Pestici de Science Society of Japan

HASSES23E 33(4), 393-402 (2008)

$ﬁ X

LDl

ArEEHAEER LI BEOMERMIAERY X 7 51
IKREHBERI O A DY) VDT —RART T 4 —

K oH OF EM WM OAE E & OE R ]
MNTATEE A B ERER TR
CERR 204 5 H 28 BEA, FR 2047 H 29 HZE)

Probabilistic ecological risk assessment of paddy herbicide in Japanese river waters
using uncertainty analysis: A case study for simetryn

Takashi NaGAl, Keiya INaO, Takeshi HOR1O

National Institute for Agro-Environmental Sciences, 3—1-3 Kannondai, Tsukuba, 305-8604, Japan

We conducted a probabilistic ecological risk assessment of the herbicide simetryn which is used in Japanese
paddy fields. The EC, values for 31 algal genera were fitted to log-normal distribution, and the hazardous con-
centration for 5% of algal genera (HC;) was estimated to be 8.2 uig/l. The predicted environmental concentration
(PEC) of simetryn was calculated to be 0.71 ug/l using an environmental model and the standard scenario de-
fined by the Ministry of Environment, Japan. The distribution of PEC was quantified using Monte Carlo analysis,
and the mean of PEC was 0.77 ug/l and the 95 percentile was 2.8 ug/l. The joint probability curve was derived by
comparing the species sensitivity distribution and the distribution of PECs, and the probability of exceeding HC;
was estimated to be 1.5%. © Pesticide Science Society of Japan

Keywords: probabilistic risk assessment, species sensitivity distribution, Monte Carlo simulation, simetryn.
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Table 1. Physical-chemical properties of simetryn®

Molecular weight 2133
Solubility in water (20°C) 428 mg/l
Vapour pressure (25°C) 4.96X1075Pa
Soil sorption constant (Koc, 25°C) 642-205,000
Octanol-water partition coefficient (20°C) 138
Half life for hydrolysis >1 year
Half life for photolysis >20 days

9 Cited from ref. 9.
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R EEEHOW T EC, ATl h T 25481
BERILLBZMEEFEMLE. ZLT—20BTHEHEH 2
EC,, DS FREABH U TREEEMEL Lic, S5ITR
B THERO EC,, M E o h 2 HE4101E, BEEED KA
FafiEsREH L TBFEEE U, HRESSG~O#HE
BRaLEITO T « IV TREET VI =V e ¥ —
) YBOEIC K » TREAETT » 7 (FE/KYE 5%).

4. BREFEME

4.1. BELSH

PEC DAFEEMSMT D12 O FlghIkEt & LT, PECH
EDKNT A= DEBOKE IEBET 5 HIRES
WET-7, BREMOFEELELT (1) Rk 388k

(Sensitivity Ratio) % A 7o 1¥:
Sensitivity Ratio={(Y' = Y)/Y}/{(X'-X)X} (1)

T, XIIMEEYFUADRT A =5, X' 3 X% 10%
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BRESTORE, BREVRSED - LOKHERE, B
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ping ratio) % /i TKREIEM MR & Lic. fEMEIE RN
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ERHE (usageratio) 1, ARERFIR T EICYFREOMHH
BRUEKEYS7-VERE (600gha) »SaHE LA
HESEBROKRBIEMERICED2HETER L, V2
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ThHbrEANR LK, B8, IIBHBOHEEREI 100% %
WA, BEHEUTHETDSBRA L. JoMER
BRlOY X b v ERENS, RESHEESLERELT
SakgE Lz (Fig. 20).

Vu b ¥ itk 3kBICE I AKEBROBEREE S &IT,
—HA Y/ hREFHEH/KE (daily surface runoff) & =44
REBEL, —HYDHERREKE (daily lateral seepage)
A tE &b ERE LK.
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Table 2. Parameters for PEC calculation, the sensitivity analysis, and parameter distributions for Monte Carlo simulation)

