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A study to evaluate the safety of iodine
intake levels in women of childbearing
age: 2013-2015 Korea National Health
and Nutrition Examination Survey

Jung-Sug Lee ®

Department of Food and Nutrition, Kookmin University, Seoul 02707, Korea

ABSTRACT

Purpose: This study was conducted to evaluate the safety of iodine intake based on ingestion
levels and urinary iodine excretion of women of childbearing age (15-45 years old) using data
from the 2013-2015 Korea National Health and Nutrition Examination Survey.

Methods: Iodine intake was calculated using the 24 hours dietary recall method and urinary
iodine excretion. The iodine nutrition database for the analysis of dietary iodine intake was
constructed using the food composition database of the Rural Development Administration
(RDA), the Korean Nutrition Society (KNS), the Ministries of Food and Drug Safety, China
and, Japan. The World Health Organization (WHO) evaluation criteria and hazard quotient
(HQ) calculated using biomonitoring equivalents (BE) were applied to evaluate the safety of
the iodine intake.

Results: Of the study subjects, 15.22% had a urinary iodine concentration level of less than 100
pg/L, which was diagnosed as deficient, and 48.16% had an excessive iodine concentration of over
300 pg/L. Urinary iodine concentration was 878.71 ug/L, iodine/creatinine was 589.00 pg/g, and
iodine/creatinine was significantly higher at the age of 30-45 years. The dietary iodine intake was
273.47 pg/day, and the iodine intake calculated from the urinary iodine excretion was 1,198.10
pg/day. Foods with a high contribution to iodine intake were vegetables, seafood, seaweed and
processed foods. The HQ was 1.665 when the urinary iodine content was > 1,000 pg/L.
Conclusion: The results of this study implicate that the urinary iodine concentration, rather
than the dietary iodine intake, is more appropriate to evaluate the iodine status under the
current situation that a comprehensive iodine database for Koreans has not been established.
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QT A A 23 el ofste 2.2 ol B4 | R AR A 24

S 222l thyroxine (T4)Z} triiodothyronine (T3)= -/d 5t [1], A& 22 Sl A H 2

9 =0 223U ELS 7} 9 Aol ufe} ol S Hoj Seluelet o] 29 o
,Mﬂﬁﬁemiﬁé%ﬂmi7mh+°34%%°°%%W%%%%4”
A, 23t 4g, AW AE S L2 7 AES Foll FRAHHSG =R
Bz Qlch [2,3].

oF B 0oz b
mto

<] 2
o
L

22t HH 3 HH 72|9] -9, 5 (4-75M1)2 64-118 pg/day (Bt 45.3 pg/day) [4], G
Q1.2 W} 226 pg/day, ©1A} 163 pg/day [3], T2 A Q1 WA} 240-300 pg/day, A3 Q1 o2} 190-210
ng/day A 5Ha Qo) 1], YE Q1L 1,565 pg/day= H 15k Qlo] B H| 25 8-
=7F=ol s 3] =2 oIt [5]. Ul 2.2 & AH 5220072009 = 71747
FEALAE S E-83 Han 5 [6]9 °E§L°ﬂ A TE20A] o] A 12 ZAA| - 8375 ng/day, ‘BAt
943.1 pg/day, 912} 763.5 pg/day= F-H=7Ht Al=Qle] @ @ & HHFHT =} oL YERIE
Th= Uoky @ 9 © M #]2ko] goo, o] AFS sl 229t MY A4S Ed A2t Zoz By
Eled=g EEOJ, TH19A]] o] /RS T o 2 9 @ E A F o) M3t EREE 2% Ko 5 (7]
& FLof| A 1998 of] 797.0 ug/day, 2014 of] 291.6 pg/day= B 1 5FH =], 1998 of] H| 5l 20149 =
o 2 2 & HFTFo| HAdh= Fol & Hol nlZo|y g=2] 8 @ E 4 FASHAT

TEiL, AE TS HET L0E MY AES oyt 2AR Qs 91 E Sl
Utk 5, NE U 20 P ol om AR da L £ By F L4, B4 Ao
o) 041 5 thafet 29102 Qlof A ] 2.9.5 el A 24 ofelgol itk o]
3holel g2 AEYYHE Hlolelilo] 2 ) 205 PPl HIE BAot 20 E JF
Hur et AESY 2 Qo) AR PR 20 HHYe] AEL AYHoE

AR et (7.

AlEoz e 2 2 == Aol A AL $90% o] o] Ao 2 HjdE B2 AES
2. 0.C HATFAEC) BAIE A5 9 YO R AHOR MAE 2 0 FS A
83to] e o &= HFHFS 7P o2 AH&E5= W o] -85 11 QJT} [8,9]. B]=+2] National
Health and Nutrition Examination Survey 37](1988-1994) At 52 &85t Soldin 5 [10]2]
L this-a4rl9] 719)7] oi4e] A9 28 F R 2= Sefotel vl & 271 Al AR TS

22 (thyroid stimulating hormone, TSH) 5 =7} -3-2] A 0 2 =olx|= 7102 B8l §lo
o}, oAl S Chrel A7 (1L140] H = 2 AT 4 % 2.9 Sfzko] W
o] ol= Ao Buska Qlok. 53], 3715 S (hyperthyroidism) 3 27/l o
(thyroid cancer)2] 7% AFRlof| H|5] AW F 22 E gI5fo] GojXoZ =2 702 Byl
=31 1A [13], A3 715 #1515 (hypothyroidism) /-9 A8 F 2 2 & JFFo] 4/d<lof H]
o oo % UL S A0 2 BTE T 9o} (12,13] REE AF] BEe A 2l
AH Al A g o] 9l &2 AlAFRHH

')

2 20] £ AT E AW F 2.0 P B PP/ 5AE AP S
28} o) 0] = A0 2 1 sHu glof 44 F 8.9 € YL LA WA Blo)
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2131, World Health Organization (WHO)O A= 22 = AR} A J o] I 7|2 S A T 2
25 U 71E02 AR I (516 5, 2 F 825 Ul 0ugLolBlR
745k AT 0 2, 20-49 pg/LO| %—FE 23, 50-99 pg/LOIH 0% 2, 100199 pg/Lol
27 423, 200-299 pg/LoH A Y4 H T tha =2 9, 300 ug/L ©]4do] ™ A7k o o
o A o A A et i

o elolo] gy ATo] Y vIAE olF 215 F 52 Yotel 2.9E RS &
olck. 5, B} 20c2 R

of Mol o3 AN H 02 G Rote] PYWEER YL AL 4 gon], &
!

ob5-2 8353 0] SIS ot W75 AFo] QAT AAIEE BATHHYT
% 9tk [17). 3, ofRole] .9 Y HEL LA ABTIo] ohe} 75 £

/g7l A E = /el UERE = 3l 7). Bfrobrl 9] 2 e E A= 2R 7ol
s FF= o, gote] 8.2 & e dibie] 2.2 & HFo Y& wonz it

o
U 4R 2 E A7 RE AR 7oA = 22 & BHESA HHE A5t A
t}[18,19].

