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The Realization of Probabilistic Ecological Risk Assessment

Based on Species Sensitivity Distribution by Matlab

FENG Yong-liang

(Department of Fundamental Sciences Teaching, Tangshan University, Tangshan 063000, China)

Abstract: In this paper, the mathematical principle of probabilistic ecological risk assessment
(PERA) based on species sensitivity distribution (SSD) is analyzed, and then a Matlab
function “PERA” of this assessment is provided for the first time. Through this function,
the SSD curve, HC5 value, joint probability curve (JPC) and ORP value can be obtained by
using the biological toxicity data and environmental monitoring data of the pollutants as in-
put variables, which is used to derive the environmental criteria and to assess the ecological
risk of the pollutants. The last index ORP is the area enclosed by JPC and the two coordi-
nate axes, which represents the overall risk probability of harmful biological effects.

Key Words: species sensitivity distribution (SSD); joint probability curve (JPC); Matlab;

probabilistic ecological risk assessment

0 2= (4 J5 BT 1978 4F thy 2% [€ B fi %) (UL S,

Wy R B 43 Aii (Species Sensitivity Dis- EPA)TEMME S 4 B 358 K 5 b o 1§52 1, B
tribution, SSD) & —# Il FHEA R Wy Fhx 5t T 1985 AR 1 LL SSD I 500 53 i 500 6k
AW P 2R % RO A AR sSD MO (HCS) 4 S SRBERGE T, 9 LU Rk 2

PEE T A1 19k 5E (1987 —) W J5 T AL WS R DO o 18 1 o 3 B8 DA 95 e g 19 0 05 Joi o % of 4 5 0
A= 25 U PEN BT



%6 H

Bk g T M AR B AT B BE R A S U I 4 8y Matlab 231 - 19

A& R AL IEHESY . RETE 2017 4
AT 8 iR 7K 7K A AR 7K 5 5 v ) 2 H R 48 R
i AE A ] SSD AR 347 1R K K A A2 W K
PR e S oMb, FEE SSD it & e, iF
LB IFIG R SSD 5 R 58 WS i A4 AH 45 &
MHE 2 7 ¥ W 5 Je W i AR 3 XURRS T
Chen" 435l R 2tk F e P 5 B 1
9 Fhis Yedyit) SSDs 2%, IF 45 & PR5 WS I vk B2
MRS AL R Hh 28 (JPCs) VB T o &5 b
BREL P T v i Ge iy i AR R XUBS: , & B Zn Al Cu
B XURS: 5 5 L G AL B XU W] 2% . H R SSD
MR AE W % B K R b X A5 3] 7 AR IF )
T Bk T G I8 TR B i ) A
A 785 XURS PR R A% 0 T 15

K& SSD By & Al iz B, — L5
B EHLAL A SSD A A (1) A4 1 A AR 25 XUBS: TF A
FE& T AN B RAT . X BERRAT Rk B0 43 S
R —RREET Excel 4% LM, 1 USEPA
FE& B — B T R R VE A 0 78 26 8 H 72 7
(CADDIS) 111 SSD Generator, fif 22 E R /v 3£ T
AR BT (RIVM) FF 4 1) ETX 2. 05 55
—RERET LS T3 R I &0, iR ok
FIIE B 3R B 52 0 Tl i 78 41 28 (CSIRO) 2 F
Burr 111 43 A5 FF & B9 4% AF BurrlizO®? |, Kon
KM B T2 MOSAIC_SSD™' 3% #6454
FEE T SSD 1y 44 IR B bR ik (HCS) 1)
e FAAEE IR SRR /D> RBE S 4L
A2 6 55 0 o AW S0 45 6 B0 A 0 25 40
EIRG 73T SSD 1 #2384 75 XUBS: PE A 19
Matlab B “PERA”, Sy i5 4 ¥y i) A2 25 B 1
rigfieH R Hr .
1 SSD Wy R FIRIZ

ANFEV A S AR B TR AR AT O R
ST ZE R R T RS RGN . R
THSEHES X EY 2R EWREA R A
WYyt € 15 G B AN 6] B SRR o W Fbia) i)
X AR 25 S 1T LR HTARE 28 1 MR 248 43 A ith 2%
HI SSD i 2kl .

