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Abstract

Probabilistic Ecological risk assessment (PERA) is extensive approach to qualify and quantify risk on the multi species based
on species sensitivity distribution (SSD). As a while, deterministic ecological risk assessment (DERA) considers the compa-
rison of predicted no-effect concentration (PNEC) and predicted exposure concentration (PEC). DERA is used to determine if
thereis potential risk or no risk, and it doesn't consider the nature variability and the species sensitivity. But PERA can be more
realistic and reasonable approach to estimate likelihood or risk. In this study, we compared PERA used in developed countries,
and proposed PERA applicable for the Korean water environment. Taxonomic groups were classified as “class’ level includ-
ing Actinopterygill, Branchiopoda, Chlorophyceae, Maxillapoda, Insects, Bivalvia, Gastropoda, Secernentea, Polychaeta, M ono-
cotyldoneae, and Chanophyceae in this study. Statistical extrapolation method (SEM), statistical extrapolation method acutechronicratio
(SEMacr) and assessment factor method (AFM) were used to calculate the ecological protective concentration based on
qualitative and quantitative levels of taxonomic toxicity data. This study would be useful to establish the PERA for the
protection of aquatic ecosystem in Korea.

keywords : Assessment factor method (AFM), Deterministic ecological risk assessment (DERA), Probabilistic Ecological
risk assessment (PERA), Statistical extrapolation method (SEM)
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Table 1. Equation to calculate CMC and CCC for the protection of aguatic organisms and their uses in USEPA (1985)
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FA(C)V Final acute (chronic) value (ng LY
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P Cumulative probability R/(N+1); R=1,2,3, and 4
R Assign ranks
N Total number of GMA (C) Vs in data set
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Table 2. Method for deriving guideline trigger values for fresh water quality from ANZECC and ARMCANZ (2000)

High reliability trigger value
(HTV)

Moderate reliability trigger value

- HC, - S5Dyopc

HC, - SSDL(E) 50

N
(MTV) ACR
Low reliability trigger value . L(E)C500r NOEC
(LTV) AF
NOEC = No-Observed-Effect Concentration (ug IL)
SSDioee = Specigs Sensitivity. Distribution frqm chronic NOEC valuesafor at least
five different species from four different taxonomic groups
SSDLem = Specigs Sensitivity. Distribution frqm acute L(E)C§O valuesafor at least
five different species from four different taxonomic groups
HCx = Hazardous Concentration for x% of the species (ug IL)
LC50 = Median Lethal Concentrations (ug IL)
EC50 = Median Effective Concentrations (ug IL)

ACR = Acute/Chronic Ratio

AF = Assessment factor”

2 Taxonomic groups include fish, invertebrates, plants, and others. Invertebrates include crustaceans, insects, mollusks, annelids, echinoderms, rorifers, and hydra.
Plants include green algae, blue algae, red algae, and macrophytes, and others include blue-green algae (cyanobacteria), amphibians, bacteria, protozoans, coral,

fungi and others.

® Assessment factor was used based on the available toxicity data. The lowest of three chronic NOEC values was divided by 20, and the lowest of three
acute LC50 or EC50 values was divided by 100. But if there were not sufficient data to satisfy the OECD MPD requirements, a factor of 1000 was applied

to the lowest acute LC50 or EC50 value.
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Table 3. Assessment factors to derive MPC from RIVM (2001)

Classification Available data and additional criteria Assessment factor
* L(E)C50 for algae, daphnia and fish 1000
NOEC from same taxonomic group as the lowest L(E)C50 for fish or daphnia
— O The lowest NOEC 100
*+1 The lowest L(E)C50/1000 < the lowest NOEC/100
NOEC % > The lowest L(E)C50 1000
The lowest L(E)C50/1000 > the lowest NOEC/100 100
— The lowest NOEC
NOEC from same taxonomic group as the lowest L(E)C50
BUITGD + 2 ™ e lowest NOEC 50
NOEC
— X The lowest NOEC 100
NOEC for agae, daphnia and fish
— O The lowest NOEC 10
*+3 Ly NOEC from same taxonomic group as the lowest L(E)C50 10
NOEC — The lowest NOEC
X NOEC not from same taxonomic group as the lowest L(E)C50 50
— The lowest NOEC
The lowest L(E)C50/1000 < the lowest NOEC/10
LE)CS0 — the Ioweit )L(E)CSO 1000
L(E)CSO for The lowest L(E)C50/100 < the lowest NOEC/10
minimal- algae, > the lowest L(E)C50 100
daphnia and fish
Modified The lowest L(E)C50/1000 (100) < the lowest NOEC/10 100/1000
EPA NOECH — the lowest L(E)C50
The lowest L(E)C50/1000 (100) < the lowest NOEC/10 10
— the lowest NOEC
NOEC for
minimal algae, The lowest NOEC 10

daphnia and fish

* Base set means L(E)C50 for algae, daphnia and fish.