FZol =717 A S oz A F Q @ & /3 otE]d H]-E0] 50 pg/g 1| THI H2
&Rl Z ol Hlsl| Al 53 0] 46% 7 = ZrAadthes A7 [20] ERA 711 7] 0 /8 9]
22 E Aol Aalol HFE L Ak 71 7] o2 AAEA dAlo] 7Hsst Ager o
A2 e 2T FF/dES AU Hfohal glofop sttt §3] 2 2 =9o] @ &2 Al 7|RE
5 QF A2k Eiote] ARl A 715 RAIE sl S7Fetth A 2 ejofe] 2l 9
AR 7= HoliA = LAl ool 23 Fe] 2 2 EE AHUjol] BR-5taL Qlojof T 2
Thopyel A gt 3o R 2 E MFH7F QT

Tefut, el A £BE o] ATE BRl 747 o 4o 205 4 AeiE Brke o
£ BRI G, 22 ok o4l YUE AYOR LA F a0 44 42RT
AT ALl o] B Totet ATS0] £8 o] £ gtk AN BE B AToA & B
15454 7197] o1419] 2.2 & A THoL2 slo) HES BT 80 HH 423} Ado
EREEEEE R U ER P lﬂ@ﬂ&25ﬁ$¢%%é st sheick

5k YR A 2 s 272 B8 2 0 & AH 7 =2 71 0 & wehE] o] biomonitoring
equivalents (BE)E &-&3F 2 2 & 9|5f "/I\‘% (hazard quotient, HQ) At&= 53 7+l 7] &1/ <]
QQE I 29| ot HIME 4351} 51R AL, o] & Fal U 714 7] oA AR
St @ Q& M AL 93l 7fo| E & A|otst A} 5HS T}

AP

HACH AR MH

2 A= 7S] AR SR IS RA AR F A A S B AR SN
&3 1= 2013-20159 &= A6 7] F A FEAL AR E E-&-60] /82 AT 244
2k A o] ZAVE Aol 285 Fh15-454] 9] o A S T S 2 ST &, Al67] FUNAF IS
ZA] /AT A 1 24 A 2F A o] ZARE FAl ol 2388 7,429 F E AL 3,52778 & A9
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SFR AL, BH15A] B gko] AL B 464 0]/dQ1 o2} 2,241 & A| €] 5H 1,661
0] 500 keal B ¥F B2 5 000 keal 23 A2} 189, YA H rEl= J=0 K gqry
o 2155 A o) AR 2 A5 T (Fig. 1).

Z oA A
= A <J$t1,5597

A67] 12h, 2P = FRNAGFFRA A5 AT 28 A gaoLeds] 52
(2013-070CN-03-4C, 201312EXP-03-5C) & ¥r O L} Al67| 32 == A a2 H 2 11 A9

T4 A2z0] 2A3k0] A7-8-2) 4 2]9) U 89| 41215 HAPL ST,

SIREASIX X|H U Al 21 X|§
A5 AAA 29 F 49, 2%, F, 4
Aol 2oAstalek 5, 71
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=2
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e
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2

H
2= AABEL 2417302 ol eI 17
A9 AAFEAR, 17 o

L

offl 32
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> e
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ox 1
;_‘ fr
S 12
Sl
2

AFIEE FAOE 5k0] 9 @ & 3k o o] E{H]| o] A (database,
DB)E 75513t 7 7P AEHE QR E I A5 52T H oA It =7t EEAF4
29.2 215 7IE 22 5L, H7tEEAE 82929 A&

Fet2] 9] Can Pro 5.00014 A|E-5HaL = 7+ Al EE 2 2 E QMR AR E A 53T [22]. 5,

The subjects who participated in health
< examination (including urinary iodine screening),
health questionnaire and dietary survey

2013-2015 KNHANES
n=17,429

Men (n = 3,527) ‘

. A

>} Age <15 or age > 45 years old (n = 2,247) ‘

15-45 years old women
n=1,661

Excluded due to following conditions
» <500 or > 5,000 daily calorie intake (n =18)
- Pregnant or lactating women (n = 84)

Final subjects
n=1,559

Fig. 1. The selection criteria of the subjects.
KNHANES, Korea National Health and Nutrition Examination Survey.
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FFEFAZAE 9.28 A& A4 vl 5047, tiAIgE A& 535008 F1,129710] %
1!, ‘Can Pro 5.0’ DBE &85+ 4= 98971 0] th, =7t B4 EA 2 9.2’ 9 ‘Can Pro 5.0 &
oAl Bl SR &35 3,0027 F 2872 Al F ] FE QA o] Al 5P/ DB A FY
742 DB AtEoF ¥ ol7hs A& DB AR50l A5 9ls 8 2 & o 2k5 2318 #8353
11,1872 G2 A7} (20159) A1 E P G/ = DB [24] 5, 8712 2018 T} 2019\ of] A1 =43
Al FE/dAELE ol A 37N E F9 Alext Al E/8 2 [25,20] 5 @.%OP‘”EP z
5,120742] AE =2 172719 Al Zof T35l 2 2 & geF 2} 3 DRE FE35}0] 42.429%2] L=

= EMF'_ 22T 55 A8otA] 32,9487 02 Fol gt & Al o] & F3l ofF ‘:h—l-l

>
et

AHE ESt QQC M ME

= A7l o3 5H 22 & e DB 75 AR Bl ZAE iR A= 856
212 2 16.72%C1 E2F5FaL, FARSE Al Fol AU BAEES #-85to] tiAllghe A8t A7t
131671 2 & 25.70%2 T vl A& A F F 50% 0|THe] Al Fqto] e o & JhF HH S A
85I, 0] Qo] AFE2 002 ZhE Fofsto] AA| AFe F 2 & HHF2 A F7t
2 7570l ml- ot ool & AFollA Aol & F5t 2 2 & AHFES A o2 Brtet
7] sl o2 i dE 2 = offE A gote] R o= AT S AAESIU F, Aol=
ﬁ:ﬁh&Et xﬂLH W}Tﬁﬁi EAEEQ 90% °]/Fo] £HE ol HidHL glon R

T T &= -O O©
295 M7 $79) A WIS 98] £ 5o ulEE R0 C YL 7|20 2 Slof
Ho}stoich. =, WHOOIN AAI G A F Qo C 32 7| F0R 20 AW U HYS 3

=2 d %
HSHE T (15 R0 71971 9199 2.2 4 +2E WAASITL 3, 49 3
8 2T 3haFo] 20 pg/L |2kl 72 ‘severe iodine deficiency’, 20-49
deficiency’, 50-99 pg/L+ ‘mild iodine deﬁc1ency 2100 pug/L 0|TF2 2 R E HF £F0|
SHA] gF2 71 0 2 A e 4= Q1 01 100199 pg/L+= ‘adequate iodine nutrition’ 2 2 2 & ’]‘;,‘
F 0] A A2 2 200299 pg/L+= ‘slight risk of more than adequate intake’ 22 Q -5
S /4353t 202 HFH5k= 21 92,300 ug/LO| /O] ™ ‘risk for adverse health consequences’
i S R R PARCR= i o L

pg/L+ ‘moderate iodine

M

N

E3F 20209 =01 JFAL HH7E S LLE AT AHATFES 7SR 7M7) o/4de &
B BEE AFE 16,2713 & A2 Fofl vjdE 8 R & S 7|F 2 2 HQE 4HE [28]5)

g ERIIE

ANARE B3 ToHet RUEIBA (free T4) SEE B LRAIISANE, 4
| s&XZT o2 BF53t. &, TSH7} > 6.84 mIU/LO] AL free T47} < 0.89 ng/dL

