29

L T B B |
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ADI ChE

ChE DMTP
DMTP ChE
DMTP DMTP
DMTP ChE
(TDI)
(PBPK )
(VOC) THMs HAAs
TCE 20
(10 pg/L) 6.5 pg/L
TCE 10 pg/L 5 pg/L
THMs HAAs
1 7 8
[Subacute Reference Dose; saRfD (mg/kg/day)]

saRfD

[ (mg/L)]
4-40
WHO
_n_
TDI 4
60 kg 2L /day 20
4 HBYV Health-based value 1.5 pg/L
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Matsushitaetal., 2018

ChE

ADI
ChE
12

P=S
ChE

12

DMTP
ChE

(TDI)

P=S

P=0
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10% 20%

TDI

(USEPA 2000)
subtraction

method percentage method

TDI

(PBPK )

THMs
HAAs

(TCE)
(PCE)

TCE PCE
TCE
PCE
(Health Canada 2006)

THMs
HAAs

(TCE)

(VOC)

(PCE)




(TCM)
(BDCM)
(THM9) (DBCM)
(TBM)
(DCAA)
(HAAS) (TCAA)
3.

(Environmental Protection Agency: EPA)

(Health
advisory: HA) Human Health Benchmarks
for Pesticides (HHBP)

19
26
8
[Subacute Reference Dose; saRfD (mg/kg/day)]
saRfD
[ (mg/L)]
1 7
saRfD
4WHO
WHO
WHO
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B.
1.
1
NaH2PO,4 NaHPO, 10
mM Milli-Q pH
7.0 10mM
10 mM
15L 230uM
DMTP
DMTP
045um PTFE
1L
mol-
Clz/mol-C=3 200 mg-Cl/L
5 10
60 mL
20 °C
02 1 3 6 9 12 24 48
72 168
01 M
1.2
DMTP
LC/IMS
ChE
2 ChE
Che
Ellman Ellmanetal. 1961
LC/MS
ChE
Che



ACh

Ch
ChE — ChNTC_ChmpIe
ACh Isample " Chyre—Chyan * 100 @
Ch | mple ChE %
ChNTc Ch
Ch LCIMS uM ;. Chsample Ch uM
ChE Chplank Ch uM
96 Corning
clear flat bottom medium binding 2
polystyrene 285 uL
1
10mM
01 1 10 100nM Wangetal. VOC
2014 285 uL
ChE 240 unitg/L in
pH 7.4 150 mM Weisdl and Jo 1996
7.5 uL (Weisel and Jo 1996)
37 [ 30
oH 7.4 PBPK
150 mM ChE
(Wallace
7.5 uL 1997
ACh Ch )
ACh 120 uM 7.5 Niizumaet al. (2013)
uL 3711 2 2 Q)
©)
200
uL 200 pL
ChE B
Ch LC/IMS
Che o
2
Ap Ap
Do = . (1) |Eo = a1B1Do 4) Do = . 1)
W w
C,
D = baQ (2) |E| = axB29D, (5) [Pio = a2/1B82/19D, (7)
KpAskC_d
= En = D D, = D,
> = (1000cm3/ )by (3) |Eb = azfsDp (6) |Poo = a3/1B3/1Dp (8)
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4) (©) 3 4
Mathematica 9 (Wolfram Research,

(1) (8 Champaign, IL, USA) THM
© DI A1y O3/1, Bz/1s Baja
Ap Ca9Q
Dy = E + az/1B2/1 Z—W
KpAskCa
+ a3/1B3/1 pbs 9
w
,32/1
BZ alDO EI
= =X (10)
b = = o0 by B
(ap =a;=1)
b Do
= (11)
'BZ/l Qavaa
B3/1
_ B3 _Do _ by, x1000cm3/L
B3/ = B Dy <
1 D pfisk
x 20 (12)
Cqa
Oz/1 Q3/1

area under the curve (AUC)

__ (AUC of inhalation exposure)
%2/1 = ( AUC of oral exposure /32/1(13)

__ (AUC of dermal exposure
QA3/1 = ( )/,33/1 (14)

AUC of oral exposure

Niizuma et a. (2013) PBPK
(Corley et a. 1990  Corley et a. 2000
Ramsey and Andersen 1984  Taneta. 2006)
TCM aZ/la

a3/1, ,32/11 .33/1
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3 TCE PBPK

