04 IR 55 XU
P R 358 5 2t A v 1 A v A 72 0 FHT . Burr
AL PRI SO RE

Rx=—

c k (1)
1Y)

®1 ATHENFHERES T (SSD) H&HZHBIRRAE

Table 1 Criteria for toxicity data used in developing species sensitivity distribution (SSD) curves

ZH JE)
Parameters Criterion

WFh T [l AR BRI A ALE R K AR Wl B ) B A A = Ao

Species Chinese native aquatic species or model test species
A= i B B FLT AR T B BRI AR B
Lifestage Larval, juvenile and adult
ARSI #1224 ~ 72 b TEHHESIY 24 ~ 96 h; 112548 ~96 h

32K (8] Acute toxicity data: Alga 24 ~72 h; invertebrate 24 ~ 96 h; fish 48 ~96 h

Test duration

REHA
Exposure media
e IR

Exposure regime

REPEZ T

Toxicity endpoint

TR K 1~ 10 d;H1EF 4 ~30 d; a2 ~90 d
Chronictoxicity data: Algae 1 ~10 d; crustaceans 4 ~30 d; fish 2 ~90 d
HRARHEK
Freshwater and salt water
S GRS
Static, semi-static and flow
AL R BB LA B8OV e B (LC /EC ) 5
PR 1 T T LR 0, R 2 /A AR T WL 340 B (NOEC/LOEC)

Acute endpoint: Median lethal concentration/median effect concentration (LCy,/ECsy);

Chronic endpoint: No observed effect concentration/lowest observed effect concentration (NOEC/LOEC)
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K Ao BITHHER, B2 52 ma b o5 (%) s x A
15 YL WIAE KR R BE (g - LYY, boc Al k RS
B, M kT LT KR, Burr I A T 28 1k N
Weibull 53 4F .

F(x) =exp(—%) 2)

K F1 B RS A, HAAT 5 B IR AT, SEBn
B, IR k>100, 7T B Weibull 5347 bR 2 EAT
/NS R

TERLR P 356 FS R 7 A Tl A 9 40 27 (Common-
wealth Scientific and Industrial Research Organization,
CSIROM& At T 1% 77 1% 1 H AR BurrlizO(REA 1.0.
1)1, BurrlizO A4 T A gt iy A B 25 MRS 21 T
THFHES, I M 45 A A B 19 52 PR o3 A 15 00, 18
Burr [T Weibull 2 [a]#E47 U146, EALILE 7 =X,
TRADE RE TR BE 5 i 30 v] 45 AT — BT P X
LB EEAE HC .,

B PN CAE A ] SSD ik B 5 Aok JH 12
PETEEEE , LA AN i P, KR 5 A5 A T 5T
R eI MEEHR SRR RIS OU T, S8 vk LR R0k
(ACR) AT LAELERA #1528 HC , (H N 2R84 19 S
e, AW TR R IR A DT 30 N, B
FA0T T M B P 80 0 9 I T W A58 17 v 3 /e I
A RER ALY e (NOEC/LOEC)#4T SSD 44l 4,
AT RIS PR EE HC e, 5 212 PERETESL
AR, e fli 2tk sp e B s 64T SSD #1463k 4%

R HES P X Y Y BE HC,,.,, B >R ACR,
¥ HC ., ety HC 0, , et AN
HC,,.. &)
ACR

2T TR R R 2 8 PO BOHE ) A A —
[ FR T HIXFR 2 R 7EAH R AL & 9 A R Fp 2
[EEARFEY, PRI, T8 ACR FEE X w202 [R1 4
i HoR A R —SC B AH RS2 50 = 4l AT
e, 2 R RN EE R AR 1 SEBR O, f T ACR 1 #fE
FEBRNE 10, 1% BRIAE o 26 B 358 57 )R (US
EPA) 405 G5 Kk 4l 21 (OECD) AR K FI I K2 BT
PO 220V R UR A B2 53 2 RN R I A 7 % B
{54712 51 23 (ARMCANZ and ANZECC)fi## fdt F e |
1.2.2 JKBTREER oA

W BATHER 5% XoF N 0 8 14 5 4 4 B (A vk
JE M8 018 R R, TR K TR M
(CWQO)IARK N .

