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Abstract

Objectives : The aim was to investigate the characteristics of low dose effect and non monotonic dose
responses(NMDRs) and to predict the influence it might have on the health and medicine, traditional
Korean medicine.

Methods : By investigating recently published major literatures related to low dose effect and NMDRs, the
definition, mechanism, major related fields, and the influence on public health and medicine has been
categorized and summarized,

Results : Although there are still heated debates about the definition of low dose, it implies the biological
responses in environmental exposure level and the NDMDRs means the nonlinear relationship between the
dose—response in the slope sign change, Also, it implies the new form of the curve showing a U, reverse
U shape, and the slop sign constantly changing showing various forms, This mechanism is because the
two acceptor shows opposing effects to toxic materials and the affinity is different along with the numerical
value that increase and decrease being different. These characteristics generally appear in endocrine
disrupters such as bisphenol A, agricultural pesticides, metal, and radiation. The research field in the public
health and medical treatment is obesity, problems in metabolism, growth hormone treatment, climacteric
treatment, breast cancer, intake of Korean traditional medicine for pregnancy, menopause and phytoestrogen,

Conclusions : As a result of discussing implications, NMDRs is a particular effect in low dose and heated
debates surround this response, research is being conducted surrounding the field of obesity, problems in
metabolism, growth hormone treatment, climacteric treatment, breast cancer, intake of Korean traditional
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medicine for pregnancy, menopause, and phytoestrogen, More research and interest in needed as it can

have a massive influence in the public health and medicine,

Key words : low dose effect, dose response, non monotonic dose responses(NMDRs), Medicine,

Korean medicine
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Table 1. Number of studies including low dose response and non monotonic response

KISS DBPIA RISS NDSL | Pub Med | CNKI | J-STAGE | %%~
response
Low dose effect| 215 383 2303 91,300 | 67.288 | 99.980 | 21.956 421
Non monotonic 11 9246 102 760 754 2911 649 38
response
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Table 2. Low dose cutoff doses: BPA and DEHP as examples

Administered doses (to animals,
Chemical Estimated range of Doses below Doses below that broduce bIoo( d levels )
human exposures the NOAEL the LOAEL L
in typical humans
No NOAEL was ever 400 g/kg d t dent d
o rodents an
BPA 0.4-5 g/kg d established in 50 mg/kg d 8/xe ‘
. . . nonhuman primates
toxicological studies
DEHP 0.525 g/kg d 5.8 mg/kg d 29 mg/kg d Unknown

Z4] . Vandenberg et al.,
Dose Responses, Endocrine Reviews, 2012,
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Table 3. Ranges of endogenous hormones in humans

ol Q| 591:Low Dose Effect?t Non Monotonic Dose Responses(NMDRs) 12|12 o|st™ o|no|

Free concentration

Total concentration

Free concentration

Total concentration

Hormone (females) (females) (males) (males)
Cortisol 20-300 ng/ml 20-300 ng/ml
Estradiol 0.59 pg/ml (adult <20 pg/ml 10-60 pg/ml (adult)
female) (prepubertal)
20-800 pg/ml
(premenopausal)
<30 pg/ml
(postmenopausal)
Progesterone 0.2-0.55 ng/ml 0.1- 0.4 ng/ml
(prepubertal) (prepubertal)
0.02-0.80 ng/ml 0.2-2 ng/ml (adult)
(follicular phase)
0.90-4 ng/ml (luteal
phase)
0.5 ng/ml
(postmenopausal)
Insulin 0-250 pmol/liter 0250 pmol/liter
GH 2-6 ng/ml 2-6 ng/ml
Prolactin 0-15 ng/ml 0-10 ng/ml
Testosterone 9-150 pg/ml (adult) 0.3-250 ng/ml
horifi;’% gy | 8730 pe/ml (10-35 pM) 8-30 pg/ml (10-35 pM)
TSH 0.55 U/ml 0.5-5 U/ml

&4 : Vandenberg et al.,

Dose Responses, Endocrine Reviews, 2012,

PEERE

O O o
e

_,] ;‘(].o]h ian] o o H—]_?__]

Yol Al slsle 790 484 58 Aolwr} A},

JlN

e vste] B

= A 2=

obd 3% %

= Al o =2 wd

T 9ol BEEY i Wk Q

15t =84

& Als= HefollA ] et wlsf 4

wxfolo] oigt A=A Hhey
7RIS Zelg|, o
FEL Aol A EBl= R T g
4= Qlojof 7] wjEo o},
npzjeko g sako] Hulol e vREANS oo o]
upEO| Fulgo} Wl miE B weg
o= ot E 3EEL 4] el
ol wjolx|of wetE T=m %ﬂloﬂ

o
e

13}

M= 7

R

7}38]

tha,

71

l-:_‘:7

o7k I B,

1) |:||l:|_f_7‘<_x-| %‘.—_g_uf&u)k-lg_

O —

|

Aol ek ofe] A} Gk, AP Ao RO
Helstlet, E ol uigow ® o

o 71d&

et

1 opourg A v

2. Q=

HZsto] 713 19 74

e 70|k Hie] RS vt A9

A7 =
e ilo] e,

Hormones and Endocrine—Disrupting Chemicals: Low—Dose Effects and Nonmonotonic

| 71

0 ofg. 2, U S S WA A Aggoll A vlgkd] ke EAlo] ek 7]
2] B2 AJol7} 4:84]9]
sl Aol ML 2 GRS IR, S s
9o o] TERY] B
o] § Am wigtslch & 4 ik Wl WAl TR
o g 48] A Ashe
Ryo| FErol g

2}
1

ol 271

l“_u

2]