Parameter (unit) value
Body weight bw (kg) 60°
Rapidly perfused Vitce (L) 3.198°
Slowly perfused Verce (L) 24.12°
Fat Vitce (L) 12.842
Skin \Vsk-TCE (L) 2.1b
Liver Vitce (L) 1.56°
TCE Kidney Viree (L) 0.24°
Gut Vgrce (L) 1.028
Tracheo-Bronchial Vibtce (L) 0.0422
Placenta Vpla-TcE (L) 0.4758
Tissue volume Fetus Vieetce (L) 2.326°
Body Votcon (L) 46.121°
(a$ume unit densty) TCOH Liver V|- TcoH (L) 1.56°
Kidney \Vircon (L) 0.248
Body Vbtca (L) 46.121°
TCA Liver Vitea (L) 1.56°
Kidney Victea (L) 0.24°
Rapidly perfused Vioca (L) 7.061°
Slowly perfused Vspca (L) 39.06°
DCA Liver \Vi-DcA (L) 0.24°
Kidney Vioca (L) 1.56°
Plasma Vp—DCA (L) 2.64¢
,rAaIt\éeoIar ventilation Qur (L/d) 13940¢
Breathing rate Q (L/d) 19110¢
Cardiac output Qt (L/d) 8537°
Rapidly perfused Qrtce  (L/d) 41007
Slowly perfused Qs1ce  (L/d) 14582
Fat Qrtce  (L/d) 4772
TCE Skin Qs-tce  (L/d) 826°
Liver Qi.tce  (L/d) 4212
Gut Qgrce  (L/d) 1639°
Tracheo-Bronchial Qw-rce  (L/d) 229°
Placenta Qpla-tce  (L/d) 2043
Liver Qitcon  (L/d) 20592
Blood flow TCOH Body Qoreon (L/d) 7530°
Kidney Qk-tcon  (L/d) 1604¢°
Liver Qi.tca  (L/d) 2059°
TCA Body Qorca  (L/d) 7530°
Kidney Qtea  (L/d) 1604¢°
Rapidly perfused Qroca  (L/d) 63722
DCA Slowly perfused Qspca (L/d) 2761°
Liver Qi.oca  (L/d) 2060°
Kidney Quoca (L/d) 1604°
Sxosg Sedwrface area Aw (e 200207
Partition coefficients [TCE IBlood/air Poa (dimensionless)9.22
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E;?ﬂé’d biood Purce  (dimensionless)6.8®
Slowly perfused/blood [Ps,-tce  (dimensionless)2.3?
e Fat/blood Pio-tce  (dimensionless)[73?
Skin/blood Psw-tce  (dimensionless)|1.45¢
Skin/water Psw-tce (dimensionless)[53¢
Liver/blood Pbrtce  (dimensionless)6.8°
Placenta/blood Pob-tce  (dimensionless)(6.8°
Body/blood Pob-tcon (dimensionless)[0.919
TCOH Kidney/blood Pkb-rcon (dimensionless)[2.159
Liver/blood Pib-tcon  (dimensionless)[0.599
Body/blood Pob-tca  (dimensionless)|0.52¢
TCA Kidney/blood Pxo-tca  (dimensionless)|0.66°
Liver/blood Pib-tca  (dimensionless)(0.669
E:gh‘ﬂgd bood Puoca  (dimensionless)1.08?
DCA Slowly perfused/blood [Ps,oca  (dimensionless)(0.11f
Kidney/blood Pib-oca  (dimensionless)(0.74f
Liver/blood Piboca (dimensionless)[1.08f
TCE Liver Vi (mg/d) 215.6°
Tracheobronchial Vit (mg/d) 2.33°
Maximum reaction Liver(TCOH—TCA) [Vmo (mg/d) 12935¢
rate TCOH Liver(TCOH—TCOG)Vmg (mg/d) 25872
Liver(TCOH—DCA) [Vir (mg/d) 51.7¢
DCA Liver Vimd (mg/d) 085098°
TCE Liver Kmi (mg/L) 1.58
Tracheobronchial Kt (mg/L) 1.5°
. . Liver(TCOH—-TCA) [Kmo (mglL) 250°
Michaelis constant -y LiverfTCOH—TCOG)Kmg  (mg/L) o5e
Liver(TCOH—DCA) [Kn (mg/L) 10°
DCA Liver Kmd (mg/L) 1000°
Production TCE Liver(TCE—-DCVC) [K¢ (/d) 0.129°
Fraction OfT CE Liver(TCE—-TCOH) |Prcon  (dimensionless)0.92°
metabolized TCE Live(TCESTCA)  |Prca (dimensionless)|0.08°
Maximum capacity  |Bmax (mg) 0.06°
Plasma protein bind |DCA Affinity constant Kmb (mg/L) 0.001@
Dissociation constant  [Kynp (/d) 3.84°
. . TCA Kidney Kute (/d) 0.198°
Urinary excretion  i5ep Kidney cL (d) 0.198°
Effective skin
permeability TCE Kp (cm/d) 1.202
coefficient
TCE MWrce  (g/mol) 131.38
. TCOH MWrcon (g/mol) 149.4
Molecularweight .\ MWica  (g/mol) 163.4°
DCA MWbca (g/moal) 128.9°
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aClewell et d. (2001). Development of a physiologically based pharmacokinetic model of isopropanol and its metabolite
acetone. Toxicol. Sci., in press. (Clewell et al. 2001)

bJin et a. (2012). Modeling volatilization and adsorption of disinfection byproducts in natural Watersheds. Journal of
Dynamic Article Links Environmental Monitoring, 2012, 14, 2990 (Jin et al. 2012)

¢Poet et a. (2000). Assessment of the percutaneous absorption of tricholoroethylene in rats and humans using MS/IMS
real-time breath analysis and physiologically based pharmacokinetic modeling. Toxical. Sci.56 61-72 (Poet et al. 2000)

dTan et al. (2006). Use of a physiologically based pharmacokinetic model to identify exposures consistent with human
biomonitoring data for chloroform. Journal of Toxicology and Environmental Health  Part A. 69, 1727-1756 (Tan et
al. 2006)