O] overt hypothyroidism©. 2 EF3} 1, TSHZ} > 6.84 mIU/LO] L free T47} /3

(0.89-1.76 ng/dL) ©|™ subclinical hypothyroidism &2 &35} TSH”} 6.84 mIU/LS Z3}5
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EALCHAXLO] LUEE Ol AfSt

Z A AF L] U EEA Q1 AFRHE: Table 12} ZHo] T X E-2 57.79 kg, B 7= 160.91 cm, A
Z=FA| 4 (body mass index, BMI)+= 22.32 kg/m?©] It} A= H = 4|53} BMI= 30454 ol A]
Z}7} 58.50 kg, 22.72 kg/m?, 19-29A]] ZH2} 56.54 kg, 21.63 kg/m2E 30-45A]| 7} 19-294] o] H] 5} &
ojF o & =tet a3}, 7] T 1929417} 161.66 cm 2 30-45A4] 160.58 cmell H] 3l 3-2] 2]

U2 FA A 22 5 24.48%, TS 25.53%, T/ 24.70%, /3 26.30%% 2 55Ol A
StH| 2 BXEQon AHE HH 30-454] Aol B] 3l 15484 Aol A] Aol
S goh= HlEo] tha wokou BAIA o= §oJ Al xto]= oty it ¢ 13] o] Z53
H]-&-2 Z A4 0 2 50.22% ©] 3L, 15184 13.40%, 19-29A1] 57.72%, 30-45A1] 53.17%= T+ 19
Al o]/de] /g Rl Aol A 53% o] ol & 18] o] 255 3 A2 RAlE|o] Aol ih&
Aol 5 H AT (p <0.001). FAL A H 02 6.35%2] 7Hd7] of4d0] FA=S o A 22 XA
E AL, AYHZ HH 1548A] 6.17%, 19-294] 7.37%, 30-454] 5.86% % L5 A Z0| A 8%
njgto] AL

St A 02 B & o] Ao up2 2o 5 Ho| x| ottt fAtA A E&
2 15-1841] 65.35%, 19-29A1] 59.90%, 30-45A1] 51.54% % U o] ZolA 4= FRAH O Z QAF
A AA S F5S A= v &0 f-2 & 0 = Wkt (p < 0.01).

YA E H|E9t dFFFao] AHHFS BH HAh/dAte] Z-¢ ol A] 1,858.12 keal/day,
EF31E 274.48 g/day, DA 66.70 g/day, A5} 48.24 g/day°]| 1L, ol A, BF4EHE Tl

Table 1. The general characteristics of the subjects

Variables

Total (n = 1,559) 15-18 years (n = 168) 19-29 years (n = 468) 30-45 years (n = 923) p-value
Weight (kg) 57.79 £ 0.28 57.12 + 1.09%° 56.54+0.57° 58.56 + 0.35% 0.009
Height (cm) 160.91 +0.16 160.62 + 0.61% 161.66 + 0.28° 160.58 = 0.21* 0.010
BMI (kg/m2) 29.39+0.11 29.08 + 0.36% 21.63 +0.21° 29.79 = 0.13° <0.001
Income 0.889
Low 375 (24.47) 39 (23.33) 113 (25.74) 293 (24.03)
Middle-low 381 (25.53) 36(23.25) 116 (24.23) 299 (24.91)
Middle-high 386 (24.70) 49 (23.15) 110 (23.23) 234 (25.72)
High 413 (26.30) 49 (30.27) 127 (26.80) 237 (25.34)
Alcohol drinker® <0.001
Non-drinker 749 (49.78) 147 (86.60) 188 (42.28) 414 (46.83)
Drinker 777 (50.22) 19 (13.40) 270 (57.72) 488 (53.17)
Smoking? 0.629
Non-smoker 1,409 (93.65) 149 (93.83) 494 (92.63) 843 (94.14)
Smoker 102 (6.35) 9(6.17) 34 (7.37) 59 (5.86)
Aerobic activity® 0.004
Non-activity 660 (44.38) 55 (34.65) 186 (40.10) 419 (48.46)
Activity 820 (55.62) 106 (65.35) 269 (59.90) 445 (51.54)
Nutrient intake
Energy (kcal) 1,858.15+19.81 1,846.20 + 67.03 1,875.63 + 38.82 1,851.35 + 24.58 0.860
Carbohydrate (g) 274.48 + 2.96 975.68+ 9.16 963.95 + 5.27 279.66 + 3.82 0.053
Protein (g) 66.70 = 0.96 66.27 = 3.47 66.37 +1.78 65.26 + 1.16 0.847
Fat (g) 48.24 + 0.88 49.43 + 2,67 52.55+1.85% 45.81+1.03° 0.005

Values are presented as mean = SE or number (%).
"Drinker: people who drink more than once a month. ?Smoker: people who had smoked more than 5 packs of cigarette (=100 cigarettes) for lifetime or now
smoking. YActivity: people who complete more than 2 hours 30 minutes of middle-intensity physical activity, or more than 1 hour 15 minutes of high-intensity

physical activity in a week.

abSignificantly different at o = 0.05 by Tukey’s test after ANOVA.
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A AFH 2 Aol i 2to] & HolA] gteh. Ty A A H - Aol w794
Ql o] & K of TF15184] 49.43 g/day, 19-29A1] 52.55 g/day, 30-45A1| 45.81 g/day= 19-294] 7}
30-45A] ol B3l AR FFo] 1212 0 & =94t (p < 0.01).

AHZ QRC 9 R /3oLE| ! B
4o e 2.0 YRS wHOS| 718 Eolof R 2= A AEE WY A
Table 29} o] &% F 22 & $H7Fo] 50 pg/L PIWHQ] HIE-2 2.81%, 50~99 pg/LE 9.26%
2 2AbE o] U] 7Hd 7] oAd9) oF 129 FEE 20 E APo g IHE L, o5 F 20
ug/L O|Tke] A ZF F0] 9 @ E AW -2 0.34%0] EXSHATH (RFE A ASHA] E2). £F
QT oLEJ:o] 300 pg/L o]/\POE Qo= _L].o] }\—l_rlo]_ 7107 Acke & M% EH%X]—%
48.16%°] AL, ©15 F 500 pg/L ©]/Q! HI &2 33.1%= 7+ 7] o9 13 FEE E3ich
Hh @ 0 & Mol Y4202 gEt 4 9l A¥ F .9 & 0] 100199 pg/L
QA g AbE= 24.61%=2 U 71Y 7] o] Q] 174 FETo] R R E AdF £Fo] APt Aoz
H7hE At

AP, AH T QR RO EFHEAH F 2 gt 2 et/ eote|d S &
A5t ATH= Table 29F 2Tt 4H F 2 0 & kS W 1 878.71 ug/LoI L, S0HIE-Q
= 2AFES, Q2) 280.95 pg/L, 75HHEQ] 4 BAFES], Q3) 680.27 pg/LOl AL, 9sH Q| =
2,984.61 ug/LO| AT AFHZ B A Z o Q ot JFe EAF O Z §-0]% Q] 2}o]
5 Holz] kka1 1548410l BIEl 19-29A, 30-45A10| A 258 22] 4~ (1AHE 9], Q1), S0E]E
A4 2AHES, Q2), 75¢ E"‘I”]‘T‘ BARES, Q3)0ll siFots 82 & e Wttt 12y,

