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e precautlonary principle, prediction, prevention andprotectlon

from case study to policy
Elihu D. Richter

Abstract

The Precautionary Principle (PP) restates the common sense rule that when there
is uncertainty concerning the possibility of the occurrence of major population
wide unwanted risks, the costs of inaction far outweigh those of anticipatory
preventive or protective action (some call this the * 2
policy). Its use as a tool for decision-makers derives from both the ethical import
of delay and from the size of the potential cost savings to public health as well as
historical evidence that epidemiology is late and insensitive in detecting
exposure-effect relationships.

Transportwesen Sonstiges

' Umwelt

092
.3

Gesundheit l

Energie

Kommunikation

I undi information | Nanowissenschatt Nahmngsproduktlon
und Landwirtschaft

L || |
Thematische Verteﬁung der rund 32,4 Mrd. € Forschungsfordermittel
der Européischen Union fiir Nanotechnologien (in Mrd. €)




"

‘commission recommendation of 07/02/2008 on a code of conduct for
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RE T, 2

#9848 54 +E > A 45% - 2 #ia; (Phthalate esters, PAEs)

RFF 0l o
MY - 9 AR, HR¥ - 9 pi(Phthalate acid) fig 472 % 0 3 ¥ &

S PHE K TR R EIR AR R R IF ) R AT
MRBEY L VEFOFRET R EFRETRIRE I K R
el S A E AR RES TREPYSLE G A EA Y
B DR -

FRAEEEEH o A F AN B RE BARERD > A gD
bR d L EARiEE A o

a

[} ] o]
| |
C
\"DH - OR|
OH H O m + R O H @ OR,
" 2
. o

-

Phthalic Phthalic General chemical structure
acid anhydride of phthalate ester

LR TH I, 2

22 SR TL I
¥ - 2 i~ (2-¢ % & 3)3 (Di-2-ethylhexyl phthalate, DEHP)& 3 -~
#ZE - 2 B - 1 3z (Di-n-butyl phthalate, DBP).xz »
#HE - 2 % - 2 3y (Di-methyl phthalate, DMP) ~
#mHE - 2 - ¢ 35 (Di-ethyl phthalate, DEP) ~
I - 2B - (7 A ¥ 3 )#; (Butyl benzyl phthalate, BBP) ~
I - 2 g - ¥ 35 (Di-n-octyl phthalate, DnOP) ~
#F - 2 B - A <L 35 (diisononyl phthalate, DINP) ~
A - 2 S - 3 K3y (di-isodecyl phthalate, DIDP)S 5V & 7
DEHP ~ DBP ~ DEP ~ DMP7 = ? 5 F#l o

2
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B
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Physico-chemical properties of Phthalates (PAES)

Dimethyl Diethyl Di-n-butyl  Butyl benzyl Di(2-ethylhexyl)
Compounds phthalate phthalate phthalate phthalate phthalate
DMP DEP DBP BBzP DEHP
(|i E /(":'z\ (|:| H2 o e i/ \© c|’/ \I - \Hz/ \CHa
\O_CH3 ~o CH, NAS \cz/ \CH C[ o C‘oHC\CH
C[C/O_CHS ©ic/°\c/°”3 CEC/O\C/C Nt ¢#° C[céo e
i [ H, [ R R 5 g CHy 5 i & on
: 0 : wWORT T
formaia C1oH1004 CiHiOs  CiHpOs  CigHiO, CasHaOs
Molecular weight 194.19 222.23 278.35 312.35 390.62
Melting point (°C) 55 - 40.5 -35 -35 - 47
Boiling point ("C) 282 295~302 340 370 386
b fressure 1 (100°C) 1.65x10°3 2.7x10% 6x107 1x107
Soubility (mg L,) 4000 1000 13 0.7 0.3
Log Kow 1.6 2.5 4.5 4.9 75 |
Log Koc 1.9-2.6 1.8-2.7 3.1-4.2 3.2-4.2 4.9-6.0
MEHP,
Metabolites MMP MEP MBP MBzP MEOHIb,
MEHHP

Application of phthalates
-mml‘mm




Application of phthalates

PAEs #6 % 1ER*TAR
2HEFEF B STRME)TEEE(GERE P ESPVCH R
DEHP BIR(EE S & 2)~ & %8 K xiér‘%(ﬁ.ﬁl w&t) %&” e (s i
BoBHFFE MR 4k PVCRE R FE KA
LS B
A& A FUs i £ & (latex adhesive) ~ B & ¥ % (cellulose plastic) ~ %
DBP HeB B ~PVC e L B AR FHFEL 73 ~ Fk -~ p
~FHT E(PVCET ) =E B K
4 g % 3¢ % 5 (vinyl tile) ~ & $~ 3 3% F (food conveyor belt) ~
BRP ¥ (carpet tile) ~ % i £ Z (artificial leather) >~ # -k # (tarpaulin) wa
£F i (automotive trim) - B 3} i¥ (Weather strlpplng) if 44 (traffic
cone) ~ & ¥ #|(adhesives) ~ ¥ B E .~ -k ~ R
DEP éL thEFRE AT R {n‘fé’k‘i&éﬁd‘%%%?&%
DMP FREAREEYL7ER - L HEE R
g?il:onon | |PVC ¥ - PVC RS - PVC 'g % - PVC S ~PVC3RE ~ PVC %
phthalate)y ¥ PVC Eﬁ% ' %%““ '

