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mIZ, ROTERCFWERE % A

F—T— R SpAARRHEE TV, WEOKEREE, {LFWHE, PBPK

1. #8

BREZICEW UL EIILEAR AR H DT
HY, ARWMICETRES DLFEWENER, FIFES
L, FO—HMITREFICHER I TS, BEICE
2FET, TOFAEL ELICERELRR I, &
FETHEREARLVEVBIBEICRER LN S K D ITARERIC
MY HEBLEHEND X DI Tkiz (b,
2002), AKIIZHEW TS, Bex oD b 8
WERHEH S TEY, £RBRICH LTS NDE
BERIFTLTODHEERD D, Hio, HBREEN
DI, WEOREEZ TP EDD XS 2EITIE
ERRA~OEBNEEINTEY, 5% ESNICH
ZE LTV MENR S B (Brooks, et al., 2006),

— 5, TFEOMBE W R T & (Geographic
Information System) DFEEIZ LV, HIEE®R, K&
T, MetEREOFEM2EMOoMEANFTH L
MR- T&E Tz, ML IX, WJIIVE & O REZ2 [
SHEMET L EOTEINMUBEHET V2D
Lo, fEMEEKICE 2 ARBEEEL L, BES
JVE LV OBREFTOEE, KOREKNTOEREZS
& L 72 ¥ R B 8E FF Ml E 7 /L (Hydro-BEAM:
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Model) #4424 U7- (B, 2002), F£7z, 1999 4F12
3 TRERFHEDRE~DOH N EDOHES R OE
HodHEDOREIZET 215 (@ PRTR {4 :
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ZOoOLEBERDOL L, RBFSETIE, Hydro-BEAM
IR L, HEOITFMEICOWTHENEE 2%
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K- ERBEEFIET VEBEL, MRIREICK T
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2. REK- ERREFEETILOEK

2.1 REK-£BRREFHEETILOHME
TERBRBEETA £ 5 v (Hydro-BEAM) [Tk & < 4y
T, BUREZET OV, SAiARHET Y, KEET
b, EREEBIMET LD A ODET NSRS,
F9, MET—%, [T —F LB ET
VW THIERE OB %2 RD 5, KD T BN
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HEELROD, KoBHHESHET — 27282/
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WREZHWT, ERA~DOREFLZ1T 5 (Fig. 1%
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Fig. 1 Evaluation process of basin environment

2.2 REBOETIIELET—52EH
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VO 72 A8 2 W8 i A% 8, 240km?, )11 i K AL R 75.1km
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VU5 D A v 2 RIZHEIL, $HEHIAICIZAENSD
BDABIZHETS, 22T, AENDCEDKERR
H RIS U, DB IR IR RIS i 2 % & IE
ERVWHTKBET S, 72, BHE»SOPKITY
FRTKEEBEEL, 15KE FAKEELRIZIE T T
TAKALBRIZIT, FAALEL CHULEE S 22 W IBK I
(LR &R T e SN D &35, @O %
KAEHEILFig. 20 L B0 TH 5,

2.3 HKEDHE

H AR R O BRI AR I 2V TiE AMeDAS @
F—2 % HW, ANBEROEHESIZOWTIE, E
e YK BHER O -0 12, FAREREMXKE, %=
PR ER BRI TR, Adl PREILM
DD OHEKBEHEF Z1T D,
PEKEOHEFHIZRBEALEZ WV 208, AIEPEK
BLOEHEEAKIIEB AL Pn OIS RAET S
L, BOBHEKEATEEPKICEER A b DL L

TRET D, T7Rbb,

Qpn =Py XDy Q)
Qpd =Qpn *Qrge 2
Qis =S xDjs (3)
D = 300 )
Qrge =0.35 5)

22U, Qpn: AETEHEAKE (Liday) , Qpy: #BHIHEAK
R o(Liday) , Qq: FHEHHEAR (Liday) , P, : &
MIAT (A) , Dy : AWEHEAFEN (Liday/ A)
Qrate: AP HEK R, S: PEZE TR /3SR T2 frgdE (M),
Dy : FEBHEAE R (Liday/[]) , T b,

2.4 LEYEHHEDHTE

{LEWE I RAFEICL > T, AFED LITHEIE
NHEEPICHEH &5, Z 2Tk, 2FE PRTR &
HPEH R E S b Fm RN &2 HEE T 5 (Fig. 3
ZMR), TAE~OBEEITERO TAALEERH 5
B, TFARLELE ) & OWE RIFFHT 212 L 0 L FlEd
A