958 2-9] =0l sl g5t = 2 @ & Sk 154184 2,662.12 ug/L, 19-244] 2,442.94 ug/L,
30—45A1] 3,323.12 ug/LOZ 30—45*1] A ZFo] 7M=L, B E digFolA] ol sgst=
AW F 2 2 & 91Fo] 200 pg/L °]/do] At

o

Table 2. Comparison of urine iodine and iodine/creatinine ratio by age and urinary iodine level

Variables No (%) lodine (pg/L) lodine/creatinine (pug/g)
Mean + SEY Percentile Mean + SEY Percentile
25 50 75 95 25 50 75 95
Total 1,559 (100.0) 878.71+82.04 150.50 280.95 680.27 2,984.61 589.00+54.16 103.22 186.45 458.69 2,194.09
Age (yrs)
15-18 168 (10.69) 807.51+100.96 215.22 376.71 826.83 2,662.12 426.71+56.19* 105.60 193.14 493.81 1,433.92
19-29 468 (30.26) 670.32+80.16 141.89 236.34 574.93 2,442.94 371.71+46.31° 76.08 131.29 283.59 1,421.88
30-45 923 (59.05) 998.38+129.80 140.70 283.28 739.24 3,323.12 729.73 +86.67° 127.44 2923.57 519.59 3,037.06
p-value 0.088 0.001
Urine iodine level® (ug/L)
<50 37(2.81) 36.88 +2.02* 28.89 39.62 43.85 48.32 100.74 +15.02% 46.30 64.26 153.31 190.29
50-99 145 (9.26) 75.34 +1.49° 61.69 74.52 87.53 98.58 112.77 +7.81% 57.42 84.91 144.60 265.16
100-199 375(24.61) 148.82+1.64° 125.49 148.23 171.71 195.18 132.22 +6.71? 70.86 105.10 160.26 307.33
200-299 245 (15.16) 244.64+1.91¢ 220.78 240.18 268.74 290.37 165.60 +8.30° 91.78 132.47 186.62 458.17
300-499 243 (15.06) 385.65+4.68° 330.79 378.40 434.01 481.07 294.54+32.23° 152,71 201.79 310.75 634.13
500-999 259 (16.72) 721.25+11.41F 580.80 688.39 847.17 979.77 494.09+25.49¢ 9286.40 397.90 580.09 1,151.67
>1,000 255(16.38) 3,776.14 +429.4581,364.17 1,964.09 3,367.72 12,461.00 2,388.59 +288.74° 740.76 1,177.87 2,413.92 7,076.77
p-value <0.001 <0.001

Values are presented as mean = SE.

YEpidemiological criteria developed by the World Health Organization; severe deficiency: < 20 pg/L, moderate deficiency: 20 to 49 pg/L, mild deficiency: 50 to
99 pg/L, adequate: 100 to 199 pg/L, slight risk of more than adequate intake: 200 to 299 pg/L, risk of adverse health consequences.: > 300 pg/L.
abedefegignificantly different at o = 0.05 by Tukey’s test after ANOVA.
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- O H f

O 2 BEE AFESH ZT}H= Table 59 20| 0| =019 YA HFH7IE A& A AHEH BE= &
£ A ZollA] 730 pg/Lol oLy, sh=Ql A HF71E 28 Al BEE 15184 A2
1,400 pg/L, 194 o]/ A2 1,500 pg/LE SH=Q10] A HFH7|ES 2 -&oto] AHEst
BEZF 0| =1Q10] YFAaAHFH 7SS A-&oto] AHEH BEE T 28] H = o] =34t

0| =9l JFA AH 7 =l FFARAHFH7IE 5 L& Ml HFES A 8oto] b=
% BEE A-83}0] HQE A& 2= Table 52+ 740] 7] 7] ol A A thAdAte] 79 o) =+
Ql 7]Z2] BE AFE A1} -8 A] HQE 1 0.466 ©] 1 1L, Q1-2 0.206, Q2= 0.385, Q3+ 0.932
o] aL, 95HH E-Q) 2= 4.0899] =2 Fh-Z BT =2l 7| F 9] BEANE ZE X8 A
o HQE 0.212 ©] 31, Q12 0.101, Q2+ 0.188, Q3= 0.459 0| 0.1, 9sHl .ol = 1 9900
2 1| 2919] BEE A-gAlo] H]3f 50% 74 & WS 4220] lt}. m] =9l BE A8 A] Q30 siEs

£ 440] 0.9322 g stoia mest 4= QL= 19] gholl 25T, Skl d A A7 e
2)-85}k0] AF=3FBE -8 Al Q30| s gs= HQE 0.5 0]l U o5l B9) Seof] Sfjitah= 7t
= 1.992 20| 7I7h2 4h& Hof 4] osHl 9] ol s she tidAEe] 22 A3 3
2 A7) sttt B E 4 = AP S rF o2 st A A H s A& LERGT

AR B vl YA HdFH 75 H8oto] 4HEH BEE 7|2 & Al4tE HQe
15-18A1] 0.609, 19-29A1] 0.414, 30-45A4] 0.4722 15-18A|f| H] 3l 19294, 30-454]| | A 7-2] &
o2 o HQ ghS B, 1548419} 30-45419] -2 Q30ll sidst= HQ ol 247} 1.133,
10132 2 1 0]/Fel HQE Ett. 3h=Rl 9] JFadFH 7S 4 &oto] AHEE BEE 4 &3

Table 5. Comparison of HQ" according to USA and Korean DRI by BE, age and urinary iodine excretion level

Variables No. USA DRI Korean DRI
Mean? 95% CI¥ Percentile Mean? 95% CI¥ Percentile
25 50 75 95 25 50 75 95

BE value?

15-18yrs 730 1,400

>19yrs 730 1,500
Total 1,559 0.466+0.011 0.432,0.503 0.206 0.385 0.932 4.089 0.228+0.009 0.212,0.247 0.101 0.188 0.459 1.990
Age (yrs)

15-18 168 0.609+0.052* 0.516,0.720 0.295 0.516 1.133 3.647 0.318+0.027* 0.269,0.376 0.154 0.269 0.591 1.902

19-29 468 0.414+0.025° 0.368,0.465 0.194 0.324 0.788 3.347 0.201+0.012° 0.179,0.226 0.095 0.158 0.383 1.629

30-45 9923 0.472+0.025° 0.426,0.523 0.193 0.388 1.013 4.552 0.230+0.012° 0.207,0.255 0.094 0.189 0.493 2.215

p-value <0.001 <0.001

Urinary iodine excretion level® (ug/L)

<50 37
50-99 145
100-199 375
200-299 245
300-499 243
500-999 259
>1,000 255
p-value

0.048 £0.003*
0.101+0.002°
0.200 £ 0.002°
0.333+£0.003¢
0.522 £ 0.006°
0.965 +0.015f
3.396+0.2078
<0.001

0.042,0.055 0.040 0.054 0.060 0.066 0.023+0.002* 0.021,0.027 0.019 0.026 0.029 0.032
0.097,0.105 0.085 0.102 0.120 0.135 0.049+0.001° 0.048,0.051 0.042 0.050 0.058 0.066
0.196,0.205 0.172 0.203 0.235 0.267 0.098+0.001¢ 0.096,0.100 0.084 0.099 0.116 0.130
0.328,0.338 0.302 0.329 0.368 0.398 0.163+0.001¢ 0.161,0.166 0.147 0.162 0.179 0.197
0.510,0.535 0.453 0.518 0.595 0.659 0.257+0.003° 0.251,0.263 0.222 0.258 0.294 0.325
0.936,0.996 0.796 0.943 1.161 1.342 0.475+0.008" 0.460,0.490 0.388 0.463 0.575 0.658
3.012,3.828 1.869 2.691 4.61317.070 1.665+0.102¢ 1.477,1.877 0.914 1.315 2.396 8.307
<0.001

HQ, hazard quotient; DRI, dietary reference intake; BE, biomonitoring equivalents; Cl, confidence interval.