PP B BE 53 A1 1) BEAS BB A AS R 4 ook
5 15 e ) B RE A ] — BB S i A3 A A Y

(#n Log-normal Fl Log-logistic 43 i ¢ ) 3k #ii
SR 2R 0 SO BT B K T
Sy AT BB FE AR I T SSD 2 8y il it
SSD #EHI A TEA UL 1,

g

Risk Assessment

'S
=l E

PAF

o LEIC, orNCEC
Species Sensitiity Distribution
L L

. 1
-1 10 2 3 4+ 5
g, (Concentration wg/L)

EQC £ HC5

Bl YHERESHHEREE

el 1 e [ B A D5 0 2 P A A, T L
A (b B8 e 3, LC50) 548 i (Jn 6 M
28 R e B, NOECs ) 28 87 #e B 4814 0 h 28
Sty A 1) B 2 i 28 (D SSD) . P iy
53k F ) SSD B A 1F ) A 1 1§ A J T (1) R
Mo B B (7 3k Y— X)) WT R 15 Ye o i
PREE B bR (EQC) B 3545 , 32 % 5 il 3 ih 2%
FE A R R A ) (1 35 Y e
I HCS f % EQC, T R A2 R4
95 V6 By H: ) AN B2 75 Y 0 S5 TE i (5 3k X
YT L A A5 KU DR, £ SSD #h &3t
ST e e VR T (— Bk BRI vk )
S8 A POV ) B 2 BB 5 0 4y
(L ) (PAF) , ik 1 5 B AT 75 Y iy i 2 75
XU
2 EF SSD B9#E = A IS XU i 4

Al 5 1 2 75 B 3 T2 2 i 1o B W )
BOH 5 3 P B AT R AE 1, FAE 1 7 1 AL
7 AL XU B Qs TR A A A R 1 M 2R 2 2
RS SRR T . XU B HQs 5 (RIVER 5 W5 T ik e
3 L 5 1R ) 2 167 20 00 A AN 3, B
B 7 W R S SRR S e (S UE T
T3 Y 075 HE M A0 R B Sk T R
PR A A 25 XUBR L R £ 25 3 R R B Y
5 I A 8 7 8, BRIV A MR 3 il 2% (JPC) 1%
JPC J 4308 ist H A5 55 0 0 0 0 25 40 1



£ 20 - JE i %

% 33 %

Sy AR W] DL 1 R M A AR 2 XUR: R
Bl FIAE A0 A 45 Fh i G B A2 25 XURS: 19 5 7K %
B TS TPC I g R R H A AR

B EC his 3 i SR8 W vk B2, SS s
ey ) BN R BEALAZ B X, A X, 43
BT ECHISS HHER A .

Pr(logC>10gSS)=Pr(X,>X,), (1)

(1) 75 ety ) R85 1 0 ok K T H 3
PEROR ik B ME 38, A T b S5 A 1) B4 T SR
B3

Pr(X, > X.) = | PDFy () (DF, (2)ds
— | CDF, (£)dCDF, (),
"

(2)

Pr(X, > X)) = | (1= CDFy (2) -

PDF, (1)dr = | (1=CDFy (2))dCDFy (2).
(3)

Hop PDF ,CDFy (i = 1,2) 43 3 &Rkl
PLAS & X B0 M 20 2 o 3R R AR 43 A e 8 5K

100 T SPTCEE 100
< Exposure Toxicit 9
S distribution oxicly g0 &
~ 75% distribution o
Q
o exceedanc L
E |me=t TS 8
3 S
o 60 160 o
Q Q
x o
() Q
= [=%
o
2 40r {a0 £
o —
g : 5
o N ©
5 S 20% of species affected [
o L B i

20 9% 'e ....................... ~120 A

—.~.xceedancg .- | 5% of species affected
o e —|
[ M 1 i i i 0
-2 -1 0 1 2 3 4 5 6

Iog1 n(Conce ntration)