3. EEIZHITAK - FEEBESHEETIL
3.1 EEMEBOHTE

MEEE DY OBINZOHEARRL, =x0¥—HF
FRIZ Y RO L SRS nD (T, 1994),

R{+Q, =cTd +H+IE+G (6)
| = 2.50x10° — 2400T, 0
Ry=(1-ref)sd+L{ (8)
H =C,paCrU(Ts - Ta) 9)
IE =1p2 ACHU (dasat — Ua) (10)

ZZIZ, Ry HREA~OANHSE s'Tm?), Qa: A
THEEE (Istm?2), oTd: MR w2 & 0 &l
Ustm2), H: BEE Usm?), IE: BE (sm?),
G: IFE\E (s'm?), 6: AT 77y - KLY UE
oQsTm?KY), T mERmERE (K), | ko
DOPEF Jkgh), Ta: & (K), E: &% & (kgs'm?),
ref: 7K, S| AKHAHE (Ustm?), Ly k2
DEHENS O R (Is'm?), Cp: RO EE
BN (JkgK-Y), pa: ZEROBE (kgm™), Cy @ BHEA
LDV 7 TR, U IR (ms?), i &R
INER, Oasar : BAFIELIE (gkg™), @ HIE GRIHZER
1kg H7- 0 DAFRRE) (gkgD), &35,

3.2 EE - MEEDHTE

B2 OMEE CREFENICIEA DI ENTED
ZEMS, BURKEEANT, Ay al L ORBH:
ME—FE— S —RKk—RE DO —EOME% B
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Fig. 2 Flow direction network in the Yodo River Basin

LHME - MEETAEMET 5, HMEROESE
FRiImkRck-oTkooon s (UTpE - WH, 1988),
p(t) = p(t) + j”pmm (11)

17 = 3.44x10° Ay exp{0.0253p(t) — 0.0958T, ()} (12)

Ta = 26125 D & &=
A :10—{0.179(Ta(t)—273.15)+2.15}+0.0015 (13)

Ta<261.25 D L %

A =10 (14)
ZIEL, p BEOHE (kgm?), t: BERL], e,
FEEE O Y kE (kgm?), 7 JERKMERE (RS
DOSNIZL &) (kgdm?), At: FHEFERHIHFE (day),

T HEEOTR (K), THY, BMIERITL FOX
ko THET B Z LHTE S,
Weq ()
Hss(0) =—20" (15)

T ZIZ, He BEHE (m) T, @EREFIRAXOLD
272 %,

Qm=8&de¢+Qa—dﬁ—H-JE—QJ+Q, (16)

Q =CTarg an

Qs =1.16x107°I¢ (18)

Z 2T, Qui B EE (UIm?), QA THEEE (Js'm™?),
Qr: WEVE (Im?) , Qs: FiRD EH &5 WIXIKTFIC
b s EE (stTm?) , c: B (Jkg'K?D) |, g
KO@REER kg™ , THD

3.3 HHEREDHE
ABOEAMH M Z B BT 572D, HFRHEIEE D
30 HHOBEFEHEZERL, Ome & b ERDD L,
WEODEZXOMBE sin TRIT X, BEz0L X
OHIRIE(Q0)D K S B,
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Fig. 3 Estimation procedures of emission volume on toxic-chemicals
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TRRERER
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2
2 _ K M 0(0,t) = Gyaye + o Sin(at + @) (19)
ot oz?
6(z,t) = Gpave + G exp[— z‘f%]sin[wt - z‘f% + ¢}
2
0w=—
-
(20)

-

- -
-

Z 2T, Kk BMEHUR S (mPd ), 0 MR (K)
Ooave : FEFEIMIREIRE (K) , 0o : HIFR MR DR

g (K, T: )88 (day) , THD,

4. KE-KBETINL
4.1 KEETILOERK

(1) RS LUVARE
e AR - AT TR, HiERm B X OVA BT R
i A& & L 7= kinematic wave {E& W 5,

ohp | 0gp
AL AL 21
ot x Al (21)
—d,)mb hy >d
qa = a(ha —da)™ +aha | when( Al AJ (22)
ahy har <da
dA = AADA (23)
= “Smg, (Manning type) (24)
n

ksing
o=
A

(Darcy type) (25)

wlo N

my = (26)