=
na

A3, 71%

am

TR, S EAZE D AR ) AnkE el
Asher} vew, © 57 9

237} T2

Ao| 4§70l Yo T AgshuAl

149



Chetolyatolstalx| M203 Hi1=(2016H 42)
2854 (agonist) = thaE4 (antagonist) 2 2H-
sk Btz Al uepdny o7 ohat 22
7 ZB$7F Ak
(1) As=olA 2Hg=ds 288k, skoli=
jerEz 2 2es)
(2) AsolA dEda A8k,
e 2Hg9P,

i

DR

7|1™ 3. thAM ¥R (modulation) 2, AJEEoA= of
AbElol E4 33kE Wal, dlsoi= thAREA] 6
I Ak SR javks YeEE vgedAAS U

3. LH=H[A w2t SHo| M8 Jekut

|:|||:|-XA-|
el mebe e A8l gty At g
5] 2ol S dof 3 Slfolck, of SEEAL 94
RojlA A W Sojek ui] 7lTe] sER g0

Fofshetl W ZEEa Aol TERe 4
7HA B ZERolRlE Bk UulA wehEd

© B2R Age yalstel Azl Al oA, o
Fu, e ol WelA) ol 52 o7 4= gk Al

=5 %‘*J < HokllAl vAls FF= Bl
A HaAL ok 2 dqE= Wkl A= ol W
wHA ngEdse] @ SEEY

U EREE AN R SEAE Y

e Paleke o) s AAsle] ok, ol
3 A TR fARE FES 7R A wE
A w3k AgFOR YA BRI Mg FET 5

)
= 7HkS 7L, A s2 2o 889k curve
of| Al HIARPAQl HefE vEhdth, ApAlS] HehH, &
Zol Eojd=& 11| gl wkgo] 2 H[EE Eojut
A etk W2 85l iRk §kgo] =& 8ol gt

150

ghgof vlsf © vigsial ¥kgo] Ak, oHd 4

2 qlo) He gonE Fusl HAS| HEE FET
= Stk WeuA sl Eﬁ& o] 545 w=7| oj
ol YR ggolA] vhgo] B WzshA ekt A
d TEES Doy b}iEOME &o] 7Fsst
o, oA wehEd 3 UieE, vlolag2E, i
2 Ar2e 3o s, B9 nEU|EES

S

ANgo] nd FAUS BE ol BESE 1
off w2 W= AQ Holekeks AAE Lefste] B
7Kck. SR Ztel) WAl ;wuoﬂ = o
Hu BPHRAL ASFORE T TS WY 4
glon] gaol mHE kg Sk o Ale AAY
A gleks Zolck, gl that whgo] fepe] Z7bo]
wet 42 vl 0 7K1 ok eslel UL )
Holdl Umeke UehiE Bl % 4dol )
Ukl efslol & He o o4 dle] AAES
488 4 itk 29, ol Sol T WSS o
AR 4 gl7] wiolch 9bA Wk leh o] WAl A
A Gl FAVIES Wik meEEo] 3k
Aol GlojA] BEAS W Zolehs 252 Jvow
WallA gl ATE HlE A g M8 Aol
o, wEe] AgelAe] wg AT ule njulat 4
B2 AL haon ol s A meed
Sof gapol we A g ot B AT A7
1 a8 =3t

A 8w o] sl ob#l @ha] olzel A1
ofUolAl I 71%& A9 Aol ejufsich, 20019
NTPS| HA5e A8% d3e o
wEEls § EE HEA0R S4wlolA A
St 2 g oliE BEAL Aol
= Uehiche gk A gaoleta Ao
£l RRAE wdolt D &
et 4 AT 4 Gl W H ol
ofof Tt FOF 5oFS 4] 9 4 1] ujge] of

of tisf w2l divlsire Zl& AZsforrith

SEER

B0 Aol

1) HIAHEA

ot 2wk vhear ‘21% UjEn) A meked o] §
Upolth, H]AH|EAL ZelAE Ao AR AMRE
o] KoL} CDO] AR, AZZAA S0z ufe Zu



A
(=}

1L
ro

bl

Al AREEIAL et AR Rl A8 ddt B
wAdol] Hieh A= il o A8E VIR vl
X Ao A Sk

HIAHEALE Z550A A Ao 2-8-3] 2JA17]

o, A AR g, 9 = vRt=
o greFlal, W] A, thdA o] A, o
O] A Yl AR 7Aool diRt JE Bl
ok, E ] WAl disid= AT A3l
e del=7]o] gt whgo] deile Zlo] ' =
ot IZF A9 A HiadE AY AL keEd
o Al A 9 2ol Y3 vA M FH

so Qjgrg vzt Bg uprh 9L, ok57lelAe
W} sl We] HlAwlsA g} AvEcks
WA QGIEP) Hl AL dore] Tgleh A

g 4= qlin] 1 el AT mIAlE Aol W,
Qalel GaEE X o] wrk, whiel] g4l ol
u]A)s ofael dhal o3 Wast ik

RS A Alell AuiztEelE e 4 AN B
°ok°ﬂ sk = 5 113‘“*4 oﬂf‘kol gl Hi= A5
I ¥s —‘jr 13k o= Qlek A ElSRAe) wele|olo
L] = e B2 ATklA 2 e R
M /\}%‘5 FA5}L Qlth, DDTE ERol Zgsh=d|
EPAS] 7|02 A8 cutoffE 0.05 mg/kg= A
AT ZLefFol| A AAPETH o7 GFRS njA k=
Zlo] AtE|SIT}, Vinclozolin #730] HR|fo g 24
o]a Sl=tll A AHFFolY WA= AREEIL
Al Vinclozoling get==2A 282 5l EPAS]
TAE 7122E 1.2 mg/kg dE A85F cutoff &=
247 9) o Aol Hol oyl gl Aoz Wl
Ear @It} Tributyltin oxided AFdt, =50] WA
& A ARE HSleu DDTAHE 1 fgAdez ¢
off AR g2 w7t 220]aL QIR Gt} EPAS] 1A
= 7|22 0.19 mg/kg d& A8 cutoff2 F1L
lom PPARe| AgtobH Hwkd} #3o] gl Ae=
HaEo] b, paraquats AlEZAS HjE] Az
AIE Hol= A|lzA°lH, paraquats= B4t T
il Aol 38 s4o2 d#A Q. o] para—
quats AGFoz THEA] leFA7]= 9 Ho| Alx
WollA &/dika Fo] FAS XA dxxdode