Probability of exceedance (%)

(3) H 1 —CDFx (o) £kl X, #id%
TEHE « B, BIME SR I8 h ) AR FF R KL
TER 58 2 B 27 v il K S SOk 8 B eR
EXFx (2) = 1—=CDFx (2) JBElt(3) nJ 554y
AL T

Pr(X, >X,) = JEXFX (x) - PDFy (2)dz

(4)

B 3 (2) A= (4) A7 i i By 3 58 =X mT
Pr(X,>X,) R A5 Ye P I35 XUBS 7E 48 112 b
BB, A2 {8 %5 F Van Straalen' ' 4
Y A 2R RS 0 Al Cardwelll ™) 25 HY B 3 28 4
KBz (ETR) o

TR (1), LLE S 0 BB R (R
dCDFy () [ 728, BR5E W I B4 ) 48 el bk
R(R EXFx () A RAS &8, 03 0 #h 22 By
BCAME R i e (R ki it it R UL IR 2) . i ih 2
A 2R OR 5 BOAS [F] 4 Fh 3 KT A R
i 2% 5 1 A b Sl L sk 1 T AR I R 35 e R XL
B Pr(X, > X,) , WA S ERIZE A %
A AN I S AR XU (ORP) 1T

100 T

— [ EXF, (1)dCDF, (2).

90 . .
Joint probability curve

80
70f & A 75% probability

>5% of species affected
60[
50
40f
30
20 .
9% probability

10 >20% of species affected

. . ; . . . .
0 10 20 30 40 50 60 70 80 90 100
Percent of species affected (%)

B2 MANEENSENBUERESANSERENRMESH
(BP SSD # £ ) M2 BX S 2 i LR i 72

S, ] PC 10T DU i858 (2) AT A
B4 5 0 1) RABUBE % (ACDF () A28 it
B 0 R BUBE R (CDFx () 9 14 28 it iy
2% 5 WAL bR R I T B Pr(X,>X, ).

3 BERASKEE AR Matlab 72 7

BT R BT A, T e R
H S B PE A 9 Matlab o 0 PERA” H AR

RAGI T PR o

function [ HCq, ORP ] = PERA ( Tdata, q, op-
tion, ECdata)

% Tdata K75 e HHEEE 7 8 10 &I
% q A SSD ) q 3% HCq,0<<q<<1,2 q=
0. 05 B}, HCq B2 HCS,

% option=1 Fll option=2 4 B FE R T Log-
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normal Fll Log-logistic 43 A4 & SSD phi £k .
% ECdata S5 444 (1) PR 58 WE 0 25 4, 375 4y 1)
H;IE,
% [ HCq] = PERA ( Tdata, q, option), iR [#]
SSD i £ HCq fH .
% [HCq,ORP]=PERA(Tdata, q,option, EC-
data) , B 1] SSD i £ 1 HCq {8 4b, i& 3% [l
JPC Hh £ Fl ORP .
if nargin<(3
error (I NSELL R 3 AN B 4 45
end
data=sort(Tdata);
[n,m]=size(data);
n=max(n,m);
p=zeros(n,1);
fori=1:n
p(i)=i/(n+1);
end
datal =loglO(data);
if option==1
dis="normal’;
else if option==2
dis="logistic’;
end
end
[log,logci]=mle(datal, distribution’, dis) ;
p2=1icdf(dis, q,log(1),log(2));
HCq=10"p2;
N=10000;
mm=0. 2;
mi=min(datal);
mi=min(mi) —mm;
mx=max(datal);
mx=max(mx)-+mm;
x1=linspace(mi—0.1,mx+0.1,N);
pll=cdf(dis,x1,log(1),log(2));

p=p* 100;
pll=pll % 100;
MS:6;

figure

plot(datal, p, 'ro’, MarkerSize’, MS, Marker-
FaceColor,T)

hold on

LW=1.5; % EURHLMTELEE .
plot(x1,pll,k—", LineWidth’,LW)
axis([mi—0.1,mx+0.1,0,101]);