** NOEC is compared to the extrapolated value based on acute L(E)50 values. The assessment factor for L(E)50s is 100 for < 3 L(E)50s, 1000 >
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Table 4. Method for deriving full and interim water quality guideline for the protection of aquatic life from CCME (2003)

Full guideline from a chronic study - Gy,u= LOELX SF
- ACR is available - f,,,,r.f,,lzmzoi&fa’“
Interim guideline
from a acute study
ACR is unavailable - G iovima = LO00r EC50X UAF
Gfull = Full water quality guideline (ug IL)
Ginterim = Interim water quality guideline (ug IL)
L(N)OEL = Lowest(No)-Observed-Effect Level (ng L)
SF = Safety factor default : 0.1
LC50 = Median Lethal Concentrations (ug IL)
EC50 = Median Effective Concentrations (ug glL)
ACR = Acute/Chronic Ratio LC50 or EC50 / NOEL

default : 0.05 (for nonpersistent variables, t1/2 in water < 8 weeks),

AF = Assessment factor 001 (for persistent variables)

Table 5. Method comparison in deriving the concentration for protection of aguatic ecosystem in developed countries

T Australian and The Korea
Classification USEPA New Zedland Netherlands Canada (Proposed)
High, moderate, MI.DC from N Concentration
and low refined and Full and interim for Drotection
Term CMC and CCC L preliminary water quality P )
reliability o of aquatic
. effect guidelines
trigger values ent ecosystem
Condition of data
[Taxonomic group At least 8/8 At least 415 At least 4/4 At least 3/6 At least 4/4
Jacute(chronic)
toxicity value]
AV HTV= HC, G = LOEL%SF SEM=HC,
_ ome= == _He, log MPC= T~k + s o LOS0 or ECS0 ) e,
Equation ov my TV ok wre, _NOEC Cewwm="om SEMsen= "1
CCCT Ty ek LTV:w e AR Ge oo = LC'50 or EC50 X UAF Am/:w
aF  terim i
Acute and chronic  Acute and chronic Chronic Chronic Chronic Acute and chronic
Reference USEPA ANZECC and RIVM CCME this stud
(1985) ARMCANZ (2000) (2001) (2003) y
HA B 5EE A& f% 54 A5E AuFe=s ot JEEFLLZRE 4559 HEFT =4 ARE
B B4 ARE AAdAoR, BY 54 AR 23 28FoH OUd 4EFY UPE BEE st
& 3 ACR = AFE 2844 E 183 34 54 golstth W SF/FERA=S} vEdFE=E o (subclass),
A8E %%‘}0“‘3} a8y o)y ARE HigoZE FAH Z(class), oF&(subphylum), ¥(phylum) 53} Zo] MERERF

A HE £ AEdte ¥He dEEEd, #3254 = AAE &35t F&sta AAtHTable 6). ol 4

259 %3174, SSDE] A& AF FoA Zpeol7t bRk E ERE ITFHLE tge BEFT T FeFES 1Y
ot v, SF/FRAE, YEHEY F9 I ESe gt SSDE Totsty] Hs) AMEEHE AOlERE o5 WY
UZs B¥XE 323 PERAY #THE ugSsth wd S 28 A AEERE AAE Bt 989 & Havt
MUty s st $£4& o] &5ty Jb wizeh 9 At