Mzats0l Q| 521 Low Dose Effect2t Non Monotonic Dose Responses(NMDRs) 12|17 2|st& ojn|

I

E=AL u|AR] ka1l AA3E] ElgA] 7]FHS Rggsit
AT Aaprh Qe olEgt sokolut T2 YiulA
WRHEHEL FEA ¢l HolAks 52 Sl A=
zxso] RS e i g, og BB
R f71edBRele) shit, A Wt DDTE
olg] ZorES I3 ARA S| dER

B S8 "= Aol ASFeR 2% T
T 7R/l e AlARE A7 =,
ARA f7legEdo WP%}OH—% fursl]
4R 1eds
WS A&l ez s
mjo]m, A-gFolA %@OVJ Uge}e] 8

AE Uehdl= Aoz det. e
Al HiAPgoel AxtEo] o2 QIgh HWkIRe] 4
Aol Fofof g,

¢

=)

T8
40
2
o‘:O r_l?i
I8 ol 3@ X
Mo wy i to wn gn o

o

oL

3) 2%

A =52 fsid Briek B oAl AR ofE
e dedt vRVIAR i AA A a2 EE
O s 7IEe R 53Rt sEAdd Aol safety
factorg RFgste] AIYEAL QUet, wpeba AA| A=
zak = j_E_l‘,]— 11&_501]/\1 XL7]7} x]‘-_;ﬁ =
o) Slsidel gt el FEG Aol et &
T 49| A8 o] Hpekel o} Ei ofglo}
o] AL, QXBol EAHHe G ulTks
AATEe] th HaEal 9lon, 20121 Vanden—
berg =50l Ofshyl Wi FEHEL GEF-uIgZ Ao

A MIgEgE el & EEOE #0349

d, 7IEE, 2, B9 A85F G dek A+ 4
== é_*ﬁ%i?&t’r.

)=

2 AR o), HlE, IEg AAY A
=Y 5 ooerst gl 99 Zka ey, O S
E3] SFAA 23 A sHE AstAlTl= A
o] tiz& Q] =Aoltt Fol A8 I A =2 <
A58 Ak THste] HilEal Qlom o] olE5R
o} ojgolEoA & FFS v|HTh, A5 Ho| of
gol59] 1Q, s FFE 7t =2 3
235 Wol WRE =Y, 3] Skerfving?dTHol| w}
2 g3 go] Aggolojx 51 AH o oGS

151



CiStol 2 Btol a3l x| M202 M1S(2016'H 4)

7AW, Ao} G BAZL vAdPES dehdtt
g EgE QA *oﬂloﬂﬂi—J g o] wjote] 4l
7 = At Wol ofglo]
ofle} Hjot] H =Eol: %—‘ﬂﬁHOF Shc}, Jedry—
chowskioq:r”‘”oﬂ/ﬂt A4 F A o A 7R
AAT] FE Sug/dlelste] 2AEES] ol =FE
o AtnEe] S 12709, 2470¢, 367 ofelE9]
A FEHSE 2ASHe], 4l 5 H eFo] AlsHd
foll Y& Erhs 2 Bk $99) Lin J A
B3 Sug/dLolske] ol & AHEe] AT 367)
4 ofsle] JHoles 74 2Alsto] YAl F 4879
g eEo] QA = FEs nixitke 2TE
Festoict, =A14 7tol=apele A4 4Rl 7=

gl o] 5% 10ug/dLolslE AABaL 3o,
> AgkeAtolA bug/dLolste] | =Fo] o}
© Ffore] Q1A T Wl siEe oyt vy
AAFRAELS. owksitis Aulo| 2ASke] T2 2012
| g A7 Sug/dLolstE Wk, B2 vlA| ¥
Ao F2kEe] Qlof k= E7] wi- 4% Aol vlal Hj
So717F ofFaL v a5kl vlsl AEsH )=
1 "Wolug H& & Fo5 agith
Q) 7I=8

7tege A =52 7HEwY) A}l 4%
710 A 549E Hl%ﬁ}oﬂ ojgloto] 59| A5, =
U5 i dRlE AEEe] wWol Hiwglth
Ferraro@d 004, A-&aFo] =g o] Wb Al
A=A Ade S7MAIRIYAL Harskyl=t, v 204
oA 5426% S ZARF AT kF FEF HE 1
g/g, 8% 71=F F%7F 1 ug/Lel ¢ oo}l =
Akt 40] 01040111 = 7}5“ =w7t1 mcg/LO]
0] ALQoll= Ui AIA=AY} il HIEQL =0 i)
A& 2ok E3F Kippler' = 914l 3 7=Hol =
F 1305%82] ©1/4E59] 54 mut A Ee] Bt A%