FS=12; 7 BB 758 RN,

xlabel(log_ {10} (concentration)’)

ylabel (‘Potentially Affected Percentage (%))
set(gca, FontSize’, FS, Fontname’, times new
Roman’)

set(get(gca, XLabel),FontSize, FS, Fontname

’,’times new Roman’)

set(get(gca, YLabel) ,FontSize,FS, Fontname

’,'times new Roman’)

Yo LU AR P TR R RS AR i £ TPC.

if nargin==4
data2=1logl0(ECdata);
[ phat, pci ] = mle (data2, distribution’, normal

Vs NRE AR S

y=0:0.00001:1;
p22=icdf(dis,y,log(1),log(2)); %3k SSD 14
S RO HOR LA

p33=cdf('normal’, p22, phat(1),phat(2)); %
SKAHXS T SSD Jz 38 BN £ i 50 4 X o i) 346
5 I K4l 1 2R AR R A

pdd=1—p33; Y%RAM AT SSD [ R B E e %t
O ) B 855 A 00 00 4k ) BARE R
ORP=trapz(y,p44); JoitH JPC i £k 5 W4k
T th T B] X3k A T

pdd=pd4 % 100;

y=y % 100;

figure

plot(y,p44,r,LineWidth',LW)

title('JPC, Fontname', times new Roman’, Fon-
tSize’, FS)

xlabel(‘Percent of species affected (%)) ;
ylabel(‘Probability exceedance (%)) ;

set(gca, FontSize’, FS, Fontname’, 'times new

Roman’)
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set(get(gca, XLabel),FontSize’, FS, Fontname
’,’times new Roman’)
set(get(gca, YLabel) ,FontSize, FS, Fontname
‘,’times new Roman’)

end
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313,100, 10, 5000, 400, 380, 4500, 1000, 970,
200, 139, 480, 230, 600, 520, 124. 0718, 200,
178, 2500, 630, 88. 5, 15000, 170. 2, 605, 55,
160,64 ,10,500, 616. 4414,80,170. 9976, 100,
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Zn () R 5 W0 B P% ECdata= [ 39, 40. 6,
39.1,38.6,43.6,40.4,41.2,41.9,41.1,37. 8,
38.4,36.8,38.4,38.7,39.1,38.5,41.2,40.7,
42.4,39.57;

1£ Matlab 2017b FiZ47

~> [HC5,ORP]=PERA (Tdata, 0. 05,
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HC5=29. 0852

ORP=0. 0698

Fr45 SSD i 28 1 JPC i 2845 %) WL & 3 Fil
4, ZEERYE LTI R — 3

100

90

%
S

Potentially Affected Percentage (%)

1 15 2 25 3 35 4
logI 0(com:cn‘[ration)

B3 ZnWHFERES S

JPC

Probability exceedance (%)
o
(=]

0 20 40 60 80 10¢
Percent of species affected (%)

4 FEMETABMBREB/AKH
Zn MBLEHEE th & (JPC)

5 itig

LA T R S HEANEMCE T 5
Yy e 2 R BS: VE Y I A S % 1) — A B
BT R B R K B SE T AR AR A (i fie-
distrplus) RE#% 24 SSD ) @t 7. . HCS i) fik i1 55
PR 2 B A Y R, H AR AR R B SR E
MATHEEMHE R —ENBES TR, &K
SC4 i Matlab 5880 PERA” H7 54l %
A5 Gy i 2 1 E 0 ok RE % 7 (i 45 1) SSD
Hh & A H B 240 HCS , AR K i 22 R
55 10 IR TAEE SRt 7 ROR S He .