PAEs % & 2 15

PPAESE UL BgEINRE L p LY D -

PRIAE AT 5 G4~ F S BRI HER
3 EREUE o @~ DEHPE W NiF ~ 54 -

FEPRIEIAPLIERTBESFAwETSE  rg Y
DEHP 8§ ¥R m g Ef4c (£ ERD -

PEIEHRFAF O] S FRRFAFEHEE
3 DEHP > { $#F % 3PVC> - BERr F 25 en{
% 4c#is > DEHPER 5 p 2% #EP £ ¢963.1%-92.2% -

PRAX FUERREZRTHRS > PR ERALES R
e g s hEiA -




PAESs i\ 38424

péTe

i B

Ha

FH3

FHz
O—CHzCH—(CHzi—CH3

i
.,

#W?FH"-[CW)-;‘CHg
2

2
HO—CHG-CH—(CHy = CHg
2-Ethylhexanol

Primary
s y S
i
O CHyCH—(CHp - CHy

‘ FooH

F—CHy-CH—{CH )~ CHe

2-Carboxyhexyl-
phthalat=

c E fr
Dif2-ethylhexyl b hthalate Mono(2-ath Phthalic Acid
Human
Y o ¥ :
fHz"0H Ha . TH
= H-CH THe F—CHz-CH—{CHal- fH-CHa a
R—CHz-CH—[CHzl—CHy R—CH;-CH—{CHZg-CHy R—CHz-CH—{CHzjs-CH-OH R-E’H;-GH-CHr?I‘l'CH;'D'h
2-{ 2-Hydroxyethyl)- 2-(1-Hydroxyethyl)- 2-Ethyl-&- hydromy- Q-Eteljc‘;rll-pﬁ:rthﬁv:lg:y- 2-Ethyl-4-ffH rosy-
hexylphthalate hexylphthalate hexylphthalate [SO-H-MELI-ITJ] hexviohthalate
! - L ¥ Secondary
COCH CHy e Hy o
?H} -IZ:D H CHy
R~ CHr CH—{CHzlCHa R—CHz-CH—{CHzla-CHa = CHz-CH—{CHz)3-CO0H P CHa CH(CHZlz- e R—CHCH—CHy~{-CHz CHy
2-Carboxymethyl- 2-(1-Dyethyl)- 2-Ethyl-5-carbowxy F sl 2 Ethvl - cxiv-
hexylphthalate hexylpht halate pentylphthalate =y Do = H

Hz
L
F—CHy-CH—CH-CO0H
2-Ethyl-3-carboxy
propylphthalate

hexylphthalate
(5oxc-MEHP)

|

hexylphthalate
\ e
.er
R—CHa-CH—{ CHZlz-CO0H
2-Ethyl-d-carboxy
butylphthalate

-Albro, et al., 1982; ATSDR, 1993, Schmid, et al., 1985c.
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Human Reproduction 22, 2715-2722 (2007)

Associations between urinary phthalate monoesters
and thyroid hormones in pregnant women

Po-Chin Huang!, Pao-Lin Kuo®, Yue-Liang Guo®, Pao-Chi Liao! and Ching-Chang Lee!-
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- Environment International (2008).
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* Conc. of urinary m-PAEs * Conc. of m-PAEs in amniotic fluid

S _ ¢ Conc. of m-PAEs in serum ¢ Conc. of m-PAEs in cord blood
1 »To choose the !

[ °eSerum thyroid hormone *Cord blood thyroid hormone
susceptible population !

i (TSH, T,, T;, FT,) (TSH, T,, T;, FT,)
from the possibly !
(Age, gestation, smoke etc.) (Anogenital distance, birth wt, etc.)

exposure population |
in Taiwan

|
i
|
|
i
i *Demographic characteristics *Health  status of newborns
|
i
|
|
i

|
|
|
|
; highest phthalate |
|
|
|
|
|
l

Association between Phthalate Exposure and Health Effects of

Pregnant Women and Newborns in Taiwan

* Correlation between urinary m-PAEs and thyroid hormone in pregnant women.
* Correlation between amniotic fluid m-PAEs and the health of newborns.
* Correlation between cord blood m-PAEs and thyroid hormone in newborns.

* Correlation of m-PAEs among amniotic fluid, urine, serum and cord blood.

* Provide an insight of potential health effects of phthalate
exposure in pregnant women and newborns.

Interview- 83 subjects [ Follow up-76 subjects ] [ Follow up-65 subjects J
-alpha fetal protein (AFP)|

-free B-hCG 1 U Urine sample U Newborns’ health
-maternal age > 35 yrs QPhthalate monoesters UAnogenital distance

-undergo amniocentesis UCreatinine UGestational age
0 U Serum sample U Urine sample
DInformed consent UTSH,T,, T,, FT, UPhthalate monoesters
Amniotic fluid . .
O Phthalste monocsters U Questionnaire O Serum &Cord blood
Q Urine sample OAge, BMI, gestation QTSH,T,, T,, FT,
O Phthalate monoesters UFood consumption UPhthalate monoesters
O Creatinine UCosmetic usage
USerum sample Gestationr""

Q TSH,T;, T,, FT, /
/G 16-20 week 9 24-32 week p 34-42 week

First trimester Second trimester Third trimester Birth




-« VRRERF « A2

— Thyroid stimulating hormone -
(TSH)

— Thyroxin (T,)
— Triiodotyronine (T5)
— Free thyroxin (FT,)
o« R¥X _
— Age, BMI, gestation age,
Smoking, Medical care etc.
— Food consumption
— Cosmetic usage

— Personal care product usage \/

— Building characteristics

Stk E
Anogenital distance (AGD)
Birth weight
Birth height
Gestational age

Anogenital index (AGI)

SAGI-W=AGD/ birth weight.
&AGI-L=AGD/ birth length.

~

Anogenltal \/
dlstance (AGD) w

\/\/\_{/@\/

-Salazar-Martinez et al., 2004.