"HQ = urinary iodine excretion (ug/L)/BE. ?BE values were calculated using equation, an Fue of 0.9, and a daily urinary volume of 20 mL/kg or daily creatinine
excretion rate of 20 mg/kg (Aylward et al. [27]). Geometric mean + SE. #95% CI of geometric mean. YEpidemiological criteria were developed by the World
Health Organization; severe deficiency: < 20 pg/L, moderate deficiency: 20 to 49 pg/L, mild deficiency: 50 to 99 pg/L, adequate: 100 to 199 pg/L, slight risk of
more than adequate intake: 200 to 299 pg/L, risk of adverse health consequences.: > 300 pg/L.

abedefeTykey's test results show significant difference at o = 0.05 level.
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HQE B 151841 0.313, 19-294] 0.201, 30-454] 0.2302. 2 BE AgdFollA] 0.32 o|5ke] &
2 HQRHE B, Q3o sl P A% HQE= 0.6 0] 512 4 B of HQglol 10]512 ohdl
3+ 4220]9] 0 L} 95l 2 9] 40| 5| id5}= HQ= 1 0] 4fo] QiTt.

HE 53 Qe EFFE 7|F 08 FRSHZF 7o HQv v =l ah=Ql Jd4 AH 7
28 A &) 500 pg/L PIREQ 79 HF HQ gkol vl= 7|& A& Al 0.55
Al 0.26 °]5Fe] gt-& H 1S 1 ofu 2} 95H 2 9] 0] s F5h=
AT} 500-999 pg/L AFo] Q] 72 B HQ+= 1=}l 7] A& A 0.965, 3=

& Al 046022 105} O L}, 1| Fel 7] & A8 Al Q30141 116122 1 0]/¢9] HQ
HRIRHA, 3H=21 7] 2.8 Al 9582 9] 40l A 0.658 2 10| 519 HQE EIth &% F 2
I 312F0] 1,000 pg/L 01431 742 0] =2l 7= A& A] 3.396, F=Q1 7| & A& A 1.6652 1
o] Are] HQZES H o] A¥S £5)1,000 ug/L ©]4F2] LR ES H|EE 42 Q @ & 7ol AH
1 9 n|A= A o2 EA =]l

o B

1
ofo ook

S
ol
-
2

fru
0,
S
N,
o
=2
Jc
oX,
o)
0

=

TSH -2 E| S4] (free T4)2] 5%+ Table 62} 20| 71 7] of/d 2]
TSHE 2.14 mIU/LOI 1L, free T4+ 1.20 ng/dLO] O™, TSH7} 5 mIU/L ©]/3Q] thdAt+=
8.16% °| T} AHHZ HFS ul] F= TsH =T g 7ho]| 8-0]7 0l 2}o]& Kol
oketom, TSH7} 5 mIU/L ©]/dQ] th/dzte] H]-&-2 15-18A] 6.48%, 19-2941] 7.88%, 30-45A]]
8.61%% Aol Fold 45 5 mIU/Lol /el tidAte] HIE-0] F7}sthe S0 & E U Free
T42] &%= 1541841, 19294 242} 1.23 ng/dL, 30-45A AT 1.19 ng/dLE 15-184], 19294
A ol B3l 30-454] A 79 free T4 57| 72 & 0 2 Yttt (p<0.001).

Table 6. Analysis of serum TSH and free T4 according age, urinary iodine excretion level, and HQ

Variables No. TSH (mIU/L) Free T4 (ng/dL)
Mean? Percentile > 5 mIU/L (%) Mean Percentile
25 50 j5) 95 25 50 5] 95
Total 1,315 2.14+£0.07 1.52  2.25 3.47 6.22 8.16 1.20+£0.01 1.10 1.20 1.31 1.49
Age (yrs)
15-18 152 2.01+0.16 1.42 2.04 3.15 5.32 6.48 1.23+£0.02*° 1.11 1.22 1.33 1.57
19-29 428 2.20 £ 0.09 1.59 2.31 3.39 5.75 7.88 1.23+0.01* 1.12 1.23 1.32 1.49
30-45 735 2.12+0.10 1.52 2.24 3.58 6.48 8.61 1.19+0.01° 1.08 1.18 1.29 1.48
p-value 0.549 <0.001
Urinary iodine excretion level (pg/L)
<50 28 2.13+0.34 1.30 2.07 3.35 4.93 5.27 1.20+0.03® 1.15 1.20 1.31 1.41
50-99 118 1.55+0.28 1.25 2.12 3.03 4.83 3.71 1.23+0.03* 1.11 1.19 1.31 1.63
100-199 323 2.03£0.09 1.47 2.17 3.17 5.36 5.71 1.22+0.01* 1.13 1.23 1.31 1.48
200-299 211 2.39+0.12 1.69 2.32 3.66 6.54 7.89 1.22+£0.01* 1.13 1.23 1.32 1.50
300-499 208 2.11+£0.18 1.51 2.10 3.12 6.03 7.86 1.20+0.02® 1.09 1.20 1.31 1.52
500-999 216 2.25+0.12 1.54 2.21 3.45 6.17 8.47 1.18+0.01° 1.06 1.17 1.29 1.45
>1,000 211 2.39+0.20 1.81 2.54 412 7.64 15.10 1.17+0.02° 1.07 1.16 1.27 1.46
p-value 0.061 0.010
HQ
0.00-0.49 1,017 2.09 +0.07 1.49 2.19 3.34 5.92 7.10 1.21+£0.01* 1.11 1.21 1.31 1.49
0.50-0.99 158 2.35+£0.15 1.78 2.35 3.57 6.01 7.07 1.15+0.02° 1.04 1.16 1.25 1.42
>1.00 140 2.26 +£0.27 1.69 2.55 412 7.72 17.05 1.19+0.02® 1.07 1.16 1.29 1.47
p-value 0.216 0.001

TSH, thyroid stimulating hormone; HQ, hazard quotient.

Geometric mean + SE.

abSignificantly different at o = 0.05 by Tukey’s test after ANOVA.
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A FRRE £FS 7]%2i‘3& = TSH 55 1.55-2.40 mIU/L AlO] 2 ¥ & 2@
T $Zo] w2 zjo]E Ho|x| ekgtot E% TSH %7} 5 mIU/L o)< thid#te] vl &
< HH 50 pg/L 0TI 5.27%, 50-99 pg/Lt 3.71%, 100-199 pug/Lat 5.71%, 200-299 pg/L

7.89%, 300-499 pug/Lat 7.86%, 500-999 ug/La 8.47%, 1,000 pg/L O] 15.10%2 A F 2
15&3ﬂ5ﬂ£¢%5mMLﬂ%ﬂm%%4mEﬂ%ﬂﬁfTﬂ%E@qFmﬁ4
FF 5= A F 22 35F0] 500 ug/L B]THR] 742 1.20 ng/dL °]39] 4f=, 4 5
#REPaﬂimwmﬂ%ﬂﬁgﬂﬂmyﬂﬂﬂ4”°Eﬁ°ﬂ’“Wagitﬁ%

0] 100199 pg/La-2F 200-299 ug/L w-°] 500-999 pg/Li-2} 1,000 pg/L wol| H3l f-2]2 o2
=2 free T44t2 B AT} (p<0.05).

o 1o
&

TSHS} free T4SHFS BASH A3} TSHSE
2 %}o| & Ho|x] I free T4 &
- Ztoll /2] A xfo] & B3It (p<0.01).