B B 56 T A A XU PEANY P ik 2 A A
SSD i1 #4) & Fl 35 855 b5 i (HCS) B ¥ =, W
CSIRO H ) 19 BurrlizO" | U. S. EPA H %k 14
SSD Generator f1 Kon % FF % ) MOSAIC _
SSD AR, X S AR A AR T DL LAl O (E
45 2 SSD Fl HCS {HIF A 515 LW 1) IR 55
WS B A 25 &, ik AT TS B i R AR S
KBS TEANY . 725 1 i) Matlab bR % “PERA”
MU Bl B TS G ) R A e A R4
DA e wT DL 7 {58 Hb 45 30 36 5 2 h £ JPC
FY5 Gy i) Ak XU E % ORP, B4R RIVM
Tk 898 AF ETX 2. 0 da] LL4y i JPC F
ORP fHiZH A i) SSD #8 H g ik Log-nor-
mal'® | 7 A ST 4 bR B Y SSD MRV Log-
normal fl Log-logistic P Fl ik, B4, AR
Firéf Matlab e %00 FF IR ARS8 H 20T LUK H
AR 3 4 38 s 05 e (3 n =X 48 2 SSD AL RS i)



%6 H

Bk g T M AR B AT B BE R A S U I 4 8y Matlab 231 © 23

R A ST B ETX2. 0 HH Ri% 1. H
Hij KT SSD By &R A 32 SR IE T Excel FAXM L
WG B A R FFR I, B ARAEET Matlab )
FEFP LR 2, A SCE IRz T T SSD By R
A S KB PR ) Matlab e85 “PERA”, {5 4t
Py i) A 25 KB DAY die fHdE— A B BRSO HF

SR

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

POSTHUMA L, SUTER II, G W, TRAAS
T. Species sensitivity distributions in eco-
toxicology[ M ]. New York: CRC press,
2001.3 — 34.

ZOLEZZI M, CATTANEO C, TARAZO-
NA JV. Probabilistic ecological risk as-
sessment of 1, 2, 4-trichlorobenzene at a
former industrial contaminated site [ ] ].
Environ Sci Technol, 2005, 39 (9): 2920
—-2926.

CHEN C S. Ecological risk assessment for
aquatic species exposed to contaminants in
Taiwan [ ] ]. Chemo-
sphere,2005,61(8):1142 - 1158.

MU J L, WANG ] Y, WANG Y, et al.

Probabilistic ecological risk assessment of

Keelung River,

cadmium in the Bohai Sea using native
saltwater species [ J]. Acta Oceanologica
Sinica,2014,33(12).212 - 221.

LI X, CHI W C, TIAN H, et al. Proba-
bilistic ecological risk assessment of heavy
metals in western Laizhou Bay, Shandong
Province, China[]]. PloS One, 2019, 14
(3):e0213011.

SUTER II G W. Ecological risk assessment
[M]. New York: CRC Press,2006:89 — 92,

DEL SIGNORE A, HENDRIKS A J, LEND-
ERS HJ R, et al. Development and applica-
tion of the SSD approach in scientific case
studies for ecological risk assessment[]].
Environmental Toxicology and Chemistry,
2016,35(9):2149 - 2161.

VAN VLAARDINGEN P L A, TRAAST

[9]

[10]

[11]

[12]

[13]

[14]

P, WINTERSEN A M, etal. ETX 2.0; a
program to calculate hazardous concentra-
tions and fraction affected, based on nor-
mally distributed toxicity data[ R]. RIVM
Rapport 601501028,2005.
HOSE G C, VAN DEN BRINK P J. Con-
firming the species sensitivity distribution
concept for endosulfan using laboratory,
mesocosms and field data[ J]. Archives of
Environmental Contamination and Toxi-
cology,2004,47(4):511 —520.
KON KAM KING G, VEBER P, CHARLES
S, et al. MOSAIC_SSD: a new web tool
for species sensitivity distribution to in-
clude censored data by maximum likeli-
hood[J]. Environmental Toxicology and
Chemistry,2014,33(9):2133 —2139.
SOLOMON K, GIESY J, JONES P. Prob-
abilistic risk assessment of agrochemicals in
the environment[ ] ]. Crop Protection, 2000,
19(8):649 — 655.
WANG X L, TAO S, DAWSON R W,
et al. Characterizing and comparing risks
of polycyclic aromatic hydrocarbons in a
Tianjin wastewater-irrigated area [ J ].
Environmental Research, 2002, 90 (3).
201 - 206.
WANG B, YU G, HUANG J, et al.
Tiered aquatic ecological risk assessment
of organochlorine pesticides and their
mixture in Jiangsu reach of Huaihe Riv-
er, China[]]. Environmental Monito-
ring and Assessment,2009,157(1-4) .29
—42.
VAN STRAALEN N M. New methodolo-
gies for estimating the ecological risk of
chemicals in the environment[ C]//PRICE D
G. Proceedings of the 6th Congress of the
International Association of Engineering Ge-
ology. Rotterdam:A. A. Balkema Publish-
ers, 1990165 — 173. (F#% 36 70