Table I-1 5 #& % ¥ 2 % 7 #L (n = 76).

it THE LR R L
Age (years) 33.6+3.3
Body mass index (BMI) 209+25
Duration of gestation (weeks) 27.9+£2.3
Pregnancies and births

Number of current pregnancy 1.9+1.0

Number of current birth 1.5+ 0.6
Smoking status (n/%)

Active smoker 0/0

Passive smoker 14/18.4

Non-smoker 62/81.6
Alcohol drinker (n/%) 0/0

New decoration of living/ working place during previous 1 year (n/%) ®

Home
Moving to new decorated house
Just decorated
Workplace
Moving to new decorated workplace
Just decorated
Medical care during previous 3 months (n/%)
Blood transfusion
Intravenous drip
Oxygen mask

7/9.2
4/5.3

2/2.6
6/7.9

3/3.9
3/3.9
1/1.3

2Moving to new decorated house or workplace means moved into a new building. Just decorated means the place you live or

work have decorated recently such as painting or changing the floor.

10




Table I-2 [ % % % * PAE S #{4 3

£ 4

—

> # (ng/g creatinine).

Urinary phthalaie monoesters'  Percentile

Median (range)

n Mo Sh Bt S0th o 75h 95h Max US pregnant women®  US female population®

Creatine unadjusted (ng;’m]]h ''''' -

MBP 6 132 26 406 SL8 | 1310 380 5300 - >25 ., 0058 |h7] |

MBzP 609 09 091 091 09 334 353 - <101 1| Ih(}(l

MEP 1607 220 1| 27| 514 2460 54660 - <6 I?-l(}(ISEE 0] I

MEHP 1658 720 1AL 06| 386 230 B0 - > 6.5 I (\JD’Ih] |

MMP 6 07 07 07y 43| 47 818 2312 - | - .
Creafinine-adjusted (ng /g creatinine) ~— —— e -

MBP 16 518 889 1270 1950 | 3390 8390 19010 I-Ph(II’J I{h] >45 BH(106-13

MBzP 605 08 00 371 60 240 699 T 121 (56-1200 T<4 147 (484 8{}0]

MEP 16 50 83 270 680 | 2050 44140 132990 . 236 (26.7- ‘)‘5’(}] <35 I‘ﬁ? (42.7-1920)

MEHP 76 122 158 34| 608 | 1210 8850 12510 I 46(18-449) =13 333 (ND-16.3)

MMP 604 09 3T 108 | 349 -

2630 3630 I

“MBP, monobuty! phthalate; MBzP, monobenzyl phthalate; MEP, monoethyl phthalate; MEHP, mono-2-ethylhexyl phthalate and MMP, monomethyl phihalate.
®Detection limit (LOD) of phhalate monoesters were: MBP, 5; MBzP, 1.8 MEP, 1 4; MEHP, 0.9; MMP, 1.4 ng /ml, respectively. Half of LOD was calculated
as the detected value below the LOD. “New York pregnant women 18-33 years old (1 = 25). “Data from NHANES 1999-2000 included children age 6 and

older) (n = 1326, range: 10th-95th percentile).

Table I-3 58 % i 7 9 RWNER ¥ 5

Hormones ?

T; (ng/dL) 72.6
T, (ug/dL) 4.39
Free T, (ng/dL) 0.46
TSH (u IU/mL) 0.22

86.3

5.31

0.69

0.31

EAH

Percentile
50th 95th
132.0 209.0
8.85 11.2
0.93 1.25
1.06 3.4

Reference

range

246.0 84.6-202.0

13.6 5.13-14.1
1.35 0.93-1.7
5.19 0.27-4.2

*The analytic sensitivities of T, T,, free T,, and TSH were 19.5 ng/dL, 0.42 pg/dL, 0.023 ng/dL
and 0.014 plU/mL, respectively; the coefficient variations of T;, T,, free T,, and TSH were 2.9%,
4.2%, 3.1%, and 3.0%, respectively.

22
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35 35
* Log MBP (ppb) y=-0.4708x +2.7832 + Log MBP (ppb) | *
3 -| * Log MBP-c . R = 0.0594 3 | = Log MBP-c ) ‘ . y=-0.(zlS73x+2.8494
o AT . o ) ’ R =0.1302
) ——— [P ) -
25 - T TTTme——olly ot : 25
z B s S z
z e =
—_ *
Y——0.§073x+2.6508 SRS sl
157 R=oms o te e : . . oot $=20.0544x +2.3782
L . | . R’ =0.0892
0.4 0.6 0.8 1 12 14 6 8 10 12 14
FT4 T4

Figure I-1. 2% % - i¥ 2 ¥ /i ¥ MBP-c 7 £ 22 (A) free thyroxine
(FT,), (B) thyroxine (T,) 2- 40 B |+

23

Table I-4. »2 § 42234 = K<~ %2 FTyand T, 3

EZPEEFHLEF
FT, (pmole/l) T (nmole/l)
Variables
Estimate Prob>|t| Estimate Prob>|t|
Intercept 1.270 0.013 2.362 0.001
Age 0.024 0.886 -0.321 0.177
BMI 0.088 0.579 0.348 0.120
Gestational age -0.117 0.598 -0.066 0.831
MBP -0.110 <0.001 -0.112 0.003
MEP 0.026 0.124 0.013 0.398
MEHP -0.015 0.474 -0.007 0.814
MBzP 0.022 0.232 0.032 0.224
MMP 0.016 0.165 0.015 0.347

2 One outlier was excluded because of hypothyroidism (n=75).

—>Multiple regression: FT, : R*=0.24, T, : R?=0.187

% % fa  PAEsK % £
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Table [I-1 § f8% 1 374 a1 2 2% (N = 65).

Health status 7 2 (n=33) 4 B (n=32) P-value?
. . 3171 3002
Birth weight (g) (1678-4260) (2000-3935) 0.156
. 49.6 48.3 "
Birth length (cm) (42.0-56.0) (42.5-53.5) 0.023
. 39.0 384 "
Gestational age (weeks) (35.3-41.7) (33.6-40.3) 0.020
Ano-genital distance (AGD) 23 > 16 <0.001*
(mm)! (10-36) (7-23) )
7.16 5.37
- 2 *
AGI-W(mm/kg) (3.18-13.09) (2.30-8.96) 0.001
4.55 3.29
- 32 . %*
AERLEINE) (2.17-7.35) (1.41-5.07) <0.001
1 The AGD of two girls and boys, respectively, were not available.
2 A0 T=—ann_canttal indave ACT_W—= A N/hivth wa ichte ACT.T — AN/ hirth lanath
ATJLIT alnlv B\/llll.al LIIUUCA g LANTATYY 7 LA/ IJll L vy \/lslll ANTATLIT AT/ VUil ua l\/llslll-
3 *: p<0.05

25

Table II-2 5 F 55> B 3,k ¢ PAEsHA #4» 3 & 4 # (ng/mL, n=64)!.