¢U.S.EPA (2011). Exposure factors handbook: 2011 edition  United States Environmental Protection Agency (USEPA.
2011)

9YFisher et al. (1998). A Human Physiol ogically Based Pharmacokinetic Model for Trichloroethylene and I1ts M etabolites
Trichloroacetic Acid and Free Trichloroethanol. TOXICOLOGY AND APPLIED PHARMACOLOGY 152, 339-359
(Fisher et al. 1998)

f Li et a. (2008). Quantitative evaluation of dichloroacetic acid kinetics in human—a physiologically based
pharmacokinetic modeling investigation. Toxicology 245 35-48 (Li et al. 2008)

4 PCE PBPK

Parameter (unit) \/alue
Body weight bw (kg) 708
Rapidly perfused Viece (L) 5.5728
Slowly perfused Vspce (L) 28.35°
) Fat \Vt-pce L 14.7°
Tissue volume PCE Skin Ve o ELg b 45p
. Liver \V|-pcE (L) 1.822
éﬁ@? unit Kidney Vieee (L) 0.308?
Body Voece (L) 51.0722
TCA Liver Viece (L) 1.82
Kidney Vicece (L) 0.308°
6;:1/5? ;tai‘ron rate Qav  (L/d) 13939
Breathing rate Q (L/d) 05837
Rapidly perfused Qrrce  (L/d) 27792
Slowly perfused Qsece  (L/d) 1840°
PCE Fat Qrpce  (L/d) 4792
Skin Qsc-rce  (L/d) 556°
Blood flow Liver Q.rce  (L/d) 22042
Kidney Qurce  (L/d) 1725°
Body Qo-rca  (L/d) 56542
TCA Liver Qi.tca  (L/d) 22042
Ki dney Qk-TCA (L/ d) 17252
Sxosg’ Sedsurface area A (cm?) 200207
Blood/air Pha (dimensionless) [11.58¢
Partition coefficientsPCE Rapidly perfused/blood [Prh-pce  (dimensionless)  [5.06°
Slowly perfused/blood  [Psy-rce  (dimensionless) 6.11¢
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Fat/blood Pio-ece  (dimensionless) |125.2¢
Skin/blood Psb-pce  (dimensionless)  |3.58¢
Skin/water Psw-pce (dimensionless) [32.1¢
Liver/blood Pibrce (dimensionless) [5.28¢
Kidney/blood Pxo-rce  (dimensionless)  [5.06¢
Placenta/blood Poo-rce  (dimensionless)  |5.06¢
Body/blood Poo-tca  (dimensionless)  |0.52¢
TCA Liver/blood Pib-tca  (dimensionless)  [0.52¢
Kidney/blood Pxo-tca  (dimensionless)  |0.52¢
Maximum reaction Liver Vmaxi (mg/d) 162.6°
rate Kidney Vmaxk  (mg/d) 162.6°
. . Liver Kmi (mg/L) 7.7¢
Michaglis constant Kidney Ko (mg/L) - 7
Fraction of liver Liver FTCAliv (dimensionless) 0.585¢
PCE metabolism Kidney FTCAkid(dimensionless) [0.765°
E:i}]acélon of TCA in kidney excreted in Frac  (dimensionless) [0.763°
Fraction of liver MFO activity in kidney Frack (dimensionless) [0.251¢
TCA
dimination kUC  (/d) 0.008°
Effective skin
permeability Kp (cm/d) 0.7863f
coefficient

a Covington et al. (2007). The use of Markov chain Monte Carlo uncertainty analysis to support a Public Health Goal
for perchloroethylene. Regulatory Toxicology and Pharmacology 47 (2007) 1-18 (Covington et a. 2007)

b Poet et al. (2002). PBPK Modeling of the Percutanaous Absorption of Perchloroethylene from a Soil Matrix in Rats
and Humans. Toxicological Sciences 67, 17-31 (Poet et al. 2002)

¢ Clewell et a. (2001). Development of aphysiologically based pharmacokinetic model of isopropanol and its metabolite
acetone. Toxicol. Sci., in press. (Clewell et al. 2001)

dPoet et al. (2000). Assesment og the percutaneous absorption of tricholoroethylene in rats and humans using MS/MS
real-time breath analysis and physiol ogically based pharmacokinetic modeling. Toxical. Sci.56 61-72 (Poet et al. 2000)

®Fisher et a. (1998). A Human Physiol ogically Based Pharmacokinetic Model for Trichloroethylene and Its Metabalites,
Trichloroacetic Acid and Free Trichloroethanol. TOXICOLOGY AND APPLIED PHARMACOLOGY 152  339-359
(Fisher et al. 1998)

fU.S.EPA (2011). Exposure factors handbook: 2011 edition  United States Environmental Protection Agency (USEPA
2011)
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TCE PCE

(Itoh and Asami 2010)

(MHLWJ 2010) (NHK-BCR
2006, ULRI 1999)
(D
100
i 80
%-)- 60
% 40
§ 20
0
100 1000 10000
Water intake (L/day)
1.
50Kg
2014 20
2014
004 ¢
— 003 r
=002 t+
001
0 L 1 L L L J
0 20 40 60 80 100 120 140 160
(k]
2a 20