HQS 7|32 & 0-0.49, 0.50-0.99, 1.0E 2&H35t &
=X 2.09-2.35 mIU/L Ate] 9] Zh& H o] HQwtoll wh
= 0-0.49% 1.21 ng/dL, 0.50-0.99 1.15 ng/dLE

2 FQ0E 3 Ao R0 E AT Al F oo o A g 0 & TS
7120 R VAT AR E S AHE S A= Table 73t 2o 711 7] of /3 KA o 3R] 2+
A7) A8 52 3.810%, A7) 5 BZ 37392 715 A 5152 271 53R
T FHE2 AR Eol AL, A ALY 93% A== eIt 28 T 2= o
F= 7o ® 2R 7He) AR 82 200299 pg/L Y wf A7 5 Z XS
o] Hl&-o] 7 W3kaL, 200 pg/L v hd wi /Al 7154 5h5-9] H]E-0] 2.5% BIREo| 3l oL,
Table 7. Prevalence of thyroid dysfunction according to urinary iodine excretion level and dietary iodine intake
Variables Hypothyroidism Normal Hyperthyroidism p-value
Overt? Subclinical? Overt? Subclinical®
Total 8 (0.70) 43(3.11) 1,463 (92.45) 10 (0.97) 35(2.76)
Urinary iodine excretion level (ug/L) 0.225
<100 1(0.65) 4(1.82) 170 (92.94) 3(3.16) 4(1.42)
100-199 0(0.00) 6(2.20) 356 (93.57) 2 (0.41) 11 (3.82)
200-299 1(0.99) 8(3.23) 933 (95.11) 0(0.00) 3(0.66)
300-499 3(1.83) 4(2.03) 230 (92.12) 2 (1.44) 4(2.57)
500-999 1(0.25) 8(3.82) 9249 (91.65) 0(0.00) 8 (4.28)
> 1,000 2 (0.95) 13 (5.61) 232 (89.08) 3(1.66) 5 (2.69)
HQ 0.055
0.00-0.49 6(0.72) 29 (2.79) 1,125 (92.78) 7 (0.92) 28 (2.80)
0.50-0.99 0(0.00) 4(3.00) 188 (95.03) 0 (0.00) 3(1.97)
>1.00 92 (1.45) 10 (5.55) 150 (87.06) 3(2.53) 4(3.41)
Dietary iodine intake calculated by 24 hrs recall (%) 0.070
Q1 (< 28.11) 2 (0.78) 4(0.90) 377 (96.92) 0(0.00) 6 (1.41)
Q2 (20.11-< 60.79) 0(0.00) 11 (3.68) 366 (91.67) 4 (1.46) 9(3.19)
Q3 (60.79-< 141.30) 2 (0.52) 10 (2.66) 367 (93.80) 2 (0.77) 9(2.24)
Q4 (> 141.30) 4(1.52) 18 (5.08) 353 (87.70) 4(1.59) 11 (4.11)
> 95 percentiles (> 892.64) 1(0.73) 4 (4.45) 84 (89.92) 1(0.64) 3(4.26) 0.680
lodine intake calculated by urinary iodine excretion (%) 0.313
Q1 (< 199.97) 1(0.31) 8(2.19) 367 (93.48) 5(1.88) 8(2.14)
Q2 (199.97-< 385.71) 1(0.61) 11 (3.24) 370 (93.78) 0(0.00) 8(2.37)
Q3 (385.71-< 937.87) 3(1.14) 7(1.84) 367 (92.30) 2 (0.90) 11 (3.83)
Q4 (> 937.87) 3(0.78) 17 (5.15) 359 (90.26) 3(1.08) 8(2.74)
> 95 percentiles (> 3,270.99) 0(0.00) 6(6.71) 83 (87.26) 0(0.00) 4(6.03) 0.087

Values are presented as number (%).
HQ, hazard quotient.

YOvert hypothyroidism: thyrotropin > 6.84 mIU/L, free T4 < 0.89 ng/dL. ?Subclinical hypothyroidism: thyrotropin > 6.84 mIU/L, free T4 in normal range. ¥Overt
hyperthyroidism: thyrotropin < 0.62 mIU/L, free T4 > 1.76ng/dL. “Subclinical hyperthyroidism: thyrotropin < 0.62 mIU/L, free T4 in normal range.
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1,000 pg/L °1’FY W 6.56% % /341 715 A4 5F42] B]-&o] th2 Foj H]5)| kot EA1A
2] & ]l &fo]= ok rt.

HQE 7|F2. 2 0.00-0.49, 0.50-0.99, 1 °| F 0.2 Z-73t & /A 52 21 0.50-
0.99 AFo] Y ] A /gt0] 95.03% = 7H w31, 1 0]/ A 1 87.06% = A /gt O 2 B H = =]
20| 8% 7 = WAL, A7 5 A 5 o A7 5 RS2 HQ1 B HY ) 49 B ko] 9]
ot HQ1 o1 Wl 6-7%= 5715t =, &AM & 2 2 E TS 7|E o 2 A EH HQ7H
ol/g A= 2= ATl FR AT S et rELR 2= AT S
AR FRES STHITIE A2 e o SAIA 02 {2027l Xpol=

AolE 5ot e BT ARES 4 7IE R 2R F (i) SRR REES
2 e o W75 A3 1.68%, A7 6 @3S 1.41%, 2 2w M7 ]S A st
% 3.68%, WU FAT 4.65%, B L ™ W7 sA S 3.18%, 371531 S
3.01%, Q42 Wl /M7 54515 6.60%, W7 s FHF 5.70%2 Aol & 53 2=
ol e wf A7 e A sk A7 5SS RSl 7MY E2 R, Qal]
W71 s At A7 s FRSe) 78 &0 7w o EAH 22 Fof A &
oottt A T 2R AFZ VIFC R AEH 2R E HAF S VISR Y
AR FEE QA e W AR 18 &0l 7 Wokal, e o 3RS R E

2 A= 7hd7] ode] e & A A B RS f8E2 hefst] 93l Ale”]
(2013-20159) FRIZAF G FERAL 2L 5 S B-§510] TH15-454] ol AHE 2.2 Aol 5 &2t
LB AT ANS FH L EMHHS V| E R AR 2 0 E HHF S VIEL
7h7] 04489 2 2 E A a3 AR &S 245kl

AW F 29 & oFfE WHOZIE [15]°l &5t 2.2 & 2 5l 3k o] el & W7het At 2
Ao/ 3AE2] 12.07%= 100 pg/L MO 2 2 0 & “47}—‘% dstol R 2 & Ay o] JEiR
AR TG 5 9lon, 0|5 F0.5% FE=20ugL MHC R ATt e 0= Ao
Aot g E R Hoke w1584 A4 °4€44EE}19A1 J /gl Aol Al 100 g/t

o]’ d
njgkel ch/dAke] Hlgo] 28] H = U 2 202 YEh Al AgF R A A3l
A R E MH7L =526t 28 o & WA= HE0] A w3/ (AHE A AISHA] 282,