Aol Aol =g =Fo] ofdlolEe] W
lv# o] qlthar Wiglon, o] Qo Fh=aat
718t 9% SFEY A& =30 dATEel e
nXths A7 ASA o HaEa Qi) o] £jof=
Wallin'¥o] Q59| Altto|ut Flo] o3t 712§ A
< BMD9} Eths5o 2 It =4 9
S 7T AL Basks & A8 s =t
S5Ol izt A7k = oy 7HEEe] A8

e

o> rlo

| m{w

2 L=o0] Uk

Lol tieh IS =5 Soll e o] BEksHA
ursi%l Zo] glof @77} o Bask

(3) )\0

oL BRe, f7152oR Uit S v
3P f712(MESR)0] FRUAELE T 1%

A@sleE, =20 A= FFol W3 A = o
AR A p2ieEo] Hloto] fai9dE A
off #aj o]Foz|aL Y, Sagiv? T ATA
ADHD 5 do}e] 417 3% o] 9ake 207 &
SE|gIoL} o}y 7 =gho] A&E|T glrt, B3] YA
Rl o} AF7} ezl Wk A} e, o
g wmolste] Azl MPrhs Ash Agololw
dlote} Algulee] JRg Foh A7 B2 A
of e2to] T4 gFe Al Lol Bl ol

olo —H“E x‘ij} Atz o2 ol AU Sl ler )
oy Eﬂ oJajoF s, FDAOIAE AR
B 4 154 sioke o
ko)A 4-20] HFE Ha

o A A% AT Folch

r;r
(i
o

(4) Hl&
Bl Askpe] FAF ez gaiEo] 3o A
S =Eo] ANARS] WE, AeE 1 Ak A
b kmEo] vlaE] 9] ALF FFl g o
oh Als=o Hlae WY de HEd de F o
des9] A4S wlvke A7 23t v Haly

7.0
= @ TNFee 0 |L-8
S 60| AR % IFNy
s 5.0
2
e 40
g —I
o -E._,S.D W
-]
£ =2 w
S
s 10
S

(=}

<36 3670 721 > 211
Urinary arsenic at GW30 (pg/L)

Fig.2. Association of As exposure at GW30
with cord blood cytokines
Z2] . Ahmed S et al.,

stress, inflammation, and immune disruption

Arsenic—associated oxidative

in human placenta and cord blood, Environ
Health Perspect., 2011,



A
(=}

1L
ro

bl

Rom, QAT Ase o] Hlao| mEE A Hjopdd
o Falgt S 71X ArdaEE ok a1y
T Tsujidtel w2, EPAZE AAISH HlAo] Rfd
ol A ofglotol50] AFEAN} AdAe?
QFaFo] glrfal ®arsfo] of2] 71 {=gho] FUpA| ok
Ricii=

% 29 Ahmedd =

Lk WS 3 do] itk

Hlo] WAl dig
e A0 o] Ae 7]

84 Aolehs 744e] ot
A7 AIG] EASHE W Feo] Aol dhiat
9o Mg A7k dasit

(I

me i

_J_/\
o] §-uRgIHHo| 41

Fll‘ i

140 0o
=Ry r—_l*

f
(e}
>

>
o

oL —;—4
4

AEoA4 2]
o, A
e T s o

of

7l =

Ful vtk

o, et
4 o] e

WA 4 20 Tlesto] Basol, ofsl

BEg HEos 3 AR

FAEe) Aol Basi,

2L
off

i

oo
o ol
o2
ool

gl

> \-N o
ox —[0

B )
&Lrﬁ

?n“
X
1o
2
off
1
Y
b
)
nt&’
A ﬂlO

o

r.l
KUY

o
A SHAV|E F=

5) WAMde| x8at Fet

N
(R
Lo
fu

B, AL, AAAERE oheh 9
W WARSOl B ET gl A
Aol f-83HA A= & o2& ol
iz 37  we ohet
=02 QlafA sljof =4

1) AZke golth o

epsel A A8 G5
olsigo] shfoln] B3] 2 Kanji{fg%w
L ARl A0 et A M
Aprat $lglo] i A
Qo] weo] gt 2 TAHe 21 ek, 22
Ko} o] kol ARgo]
AN RERAL

= Agahis] o Al

=)
2

B o o
=
i
il
U
4
i
30 o i (T

O
(0] 5=

0?2
|o
ull
rO
o
=)

T
o%
N

N
—_
o

:
9
o
ot

LU rlr
i e rlo

ok

=

7

of ol N
ol = o O~ Flr
K lo il

I

o o Rl Ao ®
pocs
rr
rﬁ

ZERIR
A %iEP sl A2 ool AR oISl
o3le] oF WS FolEthe T4 Qo S

o Aol ofshd WA 29l Ml R T

Mzats0l Q| 521 Low Dose Effect2t Non Monotonic Dose Responses(NMDRs) 12|17 2|st& ojn|

=t HA 5<9F 1,000mSve] HARA
LE2ES w 2R ke AlgEn) oF HRRYEo] ofF

[¢)

O

o L
5% B = Aoz Hiwo] gy o=z LAk}
AT gAEo] WA mEHAL AN A RAF
A =S o BN R Aol S8k Ao
t}. 20159 T Fste ol A] 30ve] Ho| HhAbA
A FARRE fAHE EoF SARE dHde = A1
=l FFeARke] 22% 7ol 7713t 5 Ao
1% 5319 Y, 814We dugoR AP,
AL AT} AL =2 =E&TFo| 27 A] X uigdy o
2 At 9130] wokA W uhy 913 39 o}

A3 gk B4 el 7b kel # 10,450

d

ol o ekt

HpAple] Aol Waale olnl olshe A}
o] A=, ARE mEo] Hogloh ofskdt
@A QAR Urbily] RS}, 2ejnt
o o i, A i S de
2 oju] ZIggo] |91l J|2An} YEu&R=2] 4

ofli= 50 ool FHxALe] ofsto] FEgt 7]7F 5
oF &= QIL), offje] I 3% National Academy
of Scienceso|A] Health Risks from Exposure to
Low Levels of Ionizing Radiation: BEIR VII Hil
Aol s deme AsEe WA Sttt