Female infants Min 10t 50t 90th Max
MBP 39.3 45.6 85.5 134.6 192.0
MEHP ND? 5.0 24.0 91.1 148.0
MEP ND ND ND 3.9 6.5
MBzP ND ND ND 84.1 233.0
MMP ND ND ND ND 2.92
Male infants Min 10t 50th 9(th Max
MBP 28.4 44.3 81.3 127.8 145.0
MEHP ND? 2.6 22.1 100.6 110.0
MEP ND ND ND 4.4 7.7
MBzP ND ND ND 87.9 104.0
MMP ND ND ND ND ND

1One amniotic fluid sample was failed during analysis.

IND=not detected, detection limit of MMP, MEP, MBP, MBzP and MEHP were as follow: 1.4, 1.0, 1.4, 1.4, 0.9
ng/mL

26
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3.5

y =0.7746x + 0.9539

R*=0.156 o

3 o
[-¥
=]
=
225
<
i
S
=)

2 |-

<
1.5
1.4 1.7 2 2.3

Amniotic fluid MBP

Figure II-1 £ % fka © MBPZ & &£ X,k ¢ MBPZ & 2 13 81 (n=59).

5
,—‘1 A= 4

Table I1-3 2 2 4% ¥ -k = MBPZ MEHP® 34 3 W AR 2165 BRAIGE: A7
% v #x (n = 31).

MBP-AF? MEHP-AF3
Health status in
female infants
P-value!

Birth weight (g) 28101439 31721398 0.031* 29181448 30611467 0.527
Birth length (cm) 47.312.3 49.2+1.7 0.018* 48.112.1 48.612.4 0.138
Gestational age

38.1%1.5 38.7£1.0 0.205 38.410.9 38.4%1.6 0.591

(weeks)

AGD (mm) 17.614.0 13.9+3.8 0.024* 17.014.1 14.244.1 0.109
AGI-W (mm/kg) 6.211.6 4.5%1.5 0.007* 6.0x1.4 4.7+1.8 0.016*
AGI-L (x103) 3.710.9 2.810.8 0.008* 3.610.8 2.910.9 0.015*

IWilcoxon Rank Sum Test, *: p < 0.05;
2AGD data were lacking for one female newborn in each group.
3AGD data were lacking for two female newborns in the high MEHP-AF group.

4Median levels of amniotic fluid MBP in low and high group were 67 and 104 ng/mL, respectively; those of
MEHP were 9.5 and 38.8 ng/mL, respectively.
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Table 1I-4. 2 B % 2,k % MBPZ MEHP® G4kl 3 MR 15 B pgiE: M7
% v~ 3% (n = 313).

Health status in

male infants

Low High .
P-value (n=16) (n=17) P-value

Birth weight (g) 31461481  3194*469 0.640 3213+440 3131515 0.815
Birth length (cm) 49.2+2.5 50.0+2.8 0.705 49.4+2.4 49.7%3.0 0.971
Gestational age

39.1£1.0 38.9+14 0.396 39.1£0.9 38.9+1.5 0.787

(weeks)

AGD (mm) 21.2+6.5 24.1+5.7 0.234 23.3%+6.8 22.2%5.6 0.606
AGI-W (mm/kg) 6.6x2.1 7.7£2.2 0.206 7.4%2.6 6.9+1.7 0.635
AGI-L (x103) 4.3%1.2 4.8+1.2 0.304 4.7+1.4 4.4%1.0 0.649

I One male infant of each group in MBP-AF and MEHP-AF, respectively, were lack of AGD.
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2 hd 0
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Log amniotic fluid MBP (ng/mL) E Log amniotic fluid MBP (ng/mL)

Figure I1-2 (A) ¥ -k ¢ MBP 57> & 4 # 5 AGI-Wz2 % H = & (n=29, R=0.14, p=0.043);
(B) £,k ¢ MBP £ 4 3 B AGI-Lz % H * & (n=29, R2=0.16, p=0.032).
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Table II-1 % 4 # 5 g ~ 4 & 2 B4 4 @ PAEsA 24 2 4 % (ng/mL, n=61).

Cord blood
?1412?123 10-90th ?ﬁz‘:}gﬁe‘; 10-90th ng; 10-90th
MBP 5.1_11483 o 3695506 59?65_81'380) 6494130 o sz.iiﬁ 5 97460438
MEHP (3;(_)5258) 8.4-152.0 (9;_19'3.2) 17371 | 1.3?6'25.0) 14.2-65.9
MEP (ND3*f.1498()) 4.6-236.8 (NDZ_'f o ND-6.3 (Ng_];_3) ND-3.4
MBzP (ND371 s 19492 (Nl;\ill)ﬂ. p D28 (N];\I-;)&S) ND-3.6
MMP (lej 6oy 17380 (Nggj) ND-2.4 (Ng_ll)& 3  NDND

*MBP = monobutyl phthalate; MBzP = monobenzyl phthalate; MEP = monoethyl phthalate; MEHP = mono-2-
ethylhexyl phthalate; MMP = monomethyl phthalate. "Detection limit (LOD) of phthalate monoesters were: MBP,
1.4; MBzP, 1.4; MEP, 1.0; MEHP, 0.9; MMP, 1.4 ng/mL, respectively. Half of LOD was calculated as the detected
value beiow the LOD.
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Table III-2 B 4% & % 2 a5 779 2 2 2 Bk B & 52 4 F 2+ 3 (n=61).