- -

22T, hkEE (m), q: BAZEEGE (mP%s-Y), r:
MERTRE (ms™), fa: EHEMRHER, sing : $E AR,

-
-

n: R OSAHLE (M%), k: BARE (ms-h), 4 :
ZERRE, D:BE (m), d: f@aflitk&E (m), |: &

HFIH (ZZCiX, M, [k, i), A A JE,
m, : manning HIE#, &35, AKHIZIE, HHEIC
HIEMEE KL IS D TELHEZ
ETALEHND,

(2) BETORTETIL

B JE T, BIEIFEEIEIC X » TRARM 2B 5,

dhg
—B .= 27
e B —Us (27)
dg =0ne +dva (28)
lg =r@—f 5)+Uc (29)
Z farA
Foo=t (30)
Al ZAI
]
Ohg = kng max(hg —Zg,0) (31)
dve =Kvghe (32)
Zg =Dg(1g — 4y) (33)
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Fig. 5 Emission processes of toxic-chemicals

FNDd GEE, 1990), KHTIE, BAMEOE VLS

hg—-dg hg 2dg . . . . N .

UB=( 0 j When[h5<dBJ (34) WL EIKICET, BEEOEWEEMEILEIC

SICWESND, T, SSIZE SN {bEwE

dg =4gDg (35) iﬁf“f\%ﬁéﬁ‘éﬁ‘??ﬁ’\@éﬂé?‘:&) iRk

22U, hg: BEEEE (M), I WEAE (ms?h), gs: D\ MEEE R B BRICIE SS oEiEE B &
Fith@E (msh), u: H\iRE (msh), ky BEO k@ B THELEND D,

O K TR L OMEEAKEE (s1), 1: 22K, K &R E & O EBENICE L i,

D:JEE (m), d: fafnlirk&E (m), B: BEZERT JINZHE AN 25 SSHL o3 ML K U 72 ¥R 43 23 2Bl iy ¢

T, Ay MHICFESTHZERE, Ths, Ir¥Eh B EREL, WINEJRREOE S I1EXSSD % H) 2 BB
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Fig. 6 Toxic-chemicals dynamics in mesh
dFgs A A
—= =W ——-G— 37 D D
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TN e 4 (2 . s -3 d | h; ja p dt hs ia
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W @SS DILBEHE (ms™h), Hp: FHKZE (m), G:
SS OFFE LHE (msh), R: & (M), fes: W5~ X 2 chia
when in <C
D SSHABHR (g m's?h), Fe: WJIERO SS 4 o el
R (gm?), ur: BEEEE (msh), Tho, k72 o
L, {IEJREE (40)
W, F2, THENTOSKHE MM (aiw) O Tk
Hrsaw (1-wW¢)psgw | Fss BiICkomBERBEE, UTOoLcERIhD,
— c/Fsdw |2 ss (39)
Hrsds 1 i
Psds R - 'asa ACi, - 'ﬁsa ACya
TREND. Z2IZ, Myt WREAOES (M),  dhpAC, D_SI:ACW dhjuACji | Deg rC
Hy sas - EETREMR DL (M), we 2 1)1 EER 0 & AR, dt j ’ dt ha
puaw BRI (M%), pogs: SS BT DEE (gm?), 0 0
Thd, k- HFESCKRLBZET LN, 22T
TE WS S Cia = Cj
° when Cia <C w
g — Cia =Cjw
4.3 EEZMEETIL
{LEMEEFTNITFig. 5 DX S ICHm SN, A-D (41)

JE, K&, WHEIZST TRk bNnD, BRI,
LW E L ER T ORBRICK EZRNRAVIR T - T
WD, RO ORISR - KA - BRI
FTEZD, £, WHERBICHEET 8D L H
H LRV ICS T, K E A S ommoE
BB ET VORI VRO D (Fig. 6 &2R),
T3EfE O KRR (1a-ja) TOLTILHIC X2 WER
#hix, KUonLrickEns,

—77, BEEATORE—EMAE (w-is) OB B)HE

EEHBICTERZ SN MEBENL, UTOLHIT%k
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dhijwACiw Cis
— " = Ui, A Ciyy — ,

dt WIS w HIS w

’ (42)

dhisAcis Cis
—sfis gy AlCL -
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%X:—Kxthcx, K, =1.047%-(20¢27315) gy “3)
(x = Aa, Aw, As, Ba, Bw, Bs,Ca, Cw, Cs, Da, Dw, Ds)
TS, 6 R, dko: ofREEES (s, 6b
THORE (FEHRELZRE) (K), x: fEE0=a v
= kA b, D, B OS5 IERE, 2R T
T O KR - AR - B4R T Ok oI 3T
UToko52ks, Thbb,

