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Uncertainty analysis of dioxin toxicity - its implication to human risk assessment
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Aim: Complex toxicity profile and wide margin of variation in toxicity among inter- and intra-
species are one of the conspicuous features of dioxins toxicity. Available evidences suggest that aryt
hydrocarbon (Ah) receptor mediated effects to homeostasis and cellular regulation are involved in
divergent toxicities. Most intriguing concern is how toxic dioxins are to humans, and what is the
level of variations of toxicity among humans, and if a potential exposure level will pose any
significant risk to humans. We examined the source of uncertainties in estimating human risk from
dioxins, and propose to present it in an explicit way in risk assessment.

Analysis: Fat content in the body was suggested as a major determinant in distribution and
elimination of dioxins. Humans have relatively high fat-content compared to experimental animals
and show extremely longer half-life for dioxin elimination of 5.8 years (Poiger & Schlatter, 1986),
compared to that of 10-30 days in rodents. Human half-life of elimination is predicted to increase
almost linearly from about 4 months in newborn to 5-6 years at the age when the ratio of body fat
reaches plateau (Kreuzer et al., 1997). Humans have similar Ah receptor as other animal species,
however its binding affinity to TCDD is somewhat lower (dissociation-constant range: 3-15 nM),
and show saturation and CYP1Al-induction at one-order higher concentration than rodents with
sigmoidal response curves (Okey et al, 1994). Expression of Ah receptor and induction of
CYPIAl-dependent enzyme varied widely among individuals (Clark et al, 1992), which may
reflect polymorphism in CYP1A1 gene (Kawajiri et al, 1990). Ethnic variation in CYPIALl
polymorphism is also known (Puga et al., 1997). These factors will contribute to variation in
toxicity and risk estimation based on dioxin body-burden in humans. The variation in human
sensitivity to the chloracnegnic effects ranges two-order of magnitude in body burden (Beck et al.,
1979). Body burdens of dioxins appear to be log-normally distributed in humans (Sielken et al.,
1977), and there are subgroups, such as fish-eaters who are likely to have much greater body-
burdens. Recently, disturbance of signal transduction via tyrosine phosphorylation by TCDD was
suggested as another mechanism than gene-transcription level (Enan & Matsumura, 1995).
Proposal: From current knowledge of wide range of variations in toxicity with huge unsolved
uncertainty in significance of low-dose exposure of fetus and infant, we propose to select different
critical endpoints with different critical-effect doses which may be relevant to each subpopulation.
Presentation of pertinent guidance values showing the range of uncertainty in protecting different
human subpopuilations, such as fetus, infant, pregnant woman and adult, will be desirable.
Acknowledgement: Thanks are due to support of Ministry of Health and Welfare, Japan.
References:

Beck et al. (1979) Chemosphere, 18, 507-516;  Clark et al (1992) Environmental Health
Perspectives, 98, 125-132;  Enan & Matsumura (1995) Biochemical Pharmacology, 49, 249-261
Kawajiri et al (1990) FEBS Letters, 263, 131-133; Kreuzer et al. (1997) Archives of Toxicology,
71, 383-400; Okey et al (1994) Toxicology Letters, 70, 1-22; Poiger & Schliatter (1986)
Chemosphere, 15, 1489-1494;  Sielken et al. (1977) Chemosphere, 16, 2135-2140



[ BERGRBIACEDEELE 2 OFERES | BY

BENCHMARK DOSE ESTIMATION FOR REPRODUCTIVE
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Introduction Dioxins show complex toxicity profile to various organisms and in some cases,
with wide interspecies-difference in toxic potencies. These attributes together with insufficient
knowledge on mechanism of toxicity give uncertainties and variations to risk assessment on
dioxins. Benchmark dose (BMD) approach is introduced to make better use of available data
in reflecting the nature of dose-response relationship and estimate the dose quantitatively for
any proportion of the potentially affected organisms, as compared to the current methods of
determining NOAEL (No-Observed-Adverse-Effect Level) or LOAEL (Lowest-Observed-
Adverse-Effect Level) which is an arbitrarily chosen single dose in a toxicological study.

Methods WHO/IPCS (1998) and MHW/EA (1999), Japan have established Tolerable Daily
Intake (TDI) for dioxins as 1 - 4 and 4 pg/kg bw/day, respectively, through observations that
reproductive and developmental effects in several studies as critical to choose LOAEL to
derive TDI by applying a safety (uncertainty) factor of 10 to this LOAEL. BMD was
estimated in this study applying US-EPA BMDS beta version 1.1b to original data of the
above studies and other human data on the reproductive effect (Sekizawa et al 1999). BMD
estimates derived as such were compared with current human blood levels of dioxins.

Results and Discussion BMDs for 1% and 10% responses of permanent vaginal thread in
female offspring of rats in Gray et al (1997) which was considered to be one of the critical
effects, were estimated as 49 and 131 ng TCDD/kg bw in administered dose (corresponding to
blood levels of 116 and 309 pg TCDD*/g, fat basis) of the rats, respectively. Benchmark level
for 10% response was estimated for the case of unbalanced gender-ratio found in Seveso
residents (Mocarelli et al 1996) to be 60-121 pg TCDD/g blood (fat basis), although there is
wide margin of uncertainty due to few numbers of population under study and lack of detailed
information. These estimates can be compared to the dioxin levels in blood of various
populations (eg. 16-40 pg TEQ**/g fat basis for ordinary citizens) to examine risk. Although
BMD approach improves the assessment as described above, lack of information on
background mechanism and others for the events found in animals and humans preclude us
from assessing risk more appropriately.