HC PChr —

CWQC:M @)
AF

sCE B o 2ot FE R R, TH 5 CWQC
RN W/ R
CWQC=M (5)

(ACRXAF)

X . CWQC 18 MK T HEMH (g - L") ACR Ny
U2 L3R R BUHETEBRIAE 105 AF SHIEH A
T, BUEN | ~5;AF 5i2 ] SSD #E % HC, MIAH

R2 ZIFR(PAHs) AR

Table 2 Data characteristics of polycyclic aromatic hydrocarbons (PAHs) samples

AR AT K AR A AR
Sample size Aquatic biota included
PAHs Bl Kt L
Kt Kt fLES 4 H5e e RBm EHEY Wik iEmk
Acute Chronic Algae ) Crustaceans  Fish  Insect Invertebrate = Mollusca Helminth
toxicity data  toxicity data Amphibians
7% Naphthalene 72 vV v/ v/ Vi v i
%) Fluorene 32 vV Vi Vi Vi v v
B Anthracene 68 v/ Vi Vi v/ v
J& Acenaphthene 80 V4 vV Vi Vi vV v
It Pyrene 45 V4 Vi \/ v vV v v
3E Phenanthrene 62 V4 vV Vi Vi vV v
Z#Ff-[a]tE Benzo[a]pyrene 114 Vv vV \V V4 vV Vi v/ v/
%¢ ¥4 Fluoranthene 103 vV vV vV Vi Vi v/ vV v

T ATV BRI %,
Note: label“V/” indicates that this item is included.
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SEMEA ¢, BUE TS 2% e | B PR S Mg
FRPRAE AL I R Z A AR R b2 B
VERIRE S DL B Ge 3t 5 vk A e R4 AR 5T
Hr BEEL AF R 4,

3k DB T [a] it A9 18 v 7 1 A 28 7 30
AL, BT SSD 4 il 4 1535 HC, ., , AR5
A @)IHHE CWQC; 28 e 25 B FEE 1) 2Pk
MEHRER Z |, ol 2B G T SSD kil 415
F| HC ., , ARG A ()i CWQC,
1.3 KA PN 5%

15 FH XURS: 7 (risk quotient, RQ)3R ZR1iIE PAHs 7K
PRA R, Ha B AR

PEC
RQ=wac

©)

A RQ 2K, RQ<0.1 ARRAR ML K-, 0.1 <
RQ<1.0 AR AE XK F-, RQ=1.0 3% i MUK K
- T A4 5% e i (predicted environmental concen-
tration, PEC)— B4 ME AR A5, 38 & DL S B kG ) e 3
(measured environmental concentration, MEC) At ¢
PEC #4715,

2 R 5178 (Results and discussion)
2.1 KBURMEE AT

8 Fi PAHs Y SSD MIZA-G I 1 Frx, 8 Fif
PAHSs 7311 PREIS Y S A S H0Un 3R 3 IR .

M4 SSD AL AT BRI 5% ST HER T Wk
{8 AR, 4 3 H @) sk (5), 1A 2
% PAHs M8 PR IR SLMENE, N 4 fiios

&3 PAHs o m BB R GEHSH
Table 3  Distribution functions and function parameters of PAHs

2
S0 MR Parameters
PAHs Distribution function a B
b c k

Z% Naphthalene Weibull 0.1054 —-7.9468

%j Fluorene Weibull 0.0589 -6.6324

B Anthracene Weibull -03110 -23193
J& Acenaphthene Burr type Il 6.5165 03081 0.0039
It Pyrene Burr typelll -0.9694 -0.6332 1.9447