Serum First-trimester Second-trimester Third-trimester Cord blood

Thyroid
Hormones  Median Range Median Range Median Range Median Range

TSH
@lUmLy 13 001438 106 023519 208 038607 705 163289
T,(ng/dL) 123 70.2-230 134  72.6-246 140 824277 563  351-84.6

T, (ng/dL) 8.26 3.37-12.1 9.01 4.39-13.4 9.62 3.60-16.9 7.66 3.65-11.7

FT, (ng/dL) 0.95 0.62-1.29 0.93 0.46-1.29 0.99 0.33-1.31 1.13 0.49-1.45

IReference values for thyroid hormones in Taiwan: TSH: 0.27-4.2; T,: 84.6-202.0; T,: 5.13-14.1;
FT,: 0.93-1.7. The analytic sensitivities of T, T,, free T,, and TSH were 19.5 ng/dL, 0.42 ng/dL,
0.023 ng/dL and 0.014 plU/mL, respectively. The coefficient variations of T;, T,, free T,, and
TSH were 3.0%, 4.1%, 3.2%, and 2.9%, respectively.
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Table ITI-3 3% = @ PAEsA 35 79: 22 % A & 52 198 43245 7 (n=60)

Maternal  Gestational MBP-C*> MEHP-C® MEP-C* MBzP-C* MMP-CP
' age age
t 1 1 2 -0.

Materna 0-208 0.073 0.007 0.045 -0.135 0.112
age

Gestational 0.208 1 0.028 0.016 0.150 0.229 0.063
age

TSH 0.176 -0.396 -0.277 0.109 0.108 -0.084 -0.043
T, 0.078 0.0343 -0.157 -0.045 -0.026 0.038 -0.136
T, -0.133 -0.069 0.079 0.211 0.183 -0.053 -0.003
FT, -0.112 0.103 0.162 -0.062 0.049 0.003 -0.109
TSHXT, 0.183 -0.389 -0.230° 0.096 0.124 -0.101 -0.072
TSHXFT, 0.169 -0.390 -0.214* 0.095 0.128 -0.109 -0.069
FT,/T, 0.071 0.084 -0.027 -0.213 -0.104 0.006 -0.096
FT,/T, -0.200 0.061 0.346™ 0.017 0.066 -0.049 0.102

e

T3/T4 -0.072 -0.162 0.133# 0.147 0.122 -0.057 0.091
T,/ TSH 0.019 0.287 0.089 0.000 -0.131 0.108 -0.002

2Spearman correlation: “p<0.01, 'p<0.05, ¥p<0.1. b-C: Phthalate monoesters in cord blood sample.
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Figure I1I-1 %% & ¢ MBP % € 2 TSHxT, 2 #p B 1% (R?=0.081, p=0.028,

n=60).
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Table I11-4 %% = = MBP ~ MEHPZTSH ~ T, 2 H 19 $i3422 28 = & 4 47 & F (n1=60)?

Table 5 Multivariate regression between TSH and Ty levels and their corresponding phthalate monoesters in cord blood (p=60)"
Variables TSH (u[U/mL) TSHXT4 TSHXFT4 FT4/T4 Ty (ng/dL)

Estimate’ Prob |t

Estimate’ Prob>|t| Estimats' Prob >|t] Estimate' Prob>|t| [Estimate’ Prob ||

Intercept 349 0.010 174 0004 206 0.001 0123 0006 204 0017
MBP 0217 0.0447) | 428 0.028%) 449 0075 0036 0004 |-L71 0.036%
MEHP - - - - - - - - - -
Maternal age - - - - - - 0002 0087 013 0.106
Gestationalage 0045 0117 - - - - - - 031 0104
R 0.087 004 0092 0028 00 0075 0ITM 0005 0115 0.046
—, Excluded from model.
*Values are beta coefficients except for R 2p=0.10.*p=003. *#p=00L
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- 0’ ]
Phthalate in house dust

Table 1. Estimated intakes of phthalates compared with the tolerable daily
intake (values in pg/kg body weight/day)

DEHP DBepP DEP BBP
Indoor air {our study)
Adult 0.05 0.33 0.22 0.009
Child 0.06 0.39 0.26 0.020
Household dust (our study)
Adult 0.11 0.008 0.006 0.01
| Child 5.97 0.430 0.350 066 |
rood
Adult 49° 112 12.0° 0.88°
[__Child 18.0° 4.1? na. na___ |
total estimated intake
Adult 5.06 1.44 122 090
| Child 24.00 4.92 - - |
Tolerable daily intake (TDI) 37 100 750 200

Assumptions:- child: 13 kg body weight, 5 m® inhaledfday,lingesting 100 mg dusydax;l

adult: 70 kg body weight, 23 m® inhaled/day, ingesting 10 mg dust/day.

3from CEPA (1994a,b): “From Kohn et al. (2000); n.a.: not available.
(Fromme et al., 2007)

Exposure route of phthalates

= Children prone to be higher exposed
o Lower body weight
o Hand to mouth behavior (sucking/ mouthing dust)

newlatesttips.info

INHALATION

[Schettler, 2006; Sathyanarayana, 2008;

Wittassek, 2010] 19
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Distributions of phthalate levels in settled dust
(n=965) (ug/g dust)

No. of No. of
above |missing| Mean

detection | data (sd) th
limit (%) (%) =

Percentile

47 90

DMP 119.6
(4.9) (9.3) (4 4)
67 90 2.1

DEP N.D. ND. ND. ND. ND. 31  196.0
(6.9) (9.3)  (10.7)
825 137 46.0

DBP N.D. 7.1 141 231 418 1393 1173.2
(85.5)  (14.2)  (93.8)
575 08 6.8

BBzP N.D. ND. ND. 28 62 233 3125
(59.6)  (10.2) (17.2)
865 100  1761.0

DEHP 79.0 3375 665.4 1128.9 19325 4428.7 24209.7

(89.6)  (10.4) (2346.5)