Lt oty A2 Wk gk

_~< 4
o) 7z
-
|
c 7
3 7z
o Z
ol z
| %
Vi -

5 s "
5 y e
T 7 7 -
5 7 K -
o] P
hd =

Z—Threshold-""

Dose

Fig. 3. Health Risks from Exposure to
Low Levels of lonizing Radiation
4] . National Academy of Sciences, Health Risks
from Exposure to Low Levels of Ionizing Ra—
diation: BEIR VII, 2006,

153



CiStol 2 Btol a3l x| M202 M1S(2016'H 4)

%, 29394 xF2 wEFES oulsial y5& ol
A QEEE 9u|st=tl, ©] FolA Linear No—
ThresholdS Algislal QL9 AL a1-8efof A 9]
Linear No—Thresholdo]1l u|&&Fo] 1-8eF A o
717 ofeff o] HAak A2 A-gFol|42] Linear
No—Thresholdo|c}, AAo = veh = I Linear
Model with a Thresholdo]t}, E3F o] HilAof uw}
2 WARsollA PR HA7IEA = 2R e
gk Holl 10mSve] WA k=EHrhH 10007 &
ok B2 el A9 4= drkar Farsigit, WA 1%
I oF ATkl Al A= olw] oEkE A+t
e Eglon, 7|EA] ofstete sttt Aol
0|99 Ao WAks-2 TEeFof vlFste] k&
A7 o= 7]2A] olstete bASHA] girhal &}
93\\-;}_26)27),28).

4, B2 7l0fl 0|X[= Fekat 2lo]

Oﬁ
FEE
oo
(i
é
_}L
N
ITU
13
A
FﬂJ
o
rE
ol
=2
52
flo
o 1
O |
o
o 4N ofo

ot Olﬂiﬂ &V\l’“oﬂ/\ﬂ *1"‘:«10‘741"} refetA o
A Ak Y= oEA A sliof star A+
3l UWrtoksh=A] agks Hara} ghe, 2 Hvt Bl o
A oV, mEE o |3 R AlsAlsE &
= AREFHES FFol 2 ot He 2ofolth E
3} oke ol 7lA| ALF-HFS JFre] AEksl z|EU}t
Lhex] ar Qlek grejorolAe 53] AR} Bjof
1Al 7dr|ed el gtefEgol ] et ekt 2|7t
AT FHefA ] A oAERNS] A1k
of gt A7t Bagk AFolrt 919 AXE =
Ao A 8] A-G=F-1tg FaFt 71 bl &) Bk
FFS LdotHal o yoprt grefstoflA A&
FF vgdRdHs FFE =8l Haxt

ox 1o oot iil
<
o oo

) o%l BN oR ER
=
O

o

1) MelstoflMe] AJARY
(1) Het 3 il

A 3=l AFFYQl & 81%7) wHdAzto 2 QIgk
ol 1 4k QlQlo] Es| vheR|A]= gkont

154

o, AATE, AuT 5o ATSTRS

‘—g‘ﬂ, = T [ == _T‘
¥ gelog wpolslar Qiep 1) v Eskel wigt
o] Wol & sh}R Uin] weHEo] A7|Eg 1

FolE ngepel wpumerEdel of, 4§3%e)
) meEAe] wEE S A9 Higo] Al

=

& g o
et 2 Al - é % lof ﬂ#zm Q7 }

7¥skal AlEE eSS Al %‘é% °F7] 5o Xﬂv7 fa
£ ZHsHA Hrt, AA| AtolA A8 (lug/ke/day)
o A= B, A 2-8%F(1000ug/kg/day) ollAl=
AF T4g fosl BAk, SE4%00A DES =
Z(10-100ug/kg W4 A& Hol= 24 Al AlF
Jejar BA FeHY] AlselA HaE Bk 4‘_]’%40}
(A% 1-59) DES =ZE(lug/kg/day) =&7 1%t
O] AlFolls S mIAA] e, Ad7loxe] &
Rt AlS57HE Helrh A WiEelauskEd, 59
DES #o] o|~E=7 esh= 40| Ud7|o =&
w AFIAME Yo7t SHA AlsS7E BEE S
Ouw vyt o}q;ﬂ— A2d Wi 49 Aldd Z35lo)
2R g gloprlof s DESO] k=FH FHe 4
21717} = Hgko] HMAYSLE stk DESO| =&
F= Ao71el 2818 AFdas velulth 2 U=
H FZTEALNA HBFEA 979 FEA (persistent
organic pollutants, POPs)el| &3H= {71944 =
ofolu} thol Al e SfeEdO] et AlSSTt
ol AACE Fofgt wAAdo] k= Zo] BieA
Ao G 71A= A8E =E2HEE S| ot
9 4= Q= QR og g3 At o Zash A4
olct,

@) AHE A s2EAR
A LeleloiE EEB Faawi Ads] &
28 Aus Pgs| B3 AwFel shfold Tyt



A

i

A Z7po] opmae] A geF Qa1 stolAe] )

RS BEAIA) ke AlelelAle] oled Mk A
o) ] Al 9 B2 A A 3 E 4 9lo]
ave] §% IR S Wb A% FHepAE 447] Lol
9 el ne Aol BAZH 2 4= glon] & ohe
A% Ak A5 A7) o149 AZolE 23 St
g 5 ek WS wefslof sk, sERARE BE
AT AW oot HFEEE S AN 3

H o
b 27 Uehis S0y AAEE, T ARAE,
kol =]