AEZ9 e 1 DERAE AMSFo 2N 713 metd 2 dAFdAe I7PE PEES YAl - £A5h
AAXAZ *}%3}71011 433 BREAJ Aoz eyt T FAle AEe PERAS &89 FAHA Es 5% 4
S A=Y AS HFFHOR M AR 4% 54 AR & e g2 Zol ALEHt HEEFLE A
iy %%‘MﬂE BTt 871 ol Fe &3the AEFY (class) & 71& 22 FESHE Aol uwtEHsH, old& 4
SR8 EAF ok ke g 4F% dexdoer < Zo] 7 (Actinopterygill), Az (Branchiopoda), =Z7+(Chlo-
a, muE W B4 AZ2Y HFHS IHHE o 2 3 rophyceag), EV]%‘(Maxillapoda) &7 (Insects), F=%
4ol Yta #dEY. SF/FEAES vEdSRse F9 (Bivalvia), &% 7(Gastropoda), 841 %7 (Secernentea), T
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Table 6. Taxonomic groups for deriving the concentration for protection of aguatic ecosystem in ANZECC and ARMCANZ

(2000) and RIVM (2001)

Kingdom  Phylum Class ANZECC and ARMCANZ RIVM Indication
Chordata Actinohpt-erygill 0 0 Oryzias Iatipes.
Amphibia 0 0 Rana temporaria
. Hedrozoa 0 Hydra viridissima
Cnidaria 0]
Anthozoa 0
Gastropoda Physella acuta
Molluses Bivalvia o 0 Corbicula fluminea
Scaphopoda
Cephalopoda
Polychaeta Branchlura sowerbyi
Annelids Oligochaeta 0 0 Eisenia foetida
Hirudinea
o Branchiopoda 0 0 Moina macrocopa
Animaia Arthropods Malacostraca (Subphylum Crustacea) (Subphylum Crustacea)
Insects 0 0 Chironomus tentans
Turbellaria
) Trematoda
Platyhelminthes 0
Monogenea
Cestoda
Nematoda Secernentea 0 Aphelenchus avenae
Rotifera 0] 0]
Crinoidea
Asteroidea
Echinoderms Ophiuroidea 0 0
Echinoidea
Holothuroidea
Chlorophyta Chlorophyceae 0 ( Alcg)ae) Selenastrum capricornutum
Plantae ) Monocotyldoneae 0 Triticum aestivum
Angiospermae Dicotyledoneae © (Macrophyta)
Fungi ) 0]
Sarcomastigophora Phytomaétigophorea
Profista . Zoomastigophorea 0 0
Apicomplexa
Ciliophora
Bacteria Cyanophyta Chanophyceae 6] 0 Anabaena flosaquae
Bacteria () 0]
Z(Polychaeta), T2+ 4] &7Z(Monocotyldonese), ‘&% 7H(Cha 2o 558 §Y AET s ACRE UFolFo=ZH
nophyceag)o] EFET FAHA Hs % & EPS Y A RS FEE A4ET & o s gez ARM
34 2 w4 54 As9 F2o @ 5AF o4 & DERAS #AK NHOE, SEMY AR FEEE U5
(Statistical  extrapolation method, SEM)3 ACRE I=is A Esle 34 2 w4 SRR FA L(E)S Ex
EAA 24 (Stistica extrapolation methodaare o chronic ratios NOECE Table 79 A3 AFZ YrolFo=n 34 2
SEMace), H7HA5 M (Assessment factor, AFM)o] Qlth. ® @4 Ad B35 352 43 5 Aok gekd 34 2
A SEME 47 o] BEERTC &ste da 4F o g =4 ARY 5w SEM, SEMack, AFME
de) AEH UF 34 Ee B 54 ARLES0 E A8l 34 2L W #AHA 2 5ES ET £

L
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Table 7. Assessment factor (AF) for deriving the concentration for protection of aguatic ecosystem

Available data Assessment factor Reference
Acute L(E)C50 or QSAR estimate from a set of data on one or two aquatic species 1000 OECD, 1995
Acute L(E)C50 or QSAR estimate from a set of data at least consisting of algae, crustaceans and fish 100 OECD, 1995
One long-term NOEC (either fish or daphnia) 100 EC, 2003
Two long-term NOECs from species representing two trophic levels (fish and/or daphnia and/or algae) 50 EC, 2003
Long-term NOECs from at least three species (normally fish, daphnia and algae) representing three
trophic levels 10 EC, 2003
stod Al A e PERA 7IM& Attt sAH HEgE29 ANAAY Bt FIEY dxEdFoly
A BSE ¢35 PERAE 59 AFA, AYEoA, &4 2], 24(5), pp. 592-597.
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48 2 W 54 A=Y =5
(Statistical extrapolation method, SEM)-V/} ACRES &
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