81

1%
34 ~
90 Kg 2a
58.1Kg 62Kg
2014 20
66 Kg 53Kg
PCE
TCE
20 ~ 30
2b
(15)
(16)
Quw =24 x b,""°  (15)
Ag = 286 X by, (16)
(15) Clewell et a. (2000). Development of a

physiologicaly based pharmacokinetic model of
isopropanol and its metabolite acetone. Toxicol. Sci. in
press. (Clewell et al. 2000)

20

(16) Tan Y.-M. et a., (2006). Use of a

physiologically based pharmacokinetic model to identify
exposures consistent with human biomonitoring data for
chloroform. Journal of Toxicology and Environmental

Health Part A. 69, 1727-1756. (Tan et a. 2006)

0.05
0.04 |
" 003 |
0.02 |
001 }
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3c

start

3

(4)

P3

Pa

end




6 20

25 (%)
(9) 2092.1 2103.2 0.53
(kedl) 1887 1897.0 053
(1) - p1 1) -
p1
p1
Crystalball ( 25 - 5 1
100
2
) R 6
0.53 %
RZ
p1 4 - p3
R? R2 = 0.0822 5
R? a
= 03115 ps 25
p1= 0. (20 )
(9) ( keal )
2 - p2 ( : 709.6 ¢ : 555
K
(1) ca)
0o 02 (ps< 0.3115)
S 94
P3
5 p2 (2011)
p2( p2=-0.03)
( )
p2 [ 0.1800  0.1151 pi( p1=-0.24)
(20 )
(9)
©) (keal) p3=0.16
98 25
5 1 ) (20
20 ) (9)
98 ( keal ) ( :
(9) (keal ) 25  709.6¢ : 555 keal )
9 p3

Crystalball 08



7 ps=0.128( )ps=-01 ps=-06
25 (%)
(9) 2002.1 2090.4 0.08
709.6 709.7 0.01
(keal ) 1887 1897 0.53
555 562 1.26
(9) 37.3 37.1 0.54
18.3 18.6 1.64
(9) 260.8 260.5 0.12
81.9 83.7 2.20
(9)
(keal) (20 o5
) P3 5
p3 (
25 1
(20 ) 20
(9) (ked)  grgq)
P3 p3=0.16 P3 pa=-0.9
25
(
)
5 P4 25
5 1 20
10g ( )
. > (
( ) 6 ) :
2
p )-
2
(9)
(9) 25 (7)
° @ ®
(6) ps (5) (6)
p
(9) (9) ® (®)
25 9
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b

Cumulative percentage (%)

TCE PCE

(4)

pz = 0.128( )
=-01 ps=-0.6

pa

(Hg/m3 - air)

(#g/m3 - air)

bk =
100
80 | // —TCM
TCE(TCM)
60
BDCM
40 H
TCE(BDCM)
20 |
0 . . .
0 50 100 150
b, (m3-air/L-water)
5 TCE by

200

(ug/ L— Water)

100 //
_ 8 b
2 |
3 —TCM
3 60 ‘
S PCE(TCM)
o
2 40 BDCM
g PCE(BDCM)
E 20
o

o . . . .

0 100 200 300 400 500
by(m3-air/L-water)
6 PCE by
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4
8
1
3.
7
Subacute RfD: saRfD
saRfD 1
28
90
NOAEL
(UF) saRfD
10 10 NOAEL
UF
1 x 104
X 10° 10
saRfD
8 saRfD
mg/L
HA HHBP
100
2
50kg
10kg
4. WHO

UF

saRfD

2 L/day
1L/day

WHO

DMTP

C.
1
DMTP
LC/MS
LC
DMTP
7
Kamel etal. 2009
DMTP
ChE
DMTP ChE
1uM
9
ChE
DMTP

WHO

10 0.2

27

MSMS
DMTP

DMTP
DMTP

168
DMTP

02 9

DMTP

ChE
8 t=0
200

200 uM

mny DMTP

ChE



300

250 } —f

200
150

100

50

0 021 3 6 9 12 24 48 72 168
,h

7. DMTP
DMTP
, DMTP;
, DMTP

100

80

60

40

20

0
0 02 1 3 6 9 1224

,h

8. ChE
DMTP
, DMTP

100
80
60
40

0.
20 F o fo) QG
o 3080%
0 Ao -
0.001 0.1 10 1000
,72M

9 DMTP , DMTP
ChE

ChE 8

ChE

ChE
1uM
ChE DMTP
ChE

DMTP
ChE

DMTP
ChE
DMTP

DMTP ChE

ChE
DMTP

DMTP
DMTP

9 DMTP
ChE

ChE
DMTP
DMTP

ChE
9 ChE

DMTP
10
0.2
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ChE

032 uM  DMTP
0.21 uM DMTP
DMTP
0.11 uM ChE
DMTP
DMTP
ChE
66% =0.21 0.32x100
34% ChE
3 0.12
uM LC HILIC
Inert Sustain Amide  GL Sciences
LC 26
30
ChE 11
#5 #6 #17 #25
ChE p <
0.01 DMTP
#5 #6 DMTP
DMTP
ChE
ChE
#5
100
80 DMTP