WHO2] 2007 EXA [30]0| 2H AH F Q& ?Z,PEkOI 100pg/Lu|Rte] @ e = Amo g

T E] = 8] 82 A AIAH O 2 30.6%2 Bk 9l o, 987} 2] Z35) 2|9 o] 499 o]AHo.
22058 REsp AT At v 80| 71 e_s;m oelelhAlo] 116%2 71 e
H|&& Ho|=7Zlo 2 Bt it 2 A5te]l 742100 ug/L o]dto] 120, A £ &2 o 2] 7} |

Qat -FAFSHR AL, B EoFAI kA (30.0%) 0] Lt *1EH HEFAYT (21.2%) BrHE @2 50|
o} vl =e] 71l 7| Oﬂl“—% "41” 0 2 SF AL 31]0A AW F 2 2 & 3haFo] 50 pug/L 1Tl 7
$-15.4%, 100 pg/L | THR1 73-9-36.9% = & Aol v 5l 2 Fo| Uk HH A F o0&
ko] 300 pg/L o] /<! 73' 22t MJHHE A BHAJN JF= rIA= Ao =E Y
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Sha Qieh 2 Atk Ao A A F Q @ & 3HFo] 300 pg/L 0] A H] 8-S 48.16% 2 Tt
A=, GAFo 2 T e 4 91100200 pg/Loll G5 H]E-2 25% A Eof| E1}5}o]
U 71 7] oj A o] aeks A= Q @ EE 7o) A she 2o 2 e e
4H F 20t Sk B 878.71 ug/L, .25/ 3 obe]d SHF2 7 589.00 pg/gol AL,
AW F Q0T T Aol mhE Xto] & HolA] ehkARt, A F Q2 &/= 2 otE|d H
£ 30-454] A 0] 729.73 pg/g 2 2 15184, 19294 A& o]l H] 3 G-2]Z] 0 2 =gt} o
= Kol 3otf o] 49| 7k}l 7] ool Aot 20th 7H 7] of/doll Hlsh 2.2 & A FH ol
O B2 A0 2§58 4 QUth Caldwell 5 [31]9] Aol 7kl 7] o /g A F 2 2 &
Tl FUE2 133 pg/L, YA 135 pg/L, HIJAHE 133 pg/Lo| YL, AgEZ A F 20 E
o] SYa-2 6114 198 pg/L, 12-194] 150 pg/L, 204 0144 137 pg/Lel o m, 2 @ =/
otE|d o] TYE2 6114 238 pglg, 12-194] 132 pg/g, 204 ©14 137 pg/g 22 A o] T7H
FE AWZ B9 8 Q & ghgo] Wolx|= Ao & H sty Qlrh. & AFudate] AH F
29T geFol UG 280.95 ng/L= AP Aol vls) 28 = =40, 7k oA A

A gAe] 2 @ = /3 #obe]d o] FFEH-2 186 pg/g S 2 A A o H] &l w2 =]}t
ol =Ul 7t 7] o/d 2] 2 e E A HFFol = 7t 7] o dof Hls) B s ==l S F
Z3h 4 olnh AR R 1548419 AW F 2 @ =/ 8|otEld SN2 193.14 pg/g, 19-294
O] 4% 131.29 ng/g, 30-45K19] 8- 223.57 pg/g 2 2 AP A 2] 204 o] 7Hl 7] of/d 2] &
2 /3doteld SYE2 2 At AdAre] 19~294]2F F-AFSE 0] AT} Kim 5 [32]°] =
Ul TH104]] o] 852 2 L E HHAEHE FATE Aol AW F 2 e E e YRk
2 293.9 pg/LO| AT, AHE-9] 91 116.5-683.6 pg/LE 2 AP/ d2te] FUak FAFSH
O}, 151841 2] F U7k 376.71 pg/L H = 22 4F 0|tk Kim 5 [14]°] &= /d Q1S oA
02 9ot MHFS F7IEH Aol 4 F 9 @ &/ 2oteld &o] At 653.8 pg/g,
o] 2} 691.6 pg/g S 2 15k Qo AsE 2 20-294] o A= 666.7 pg/g, 30-39A4] o A=
614.5 pg/g, 40-49A| A= 718.8 ug/g Q2 H15FI Qlo] B Athidato] A F Qo= /3
globe] d2 At Bof W2 Fo| gl

lo
m
12
e
ot
[
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o
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o
Mo
re
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2
X
=y
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i T
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=
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=N
O
N
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(o))
[VS)

QE o HE DO TE L2 430 AL R Yo A=o]Qlond Al A ZS ESF QT A

FZF R kA7 7HsAd o] Sl Ao & Bt AR 8 @ & A H TS B 15-1841,19-29
Alof| B]3l 304547} 3w 100 pg/day B AF o= AR BAEQL, A F Q0 & SFS
7120 2 AAE Q @ © HH T A A] 304547} =ko Lt EA|Z 0 2 §-0]5} 2o = o} Q]
Ch 3 A F Q R E RS 7| F 02 BESHZE i 7o Ao] & 53t 2 e E A2 54
2o g folgtato]5 Ho|z| koL A F QR EIFS V|0 R AEH 9 o E A
F2 A F Q0L Fhefo] oldpE folF o & Eoyrh TSt AlE F AR, ojull R, 3

27, 7MAES B 22 E A0l A F 2 2 & Sl S v|x = ZoE UEE
T &, & A7d/date] 2 2 & Aol 7| 27 =2 Al Fa2 AR, 7 AE, sl 2R,
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ool F ol AL, AR, AR FAA 291, 2, 5 R AlAEEol AT Sol & A AFet
7HEAI L] AF Tl 4H F 2 @ & ol JFS vlx|+= Ao] 210Ut 19980 At
ARlE e g 2 & TS AT A+ [14]0014] T 204 o] o2 AdRle] e e & A
FF2504.6 ug/day®] R, A HE 20294 574.9 pg/day, 30394 341.1 ug/day, 40-4941| 574.6

pg/day= B stal glom &2 7] u| thA|utel -2 S| 275 53l 60% o] L EE
MF e 202 Buaka Qe 20072009 ALY FZAL AR S E-2-3F Han 5 [6]2]
Aol A Bk 20A]| o] 4 A1 Q1] @ @ = A TF2375.4 ug/day©] 1T, S 2 F ot H I A A2 E3]
80%°]/d2] @ R EE A st= AR Hulstal itk njai ) 7kl 7| oS td e 2 QR &
AFHol BFE PIA = T8 FYATE ZAFSE A [33]001A4] Fol what 8 @ & A F ol 719

Sh= AlE2] TR0l Aol S Hol7]= st 7 7] o4 e] 2 2 = AF ol I nixle 2
FEAFOE /Y fAIE, 37, A 2 3AES S e, ol9] &9 ARg o7t
AR F 2 E oo IS A= AR BAshal Qi) 2|9 AE 7S RARE
=12 49 Aol & St W 2 2 = HF T2 EA 670 ng/day, %At 539 pg/day°l AL, 22 =
A2 88% == 1|, iAok, At 22 s 275 F5l AdFohs A= Hil [34]5 P
Lol =7tof et 2 @ = A F o 7]of5hs 2 F A Foll= Aol & Holuh, & A 5l A3
A7 Z2HE Hop 3| 7Hd 7] o Adoll A 22 E HF 9] 2 FYAF2 s2F, ofuFold
AL, AR Fet A2 A iR GA 2 = AF ol 7o o &2 AFolith