Standard

Sensitivity

Parameter . Distribution Value Min-Max
value ratio

Paddy field area 500 ha 1.00 Log-normal Mean=1060, SD=726 0.0-3,872
Cropping ratio Triangular Mode=65.3 52.3-80.7
River flow 3m’/s -0.91 Log-normat GM=2.71, GSD=1.56 0.87-9.18
Usage rate of simetryn 10% 1.00 Exponential A=0.15 0.0-31.0
Soil sorption constant (Koc) 6915cm’/g —0.32 Fixed 6915
Daily surface runoff 30m*/ha/day 0.99 Triangular Mode=30 2040
Daily lateral seepage 20 m*/ha/day 0.01  Uniformal 18-22
Ridge soil density 1g/em? —0.01 Normal Mean=1.01, SD=0.29 0.23-2.14
Ratio of contiguous water and soil volume 24 0.01 Fixed 24
Ridge soil organic carbon content 2.9% —0.01 Log-normal GM=2.71, GSD=1.56 0.1-24.3
Tributary water volume 86400 m*/day 0.30 Log-normal Mean=86400, SD=40466
Tributary sediment volume 2000 m’ -031 Fixed 2000
Tributary sediment density 1g/em® —0.31 Normal Mean=1.01, SD=0.29 0.23-2.14
Tributary sediment organic carbon content 1.2% —0.31 Log-normal Mean=1.2, SD=1.08

9 8D, GM, and GSD indicate standard deviation, geometric mean, and geometric standard deviation, respectively.
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Fig. 1.
simulation.
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PEC
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Model structure for PEC calculation and the Monte Carlo

BE LB LE (ridge soil density), BELBEOHEKES
A# (ridge soil organic carbon content) I, HAFI 34 Fh oS
54 ST T TRMKEEMT » I REFEARE IS Y
ZKELE D 2E 3670 HORET — 5 229 o5
% U7 (Fig 2D, E).
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Fig. 2. Distributions of parameters for PEC calculation and estimated probability density functions of the each parameter.
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Table 3. Ranked genus mean acute values (GMAV) of acute toxicity (ECy, or LCy;) of simetryn to freshwater organisms

i Genus Taxonomic group GMAV (ug/l) i Genus Taxonomic group GMAV (ug/t)
1 Gonium green algae 10.2 24 Synedra diatom 71.1
2 Pandorina green algae 10.6 25 Penium Charophyceae 91.5
3 Carteria green algae 11.2 26 Euastrum Charophyceae 92.5
4 Chlorogonium green algae 11.6 27 Pseudanabaena cyanobacteria 96.8
5 Anabaena cyanobacteria 13.6 28 Nitzshia diatom 136.3
6 Monomastix Prasinophyceae 15.9 29 Eudorina green algae 146.1
7 Chroomonas cryptophyte algae 16.6 30 Cosmarium Charophyceae 153.0
8 Chlamydomonas green algae 17.5 31 Chiorella green algae 3135
9 Microcystis cyanobacteria 17.6 32 Daphnia crustacean 5,000
10 Coelastrum green algae 19.5 33 Sigara aquatic insect 10,000
11 Pediastrum green algae 21.1 34 Paratya compressa crustacean 14,200
12 Pseudokirchneriella green algae 24.6 35 Oryzias fish 15,811
13 Phormidium cyanobacteria 254 36 Cloeon aquatic insect 22,000
14 Cryptomonas cryptophyte algae 30.1 37 Micronecta aquatic insect 22,000
15 Leptolyngbya cyanobacteria 30.7 38 Carassius fish 25,000
16 Aulacosira diatom 324 39 Cyprinus fish 25,446
17 Echinosphaerium green algae 32.8 40 Misgurnus fish 28,000
18 Micractinium green algae 383 41 Monia crustacean 30,800
19 Closterium Charophyceae 44.0 42 Procambarus crustacean 40,000
20 Merismopedia cyanobacteria 47.2 43 Orthetrm albistylum aquatic insect 40,000
21 Achnanthidium diatom 57.8 44 Sympetrum aquatic insect 40,000
22 Staurastrum Charophyceae 58.4 45 Bufo bufo amphibian 49,000
23 Navicula diatom 59.9
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Fig. 3. Species sensitivity distributions (SSDs) for freshwater or-
ganisms (left side), and for freshwater algae and freshwater animals
(right side). The solid lines show estimated log-normal distribution
and the dashed lines show the 90% confidence intervals.
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T AV AY A= (Procambarus clarkii) 12009 380 H
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KEDS SHICHT 2 HURROBENS D, LC,, s
10,000 > 5>40,000 pg/l EHE SN TS, BE T A
571 (Oryzias latipes), 24 (Cyprinus carpio), ¥ ¥ =
(Carassius auratus), N2 3% (Misgurnus anguillicaudatus)
D4FIIHTEHENANSNTED, 48-96h LC,, A
10,000 /> 5 40,000 ug/l ERE SN TN B 21030 EHE TR
bt ATV (Bufo bufo japonicus), DF 53T+ 7 VIIkd