0.5

0.4

0.3

0.1

0.0
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0021 3 6 9 12 24 48 72168
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10
DMTP

ChE
DMTP

ChE
DMTP
#17 #26
DMTP
DMTP
ChE

#17  #26

ChE

ChE ,

** 1n<0.01; *, p<0.05



LC/MS

N O-

bis(trimethylsilyl) trifluoroacetamide BSTFA
LC/IMS
BSTFA

Spaulding

and Charles 2002

ChE

2.
1

a1, @371, B2/1, B3
TCM TCM

(Lévesque et al., 2000; Lévesque et al.,2002;
Liao et al., 2007; Reitz et al., 1990; Sasso et al.,
2013; Tanet al., 2003), Niizumaet a. (2013)

[0.0015 to 0.15 mg/(kg d)] (0.014 to
2.2 mg/md) (0.006 t0 0.7 mg/L)
TCM
PBPK
(1) 12
B2y B3n TCE PCE

TDI 8
TCE PCE
,82/1 33/1 9
TCE
PCE B2/1 B3
Bzyx B3n
TCE Bayr Baj 1
PCE TCE
AUC PBPK d2/1
(;(3/1 aZ/l
a3 0.99 a1
= az;y =1 9
TCE PCE DCA
TCA a1y as;1 P21 Ban
9
.32/1 :33/1
TCE DCA TCA
182/1 = 0.560 ,83/1 =
0.564 PCE

TCA B,/ =0.672 B3, =0.677



Japan
WHO
Base of the DWQS value DWQG
5 .
Cancer slope factor = 8.3x10" \:/SIDZ a 1/g /Q:k
3 (mg/kg/day) ! S
TCE 20 pg/L
ug/)L TDI = 146 pgkgiday© [NOPIONIAON 5 /gy
10 Cancer dope factor = 0.025 |V SD at 10 risk 2 Liday
01 _ B
PCE pg/L (mg/kg/day 0.4 ng/kg/day 40 pg/L
TDI = 14 pg/kg/day P

ANational Cancer Ingtitute.(NCI)  (1976) (NCI (National Cancer Ingtitute) 1976)

BNational Cancer Ingtitute.(NCI)  (1977) NCI  1977. Bioassay of tetrachlorooethylenefor possible carcinogenicity.
NCI TR 13. U. S. Nationa Cancer Institute. (USA) (NCI (National Cancer Institute) 1977)

¢ Food Safety Commission of Japan (2010)
P WHO DWQG 4th edition (WHO 2011)

9. az/1, ass1, Bay1r Bsa

az/1 a3/1 B2/1 Bs/1

TCE TCA/DCAA 1 1 0.560 | 0.654
PCE TCA 1 1 0.672 | 0.677
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Abbreviations

Symbols Definition
Ap Daily ora intake (mg/day)
A Body surface area (cm?)
bw Body weight (kg)
Cy Concentration ininhaled air (mg/L)
Ca(n Daily-average concentration in inhaled air (mg/L)
(o Concentration in water for dermal adsorption (mg/L)
Ca(n Y Daily-average concentration in water for dermal adsorption (mg/L)
Do Dermal potential dose [mg/(kg-body d)]
Doo Oral-equivalent dermal potential dose [mg/(kg-body d)]
Di Inhalation potential dose [mg/(kg-body d)]
Dio Oral-equivalent inhalation potential dose [mg/(kg-body d)]
Do Oral potential dose [mg/(kg-body d)]
Dt Total oral-equivalent potential dose [mg/(kg-body d)]
Ep Dermal biologically effective dose [mg/(kg-organ d)]
E Inhalation biologically effective dose [mg/(kg-organ d)]
Eo Oral biologically effective dose [mg/(kg-organ d)]
Kp Effective skin permeability coefficient (cm/d)
Q Breathing rate (L/d)
ay Ratio of ora effective doses by single/continuous exposure (dimensionless)
a; Ratio of inhalation effective doses by single/continuous exposure (dimensionless)
as Ratio of dermal effective doses by single/continuous exposure (dimensionless)
arn Ratio of a, to aq (dimensionless)
asn Ratio of a3 to a; (dimensionless)
B Ratio of ora effective/potential dose at a constant continuous administration (kg-body

1 d/kg-organ)
B Ratio of inhalation effective/potentia dose at a constant continuous administration (kg-

2 body d/kg-organ)
B Ratio of dermal effective/potential dose at a constant continuous administration (kg-body

3 d/kg-organ)
Bon Ratio of g, to B, (dimensionless)
Ban Ratio of g, to B, (dimensionless)
[0} Ratio of alveolar ventilation rate to breathing rate (dimensionless)

2 95 TDI

THMs HAAs TCE PCE %
(Nakanishi et
a.2006 Nittaetal.2003 USEPA 2000)
95
TDI
THMs HAAs TCE PCE
95
TDI TCE
DI TCE
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10 pg/L
1.46 ng/(kg d)

2/5

14.6%
15 16 L/day

14.6%
2 L/day

10 pg/L

ng/(kgd)