AJEXAH (Aa) :

_Dha pc r Daa
" Naa Aa
Aa AC Aa — D Aa AC Ba + D Aa AC Aw
dt hga haa (44)
0 0

ACa,

~Kaahpa ACaq
A B (Aw) :

dh o AC aw

—qxC
dt qarCaw

=—r(1-f 5o )ACaw
DAa ACAW
haa

+UgACg, + x'n?;,p 'r?Aa AC pa (45)
Aa

0

_UAW,ASA[CAW - ]_KAWhAWACAW

As,Aw

EFE (is) :

dhigACK _ [
iw,is

dt J KIWhIWACIW (46)

Hisiw
B, CkE,
TS 5,
KB T 2MENZOEAE LT, #isEdK
DKEE &8 0 I iAA TR & £ 7 b3 %,
T, REmAR L HERRTIRE IS TE T Uk
T %, AIRPEKOE BBy SILIEEIRAR & W
WRITEETH L EIRE L, WEOWMEMEZ K3
N THYT 4 —FFT N (LUL1) | %0%%*
T 5, BREFICHIH LWk FamTE (LRI
FRAT) ITHIKERICRESh b & L, W@iﬁﬂ:ﬁﬁ
b3 %,

f ch : hcw (47)

P (ch 'hcw"'zcsd 'hcsd)

1 koc- Msd - peq
o’ chd T E—
Hen Hen
Y

(Ws/Mw)

DB X Rk I ZZT

ow =
(48)
Hen =

frp =kwp S+ (dg + ) (49)
dS =f ini _ K,-S
dt p Xmp = Trp =Kp-op, (50)

Ky = 1.047%—(20+273.15) adk,,

722U, fy  RURPEAITAE S PE W E o itz A e
(mgs™) , Xpp: HIZEHEH B (FRIELISH) (mgs ) ,

ini - PEHIE (RIEOMEIZTEER\Y) , 2:7H
T 4 =% (pa'm®mol) , h: KEICHITLEM
453, Hen: ~> U —iE% (pam®mol™) | cw : &
R A AE L7 KEE, Vo RSJE (pa) , Ws: KIE
fiElE (gm®) | csd : HEREHR WAL & 4HE L 72K Ok
BEIETR) | psa 1 KESIEIROBHE (gm?®) |, S, : FRATF
AR (mg) |, kw, : iR (m®) , &35,

KT 2R m AL, SIRPEKIZ X VR
LR RVE (W - RIS X DHERE) & kIR
W BEAR D S SN D WE & 5T, HEFE -
ERBET D, Thbb,

q
frnp = kWnp 'Snp '_ZI (51)

ds
d’t‘p =~ fy) Xt + s Caw — frnp — Knp *Sn

Kpp =10 470—(20+273.15)tkk,,

P (52)

ZZAZ, fry: WiEAGR (mg sT) S, HEREARNT
B (mg) , kwy : MR (M), TH D, itk
BUTBH L TIE, HARDRWIERFFZA8E L, daiiy

WefE 4 (s) , ZRAFAM B ORIFESy & AT 5 Afr
B X MO H S I B D75 Tl B & B,
kwp -Spo -y = fp Xm;') kwp = 1d (53)
Qw -
Fio, WERIZLLTO LI ICERBLEND,
0 0 0 oC
E(Arcrw)"‘&(ArUrCrw):&(ArDra_;Wj
A A (54)
+W, —L—+G, L
H, R
A
d [?r H rsdwC rsdwj
dt Dsdl
A, =7 Gri+Wri
d ?Hrsdscrsds R Hr
_— (55)
dt
A
+[ Dgg2 ]_ stwFrHrsdwCSdW
-D A
sd2 sts ?r H sdsC rsds
I PT=RaNR W N = R b {8
f ferrfrnpﬁLQ'hb’A'waJrq'hc‘A‘ch) (56)

r= bl
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Fig. 7 Modeling of toxic-chemical dynamics in the fish

TROOLNB, I, Cr: B (gm?) , fr: s
ﬁﬁ\%iﬂiﬁf\@?ﬁ)\ﬁﬁi (gm?s™) , psds : SS*j
ToEE (gm?®) , K: SEEER 51,
HHEME R FR D ERER (mgh) , Msd @ A %ﬁ?
Ga%, U: BEEEER (msh , u: 22 8—Fk
AV ML OBEMRE (ms?) , H: SECESER,
B, dk o fREEEE (s-1) , sdw : 7)1
JEWkAR, sds : FIEJEFEAE, ZEMRLTWD