LREBNRSNTEY, 48h LC,, flihs 49,000 ug/l & e
EhATNAE P,

1.2. BORZHSHRY PNEC DEH

BT — 7 ORBEHEE RO T SSD O AT - 12, %
WA 544 (Probability) (2 (i—0.5)/n

(i=1---45,n=45) LHELL. 45BOLTF—7 %R
W72 8SD Tid Fig. 3 FEIRT & 9 ii— R U THEER S i
NOBAENEN, 2IT, BELBHOT 52T T
HMORZHMEERT &, BB TEEEEHWIIH
IS his (Fig. 3 4).

SOREHEI6DOAEROT - 2FATLEDT,
B BHORZHIRANICARLEND EINEI hE—
TRESRATICE DREET 72, 52U LOF— 5
BohsiE BE v7/2\757)7, HEED 450
SBEIC OOV THT LR, BRKYE 5% TREDORE
BIZERD B LERVABOEHEShE, T, VAR
VU OBEBICHT ABRZHEAEHICL - THRREEENA
Hohd, ThU B0 EEERCS 3 2 SSD DT I3AT
biino 1z,

& SSD DX FIEM ST~ DE G EMRE % H BEKHEE 5% 1T
Tii-> R, 27—/ TRERTETHES L TOIL EH|
TEh, BHEEIMIIHI LT -7 CHERFEGBESEN
MBETNNA LI, 22T, B RUHEHOL SSDH 5
HC, AEAICEI LIc &2 A, BT 7949 ug/l, BT
3 82ugl &8 »7z. SSD D% £ L5 & Table 4 D &
I B,

2000

1000

Frequency

0

0 05 t 15 2 25 3 35 4

PEC (ugft)

Fig. 4. Result of Monte Carlo simulation. The mean, median, and
95 percentile of PEC were 0.77, 0.38, 2.82 ug/l, respectively.

Table 4. Characteristics of SSDs (log-normal distributions of EC, or LC,, values) for all freshwater organisms, animals, and algae.”

90% CI of
Data Genus number GM (ug/t) GSD (ug/l) KS test AD test HC (ug/)
HC; (ug/)
All data 45 271.5 22.6 X X 1.6 0.4-4.5
Animals 14 22,651.9 1.9 O O 7949 4,456-11,438
Algae 31 36.8 2.5 O O 8.2 5.0-11.8

9 Goodness of fit to log-normal distribution was tested by Kolmogorov—Smirnov (KS) test and Anderson-Darling (AD) test: O indicates
rejection of a lack of fit and indicates a lack of fit (significance level of 5%). Hazardous concentrations of 5% species (HC;) and the 90%
confidence intervals (CI) are shown.
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Fig. 5. Correlation coefficient between PEC and parameters for
PEC calculation derived from Monte Carlo simulation.
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FEOY I 2 V—Y 3 Tl Koce it 6915 DEEME %
feds, VAR VIRAKBBEN 428myl E K& (Table
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hTW3 . KiEmE (c,) »5 Kenaga 5% O
(logKoc=—0.55Xlog C,,+3.64) 1T & » THE L 7z Koc i3
156 TV, Kanazawa® 13 Koc DHEHME & LT 333 2%
LT3, £I T, Koc’% Table ] DE/IMETH 3 642 1Z53%
ELIBEDPECOEYTHNBY I 2=V a v EfT-
fo. TORER, PEC OFHI 1.20ug/1, HRAAIT 0.61 ug/l,
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Fig. 6. Boxplot of estimated distributions of PEC and monitoring
data. The boxes, lines dividing the box, and whiskers show the quar-
tile values, median values, and min—max values, respectively.