5.9 ug/(kgd)
14

4.3%
L/day

0.9 ng/(kg day)
TDlI  6.4%

TCE

9.1

et a. 2002

0.64 ng/(kg d)

6.5 pg/L
95 DI

TDI
12 95

95

TDI  13.5%

13.5%

0.26 pg/(kg day)
TDI  18%

10
13 TDI
20%

22 ug/L
95 DI 14

TDI 1/3
95

95

TDI  4.3%
4.3%

2 L/day

1.35

PCE
31 9.0 Leg/day

29.7 Leg/day

(Kimetal.2004 Xu

Yanagibashi 2010)

1)
2)
TCE
TCE
Bzyr B3 1
PCE B2r B3 1
TCE PCE
TCM
TCM
60 pg/L 139.5ug/L
95 TDI
12.9 ug/(kgd)
7.05ug/(kg d) TDI
12 15 95
95
TDI 27.6%
42.9% 27.6%
42.9% 1.3 20 L/day
2 L/day 5.58 ug/(kg day)
TDI  43.3%



TDI

1.46 pg/(kg d)

(water)

1.6

Oral Oral (food)

0

Inhalation InhalationDermalNon water-related

95 ile 14.6%

Inhalation (bath) (kitchen) (residence) 1.9%
53.8% 18.1%

Indirect water intake 9.1 Leg/d

16L/d 4

\Direct water

0

ntake

°

50 ile | 13.5%

3.0% 1
12.6% 9.0% A margin

3.1Leg/d

1.5L/d
2L/

water 18.0%

intake

%

0.0

12.

13.

0.2

Cumulative percentage (%)

100

[o]
o

[o2]
o

N
o

N
o

04 0.6 0.8 1.0 12
Total oral-egilvalent potential dose (D) [ug/(kg d)]

TCE
2.0 pg/L
/
— TDI
Cw =
==<=1ug/L
== 2ug/L
= 5ug/L
—6.55 pg/L
= 10 pg/L
0.1 1 10

Dy (ng/[kg day])

TCE

93

95
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TDI 14 ug/(kg d)

Oral Oral (food) Inhalation Dermal
(water) 0.6% Inhalation (bath) kitchen) Inhalation(residence) 0.4%
95 ile 4.3°1| 65.1% 21.0% I
@% Indirect water intake 29.7 Leg/d > 0.2%
irect water ;
intakel.4 L/d 3.7% 0.3%
50 ile B.39 14.6% . 9.8% margin I
<;>< 9.0 Leq/d > Nonwater-related ' -
| 0.2%
1.4L/d

2L./d
water |6.4%

intake M"

Non water-related

0 2 6 . .8 . 10 12 14
Total oral-equivalent potential dose (D) [pg/(kg d)]
14. PCE 95
22.4 ug/L
DI 12.9 pg/(kg d)
Inhalation Inhalation
Oral (water) Oral (food) Inhalation (bath) (kitchen) (residence)Dermal
95 ile 42.9% 11.1% 29.9% . 7.8% B.5
i Non water-related
Direct water intake 2.0 L/d < Indirect water intake 2.6 Leq/d > 0.6%
17% 2.7%
50 ile 27.6% 85% | 8.6% I4-9% margin _I
Direct water intake 1.3 L/d> 1.3 Leg/d gréruw/owater-related
2L/d
water 43.3%
intake
2.0L/d >
0 2 4 6 8 10 12 14
Total oral-equivalent potential dose () [ug/(kg d)]

15. TCE 95

139.5 ng/L

94

16



BDCM
BDCM
30 ug/L 65.9 ug/L
95 TDI 6.1
ng/(kgd)
3.25 ng/(kg d) TDI
12 16 95
95
TDI  27.9%
41.6% 27.9%
41.6% 12 27 L/day
2 L/day 2.64 ng/(kg day)
TDI  43.2%
DBCM
DBCM
100 pg/L 156.5
po/L 95 TDI

21.0 pgf/(kg d)
8.82 ngl/(kg d)

TDI 2/5 17
95
95
TDI
20.1% 23.8%
20.1% 23.8% 14 1.6 L/day
2 L/day 6.26
ng/(kg day) TDI
29.9%
THMs TDI
TCM
(Itoh & Asami, 2010)
TCM
TBM
TBM
100 pg/L 202.8

po/L TDI
17.9 ng/(kg d)
9.88 ug/(kg d)
TDI 1/2 18
95
95
TDI
28.4% 45.3%
284% 45.3% 13 20 L/day
2 L/day 8.11
ng/(kg day) TDI
45.4%
TCAA
TCAA
30 ng/L 775 pg/L
95 TDlI 6.0
ng/(kgd)
3.57 ng/(kg d) TDI
12 19 95
95
TDlI  31.9%
54.9% 31.9%
54.9% 12 21 L/day
2 L/day 3.1 pg/(kg day)
TDlI  51.7%
17.
DBCE 95
156.5
png/L
DCAA
DCAA
30 ug/L 140 pug/L
95 TDI
12.5ug/(kg d)
7.53 ng/(kg d) TDI
3/5 20 95
95