* TCDD: 2,3,7,8-Tetrachlorodibenzo-p-dioxin ** TEQ: Toxic Equivalent
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References Gray et al (1997) Toxicol. Appl.Phamacol, 146,237, MHW/EA (1999) Memorandum on
Tolerable Daily Intake of Dioxin and related compounds (Japan) 1999; Mocarelli et al (1996) Lancet,
348, 409; Sekizawa et al (1999) 19" Int Symp. Halogen. Environ. Org. Poll. POPs, Vol.44, 497;
WHO/IPCS (1998) Report of the WHO/IPCS Consultation on Assessment of the Health Risk of
Dioxins




, . . 0 [
,uo,ﬁsviat &Mwmlwé

KYRHEBEHNRYOIY ARG EH A N ELFBTID XAF i of HEEEDI NI -SHQUBETOHW LY 2x< —
CHALURIUCHENYO9E Y POE RO+ COREEUERS
FETANLEL—OFLOEF36 DX IIR (1007004 ‘W ¥ ) K) - ABO2RB (REI RO i% KL 4)
UCAUBHEOYRRE Y SVERLYTW A AURF L AWE IS 0 <— 35S LY (ST H4018HE 1
e 4y 0S91
b3 | 096
‘¢t AHUIRHRONOIINDEZSBOTRWES D4R b2 2 S8
CEXMUNFRL ROREIYT L — LIV OCHELOYTODCQ | >3 g €97
&—LEECND (TIAVON) EHEH AT OUGLKFGRC b2 1434
‘CLHE > 2 LST
AN FBOALHB LW (2K £) X 34
FHBEQLHETTIED (Y0T2¥STIL SR X)) W@ EHEE X .2 8€T
SCEEYURES Y NHER (VLT 4Ar Ly A4S %BOT) T#37 3 91
VLT HRFANARSNBEG T UURKEE "N2LRL—2L0 &% $'9¢
el &% L'iT
(T R EEF RGO, & 9'97
- HENYI RS AU O LY THR YD & [ ¢ ¥
IR ST E RO S A B YR T I % Ze T2
S'6 Izt 01 X T+ O
0'9 811 s 146 T & s 81
66 9°6S 01 (A2 < 91
FL §°8S S v s % Zx ¥1
B %6 HREREHY % T+ (yyBH5/5d)
(geg 3/5d)  FEBEHW A e 25 He AxKl s
‘ o+ QL
AFHEY HOWE AL URF QR YYSTETRY
OHBH W OUBROHRHACTANRI—2 £ NAAX KV AL LOEY

ZHROHB R OUFOHHOWEZTANNANANLRES LT ORI UM EZRLG—2 L 12



WM E. BLWSE-B%WS 7.
o (6661) EPNSEN 19 (6661) I8 19 sqeUBIBA S
Ga%ﬁaﬁm“v@%s._ﬁﬂaéom“mGmﬁhgmc.asﬁaﬁm“m@&:ﬁ%mg%ﬂ

Ex Qb 7 b5t . .
000°0€ - 000°07 AADI-LYET o (BYTHIYH
168 - €€1 (T

(r6=N ‘H &) L'6€ adaod S B HIFIT - EBAY

(0s=N) 1¢/9¥ | JADL/AGDd AL LIT L
(%L1°7-0) . . )
0F68-509/L"TL-8'S 442d/aq.0d SR
AN O BB =
£'ST aadd € EHP gAY
(Ze=N) 919 Ao /aqod 13 § 29203 - JAN [N
(0T=N ‘%$9°0) (PI=N ‘e%s20)
=N} -~ N
/0w CTTL 001=N} 11/0€ - AADHAGId CHYEEK
T+L'9T-CO1 T
(67=N ‘T43F) 891 )
H6OT1'6 D AADd+AAD4d 11404
(€11=N ‘H &) 091
A 1A} @ Y 2 —
T« SHEELYEY Ix 8% I~ B-F T« 4T bl A ) EREE 2% HiEaE
MeXE D M EX DY

BRGLHOY FSAUNLAZACTOIDIAWIHUINE 1+ ‘ALLL A A=10Dd ‘ARAXRK £=AADd: # BS99}
EEZRY OEBMEIN D %ZE S OWROIMIER uego. (8/8d OIL) BESRHEQGLRYUEY DIENE

HR A XKL 4hBBOYXH 7Ly EHX 4rd TE



#£3 v hiZl, 10, 50% RBIEKRT Vaginal thread 2 5% & ¢ 5 AROHEEME

Benchmark Dose and Blood Level Estimation
for Permanent Vaginal "Thread" in Female Offsprings*1

BMR*2 BMD*3 Blood level*4
% ng/kg bw pg/g blood pg/g fat*S
1 48.8 0.58 116
10 131 1.55 309
50 333 3.95 790

*1 Data of vaginal thread taken from Gray et al (1997)

*2 Benchmark Response

*3 Benchmark dose calculated using US EPA
BenchMark Dose Software beta version 1.1b

*4 Blood levels were estimated using data from Hurst et al
(1998) which was published by the same group as Gray
et al with assumptions and the data shown below.

(1) Concentrations of TCDD in blood is assumed to pararell
with the doses 0of 0.05 - 1.15 u g/kg bw.

(2) Pregnant rats received a single oral dose of 1.15 u g
[H3]TCDD/kg bw on gestation day 8 (GDS). |

(3) TCDD levels on GD9, GD16 and GD21 were as follows.
- Blood of dams : 15, 18 & 8 ng/g (Average: 13.7 ng/g)
. Whole embryo/fetus: 39.6, 18.1 & 22.1 pg/g tissue
- Placenta: Not assayed, 32.2 & 23.2 pg/g tissue

*5 Estimated assuming fat content of 0.5%.