Table 5. Monitoring data for simetryn concentration (geo-
metric mean, GM) in Japanese river waters since 1998

GM
Site Prefecture Year Reference
4y,
Hasu River Fukui 1998 0.90 36)
Takase River Fukui 1998 3.00 36)
Bessyo River Fukui 1998 1.80 36)
Kozakura River Ibaraki 1998 1.41 37

Old-Yubari River
Horomui-Unga River

Hokkaido 1998-1999 0.50 38)
Hokkaido 1998-1999 1.57 38)

Tone River 2000 0.47 39)
Kinu River 2000 0.68 39)
Tsuchiura Canal Ibaraki 2000 1.80 39)
Kokai River Ibaraki 2000 3.50 39)
Uso River Shiga 2001 6.00 40)
Hino River Shiga 2001 6.20 40)
Yadoori River and Saitama 2002 0.18 41)
Motoarakawa River
linuma River and Ibaraki 2003 1.73 42)
Sugao marsh
Kakogawa River Hyogo 2004 0.16 43)
Sakura River Ibaraki 2001-2005 1.68 44)

. Tsurumi River Kanagawa 2004-2005 0.20 45, 46)
HEMEC LB DM)INORHENKRECZD, PECE
Table 6. PEC/PNEC ratio (HQ)
PEC (ug/l)
0.71 2.82 4.42 6.0
PNEC (ug/) o

(Standard (Monte Carlo 95 (Monte Carlo 95 (Monitoring
scenario) percentile, Koc 6915) percentile, Koc 642) 95 percentile)

6.2 (Registration criterion) 0.11 0.45 0.71 0.97

8.2 (Algal HC;) 0.09 0.34 0.54 0.73
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Fig. 7. Comparison of PEC distributions and SSD for freshwater
algae (left) and joint probability curves (risk curves) for simetryn and
algae (right). In cases of Koc 6915 (solid line) and Koc 642 (dashed
line) were shown.
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XBRIZE D, 1998 FLIREDFIKRF S A MY VIBEDE
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72. PECEE=F ) VI T—=9 0o 2T 57100,
O X% Fig. 6 IR 9. PEC (Koc6915), PEC (Koc642),
ES Y U T OIHICBED S GEREVEANY T ML
TaH, o 2Z0BREE2ETZINThOROKE X
(25-75 78—k Z L WVEOTH) BRIBETS - 7-.

3. URVEM

RERMY X 7384 & LT, PEC/PNEC kb (HQ) D#lA
ShHE% Table 6 IZ7RY. TRTOHMAEGHETHQR 1 %
Flal» 7z,

BEBEOSHEHBHOSAEL S, BRRAGY X7 5l %
fi- 7. PEC OBBHERD i 2B D SSD LHEA/F DY
BEFig TEOKIIEY, ZORBYOHIORKEEH
JRAIDKREESERD, ChiDBEHLILYZR7A-T71]
Fig THED&LHITEB, TDYRIA—TLD, Koc % 6915
ERELIEE, 1% OREMNEEEZ 2RI 4.0%, 5%
DEBHEEZ T BHERIT 1.5%, 10% OEMNEELZIT S
BERIZ09% ERMIN, /o Koc % 642 ERFE LI &
%, 1% OHEPEEEZAHERIT 7.2%, 5% OBHEEE
T AHERIT 3.0%, 10% QRN LEEZT HHERIT 1.8%
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DO AT HEICR, EHEOHR KL 2EYDT—5
ERHANEEGIEL0TREL, REENEEICIEVLE
B CORZUSHOBRITET S ODEYTH B EEL
H5h 5,

SSD iT & » THEE &7z HC; @ 8.2 ug/l & /KEEB SRR Y
FLHEIZ X B PNEC O 6.2 ug/l I3 ITIEWE &% - 72, HC,
RBEMOBEZENELZE LT, ZLOMEBIIBT 5B
D ECs, fr 5K b DTH 5723 PNEC & L TOREHNE
EE, BRRHEREIZ XS PNEC O 6.2 ug/l 12 HC, il &
DEDLTMIBNMETH D, HYZREHEEL->TSEE
ZZohd, SHEEABBEOBETREOHELRA S
T &T, RERSRFENE OGN R F — L OB Y2 FIRT
TEBK59.

HREY Z7EBOL Y FEA v NI [&EEOR#E] T
375, THRBRBEOHTE] 2BL 5008 ENTHS L
ZZoNhTO05, KEBFREABIIBWTS, KEBE
MOMENREEL, hDo, ZOHELFZEL LW LDOELSE
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PEKORELHNE LTV B DI TIRAL., AFETH
W7 SSD iR L X)L DRl & A RER L NV LSS
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ZRINTOARL, ko TABIERBENEROSGVLD
RO ) X7 FMFEOMB L ERALIKRD SN B,

2. REFME

EMETREVFANTY I 2b—Y 3 VIT&D PEC I
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