3F Phenanthrene Weibull -0.5251 -4 4838
ZFf-[a]tE Benzo[a]pyrene Burr typelll 0.4943 -0.7046 0.7961
% Fluoranthene Burr typelll 1.8769 -04579 0.9682

x4 ETHMERESME PAHs 21
KEREHEE(CWQC)
Table 4 Chronic water quality criteria (CWQC) of

PAHs based on species sensitivity distribution

PAHSs CWQC/(ng-L™)
%% Naphthalene 1025
%j Fluorene 6.75
T Anthracene 0.06
J& Acenaphthene 195
EE Pyrene 0.03
JE Phenanthrene 350
“KIH-[a]tE Benzo[a]pyrene 0.05
¢4 Fluoranthene 0.50

1 208 M R R EOE(ACR) N 10, PEMT I TF(AF) R 4,

Note: Acute-to-chronic ratio (ACR) is 10; assessment factor (AF) is 4.

2.2 S5 EMHCHRAER LT

IR BT T ik TG 4 R B B A B
PE KT 25 T 5 [ N A1 A A 56 K 5 3 o b o adE
FrXF e 1B FE P AN Fi 1 PAHS 7K 5 3 7 b 7 1 48
D HAN A A R Y (O K PR A A )
(GB3838—2002) 1 { 4 1% 1k FH 7K T A= #r 1) (GB
5749—2006) , 5 [F] 1) A% == FHEL IR - 1 X PR 455 KL
WEEARK) )Y KR A K IR BT R br i) . S5
KAREE RS LSS RN EE 5 Fis

M5 BT, 7E AT HLEC Y PAHSs f B9, 25,
B R IF [l AP B CWQC E 5 AH AR AR R —
B g, RIS T XURS: 1B 5 40 G AR R
RN, 28 XIRAIE T A SCHHA 7 i A A 4 SR 2 R
= ARG, AT T SEBR AR AR AR S KU TR
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Fig. 1 The species sensitivity distribution (SSD) curve of naphthalene (a), acenaphthene (b), fluorene (c),
anthracene (d), pyrene (e), fluoranthene (f), phenanthrene (g), benzo[a]pyrene (h)
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2.3 LR PAHs A= S KU IEH fHAE 0.1 ~1 Z[0]; WREAKE | FA AL VL AL /Y PAHS

RAE-E R 8 Fhids PAHs AU Ay ARSI f s, BT VTR BR VT A 25 KUK 45 i
BCY XFRAAE T AL R O KT R AIERYT WA AR S KA, PR SESRS Rn T RA
X RAKAR BEAT PAHs A= UG MY, 45 SR ane 6 Sl it 58 b Al 64 DX SR A A B K A BB A
R — 3 WA DG Al AH DG BRI EE 3L T IR TR

H12¢ 6 W0, FEME I AL BAEAE A8 AR R PR IRYT | VR R H IR 355 P4 0 A 19 Dt fan T % A il o)
K, RQ ME 4391 0.1217 F10.1047 , HoAth 7 Ff PAHs Sl A Ml 98 7 it 5 2 E 1 58 34% 22 PRI,
(A 5 RV B2 416, RQ {ELXY <015 FE BT WEWIRIER  AAEVTRIIL ATy e R K, JRUBE: J5e /o 5 39T | BR VLA
T, B EE R T [ EEAFFE P S A S UG, RQ (H Y WIS YRR 2, /K i v 55 i BB T — M, XU
FE 0.1 ~ 1 Z 0] FERMAE VLRI BORR I [a] BEAF TP G TVRAT S e Y5/ R VIR BERE ) K, B XL
AR AN RQ H>1, AP A A S KR, RQ  FRAR,