95



TDI  28.1% TDlI  44.8%

44.3% 28.1%
44.3% 13 2.0 L/day
2 L/day 5.6 pg/(kg day)
DI 6.1 ug/(kg d)
Inhalation
Oral (kitchen) inhalation
Oral (water) (food) Inhalation (bath) 3.2% (residence) Dermal
95 ile 41.6% 1, 6% 34.0% 10.4% |5.5%
Non water-related
Direct water intake 1.9 L/d < Indirect water intake 2.7 Leg/d 0.2%
1.8% 3.8%
50 ile 27.9% .39 9.9% I5.3% margin -l
‘ — e — — — — — =
Direct water intake 1.2 Leg/d Non water-related
1.3L/d 0.2%
2L/d
water 43.2%
intake
2.0L/d >
0 1 2 3 4 5 6 7
Total oral-equivalent potential dose (Dy) [ug/(kg d)]
16. BDCE 95
65.9 ng/L
TDI 21.0 pg/(kg d)
Inhalation
Oral (kitchen)Inhalation
Oral (water) (food) 2.8% Inhalation (bath) 1.7% (residence) permal
95 ile 23.8% 62.2% I5.4% 4.1%
Direct water intake Indirect water intake 5.1 Leq/d
1.6L/d
2.8% 1.3% 3.0% e e
50 ile 20.1% 10.4% I4.4° margin ]
w> _ 15leqid
1.4L/d
2L/d
water 29.9%
intake
20L/d >
0 5 10 15 20 25
Total oral-equivalent potential dose (Dy) [ug/(kg d)]
17. DBCE 95

156.5 pg/L
96



TDI

95 le

50 ile

2L/d

water
intake

18.

TDI

95 ile

50 ile

2L/d

water
intake

19.

17.9 pg/(kg d)

Oral Inhalation Inhalation
Oral (water) (food) Inhalation (bath) (kitchen) (residence)Dermal
45.3% 29.0% . 9.4%
N
Direct water intake 2.0 L/d y Indirect water intake 2.4 Leq/d

/

2.7% 4.9%

28.4% 9.4% margin I
Direct water intake 1.2 Leg/d
1.31/d Vi
45.4%
N
2.0L/d )

! ) ! 14 . L . . L )
2 4 6 8 10 12 14 16 18 20
Total oral-equivalent potential dose (Dy) [ug/(kg d)]

TBM 95
202.8 pg/L
6 ug/kg/d
Non water-related
Oral (water) Oral (food) (oral) 3.5%
54.9%
Direct water intake 2.2 L/d

31.9%
1.2/ >< 1.0 Leg/d >

51.8%

2.0L/d >

1 2 3 4 5 6 7

Total oral-equivalent potential dose (D) [ng/(kgd)]

TCAA 95
77.5 pg/L
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™I 12.5 pg/ke/d
Non water-related
Oral (water) Oral (food (oral) 1.0%
95 ile 44.3%
T ; ™~
- - ] : . Non water-related
Direct water intake 2.0 L/d ; Indirect water intake 2.4 Leq/d (inh) 0.1%
50 ile 28.1%
L N
13L/d : 1.4 Leg/d
21/d
water 45.0%
intake |—r T
2.0L/d >
0 2 4 6 8 10 12 14
Total oral-equivalent potential dose (0y) [ng/(kg d)]
20. DCAA 95
140 pg/L
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8 saRfD
TDI TolerableDaily Intake
VSD(Virtually Safe Dose
) 10
saRfD

Wisar
0 1000 5000 20000 ppm
20000 ppm
NOAEL

28
2
5000 ppm
250 mg Sh/kg/day

Wistar
0 1000 5000 20000 ppm 0 84
421 1686 mg/kg/day 0 97 494 1879

mg/kg/day 90
NOAEL
1686 mg/kg/day 1408 mg
Sh/kg/day
SD

0 05 50 50 500ppm
0 006 056 5.6 42.2mg Sb/kg/day
0 0.06 064 6.1 457 mg Sb/kg/day
90 500 ppm

ALP

NOAEL 6.0 mg Sb/kg/day
TDI 6.0 ug/kg/day
TDI
NOAEL6.0 mg/kg/day POD
Point of Departure UF 100
saRfD 60 pg/kg/day
TDI
TDI VSD
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VSD
Fischer344 0 0.01 0.02
0.5 2mg/kg/day
0.5 2 mg/kg/day

2 mg/kg/day

10°
0.5 pug/L
VSD10® 0.02 pg/kg/day
EPA-IRIS 2010
0.51/mg/kg/day VSD10°
14 90
NOAEL F344
0 005 02 1 5 20
mg/kg/day 90
1 mg/kg/day
5 mg/kg/day
20 mg/kg/day
NOAEL 0.2
mg/kg/day NOAELO.2 mg/kg/day
UF100
VSD10° 10 0.2 ng/kg/day
VSD10° 10
saRfD 0.2 pg/kg/day
EPA-
IRIS 1992
2007
TDI
TDI
VSD
TDI