5. AREHMEETIL
5.1 PBPK ETILDEA

TR AR T 2 BEDIKRNIC EniE EEmE R
LR 5 O 0 EHEE T D 7 % IZPBPK(Physiologically

Based Pharmacokinetic Model)(Nichol et al., 1990)€ 7
NEEAT L, ERERE LT,
dA; /dt =Q; (Cart —Cyi) (57)
Ci =AY, (58)
C,i =C;i /PR, (59)

- = )
0 — — —,

ZRAWD A =R Ay MDY
BOME (ug), Qi 2y /83— KAV hNAT 58
Wi (litersthour), Cor: EWAR T i AL 9 B IR FE (ng
Nliter), Cy: 2> /83— F A v M ToMmPL W E RE
(ng Niter), Ci: =2 /3— kK A M TOILEYE /)i%f“
(ug fliter), Vi: 2> 78— kX2 R ORRE (liters),

fidegs & MR Dy BEA% % (ng /liter in tissue / pg /liter in

blood), TH 5,

T, Fig. TR T Lo ik EET LT DI
BEL T, (bFPEOBIRK L LTI 006 DEI
EEREL, 28— b A2 NI E - DR - R
fFleg - MENG#ASR - M ED D W - mitED %
WD TR BRET 5, Thbb,
= 7 #H#% (Fish gill description):

Quw<Q¢ Py PE X

C
Fg = Qw [Cinsp - Pven J (60)
bw
Qw>Q¢ Py P EE
C
Fg = Qc ! wa(cinsp S j (61)
wa
M5B IR (Concentration in blood):
F
Fg =Q, (Cart _Cven)r Cart =Cuen +Q_g (62)
C
MEEDZ WM (Richly perfused tissue group):
dC
=Q; (Cart vr)r Cur =GCj /Pi (63)
i & D 72 Wik (Poorly perfused tissue group):
dcC
m dtm = Qm (Cart _Cvm): Cvm = Cm /Pm (64)
B (Kidney):
dC
Vk—— k =Qy -Cart +0.6Qp, -Cymy (65)

—(Q +0.6Qm)Cy, Cu =Cy /P
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Fig. 10 Calculated concentration of SS in the river water at Hirakata
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Fig. 11 Concentration profile of SS in the river water
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Fig. 12 Calculated water temperature at Hirakata
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Fig. 13 Vertical profile of water temperature

1. 20E+01 5. 00E+03
9. 60E+00 | 1 4. 00E+03
7. 20E+00 A 3. 00E+03 C13-1[mg/m3]
4. 80E+00 | - 2.00E+03 | —— Q[m3/s]
2. 40E+00 | N 1 1. 00E+03
0. 00E+00 : 0. 00E+00

99/09/01
99/10/01 [,
99/11/01
99/12/01

Fig. 14 Calculated result of LAS concentration in the river water at Hirakata
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Fig. 15 Vertical profile of LAS concentration in the river water

Fig. 16 Concentration distribution of LAS in the air
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Fig. 17 Concentration of Nonylphenool in the river water
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Fig. 18 Concentration of Nonylphenool Etokisilate in the river water
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Fig. 19 Comparison of Calculated concentration of Nonylphenool with monitored one
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Fig. 20 Concentration of Nonylphnool in the river water
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Table 1 Classified results of considered toxic-chemicals
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LAS 5.200 250 278
T HNER Y -2-F )L~ F L)L 0.486 1.3 72
ERAT7x/)—/LA 0.053 1 314
7 XNV -n-T T v 0.250 4 3.14
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Fig. 21 Concentration of toxic-chemical in liver
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Fig. 22 Evaluated risk
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River Basin Environment Assessment Considering Chemical Impact against Fish
Toshiharu KOJIRI, Morihiro WASA”, and Tomoya KAWAGUCHI™

*Graduate School of Engineering, Kyoto University
**Nihon Suido Consultants Co., Ltd. Japan

Synopsis
For an environment assessment related with the water pollution, an analysis of each process such as
the pollutants release process, distribution process, and exposure process is need to be linked in an
appropriate scale. The purpose of this research is to build the hydrological river basin assessment model
for an assessment of the water pollution distribution and damage on fish population using the distributed
runoff model. A target area of proposed simulation is the Yodo River basin with the Lake Biwa. The

simulation is performed for an assessment of Nonylphenol and Linear Alkylbenzene Sulfonate to show the
survival rate of the fish.

Keywords: distributed runoff model, river basin environment, chemical materials, PBPK
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