R 5 PAHs BB MSKREEESHXIRENILE
Table 5 Comparison of chronic water quality criteria of PAHs with relevant standards in the world

g s © R R K CHE Y e E Y
okt 2 PR - HBIX e . o
TR B (k) PR8E B AR HFK IR AIH T
7 AE(TR FEN o
N Awg-L™) [ B bR PAEARHEE
fpg-L™) . 5 5
CWQC/(ng-L™") 2Environmental benchmark Surface water fpg-L™) fpg-L™)
PAHs environmental ¢Surface water dStandard for
values for England . . . o
quality standard for ~ environmental quality drinking water
and Wales (freshwater) . . . . .
fpg L) European Union standard in China in China
ng: - - _
fpg-L™) fpg-L™) fpg-L™)
Z% Naphthalene 1025 10 24
%j Fluorene 6.75
1 Anthracene 0.06 0.02 0.1
J& Acenaphthene 195
TE Pyrene 0.03
JE Phenanthrene 350
ZK[Jf]a € Benzo[a]pyrene 0.05 0.03 0.05 0.0028 0.01
% ¥ Fluoranthene 0.50 0.02 0.1

TEra b c Hd BRI 23508 P T 1] Y A 22 FRUR b X ER AR BEMEAE (R 7)) R 11 b 3R /K PR T b v ) o 1 194 b 3R K B A5 I
FRUEY (GB3838—2002 ) Al A= 1l Ak FH 7K PA A5 (GB 5749—2006),,

Note: a, b, ¢ and d data refer to Environmental Baseline Values for England and Wales (Fresh Water) of the United Kingdom, Environmental Quality
Standards for Surface Water of the European Union, Environmental Quality Standards for Surface Water (GB3838—2002) of China, and Standards for
Drinking Water Quality (GB 5749—2006) of China.

Fo6 HE-LXRBAKMER 8 F PAHs B ESRKE (RQ)
Table 6 Risk quotients (RQ) of 8 kinds of PAHs in the basins of seven major rivers in China

PAHS FAFETT. L] E20) B KL T BRIT
Songhua River Liaohe River Haihe River Yellow River  Yangtze River ~ Huaihe River  Pearl River
%% Naphthalene 0.0340 0.0571 0.0017 0.0183 0.0013 0.0162 0.0100
%j Fluorene 0.0009 0.0056 0.0009 0.0009 0.0001 0.0026 0.0030
B Anthracene 1.0424 2.1217 0.1217 03252 0.1047 03163 04870
J& Acenaphthene 0.0235 04487 0.0062 0.0246 0.0040 0.0139 0.0453
It Pyrene 0.1967 0.6800 0.0733 0.1313 0.0650 02253 04467
JE Phenanthrene 0.0032 0.0154 0.0017 0.0063 0.0023 0.0073 0.0058
ZK[Jf]a £ Benzo[a]pyrene 1.8380 3.8560 0.0700 04220 0.0550 03500 03780

¢ Fluoranthene 0.0237 0.0069 0.0016 0.0059 0.0044 0.0800 0.0168
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g5 LTk ARG A R R

(WETEBRE = KEFRHK S MU LD
YiFp i 1RO AE R GRS T T 8 A
W W PAHs AU¥ FhaUR M A i 28, 25 & 2 et e
KA IMEH PAHs ZALA P18 MK B3 E(E
2 JE B TE FE RIT [a] v RN S 048 1 K B
FEMEE 2298 1025 675 .0.06 ,1.95 .0.03 3.50.,0.05
H10.50 pg- L7 5 K T 4545 5 5 [ 9 A1 FH G K it 3
VBRSO L AT AT AL T R — B0 9, 38 R IE
T TR TTIE R A

)iz F T 7 I VA AR AR VT T I
W] VT T AR VX B R IR 1 PAHs AR A R
B , & B A T3 1) PAHSs AF 25 XU A%, A
1 PAHSs A7 75 o 25 A 25 AR 5 w8 ym) | T o0 RN R VL0
5% PAHs A= &S XU #2552 F PAHS fE7ETH S84
SRR ;s FAAETTANIL Al i 4k ) PAHSs 2B 25 XURS B 5
BRI [al B A 76 i A S RS . Ry 2 AR 56
T ETEITE R IATIE I B TR B RN T
B TR DL R S R B — e R

)3 EIA K FThRHE % PAHs AH G
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