N.D.: non-detection 40 20




Worldwide comparison of phthalates concentration

DEHP (mg/igdusty  BBzP (mg/g dust) DBP (mg/g dust)

95th 50th

Present study TAIWAN 965 |1.23 4.43 0.003 0.02 0.02 0.14
Kolarik et al. 2008 Bulgaria 184 |0.99 7.98 0.33 1.56 9.85 30.8
Bornehag et al. 2004 Sweden 346 |0.77 4.07 0.13 0.60 0.15 0.57
Pohner et al. 1997 Germany 272 |0.45 2.00 ND ND ND ND
Oie et al. 1997 Norway 38 0.642 — 0.11° — 0.10° —
Butte et al. 2001 Germany 286 |0.74 2.60 0.05 0.32 0.05 0.24
Becker et al. 2002 Germany 199 |0.42 1.19 0.01 0.21 0.04 0.16
Clausen et al. 2003 Denmark 23 |0.86 2.59 ND ND ND ND
Rudel et al. 2003 USA 120 |0.34 0.85¢ 0.04 0.28¢ 0.02 0.04¢
Kersten and Reich 2003 Germany 65 |0.60 1.60 0.02 0.23 0.05 0.18
Fromme et al. 2004 Germany 30 |0.70 1.54 0.03 0.22 0.06 0.13
Becker et al. 2004 Germany 252 |0.51 1.84 ND ND ND ND
A g(,)t?\oac:%t%&h percentiles. b Mean concentration. ¢ 90th percentile. [Adapted from Kolarik, 2098]

AR AEERROERT S 9 BEREERA A

p<0.001

3,000— 1
M Floor

2,000 I Bed/ sofa
Upper floor levels

— 1,000— I
3 700-

o

R

oy 400=

=

O 200~

Bf, p<0.001

o 100- -
o] =
S 60 g
| = )
@ 30— p<0.001

s

p<0.001

DMP DEP DBP BBzP DEHP




DBP level and wooden floor

50th (25th-75th)
p-value

Sampling site*
Using wooden floor No wooden floor

Major bed 19.1 (12.0-26.6) 17.3 (11.6-29.4) 0.74
Major floor 38.1 (25.3-92.5) 30.6 (17.9-52.5) 0.02
Upper floor 33.3 (18.6-62.9) 18.8 (12.1-31.5) <0.001

Significantly higher DBP concentration was found at
major activity room and above floor level when using wooden
materials for flooring in the room.

43

Wax using and phthalates concentration

.n N R .

BBzP 9.0 (6.7-11.3) 3.9 (1.0-8.1)

DEHP 8  2209.2 (1575.1-2809.4) 123 1105.0 (640.5-1743.4) 0.01

Regular waxing was associated with higher BBzP and DEHP
levels in dusts collected from the floor.
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|
Parental occupations and DEHP levels

S . ito* With parental occupant No parental occupant .
ampling site
0.64

50t (25th-75th) | n | 50t (25t-751h)

Major bed 14  707.4(611.9-1233.9) 173  805.1 (543.8-1131.0)

Major floor 15 1379.8 (670.2-1811.2) 168  1232.3 (736.1-1857.2) 0.90

Minor bed 15 3030.9 (1409.0-7054.5) 114  1450.8 (813.5-3019.9) 0.02

Minor floor 15  1801.3 (1156.0-2582.5) 167 1795.1 (1183.0-2894.8)  0.82

Upperfloor 15  1058.9 (654.1-2632.1) 169  798.3 (486.2-1351.2)  0.09

Average level
. . 15 2107.6 (1643.4-2456.9) 178 1446.9 (1054.7-1985.3) 0.03
of five sites

RABEFHF - " BAEFAPMOBET XS5 R
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Worldwide comparison of phthalate metabolites
concentration
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- B Sathyanar
*H 163 163 - 64.5 19.2 14.9 2.9 11.4 ayanaet
2-28" al., 2008
Premature Calafat et
6 eborms - - - - 100 2962 3419 e
90 oL <1 757 282 184 3.3 188 280  ‘olffet
64-92}5« : : ' ' ' . al., 2007
i SEA Becker et
24 5 lan - - - - 791 399 521 Gros
WA Py
T Az Koch et
239 2-14% - - ra 197 i i i al., 2007

58 29




Correlation of concentrations between dust-borne phthalates in
different place and their corresponding metabolites of child’s urine

Correlation coefficient (n)

DEP BBzP DEHP DEHP

(mg/kg) & (mg/kg) & (mglkg) & (mg/kg) & (mg/kg) &  (mglkg)

MEP MBP MBzP MEHP MEHHP & MEOHP

(ug/g Cr) (ug/g Cr) (ug/g Cr) (ug/g Cr) (ug/g Cr) (ug/g Cr) (ug/g Cr)
Majg; d 0.06 (191) 0.25*(191) 0.08 (179) 0.19** (187) 0.04 (188) -0.07 (136) -0.06 (136)
Mal:‘)llc;or 0.07 (184) 0.14(184) 0.03 (184) 0.11(184) 0.03 (184) -0.06 (132) -0.05(132)
Mmz;d 0.04 (131) 0.11(131) 0.13(130) 0.17 (131) -0.03(131) -0.05(131) -0.002 (131)
Mm;;or 0.08 (187) 0.05(187) -0.12(171) 0.12(187) 0.08 (183) -0.04 (131) -0.02 (131)
Upr:‘fc:or 0.17* (187) -0.04 (187) 0.13(168) 0.102 (183) 0.05(184) 0.07 (132) 0.06 (132)

*p<0.05, ¥¥p<0.01

Correlation of concentrations between dust-borne phthalates and
their corresponding metabolites of child’s urine

Correlation coefficient (n)