Holx 8w dao) WHE Fagt ozt ik 7
7] oiade] WelAl dhRie] ot Aasie Awt
sEE vl of g ARe) vt §5E uif ol
A e ARl SEE AL 2eba 2]
ool A ofE Gare 7114 © AT A7t Wa
sk,

() o

Hong A&l QlaiA] et Aol A8 of
EZl g¥o] anpaolels 237t vl=sofsldeAd
off &7H=iTk. o] Aol SJshH AgA|A o] A
AAERA aWo] P ke de dF
A Eol E ¢ Qe e ARG dEe
LEEoehs ALERNS AL &2 L8FL
2 ROt Ay FF B 30%9] =eo] Hrh E
ALER ¥l R e WE Bt obdzt A
&% Fo7t 8 FolEn dnbzoR ef spehA
RO S0l § ARl & &Stttk I B

HALS olEk FUL F4AT & Uk AT

2 o)A BAIRE 184 ool A4 2400

oz AU e k= S AR
Lo leFEolE Aol Wars U
L=l wol FAHE= AL ¥

M ordlat=0l | 501: Low Dose Effect?t Non Monotonic Dose Responses(NMDRs) 12|11 2|8 ojn|

~

© A2 T8T PHTY sholrt. Al A 2
Aol wEw efore] FAERS 100mGyS ol
A ¢ Hlek el 8~255 7ITte] S48 A 9] B
A el 2 = 7R AZIdHEl 1000mGy
olgol = Hjote] AsAl AskE ' Al7le A
2 AL ek, AT AR Hopol A QAR
o gjote] o ApAJstaL Helgt Waksol A8 Fo
Hidedy gake] A&AQ1 At7h Badt Aol

2) stelstollM AR

globAl7] wo} &

F A 2 QhollA e vk RAduks Fafol disiAl A

AiE 713z0] BAg AHolet, dupsha AeAUe]
AE dolAl el Aol 2 G ulA & gk
QAe] FlokE gt gote] ofaRe GolahAelA
A§F-uks FFl IR A A} Bash
whtolct,

W
off

At FAFole TS Al FsfoF Tt
24, opol e BEHE 2 g, $A gL o
ool Arke 9. E 54 A0S YW Gors B
S stk 24 5 ol Flele] wet e
2go] el ok, el QoA Aol Tt
o B8 B4 D e wAELo] EAshL
Evanthia §79] ¢1to] w2 ejolr]o] viv] wet
BAEDCS)] 23 TAIol w49l olFe] b
ste) W 5 Aol T BE A & o 51
o, ol © ol GALe] FORRERAT} Tel /)
AQle] el LAE BAVL obde uidih, w
stejstel TAZAGRS OIS A8 o wal
5 Jefet A7) BeHole),

155



Cistolebstolsts|X| M20H M1S(2016E 42)

2) #7387 gerEg

HA7= JAERA TERO FAT 7HAE AL
AFolH o|& ola) olAo W HM3lt Ueht E3)
ALeF oJ3Fe PE 7] oA -
sk 277 2 % 9ol FF o] Rope] A7} vl B
Q3le), makrofla i =R oRIA 7H o]
22} 9808+ % 63%7F 654 o] ojAolglon
nk=o)lA] 1968-1978 717ke] okl 71l FA 572
g Z gjRE 504 olAke] ojAolqr), webA] Fhoks
Aol 71 Zoksl dEZe 504 oJAle] ojAZo|n

O|AF FhefE-gof o3t HAdo] FHeksh olf+= Xt
o] Z8HAA} = estrogen®] 1867l SAALHS =4

skal H7 $ estrogenftai® SFEthA IAHE FA}
o] 3RS F7] wjEo s A Qi)

=

(3) WeRE A1BH r=za
eplE Y sREEdaRR)e ot Ha
Sf. AlRA BRES ARed FEH: AARYR
0 FR8) F)50] SAERANL fARIY] 5000159
aelat A 5| Mg EAaE, o] S| ojshy
el £} 0] ofdah oF 100019 giobk o

FEAFA sk *‘%*é 32F =2d A 2

717} AdEH Ask eEoAE A7 ofote] 97

F700 R I AxsS, S99 ik deE

el A4 3225 &Y wdEd 9] v

AFstar et EdF fEol AEERo] Hal=r2o
kel 7

=
5 A= dA 9] testosterone =S A7 =

1 2018 10

")]” | mg )

2t = 3.5g/day
(? 6% glycyrrhizic acid, 0.25g/day)

0

Fig.4. Changes in testosterone by taking liquirice root
4] Armanini D et al., Reduction of serum testo—
sterone in men by liquirice, NEJM, 1999,

156

ZAoR FAHHEY, O 494 TEREE 1 271E &
A 9] testosterone TE= ZAEA|Y EQS 2o}
3H E 849 testosteroneFEE =0k}

40A4] oA} AL tareZ o TAEM RIS AlF o

A ErEsERe] HEEy §U-w8S Uehym
40TH-60TH ] H9oli Tpmmt ohfet A
2o] HAEAHE g A $2F0] MR H0E
BRI olefgt AlelA] ) SlekilE A4 &
Bro] Agu-uhg Qe HEkd el B

FF A7} AgHom wagh Aol

-r

., 22

[F}
ru

o] g mdo] AiAe] Ertule
wZolehs A4S Telsh, A4 =BS W dof
LA ek A & 4 dnk b whEe] 2
ol Basis), 32 s 24,