- 36 -

Bl #FRFH®R

% 33 %

[4]

[5]

[6]

[7]

[8]

dues characteristics of fluoroquinolones
(FQs) in the river sediments and fish tis-
sues in a drinking water protection area of
Guangdong Province [ J]. Acta Sci Cir-
cumst,2016,36(3) :760 — 766.

BRI 10 L, sk B 45 B R R P AR R Je i
R AT Ry i sE i e L) ). BB by,
2019(7) :1557 = 1569.

PR . BT L, BRIGE 6, A BT 2 ml LG A
AR B BIVO, Byl #8 S ol P w55 1
(V] Rz, 2017,23(24) ;9 - 13,
FERG. UL B 1wl 45 ] B Ot A 2 kg
AIBFSELD . 7Y 22 . B VG A R, 2012,
XU A OB B AT WO BIVO, B &
HF5E D] KB RHE K%, 2011,
WOHRLE D, SCHNEIDER G, STARK
J, et al. Photooxidation of 2-mercaptoeth-
anol in thepresence of water soluble
phthalocyanine and perylene-3, 4, 9, 10-
tetracarboxylic acidderivative[ J ]. Journal

of Molecular Catalysis, 1992, 75(2): 139

(L% 23 1)

[15]

[16]

[17]

CARDWELL R D, PARKHURST B R,
WARREN-HICKS W, et al. Aquatic ec-
ological risk[]J]. Water Environment and
Technology,1993(5) 147 - 51.

HU Y B, SUN S, SONG X K, et al.
Distribution and ecological risk assess-
ment of HCHs and DDTs in surface sea-
water and sediment of the mariculture
area of Jincheng Bay, China[]J]. Journal
of Ocean University of China, 2015, 14
(2):301 - 308.

FENG Y L, CHEN Y Z, WANG J, et
al. Ecological risk assessment of heavy
metals in surface seawater and sediment

near the outlet of a zinc factory in Hulud-

[9]

[10]

[11]

[12]

[13]

[18]

[19]

- 1L44.
FR AR A PR B ORI
il g — e — D AL BUE R [ .
KAk 2,2016,31(6) :53 - 57,
WEN ] Q, XIE J, CHEN X B, et al. A
review on g-C;N,-based photocatalysts
[J]. Applied Surface Science, 2017, 391
(B).72 -123.
ZHUBC, XIAPF, L1Y, et al. Fabri-
cation and photocatalytic activity en-
hanced mechanism of direct Z-schemeg-
C,N,/Ag, WO, photocatalyst [J]. Ap-
plied Surface Science, 2017,391(B): 175
- 183.
T B Z A mpg-C, N, /Ag:Si,O: BH
DG A R /Y ) A K H AT DL Ol i Ak P e
(D] db gt . o[ 5T 2, 2018,
Ji B CN-BiVO, &8t 4 1k 7] i il %
FAT WA TG PR (D], e 5t - e 5t
K,2016.
(TEHZ:FFR)

ao City, Liaoning Province, Chinal[]].
Chinese Journal of Oceanology and Lim-
nology,2016,34(6):1320 — 1331.
XING L Q, LIU H L, ZHANG X W, et
al. A comparison of statistical methods
for deriving freshwater quality criteria for
the protection of aquatic organisms[ ] ].
Environmental Science and Pollution Re-
search,2014,21(1).:159 - 167.
ZHAO ] S, CHEN B. Species sensitivity
distribution for chlorpyrifos to aquatic or-
ganisms: model choice and sample size
[J].
Safety,2016,125:161 - 169.
(TEHZ:FFR)

Ecotoxicology and Environmental