DEP DBP BBzP DEHP DEHP

(mg/kg) & (mg/kg) & (mg/kg) & (mg/kg) & (mg/kg) & (mg/kg) &  (mg/kg)
MMP MEP MBP MBzP MEHP MEHHP & MEOHP
(ug/gCr)  (ug/lgCr)  (ug/gCr)  (ug/gCr) (ug/lgCr) (ug/gCr) (ug/gCr)

Average

Conc 0.14 (193) 0.19**(193) 0.01 (193) 0.19** (193) -0.01 (193) -0.05(142) -0.05 (142)
Sum of o -

conc 0.13 (193) 0.24**(193) -0.02 (193) 0.22**(193) -0.06 (193) -0.08 (142) -0.08 (142)
Total . . }

exposure 0.21*(132) 0.22 (132) 0.02(132) 0.19*(132) -0.03(132) 0.02(132) 0.01 (132)

*p<0.05, **p<0.01
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Dietary pattern and phthalates metabolites

MEHP (ug/g C MEHHP(ug/g Cr) MEOHP (ug/g Cr)
Dining out (bowl/month) 9.22 15.62* 9.91 14.95 9.28 15.56*
Plastic package (bowl/month) 4.99 4.72 5.49 4.22 4.97 4.74
IO oo 0.61 0.44 0.8 0.25 0.8 0.25

package (bowl/month)

Paper box package * *
(bowl/month) 7.1 11.07 6.58 11.58 5.76 12.38

e e Getinertn LGS 1.66 1.31 2.02 1.46 1.85
Frequency of cold drinks 194054 325567 208852 3112.55 1854.66 3341.82

(c.c./month)

Frequency of hot drinks

(C_cﬂnomh)y 124.04  129.08  128.04 125 142.04 110.71
In plastic bottle/cu

(c_clgmomh) P 991.88 2459.65* 1327.96 2116.71 1262.18 2183.84
In paper cup (c.c./month) 354.47 531.21 265.41  622.13 336.8 549.25

In Styrofoam cup (c.c/month)  404.65 921.42 645.02 681.04 507.54 818.52
*p<0.05
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Household investigation

1.Children’s bed

1. SANYO SC-608H & TOSHIBA

iy

sampler (Burkard)

Glucan 2.Above floor: Floor: 2 min per m? y
O . frames/ shelves, Bed (2m?): 10 min WG] VT Increasing the sampling
€ | Endotoxin exclude bed and Pillow (0.5 m?): 2.5 L time to get enough dust
g’._ AIIergen sofa in maior and min ’ T 2. Cellulose Thimbles filter
minor roorjns (ADVANTEC No. 84)
- . Personal volumetric air LT Tl )
Fungal spore Major (child room) 1 hr sampler, and start to

sample at o’clock

Temperature/
RH%

CO/CO,

PM, 5

Formaldehyde

Total fungi/
Bacteria

Overnight (24 hrs)

1.Major (child room)
2.0utdoor

TSI Q-TRAK IAQ Monitor Model
8551

TSI DUST-TRAK IAQ Monitor
Model 8520

2 hrs

DNPH cartridge and
0.1 L/min pump (ASTM 5197)

30 sec

Portable air sampler for Agar
plates (Burkard)

1. Children should sleep
in the room

2. In the center of the
room, height ~70 cm

3. Don’t set the sampler
close to the wall
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Co-effects of
phthalates

Questionnaire-based health status

Defined case and control status

Culturable fungal I/O ratio

MBzP (ug/g Cr)

Endotoxin (EU/mg dust)

CO, (ppm)
MMP (ug/g Cr)

Asthma
MBP (ug/g Cr)
Allergic rhinitis
MEHP (ug/g Cr)
MMP (ug/g Cr)

and biological
contaminants
on child’s
health status

Eczema
Glucan (ug/g dust)

3.90 (1.37-11.11)
2.09 (1.16-3.78)
1.75 (1.02-3.01)

1.001 (1.000-1.002)

0.28 (0.13-0.57)

2.93 (0.97-8.81)

3.59 (2.02-6.36)
0.54 (0.32-0.90)

2.06 (1.08-3.91)

Sensitized to inhalant allergens

Endotoxin (EU/mg dust)
MBzP (ug/g Cr)
MMP (ug/g Cr)

1.88 (1.22-2.88)
1.49 (0.99-2.23)
0.44 (0.26-0.72)

2.49 (0.86-7.24)
2.12 (1.15-3.92)
1.69 (0.97-2.95)
1.001 (1.000-1.002)
0.32 (0.15-0.69)

Physician-diagnosed disease and sensitized status during clinical examination

4.56 (1.12-18.66)

2.25 (1.34-3.79)
0.75 (0.45-1.24)

1.77 (0.99-3.16)

1.75 (1.12-2.72)
1.49 (0.96-2.31)
0.38 (0.22-0.66)

Parents-reported symptoms during the week of household investigation
Respiratory symptoms during sleeping

Fungal spore (spores/ms3) 7.73 (1.65-36.13) 6.43 (0.99-41.98)

Respiratory symptoms while getting up
Culturable fungal I/O ratio

CO, (ppm)
Respiratory symptoms during daytime

2.57 (1.10-6.01)
1.001 (1.000-1.002)

1.94 (0.84-4.48)
1.001 (1.000-1.002)

Fungal spore (spores/m3)

MBP (ug/g Cr)
Nasal symptoms
MBzP (ug/g Cr)

4.11 (1.02-16.56)
3.00 (1.25-7.17)

1.72 (1.11-2.66)

1.90 (0.45-8.00)
1.61 (0.68-3.80)

1.58 (1.00-2.51)
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Subjects

The present case-control study was carried out from
2006 to 20009.

71 central precocious puberty (CPP) girls were recruited
from the policlinic of Pediatric Endocrinology in National
Cheng Kung University Hospital and 29 normal similar
age-range girls were recruited as control group from
elementary school or kindergarten.