=
5, Aolay & 4™l e STt e ‘%“L%E
A= ofoF gt

e, Enth's 1 e A5 AEA
2otdolgiet. T2yt ofnte g2 Rrejalse] g2t 9
FolMe 21 AERt A F AEkt A=E Sl
T A2} g2l A] 3t Aol tigt e A
= 7 dF R Hln T2 grofste] S EA

ofgte g HERdhe ol 2 Ao,

A& S HERA vk 9] 2v], 71, W
A ned, 94, H‘FE l*H A= 08‘?‘%4
o] Eﬂ—h?aﬂ]"ﬂ AARgel tisted %5—431@ @4 5%141
JME BT 2R 5 T AL Gl Hiet
U-8& dAskL Jlom, vl RS A A

o
X
oz
JH
o
é
o)
O

i

So] 218 Fol glout, Ffe] olof Tt ] 4
b net Aelct, 2t Holol) ol ok X g%
G G-NGZA] O A7} o Bas, ol
2 SlEAE RGeS v WAL 4= Qi Tt
714 o] Sk Elolof St B3] ARFFAIR
YA, Eo}, ofglo], 7] efelAlE 1 oarol

g A5 o]7] W] o] Fgie] et AT} o o]
of Aok it} FHOAIAE o] AE Hhgo R A gk
—uRS odah uitkey S-S WA ofsha



1. Peter Hoet, Low—dose exposure setting the

scene, Katholieke Universiteit Leuven, 2015,
Ronald Melnick, George Lucier, Mary Wolfe,
Roxanne Hall, George Stancel, Gail Prins,
Michael Gallo, Kenneth Reuhl, Shuk—Mei Ho,
Terry Brown, John Moore, Julian Leakey,
Joseph Haseman, and Michael Kohn, Summary
of the National Toxicology Program’s report
of the endocrine disruptors low—dose peer
review, Environ Health Perspect, 2002;110(4):
427-431,

Laura N. Vandenberg, Theo Colborn, Tyrone
B. Hayes, Jerrold J, Heindel, David R, Jacobs,
Jr. , Duk—Hee Lee, Toshi Shioda, Ana M, Soto,
Frederick S, vom Saal, Wade V. Welshons,
R. Thomas Zoeller, and John Peterson Myers,
Hormones and Endocrine—Disrupting Chemicals:
Low—Dose Effects and Nonmonotonic Dose
Responses, Endocrine Reviews, 2012:33(3):
378-455,

Laura N, Vandenberg, Low—Dose Effects of
Hormones and Endocrine Disruptors, Vitamins
and Hormones, 2014,94:129—-164.

Laura N, Vandenberg, Non—Monotonic Dose
Responses in Studies of Endocrine Disrupting
Chemicals: Bisphenol A as a Case Study,
Dose Response, 2014:12(2):259-276.

- HEE e, feelehEd we AR, SHe

Z3akshaLAl, 2009;35.

Duk—Hee Lee, Endocrine disrupting chemicals
and environmental diseases, J Korean Med
Assoc 2012:55(3):243—249.

Lagarde F, Beausoleil C, Belcher SM, Bel—
zunces LP, Emond C, Guerbet M, Rousselle
C. Non—monotonic dose—response relationships

and endocrine disruptors: a qualitative method

10.

of assessment. Environ Health. 2015;14:13.

Conolly RB, Lutz WK, Nonmonotonic dose—
response relationships: mechanistic basis,
kinetic modeling, and implications for risk
assessment, Toxicol Sci. 2004;77(1):151-7.

Laura N Vandenberg, Shelley Ehrlich, Scott
M Belcher, Nira Ben—Jonathan, Dana C Dolinoy,
Eric R Hugo, Patricia A Hunt, Retha R
Newbold, Beverly S Rubin, Katerine S Saili,
Ana M Soto, Hong—Sheng Wang & Frederick
S vom Saal, Low dose effects of bisphenol
A, Endocrine Disruptors, 2013:1(1):e25078.

11, Katarzyna Kuter, Przemys ¥ aw Nowak, Krystyna

12,

13.

14.

Go ¥ embiowska, Krystyna Ossowska : Increased
Reactive Oxygen Species Production in the
Brain After Repeated Low—Dose Pesticide
Paraquat Exposure in Rats., A Comparison
with Peripheral Tissues Neurochem Res 2010;
35:1121-—1130.

Lee DH, Steffes MW, Sjodin A, Jones RS,
Needham LL, Jacobs Jr DR. Low dose orga—
nochlorine pesticides and polychlorinated
biphenyls predict obesity, dyslipidemia, and
insulin resistance among people free of
diabetes. PLoS One. 2011;6(1):e15977.
Skerfving S, Lofmark L, Lundh T, Mikoczy
7, Stromberg U, Late effects of low blood
lead concentrations in children on school
performance and cognitive functions, Neuro—
toxicology. 2015;49:114—120,

Jedrychowski W, Perera FP, Jankowski J,
Mrozek—Budzyn D, Mroz E, Flak E, Edwards
S, Skarupa A, Lisowska—Miszczyk 1. , Very
low prenatal exposure to lead and mental
development of children in infancy and early
childhood: Krakow prospective cohort study,
Neuroepidemiology, 2009:32(4):270—-278.

15. Liu J, Chen Y, Gao D, Jing J, Hu Q, Prenatal

and postnatal lead exposure and cognitive
development of infants followed over the
first three years of life! a prospective birth

study in the Pearl River Delta region, China,

157



CiStol|etstolats| x| Mi20 M[1S(2016E 4F)

16.

17.

18,

19,

20.

21,

22,

23.