TDI
Wistar
5/

0 2 10 mg/kg/day
2

LOAEL2 mg/kg 5
UF10000 100 LOAEL
10 10 TDI 0.14
ug/kg/day
EPA-IRIS 1992 Wistar
0 29 52 89
mg/kg/day 81
52 mg/kg/day
9.9x10"%/mg/kg/day
VSD10°
1.01 pg/keg/day
2007
sD 0 1
5 25 mg/kg/day 90

5 mg/kg/day

( )
NOAEL 1 mg/kg/day

TDI 10 1.4 pg/kg/day saRfD
10
ug/kg/day saRfD
saRfD 90 NOAEL1
mg/kg/day POD UF100
10 pg/kg/day
OECD SIDS
VSD10°
Wistar 17 50
14.1 mg/kg/day 135 144
5.0 mg/kg/day

100

14.1 mg/kg/day
1.7 mg/kg/day 5.0
mg/kg/day 14.1 mg/kg/day
10°
VSD 0.0875
ug/kg/day
OECD SIDS
Wister 90
0 30 100 300 mg/kg/day 6 /

100 mg/kg/day
NOAEL 30 mg/kg/day
NOAEL UF100

VSD10® 10 saRfD
0.0875 pg/kg/day 10

0.875 ng/kg/day saRfD

TDI VSD

ATSDR 2010

SD
0 125 250 mg/L(
7.7 14 mg/kg/day

0
0 12 21 mg/kg/day)

NOAEL7.7mg/kg/day = UF1000
100 -7 8
10 TDI
7.7 ng/kg/day
ATSDR MRL
Wistar 0
100 200mg/kg/day 14
100 mg/kg/day
ATSDR
LOAEL100 mg/kg/day UF1000
MRL 100 pg/kg/day
28 90
NOAEL  Swiss 28
5 1/
30 mg/kg/day NOAEL



23 mg/kg/day

TDI 10 saRfD
TDI
NOAEL7.7mg/kg/day  UF100
saRfD 77 pg/kg/day

NOAEL LOAEL
15
21

LOAEL2.5 mg/kg/day
UF500
10 10 LOAEL NOAEL
5 0.005 mg/kg/day ~ TDI

saRfD
TDI 0.005 mg/kg/day

2
0 20 100 500 mg/kg/day
F1
NOAEL  20mg/kg/day
UF100 TDI

0.2 mo/kg/day

saRfD
TDI 200 pg/kg/day

13 0 125
25 50 100 200 mg/L 0 09 18
3.3 6.2 11.3mg/kg/day 0 10 19
3.8 6.8 12.6mg/kg/day

NOAEL  11.3 mg/kg/day
NOAEL:11.3mg/kg/day  UF1000

10 10
TDI 11.3 pg/kg/day

TDI NOAEL11.3
mg/kg/day POD UF100
saRfD 113 pg/kg/day
8 saRfD
1
4 40
4. WHO
TBT
DBT TPT
-n- DOT
invitro
EFSA 2004 TBT DBT TPT
DOT
4
TDI
TBTO
NOAELO0.025
mg/kg/day EFSA
POD UF100
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TDI 0.25 pg/kg/day

PCE
D.
1 THMs HAAs
1 DMTP
DMTP
ChE 3.
DMTP
DMTP
2 DMTP
ChE
DMTP
ChE
3 DMTP ChE 8 ! !
L hE
¢ ¢ saRfD  TDI
ChE VSD n-
L
< TDlI  saRfD
n_
2.
TCE
20
4 40
250
TDI
(10 pg/L) 6.5 pg/L
TCE
10 pg/L 5 pg/L
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10
4. WHO
EFSA (2004)
TBT DBT TPT DOT
TDI0.25 pg/kg/day
20%
60kg 2 L/day
HBV Health-based value
1.5 pg/L 0.6 pg/L
4
4
TDI
4
TBTO 10
TDlI (0.25
ng/kg/day)
1
TDI 15 pg/day/ 60kg

103

E.
ATSDR https://www.atsdr.cdc.gov/
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10 Subacute Reference Dos(SaRfD) TDI \S D)
TDI VSD saRfD
POD(mg/kg/day) UF (ug/kg/da POD(mgkg/day) | UF | (ugkgd |
y) ay)
)
NOAEL 6 1000 |6 NOAEL |6 100 | 60 10
2 5
vsp10® 0.02 vsD10 0.2 10
x10
) LOAEL UF10 0
14 10000 | 0.14 NOAEL | 1 100 | 10 71
UF10
135-144 B
vsp10® 0.0875 Vl'%Dlo 0875 | 10
X
) NOAEL
77 1000 | 7.7 NOAEL |77 | 100 |77 10
UF10
GD15-PND21
LOAEL LOAEL
e 25 500 |5 UFs |25 500 |5 1
2
o NOAEL 20 100 | 200 NOAEL |20 | 100 | 200 1
13
NOAEL 11.3 | 1000 | 113 NOAEL | 113 | 100 | 113 10
saRfD  TDI VSD
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60 0.02 20 100 0.6 30
0.2 0.0005 0.005 10 0.002 4
0.0004

10 0.3 750 0.1 250
0.875 0.002 0.02 10 0.009 4.5
77 0.02 20 100 0.8 40
5 0.01 0.1 10 0.05 5
200 0.5 5.0 10 2 4
113 0.06 3.0 50 1 17
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