Premature thelarche




Examination

by pediatrician

v

v

Precocious puberty girls (case)

Normal girls (control)

*Inclusion criteria:

ﬂv\ nnnnnnnnnnn f aanon. dary goyiia
ne appearance Gi SeCondary sexuai

! characteristics < 8 years old

—Menarche

—LHRH test: LH, FSH, E; of plasma (Positive: LH>10mIU/ml)
—Bone age: advance

—Abdominal Ultrasound / MRI Examination

*Exclusion criteria:
—Precocious puberty caused by:

(CAH)

—Breast / Pubic hair development : Tanner breast / pubic hair stage scores

Brain tumor/ ovary tumor/Hydrocephalus/ Congenital adrenal hyperplasia

*Inclusion criteria:

—Age from 2 to 8 years
—non-precocious puberty

—No secondary sex characteristics
—No breast development

—No appearance of breast tissue

—No annearance of nubic hair

NC 2ppearance of pubIC |

—No menarche
*Exclusion criteria:

inclusion criteria

—the child who dose not meet any one of the

v

‘ Informed consents ‘

A v

Collect spot Collect dust sample Collect blood sample
urine sample (Child’ s bed, bedroom floor, sofa,

v living room floor, areas above floor)
LC-MS/MS Y Radioimmunoassay

GC/MS

MMP, MEP, MBP, MBzP,
MEHP, MEOHP, MEHHP

DMP, DEP, DBP, BBP, DEHP

Kisspeptin 54
LH, FSH, E;

v

Questionnaires

» Demographic data

° I:::mll\l circumstance
circumstar

D Medlcal history
o Dietary habit

Fig 1 The framework of this study

The analytical results of urine samples

Table 4 The levels of seven PAEs metabolite in case and control.

(ng/g-creatinine)

& Comtis!  Pvalue
MMP 7.74 (0.83-64.3) 5.66 (0.94-31.3) 0.168
MEP 26.9 (1.21-379) 12.0 (1.06-337) 0.001
MBP 93.6 (22.3-451) 77.9 (20.5-275) 0.230
MBzP 7.72 (1.14-84.3) 4.44 (0.95-50.4) 0.007
MEHP 12.8 (4.03-69.3) 9.02 (3.07-29.6) 0.048

Case Control

(N=39) (N=9)
MEHHP 65.5 (24.5-291) 31.1 (12.3-202) 0.002
ME OHP 60.8 (21.9-244) 29.1 (13.8-177) 0.001

Wilcoxon rank sum test; Geometric mean

(Range)
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5 4HF RRYIMF-IERLAHFEEL ERAT R (Hix ! pg/l)

;’ g CEESE MMP MEP  NMBP  MBzP MEHP MEHHP MEOHP < j
EA R T
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g 100BEE 012 1.00 16.2 2.50 658 -
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65% - - 47 19 600 Reich,
2003
Bi 46 0 150 135 770 e
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Results

Table 7 The kisspeptin-54 levels, basal hormones and physical characteristics from
part of precocious puberty and normal girls in this study.

Precocious puberty girls (N=26)

Normal girls

(N=11) LHRH test positive Treatment with Leuplin;  P-value
(N=11) Menarche (N=15)
Kisspeptin-54* (pmol/l) 1.95 (1.69-2.18) 2.14 (1.71-2.61) 2.29 (1.98-2.86) 0.02
40 \ \ /
35 ] Trend test: p=0.003
5%
°
£ 3.0
e o
<
2 25 +
a -
:,.’_ 2.0 1
2 Py +
X 15
1.0 T T T
0 1 2 3 4

Different development group

Fig 2 Kisspeptin-54 in different development group. 1: Normal (N=11); 2: LHRH test positive

InL_ A AN L8 . =N AR___ ____L _ /Al A =\
i9).

{N=11); 3: Treatment with Leupiin; Menarche {(N=

Results

R?=0.288;p= 0.001

In MBP-Cr (ug/g-Cr)

1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0

Kisspeptin54 (pmol/L)

Fig 3 The association between Kisspeptin-54 and In MBP-Cr (ug/g-Cr).
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Results (Intervention strategies)
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Ay FiEE2 GAEEL R AR bk A WG|+ F
BERIPMF PRI ERgER T - BT

Logyes

b 2 At T Fachid

#*

RIS SRR TR SRR PR > RFFE REN PR £2
%% J{E_':

W F B

Bk & fena v

ULk 1§ 3 k1 F (B E RBm)inie »

FPHRIFEN ESHF O | "W EPRAFHLe LS P g ®

5%

EH R 2 =Y R HRRGRATH CHFRAE AT P ARL G Sk
P R A B 5 FIIREFLEIPER e SFIPFFI R

i ~8pf2: — B EE

29 BPERLFH- gL}

SRR T 2 %REFH AR A RE creatininez. 8 e &

WERDBABREFERE = ngmL)BELBEL > 2 Mk
ERRe X | ERReF | xS e 3 B4R | P B4R o
W R | RRTER | AWs | Ak | RETER | 2R ER
Pre-post MEP (2.32—522) (10?3%—?82) - - 0.08"
Pre-post MBP ) (16.163246) (1.7155-;350) (16.151-?346) (1;?.1263) 0.01°"0.018
Pre-post MEHHP : : - 583_'8695) @ 55?—?08) 0.042'
Pre-post MEOHP - (0,7217-.283) (1,581'_2513.4) 0.079"
Pre-post MECCP . . (21?63_'7722) (5.9%1_'217_8) 0.013"
& Wilcoxon Rank Sum Test ; *: p<0.1, *: p<0.05; % &k < ez p g% 7 G442 pia
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Pre-post MMP i i (0.02-12.4) | (0.22-5.38) i i 0.079
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Pre-post MEP ] ] ] ] (051-450) | (1.14-61.0) | %972
53.5 16.6 .
Pre-post MBP |, 15.047) | (3.21-158) - - - - 0.066
%: Wilcoxon Rank Sum Test
* p<0.1
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