158

Neurotoxicology, 2014 Sep;44:326—334.
Ferraro PM, Costanzi S, Naticchia A, Stu—
rniolo A, Gambaro G, Low level exposure to
cadmium increases the risk of chronic kidney
disease: analysis of the NHANES 1999-2006,
BMC Public Health, 2010,10:304,

Kippler M, Tofail F, Hamadani JD, Gardner
RM, Grantham—McGregor SM, Bottai M,
Vahter M, Early—life cadmium exposure and
child development in 5—year—old girls and
boys: a cohort study in rural Bangladesh,
Environ Health Perspect, 2012;120(10):1462—
1468,

Wallin M, Barregard L, Sallsten G, Lundh T,
Karlsson MK, Lorentzon M, Ohlsson C,
Mellstrom D, Low—Level Cadmium Exposure
Is Associated With Decreased Bone Mineral
Density and Increased Risk of Incident
Fractures in Elderly Men: The MrOS Sweden
Study, J Bone Miner Res, 2015,

Sagiv SK, Thurston SW, Bellinger DC, Amara—
siriwardena C, Korrick SA, Prenatal exposure
to mercury and fish consumption during
pregnancy and attention—deficit/hyperactivity
disorder—related behavior in children, Arch
Pediatr Adolesc Med, 2012:;166(12):1123—1131.
FDA, Fish: What Pregnant Women and Parents
Should Know, U.S. Food and Drug Admini—
stration, June 2014, http://www.fda.gov/Food/
FoodbornelllnessContaminants/Metals/ucm39
3070.htm

Tsuji JS, Garry MR, Perez V, Chang ET, Low—
level arsenic exposure and developmental
neurotoxicity in children: A systematic review
and risk assessment, Toxicology, 2015;337:91—
107.

Tsuji JS, Perez V, Garry MR, Alexander DD,
Association of low—level arsenic exposure in
drinking water with cardiovascular disease:
a systematic review and risk assessment,
Toxicology. 2014;323:78-94,

Ahmed S, Mahabbat—e Khoda S, Rekha RS,

24,

25,

26.

27,

28.

29.

30.

31,

32.

33.

34

Gardner RM, Ameer SS, Moore S, Ekstrom
EC, Vahter M, Raqib R, Arsenic—associated
oxidative stress, inflammation, and immune
disruption in human placenta and cord blood,
Environ Health Perspect. 2011;119(2):258—264.
Kenji Kamiya, Kotaro Ozasa, Suminori Akiba,
Ohstura Niwa, Kazunori Kodama, Noboru
Takamura, Elena K Zaharieva, Yuko Kimura,
Long—term effects of radiation exposure on
health, Lancet 2015;386:469-478,

Kathryn Doyle, Long term low dose radiation
exposure may increase leukemia risk, scientific
american, 2015, http://www.reuters.com/
article/us—health—radiation—leukemia—idUS
KCNOPJ20920150709

National Academy of Sciences, Health Risks
from Exposure to Low Levels of Ionizing
Radiation: BEIR VII, 2006,

David J, Brenner, Cancer risks attributable
to low doses of ionizing radiation: Assessing
what we really know, PNAS, 2003;100(24):
13761-13766,

National Academy of Sciences, Low Levels Of
Tonizing Radiation May Cause Harm, 2005,
AP AR, Aloa; wd gty 29, 2015.
http://5032. tistory.com/369.

o8], Al A o] Hapls,
2015,

Retha R. Newbold, Elizabeth Padilla—Banks,
Ryan J. Snyder, Terry M. Phillips, Wendy N,

Jefferson, Developmental exposure to endocrine

MID,

disruptors and the obesity epidemic, Reprod
Toxicol. 2007;23(3):290-296.

HB|A, 712e ofo] Kzl TE AR QHHa,
AL E, 2016, http://www.daejonilbo.com/
news/newsitem.asp?pk no=1203555.

Susan Hong, Aarati Didwania, Olufunmilayo
Olopade, Pamela Ganschow, The Expanding
Use of Third—Generation Aromatase Inhibitors:
What the General Interest Needs to Know, J
Gen Intern Med., 2009:24(2):383-388.

E Bastiaannet, K Sampieri, O M Dekkers, A



35.

36.

317,

38.

39.

A
(=}

1L
ro

bl

J M de Craen, M P P van Herk—Sukel, V
Lemmens, C B M van den Broek, J W
Coebergh, R M C Herings, C J H van de
Velde, R Fodde, G J Liefers, Use of Aspirin
postdiagnosis improves survival for colon
cancer patients, British Journal of Cancer,
2012,106:1564-1570,

oA, oE4E EF a4 5= A4 =Y
Foff 64)], =21, 2015, http://m.newsl. kr/news/
category/?detail&2425663&12.

THEE AT, S eHY AFIF B7HE §
3 A+, 2004,

WHO, Ionizing radiation, health effects and
protective measures, 2012,

oZ7], 2007 =AYAH H2 L8] Hil- ICRP
F3E 103, HiRPgARTEofeks], 2009.

Evanthia Diamanti—Kandarakis, Jean—Pierre

40,

41,

42,

Mzats0l Q| 521 Low Dose Effect2t Non Monotonic Dose Responses(NMDRs) 12|17 2|st& ojn|

Bourguignon, Linda C, Giudice, Russ Hauser,
Gail S. Prins, Ana M. Soto, R. Thomas
Zoeller, Andrea C, Gore, Endocrine—Disrupting
Chemicals: An Endocrine Society Scientific
Statement, Endocr Rev. 2009;30(4):293—342.
Jean—Pastor MJ, Bilan J. des accidents
htpatiques medicamenteux recueillis par la
pharmacovigilance fransaise, Therapie, 1984;
39:493—-500,

Lee sun haeng, Kim Hyung Joong, Lee Eun
ju, Chang Gyu Tae, The Review of the Herbal
Medicines with Phytoestrogenic Effect, J
pediatr Korean Med, 2015;29(2):55—77.
Armanini D,, Bonanni G., Palermo M., Palermo
M., Reduction of serum testosterone in men
by liquirice, NEJM, 1999;341:1158—-1160,

159