L3 Ko 5 [7]°] 199820148 S RIAGFFEAL AL 2 S E-8-5t0] TH1gA| o] F gl 2.2
= @HEM B3} S0l 5 EA% TS R 19981 797.0 pg/day©ll Al 20141 291.6 pg/day 2

219980 H|5 @ @ E A 7o] Aashs Fol & Hol= 202 RISt 2 AL
A1 7k) 7] ol /g 2] Ao] 2 Ft 2 2 = M F T2 273.47 pg/day S 2 A AFo] 2014 = 2
2 & MHATT FARGE ol itk wel o dukel St o ® @ e E A H Al E H et A
T-5 HH =AU (4-75A])2 - 45.3 pg/day [4], P=A-2 A} 226 pg/day, oA} 163 ug/day
[3], B]=Q12 Ad Q1 A} 240-300pug/day, A Q1 AAAF 190-210ug/day A FSHL 1oL} [1], Y&
Q1219851 &= A [5]olA] Bt 1,565 pg/daye] L EE A oh= 20 ® Halskal §loLt
2013 = Imaeda 5 [34]9] A Fol| A A Hat 2 2 E A F -2 539-670 pg/day O QAL F

N

G2t G2t 312 pg/day, o1 At 413 pg/day® H 15k Qlo] A2R19) 8 @ & HHTF A A
She Fol & Kol 3l & Aol A Aol & Fot R e = A2 nj=olL g9 22
E AT RARE pEOI O A T 22 & SRS A5t AltbE 2.2 & A H T
FTU2 LA Ao] dHTFat ‘IT/\]'B]_ oIt eh=ele] AE2 s 27t ojuiF
EFEAFGE LEA AT FABIER A¥ T 22 E ol e A&t AlitE 8
LEgFHFo| d=eo 2 EHF #E2 o A RHGsHAL = A o2 AbsdT

29t AF o] ebr/d 7t flal sl nl=ele] YFAEFHT7IE T AT 7
Z0 3 BEE ﬁ]’&@?—HQ% AHESE A3t u) =l o] 030““471% Al 7kd 7] o1 7d A

= A8 Al Ht0.228F QS 0], Q3 D SH= HQ
of sigshe Fee1 owol"*tr 5, HQ7t10]3o 2
22 & M7 A pE 0B WULE &t A vl 71 & A8 Al 24% H =T, S
Rl 7] A8 Al 10% ol ATH (AR A AISHA] 9-3). =St AR 5 Q R ESF S 7|F 0=
1,000 pg/L ©]/% Al B HQE 1 0]/d0| 1, 3=l YA F 7|5 2§ Al 95940
st gtol 8.3 014ke] o 7S Btk 28 F 2 0 & 30| 1,000 ug/L 01441 thAFA
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=8 S ¥ HEsto] ANE 8.0 HHFL 10 23
2 10] 2910 2.0 & AFAHY 150 pg/day S ABHE 4201301, o) 5 Ao 5
O

2,703.22 pug/day2 73 SHd F & 2,400 pg/day EHHE w2 0]tk
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ox,
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T
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FATo|A A F 22 FF2 FF HEA, A2 2} IR
L /3ot d 7} Al TSH
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22 E3fe Hgsto] AHEHE 2.2 = HHF Abol o] Afol7h s 2 202 Hop sl 7}
d71 o] 8 2 E AT AF2] 2 2 & YUY/ DBE A8t AFEshe A BT &
Moz uiEd 22 Ads HEsto] AT FFshe 2ol v A4 A o= w9l
ok @A el M 75 2 2 & D 8] SR 8 2 E AHTES BN 4 e TR
FEORFFH AL 74 E T 22 50| GFHE A BAISEIL A 2 3=
ojtt. o Ao ¢8| FRI] 2 2 & A A B7F S A EH QI RYHPZ /=7
TR} o] ZAFA] AALEARL OA| AW F 2 @ E S 2 o] R ojopd A o 2 AL E T
29

2 A= Ale7] (2013-2015') = RIZAG GFEAL AHEE E-8-50] T 15-454|9] 7Hd 7] of
4155982 2 2R E HH Bl AN F e E S 7|02 20 & Ao ok
A& @rhetltt. 2 2 & HAHT B4 2 9 825 Y9/dE DBE 753 5 244X AA
ARt o ste] AolE Fot 82 & HFE ZASINL, A F 2 & AFe A
&5to] 5h7 ©elo] 2 2 & HAHTFZ ArEshlet. e 2 2 & HH | /g B7HE S1sl
WHOS| B717]E2& A &3tlal, 8 2 Eo] Y4 HH7|E T JHdFTE 7€ 22 5t
o BEEATET & AWM T 22 & e A E5tol HQE ATt 1A A 22
= o] 100 pg/L IRHoloj A 8.2 & AP 0 2 FIThE = v &2 15.22%°] 913, 22 = A
F T oz F ke =300 pg/L o1/ Rl thd A

A= 48.16%0] Tt A¥ F 9 0 & g ot
878.71 ug/LOI A1, 2 2 = /3 #otE]Hd2 589.00 pg/gl A2 H, 2 2 =/F &j|otE] ' d-2 304
A A 2ol 15-18A], 19294 I Zof| H] 3| 8-0]H 0 2 =9k} Alo] = E3t @ o & Al ek
2 273.47 pg/day, A F Q Q& TS Eof AH2H Q @ & AL 1,198.10 pg/day =, F
Z AP ol 23t }ol= 924.63 pg/day 2 Aol & T3 L Q& HHFHT A Tl AHE
H e ATl o =3ttt 2 R E AH ol 7| 27t =& AlE2 A AR, ojull 7, sl
F R 7FSAE0IU, 2 2 & O] AP EE H7hohe= HQE =l FaAFH7IE 4
£ A 0.2280]%0 11, 2 = 2 @ & 3}+2F0] 1,000 ug/L O Al B 1.6652 10]410] =L 42
o|3ith. P& TSHE 2.14 mIU/L, free T4+=1.10 ng/LO| PO A £ Q 0 & 2T HQE
S TSH & =0l 24 Q1 Xfo] & Ho| 2| Yo HF freeT4 5= AFHAH FT 2E
$20] SV E R A o2 AAasT 2 AFAR Ul 7H) 7] o4 o] ARbpE 2
EE A AdFHEAL, E5] 91 10% H s HQ1 oo = o] S A = o] T4 Q)
AHTS BT}, 5 Ao]ef 41 Fo) AFEH 2 2 & HFH T Alolo] 2o] 7} i s] 2
o=z Hol ZE3 2 2 E DR7t FHEHA| 2 A AJRolA Aol & F3t L2 & JULH
E Bt Ebge Aoz HiEH 22 & S Aot 2 2t JYIHIE Hkeh=
2ol o AdEd Zl oz At R, 7)) 8 R & AH 7 1A A g Erto] ofYat B A
ko] ol x| = ottt A7t 3d B ek S A o= wkET

T

rlo
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